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ABSTRACT

The aim was to assess the heterosexual spread of HIV-1 in Scotland, by Unlinked- 
Anonymous antibody testing of childbearing women, using residual Guthrie card 
blood samples.

Methods:
Between January 1990 and December 1994, 323,948 Guthrie samples were 
screened for HIV-1 antibody using a modified particle agglutination technique 
(MAT), with confirmation by antibody capture ELISA and Western Blot.
Quality control (Centers for Disease Control and Prevention, Atlanta and the Public 
Health Laboratory Services, London) confirmed the MAT assay to be 100% 
sensitive (277/277). The positive predictive value of MAT was 95% (95/101).
District postcode and quarter of infant birth, allowed alignment with other studies. 
Local ethics committees (19/20) allowed testing of 99.6% of Scottish births until 
June 1993 when the last committee gave consent. In 1991, 99.86% (95%CI 99.78, 
99.94) of Scottish neonates were screened for Inborn Errors of Metabolism.
A pilot study, between July and September 1992, concurrently screened 13,858 
routine Guthrie cards for antibody to Hepatitis B core antigen.
Results:
The prevalence of HIV infection in childbearing women in Scotland remained at
0.3/1000 (95% Cl 0.24, 0.36). A significant increase (p<0.05) in the proportion of 
HIV-infected mothers who lived outside the four major Scottish cities was seen from 
1/19 (5%) in 1990 to 8/18 (44%) in 1994. Ninety-one percent (52/57) of 'known', 
and 76% (29/38) of 'unknown', HIV-infected mothers delivered in five obstetric units. 
Conclusions:
The HIV seroprevalence in childbearing women in Scotland is low and has remained 
static over five years, indicating that a major heterosexual epidemic has probably yet 
to occur. Half of HIV-infected mothers are now not 'known' to health care 
professionals. Universal (voluntary) named testing in five maternity units in Scotland 

would give most 'unknown' families the chance of prevention and treatment of HIV 
disease. Continued alignment would measure the efficacy of named testing.



STATEMENT OF OWN WORK

The author would like to apologise for the excessive use of "I" in the 'Statement of 

own work'.

Unlinked-Anonymous HIV testing

1 ■ The idea:

In June 1988,1 read the article (Hoff et ai, 1988) describing the estimation of 

maternal Human Immunodeficiency Virus (HIV) seroprevalence by testing samples 

of blood from newborns in Massachusetts, USA. I discussed a similar study for 

Scotland with Dr Angus Ford, who was then co-ordinating the British Medical 

Association's response to AIDS in Scotland. I then wrote an initial protocol for 

Unlinked-Anonymous HIV testing of Inborn Errors Screening cards in Scotland and 

discussed it with Professor Cockbum, Professor of Child Health, Royal Hospital for 

Sick Children, Yorkhill, Glasgow, and then with Dr Gird wood, the Director and Mr 

Kennedy who runs the Scottish Inborn Errors Screening laboratory at Stobhill 

Hospital, Glasgow.

2. Funding:

I then drew up a second draft protocol, prior to the submission of the final grant 

proposal for £86,817 for a 21 month period to the Medical Research Council (MRC) 

in March 1989 (appendix 1 ). Although there was some concern about whether or 

not further funding would be forthcoming for continuation of the study, I pushed 

forward and drew up a further successful grant proposal for £72,219 in February 

1991 for extension of the MRC funding from 21 to 39 months (appendix 2). I sent all 

results and a proposal to the Scottish Office to continue funding indefinitely at the 

end of the MRC grant in March 1993. This has taken place.

3. Local ethics committee approval:

The initial MRC notification of funding was on condition that local ethics approval 

was forthcoming so a letter was sent by Professor Cockburn asking all



paediatricians in Scotland to approach their local ethics committees. I made further 

applications to, and continued to remind, 14 ethics committees who did not respond 

to Professor Cockburn's letter. I had to justify the study in person to the Forth Valley 

ethics committee and to accommodate their criticisms I drew up; "Guide-lines for 

Midwifes". I re-presented the study to the Orkney ethics committee who initially 

refused to allow testing to take place. This ethics committee has now allowed 

testing so the whole of Scotland now takes part.

4. Data collection:

I designed the procedure for unlinking of identifying data prior to HIV testing.

I decided, with the help of the heads of computer services in Edinburgh and 

Glasgow, the relevant non-identifying data to retain. I designed the database to 

store unlinked demographic data and HIV results, with the help of a computer 

programmer. I designed a protocol for data set matching and submitted it to the 

General Register Office, to give maternal age and district postcode which were not 

directly available on the Guthrie card in 1990. I set-up a pilot feasibility study with 

the Information and Statistics Department of the Scottish Home and Health 

Department which showed that matching would provide maternai age and district 

postcode for 95% of Guthrie cards. After rejection of this system by the Registrar 

General, I persuaded the Inborn Errors Screening Laboratory to include postcode 

and maternai date of birth in the next print run of new Guthrie cards. I personally 

went to London to Dr Claire Davison who ran the Royal College of Obstetricians and 

Gynaecologists database of births to known HIV-infected mothers, where by a 

process now termed 'alignment', non-identifying demographic data, e.g. quarter of 

infant birth and district postcode were aligned with the same data from 'known' HIV- 

infected mothers. This allowed maternai age to be presumed for the majority of 

Guthrie HIV-antibody positive samples for 1990,1991 and 1992. Maternai age has 

been available directly from June 1993 with the new Guthrie card.



I assigned district postcode corresponding to the address on 15,000 Guthrie cards 

during the first quarter of 1990, which was continued by a clerical officer. Postcode 

has been directly available as data collected on the Guthrie card since June 1993.

I sent the results to all ethics committees on an annual basis for 1990, 1991 and 

1992, this was continued by the Communicable Diseases (Scotland) Unit in 1993. I 

also sent results to the Scottish Office on an annual basis.

I personally liaised with the Edinburgh Perinatal Transmission Study, Health Board 

AIDS co-ordinators throughout Scotland, the HIV Epidemiology and Laboratory 

Services sub-committee Glasgow, the Scottish Centre for Infection and 

Environmental Health (previously the Communicable Diseases (Scotland) Unit), 

Communicable Disease Surveillance Centre, Colindale, London and the Institute of 

Child Health, London.

5. Presentation and publication:

I presented a poster at the VII International Conference on AIDS, June 1991, 

Florence. I attended and presented posters at the Medical Research Council, AIDS 

Epidemiology Workshops in September 1991 and September 1992. The group 

presented a poster again in September 1993. Professor Cockburn presented my 

results to the International Neonatal Screening Symposium in Lille, France in 

September 1993.

I have written 5 papers which have been published on the above work and one 

letter to the Lancet describing original work using dried serum transported on 

Guthrie cards from Africa for HIV-antibody confirmation. I am a co-author on a 

published paper describing maternal HIV infection in Edinburgh which used results 

from the above study. I am the first author of an article in a book describing the 

work of setting up this study.

Audit of Infants "unscreened" by the Inborn Errors programme during 1991

I wrote the protocol for audit and submitted it to the ethics committee and to the 

Registrar General's Office(RGO). I organised for the systematic 1 in 8 sample, of



infant registrations during 1991 to be sent from the RGO. i organised for Guthrie 

data from the last quarter of 1990, all of 1991 and first quarter of 1992, (over 80,000 

records) to be converted from an unsearchable old-fashioned computer database to 

ASC II format. I organised for the resulting data, and the RGO data to be imported 

into a modern computer database, i organised for a computer programmer to match 

these two databases automatically by computer and to give me a paper copy of all 

matched and non-matched records. I checked the paper printout to see if this 

automated process had matched correctly. I then searched the imported Guthrie 

database for over 2,000 unmatched or mismatched RGO records, i then organised 

for the Health Board to be telephoned for 235 residual unmatched records. I wrote 

the paper describing this work which has been published. Audit now continues with 

regular quarterly 1 in 10 systematic samples of registered infants sent by the RGO.

Testing Guthrie cards for antibody to Hepatitis B core:

I had the idea of using a marker of prior infection to hepatitis B as a crude 

assessment of risk category for HIV infection. I wrote a protocol and gained ethics 

committee approval for a study to assess the accuracy of testing for antibody to 

hepatitis B core antigen using dried blood samples on Guthrie cards and then to 

perform a pilot study on 20,000 routine Guthrie cards, i successfully applied for a 

grant for £14,488 to the Research Support Group of the Greater Glasgow Health 

Board (appendix 3). My colleague organised for quality control samples to be sent 

from Professor Tedder's laboratory, I organised for samples to be sent from 

Professor Banatvala's laboratory and from the Regional virus laboratory at Ruchill 

hospital. The study was completed in 1992. As yet this thesis is the only outlet for 

the information generated.

HIV seroprevalence: termination of pregnancy in Glasgow

I discussed this project with obstetric colleagues and I then wrote a protocol and 

submitted it to the three ethics committees in Glasgow. Two ethics committees 

passed it and one would not. An appeal was made to this ethics committee to



reconsider their decision but they did not change their verdict. This ethics 

committee covered most pregnancies of women at high risk for HIV infection, 

therefore decided to abandon this project.
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INTRODUCTION

Acquired Immune Deficiency Syndrome (AIDS) was first recognised in homosexual 

men in the United States in 1981; by 1983 the human immunodeficiency virus (HIV), 

initially known as: Human T-Lymphotropic Virus type III (HTLV-III) or 

Lymphadenopathy Associated Virus (LAV), had been isolated. In 1983 antibody 

tests were developed leading to three commercial test kits, approved by the 

American Food and Drug Administration in early 1985. Sexual transmission of HIV 

probably occurred in Africa as early as the 1960s. Homosexual men and those 

receiving blood products, particularly haemophiliacs, were infected in the late 1970s 

and early 1980s in the USA. Since then in Europe and America, HIV has been 

spreading as a sexually transmitted disease, by intravenous drug use with sharing 

of needles (Skidmore etal., 1990) and by vertical transmission from an infected 

mother to her baby (Mok etal., 1989). It may be that all individuals infected will 

eventually die from HIV-related diseases. The median period from infection to AIDS 

is perhaps 10 years (Mariotto etal., 1992) with generally a shorter incubation in 

older individuals. Most morbidity and mortality will occur in young people (Brandt, 

1988).

Infection with HIV probably took hold in Scotland during late 1983 among drug 

addicts in Edinburgh and Dundee(Peutherer etal., 1985, Urquhart etal., 1987).

The first cases of AIDS were detected in 1984 and 1985 primarily among gay men 

who had probably become infected in the late 1970s and early 1980s.

Many comparisons can be made between HIV-related disease and syphilis which 

has been an endemic disease in Europe throughout history. Superimposed 

epidemics of syphilis have occurred. From 1900 to 1940 various attempts were 

made to control the disease especially during the first world war when prostitutes in 

America were incarcerated. Other public health measures advised abstinence, 

condoms were not supplied to soldiers. The epidemic of syphilis continued. The
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Wassermann test for syphilis was first used in 1906. Not untii 1943 was it utilised in 

a systematic way to determine the incidence of syphilis which was then 72 per

100,000 population in the US. Massive pubiic health measures with the 

recommendation of routine testing and free treatment, with the distribution of 

condoms to troops reduced the incidence to 4 per 100,000 by 1946 (Brandt, 1988). 

Like tertiary syphilis, HIV infection often does not produce symptoms for many years 

(Mariotto etal., 1992). It is even more silent than syphilis having no telitale 

chancres or condillomata. Even when symptoms do occur they may not be linked to 

HIV.

In view of the long incubation period for AIDS, a median of about 10 years (Mariotto 

etal., 1992), trends in the epidemic can be detected by serologic surveillance long 

before such trends become apparent through surveillance of AIDS cases. There 

are considerable difficulties in estimating the seroprevalence of HIV not least the 

reluctance to have an HIV test. The Cox report(Cox etal., 1988) for England and 

Wales and the Tayler report for Scotland, published in 1988 and 1987, were the first 

systematic attempts in the UK to assess the state of the AIDS epidemic and to make 

short-term predictions. Their most noteworthy feature was the great range of 

uncertainty, which led the working groups to recommend strongly that methods be 

developed for ascertaining HIV seroprevalence more accurately. The Cox report 

made predictions by two main methods: firstly by back projection from known cases 

of AIDS; secondly from named testing programs or mandatory testing i.e. the biood 

transfusion service where informed consent was needed prior to testing. They 

advised the use of Unlinked-Anonymous HIV seroprevalence surveys to augment 

named testing programmes.

Unlinked-Anonymous testing for HIV applies to the further testing of sera or urine 

from specimens voluntarily collected from patients for necessary laboratory tests. 

Personal identifiers are irreversibiy removed from the sample and it is then tested for

14



HIV infection without the consent of the patient (Gill etal., 1989). Voluntary 

confidential linked testing will be termed named testing in this thesis for brevity.

Evidence shows that whenever HIV is present the prevalence found by Unlinked- 

Anonymous testing tends to be much greater than that shown by named testing of 

the same population(Hull etal., 1988,AIDS Program, 1988,Landesman etal., 

1987,Krasinsky etal., 1988). In December 1988 questions in the House of 

Commons showed acceptance of the general principle (K. Clarke Secretary of State, 

1988). On the 24th of November 1989, a government announcement by Virginia 

Bottom ley cleared the way for Unlinked-Anonymous testing for Human 

Immunodeficiency Virus(Bottomley, 1989).

The seroprevalence of HIV-infection in pregnancy can be a sensitive measure of the 

course of the epidemic in heterosexual women. Pregnant women have all had 

heterosexual exposure and if heterosexual spread is occurring it is more likely to be 

seen in this group compared with men of a similar age due to the greater propensity 

for HIV transmission in the male to female direction (Anon., 1992a). Pregnant 

women may have become infected with HIV through intravenous drug use or 

through heterosexual contact with male intravenous drug users, bisexual men or 

heterosexual men. Following a large heterosexual HIV epidemic a rise in HIV 

seroprevalence among pregnant women will probably be seen (Plot & Laga, 1994).

Childbearing women have at least two blood samples taken, the residues of which 

can be tested for HIV-antibody. They are the rubella/blood grouping sample taken 

at the booking clinic in early pregnancy and a haemoglobin/Coombs-test sample 

taken at the end of pregnancy. These blood samples usually provide an excess of 

serum. Another "maternal" sample is in fact the Guthrie card blood sample routinely 

taken from all babies, in the first week of life, for Inborn Errors screening. Maternal 

antibodies cross the placenta and are present in the baby's blood (Alford, 1971, 

Pappaioanou etal., 1993). These antibodies are usually detectable until the baby is
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6 months old but can remain until 18 months (Steckelberg & Cockerill, 1988, 

Pappaioanou etal., 1993), Therefore testing the baby's blood looks for maternal 

antibodies to HIV. The advantage here is that all samples for Scotland are collected 

and tested in one laboratory at Stobhill Hospital, Glasgow.

The pioneering study in Massachusetts USA(Hoff etal., 1988) led the author to 

prepare in July 1988 a protocol for Unlinked-Anonymous HIV testing of childbearing 

women in Scotland. Unlinked-Anonymous testing of Guthrie card samples gives a 

direct figure of the number of babies born to HIV-infected mothers. With information 

on vertical transmission rates (Anon., 1991), health care planners may be able to 

organise sufficient paediatric services for HIV-infected babies. With other Unlinked- 

Anonymous and named testing a more complete picture of the HIV epidemic may 

become clear.
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Aims of the Study

1. To estimate the HIV-1 seroprevalence in childbearing women throughout 

Scotland and document changes over time.

2. To assess the geographic spread of HIV infection using childbearing women 

followed over time.

3. To align HIV-infected mothers 'known' by their obstetricians with non

identifying Guthrie data, to estimate the size of the 'unknown' HIV-infected 

matemal population.

4. To use antibody to Hepatitis B core antigen as a measure of risk category on

the same samples tested for HIV-1 antibody.

5. To liaise with other Unlinked-Anonymous and named HIV seroprevalence 

studies to maximise useful information about the AIDS epidemic in Scotland.
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PARTI

LITERATURE REVIEW
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CLINICAL RECOGNITION OF AIDS PRIOR TO HTLV III ANTIBODY TESTING

IN 1984

America

Between July 1979 and April 1981, infectious-disease consultants in the New York 

metropolitan area became aware of several cases of Pneumocystis carinii 

pneumonia in adults with no history suggestive of immunologic incompetence(Masur 

et a!., 1981). Pneumocystis pneumonia was also reported in previously healthy 

homosexual men in Los Angeles(Gottlieb et a!., 1981a).

In the two year period prior to January 1981, an epidemic involving 73 homosexual 

men with a disseminated type of Kaposi's sarcoma had been reported to the 

Centers for Disease Control and Prevention(Centers for Disease Control, 1982, 

Friedman-Kien et a!., 1981). Kaposi's sarcoma had been rare in North America, 

presenting in a localised form in men over 50 years of age. It had also been seen in 

patients receiving immunosuppressive therapy.

Severe acquired immune deficiency was reported at the end of 1981(Siegal et al., 

1981), in 4 homosexual men who had been well prior to an 18 month illness starting 

with fever, night sweats, weight loss with generalised lymphadenopathy and 

hepatosplenomegaly. Often a history of persistent oral candidiasis was noted. All 4 

patients developed perianal ulcerative lesions, and herpes simplex virus type 2 was 

cultured. Three had 6\e6,Pneumocystis carinii vjas seen at post-mortem in one and 

Kaposi's sarcoma in another.

Severe auto-immune thrombocytopenic purpura was reported in homosexual men in 

New York in 1982(Morris etal., 1982).

Acquired immune deficiency syndrome(AIDS) was first described in 1981 when the 

outbreaks of Pneumocystis car/n/V pneumonia and Kaposi's sarcoma were linked 

together with the laboratory evidence of immune dysfunction(Gottlieb et al., 1981b).
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By January 1983, it was clear that in America four major population groups were at 

risk from AIDS: homosexual males (75% of patients), intravenous drug abusers 

(13%), Haitians (6%) and haemophiliacs (0.7%) with 5% having no apparent risk 

factors (Anonymous, 1983).

During 1983, AIDS in infants born to promiscuous drug addicted mothers was 

reported (Rubenstein etal., 1983).

In 1982 a syndrome of persistent generalised lymphadenopathy was described 

among homosexual men(Anonymous, 1982). In 1984 it was still unclear whether 

this syndrome was related to AIDS(Abrams etal., 1984) until 1985 when some 

patients with generalised lymphadenopathy went on to develop AIDS(Abrams, 

1986). This prodrome was renamed AIDS related complex(ARC).

Europe

The first definition of the Acquired Immune Deficiency Syndrome compiled by the 

Centers for Disease Control and Prevention (CDC) in September 1982 (Centers for 

Disease Control, 1982) was: "For the limited purposes of epidemiological 

surveillance, CDC defines a case of the acquired immune deficiency syndrome 

(AIDS) as a person who has had a reliably diagnosed disease that is at least 

moderately indicative of an underlying cellular immune deficiency (such as an 

opportunistic infection, or Kaposi's sarcoma in a person aged less than 60 years), 

but who, at the same time, has had no known underlying cause of reduced 

resistance reported to be associated with that disease". This definition was 

immediately used in September 1982, when the Public Health Laboratory Service 

Communicable Disease Surveillance Centre and the Scottish Centre for Infection 

and Environmental Health set up a surveillance scheme to monitor Kaposi's 

sarcoma and opportunistic infections in Britain. At inception of this scheme there 

were three sources of reports. Firstly, the Office of Population Censuses and 

Surveys agreed in 1982 to send copies of death certificates mentioning Kaposi's
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sarcoma or acquired immune deficiency syndrome. Secondly, in November 1982 

microbiologists were asked to continue to report opportunistic infections on routine 

laboratory report forms but in addition to add information on the sexual orientation of 

the patient when the condition appeared to come within the definition of acquired 

immune deficiency syndrome. Thirdly, in September 1982 venereologists and 

dermatologists in England and Wales were approached by letter and invited to 

report cases of the acquired immune deficiency syndrome to the Communicable 

Disease Surveillance Centre. As only 6 cases had been reported by March 1983, 

invitation for all medical practitioners to report cases was given in letters in the 

British Medical Journal and Lancet. By 31 July 1983,14 AIDS cases had been 

reported. All were white men, 12 were homosexuals (one also a drug abuser) 10 

from London, 1 from Oxford and 1 from Bristol, one was a haemophiliac from Wales 

who had received factor VIII from the United States, and one patient was from 

Lancashire who did not come from any known risk group. Seven of the 14 patients 

had had sexual contact with American Nationals and therefore this picture was 

concluded to represent a reflection of the American epidemic rather than spread 

within the UK (PHLS-CDSC, 1983). As a comparison, by September 1983 over

2,000 AIDS cases had been reported in the US. In October 1983, AIDS was first 

diagnosed in a woman in the UK who gave no history of travel abroad, of blood 

transfusions, or of drug abuse (Smith etal., 1983).

In parts of Europe as late as 1984, the CDC definition had not been universally 

adopted. Despite this problem, the epidemic in Europe mimicked the early 

American experience. Case reports and case series documented AIDS in the 

various risk groups, homosexual men, intravenous drug abusers and haemophiliacs. 

In Europe however, the relatively large populations from the upper Congo basin and 

visitors to that part of Africa, allowed recognition of another population at high risk 

(Ebbesen etal., 1983). The epidemiological profile of Africans in Europe was of 

heterosexual transmission and a 1:1 ratio of men to women (Piot etal., 1984). This
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pattern was different from indigenous Europeans and Americans where homosexuai 

transmission was common and the male to female ratio was high. The epidemic of 

AIDS in Centrai Africa came to light from 18 black Africans and travellers to Africa 

who were diagnosed with AIDS in Belgium from 1979 to 1983 (Ciumeck etaL,

1984).

Africa

AIDS in heterosexual men and women was described from Kinshasa, Zaire in 38 

cases diagnosed in a 3 week period in 1983 (Piot etal., 1984). A similar study was 

reported from Kigali, Rwanda with 26 patients diagnosed in a 4 week period during 

1983 (Van de Per re etal., 1984). Two children were among this group of AIDS 

patients. Retrospectively diagnosed cases originated from Zaire in 1976 and 1977. 

Several thousand Haitians migrated to Zaire from Haiti between the early 1960s and 

mid 1970s (Piot etal., 1984) though most no longer resided in Zaire in 1983.

Prior to specific antibody testing to diagnose infection with what is now known as 

HiV, tests of immunodeficiency were performed on AIDS patients. Typically a 

patient with AIDS had a very low 0KT4 (CD4) count and skin tests showed no 

delayed hypersensitivity to multiple antigens (Piot etal., 1984).

The next section will describe the isolation of HiV and the development of tests to 

diagnose HiV infection.
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THE ISOLATION OF HUMAN IMMUNODEFICIENCY VIRUS

HIV-1

The epidemiology of AIDS suggested an infectious agent present in tissue organs, 

biood and other body fluids. A viral vector seemed likely as AIDS in haemophiliacs 

had occurred after administration of factor Viii produced by pooling of biood from 

many American donors.

Lymphadenopathy Associated Virus type-1 (LAV) was first isolated in 1983 at the 

Pasteur institute in Paris(Barre-Sinoussi etal., 1983) from a male Caucasian 

homosexual patient who had multiple lymphadenopathy. Cells from an enlarged 

cervical lymph node were cultured and the supernatant showed reverse 

transcriptase activity indicating the presence of a retrovirus. The virus was 

visualised by electron microscopy and seen to have similar morphology to known 

animal retroviruses, but did not match known human retroviruses. Antigens from the 

virus did not match those of known human retroviruses. The investigators 

concluded that they had isolated a new human retrovirus.

In 1984 a virus called Human T-cell Lymphotropic Virus type-iii (HTLV-iii) was 

isolated from 48 subjects with AIDS and pre-AIDS(Gallo etal., 1984) in Bethesda, 

Maryland, USA. This group established a culture system, producing large amounts 

of virus, which allowed tests to be developed to detect antibody in infected 

individuals and in blood donations.

Later in 1984 a virus termed AIDS-associated retrovirus(ARV) was isolated from 

randomly selected patients with AIDS(Levy etal., 1984) in San Francisco, USA.

LAV, HTLV-iii and ARV were shown to be the same virus species and were later 

renamed Human Immunodeficiency Virus HiV (Coffin etal., 1986) later to be 

renamed HiV-1.
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HIV-2

In 1986 a virus similar to but distinct from HIV-1 was isolated from patients with 

AIDS in West Africa (Clavel etal., 1986). In 1985, HIV-2 had been observed in 

healthy Senegalese and had strong reactivity to antigens from a Simian 

Immunodeficiency Virus (SIV), but only weak cross-reactive antibodies when 

reacted with HIV-1 (Kanki, 1992). The entire HIV-2 RNA genome is about 40-45% 

related to HIV-1 at the nucleotide sequence level. The highest prevalence for 

infections with HIV-2 are in the Western regions of Africa, around Guinea Bissau. 

HIV-2 is rare outside sub-Saharan Africa.

In the UK, HIV-2 infections were recognised in 1987, when a homosexual man was 

tested in an Unlinked-Anonymous study in London. Stored sera from a man who 

died in 1978 and a child from Portugal diagnosed with AIDS in 1985 were also HIV- 

2 antibody positive (Evans etal., 1991). Among large numbers of blood donors and 

attenders at genitourinary clinics HIV-2 is rare in England and Wales (Evans etal., 

1991) and has not been identified in Scotland (personal communication Dr D. 

Goldberg).
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RETROVIRUSES
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FIG 1. A highly schematic figure of the retrovirus virion.

Viruses of the type now known as retroviruses, were among the earliest known 

viruses, first discovered in 1911, by Rous, as filterable agents that caused cancers 

in chickens(Varmus, 1988). Since then retroviruses have been shown to cause 

tumours and immune deficiency syndromes in both animals and man. They are 

termed RNA viruses because genetic information is carried in the form of RNA 

rather than DNA. Retroviruses are always enveloped and contain a spherical to 

cylindrical core. Two copies of the RNA are present in each virus particle. From the 

envelope protrudes a single type of glycoprotein spike. This large glycoprotein 

forms the main target for the immune response against virus particles and infected 

cells.
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Retroviruses are transmitted poorly from one host to another due to the lability of the 

virion. Often close physical contact is required with exchange of blood or semen. 

Vertical transmission is prominent with infection of the offspring by virus from their 

mother e.g. in-utero or via milk in mammals or via the oviduct into the albumen of 

birds eggs. Most retrovirus infections have long latency periods between infection 

and overt disease.

Retroviruses attach to cells with the help of normal cell surface proteins specifically 

recognised by viral envelope proteins, and they enter through a mechanism, 

receptor mediated endocytosis, by which cells ingest beneficial extracellular 

substances or by membrane fusion with the host cell. The specificity of the 

interaction between the virus receptor binding protein and the host cell surface is of 

primary importance in specifying the target animal, and in the case of HIV the target 

cell to be infected, the T-helper cell (CD4 cell).

Reverse transcriptase discovered in 1970 gave rise to the name retrovirus. This 

enzyme directs the synthesis of a double stranded DNA copy of the viral RNA 

genome (reverse transcription). The DNA copy (provirus) is transported to the host 

cell nucleus and integrated into the host cell DNA. Normal host cell replication now 

also produces viral RNA and proteins. These viral constituents are drawn together 

and exit by 'budding', as complete virus particles, with a membrane coat from the 

host cell.

Some retroviruses, notably Human Immunodeficiency Virus (HIV), exhibit a rapid 

change in their genomic and consequently antigenic structure. This serves as a 

magnificent shield against host defence mechanisms and makes traditional vaccine 

development very difficult.

Reverse transcription has now been found to occur in many other viruses and in 

eucaryotic cells. It is likely that a significant part of our own genome is composed of
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products of reverse transcription, in the future, retroviruses may be used to correct 

a genetic deficiency by inserting the necessary material into the host ceii genome.

Classification of retroviruses

Retroviruses are classified into three genera: Oncoviruses, including Human T-ceii 

leukaemia virus type i (HTLV i), which tend to produce tumours in their natural hosts 

usually by activation of oncogenes; Lentiviruses, including HiV, which often 

produce ceii killing either by over-production of viral DNA or by muiti-celiuiar syncytia 

formation; and Spumaviruses which have no known pathologic significance.

Lentivlrus (slow virus) infections

Slow virus infections were first described by Sigurdsson in 1954 (Sigurdsson, 1954) 

when he described three slow infections in sheep. Widespread destruction of sheep 

farming had occurred in Iceland since the importation of infected animals from 

Germany for breeding in the 1930s. In 1958 Thormar working under the direction of 

Sigurdsson isolated and grew the maedhvisna virus in tissue culture (Petursson,

1994), the cause of the slow virus infections of sheep which Sigurdsson had 

previously described. This was the first time that a lentivlrus was isolated and grown 

in tissue culture, it opened up possibilities to study host virus interactions and the 

basic characteristics of this virus.

Lentivlrus infections have long asymptomatic periods, often a number of years 

between infection and disease. Virus cores are cone shaped. Lentiviruses all look 

the same when viewed by electron microscopy. They can be distinguished by the 

pathology they cause, species susceptibility and by sequencing their RNA genome.

Primate lentivi ruses are ail T-celi lymphotropic. They cause destruction rather than 

neoplastic proliferation of T-celi lines and also other monocytes with the CD4 

receptor molecule. This leads to immunodeficiency and nervous system damage. 

Death often occurs from overwhelming opportunistic infection. Examples are HIV-1,
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HIV-2 and simian immunodeficiency virus which causes immunodeficiency, 

neuropathology, wasting, and opportunistic infections in rhesus macaques.

Non-primate ientiviruses damage a wider range of ceils. Examples are: the bovine 

immunodeficiency virus (BiV) which causes a cattle disease characterised by 

persistent generalised lymphadenopathy, lymphocytosis, meningitis, encephalitis, 

lethargy, wasting, and opportunistic infections; feline immunodeficiency virus (FIV) 

characterised by an immunodeficiency like syndrome, generalised 

lymphadenopathy, leukopenia, fever, anaemia, emaciation and opportunistic 

infections and the maedi-visna virus described by Sigurdsson which causes a 

progressive lethal pneumonia, chronic encephalomyelitis, spasticity, paralysis, 

generalised lymphadenopathy, mastitis, wasting and opportunistic infections in 

sheep (Gonda, 1994).

The similarity of lentivirus diseases of both primates and non-primates to the AIDS 

disease spectrum has made animal models an important part of research into the 

biology and into vaccine and antiviral therapy of HIV-1 and HIV-2.

Animal models for HIV infection, vaccination strategy and drug therapy

HIV-1 infection has been possible in Chimpanzees but in over 100 animals infected 

some for over 8 years advanced HIV disease has not occurred. These animals are 

useful in following early events after HIV infection and for vaccine development 

(Fultz, 1992). Simian immunodeficiency virus (SIV) infection of macaques has 

proved an excellent model for defining the natural history and mechanisms of 

pathogenicity of T-lymphotropic retroviruses (Fultz, 1992). Vaccination of 16 

Icelandic sheep has been performed with inactivated Maedi-Visnajvirus to produce 

neutralising antibodies, with 16 unvaccinated sheep as controls. These animals are 

being studied for natural transmission from other heavily infected sheep 

(Gudnadottir, 1994). Feline immunodeficiency virus (FIV) in cats has been used as 

a model for HIV vaccination (Jarrett etal., 1990) and with the feline leukaemia virus
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(FeLV) has been a valuable model for identifying potential co-factors for 

development of AIDS-like disease (Fultz, 1992). Other primate models e.g. HIV- 

infected chimpanzees (stay asymptomatic) and SIV infected macaques (develop an 

AIDS like illness) are being used to develop HIV vaccines (Schultz & Stott, 1994). 

Anti-retroviral drugs are being tested using the SIV-macaque model and also more 

cheaply using the FIV/FeLV infected feline model (Fultz, 1992). One severe 

combined immunodeficient mouse system offers infection with HIV for testing drug 

efficacy (Fultz, 1992).

Origins of human Ientiviruses

Animal Ientiviruses are of interest as models for human lentiviral disease, but also to 

look for the origins of human Ientiviruses. Multiple isolates of HIV-1 and HIV-2 have 

been characterised, their genomes cloned and their nucleotide sequences typed.

No two HIV strains are alike and even within an individual many genotypically 

distinct entities of HIV exist. This continual change in genotype allows mutants to 

escape host defences and to rapidly become resistant to drug therapy.

By sequencing of primate Ientiviruses, close relatives of human immunodeficiency 

viruses have been found. Considerable evidence exists for a Simian origin of HIV. 

HIV-1 is fairly closely related to a primate lentivirus infecting chimpanzees, HIV-2 is 

more closely related to a virus infecting sooty mangabeys. It seems likely that both 

HIV-1 and HIV-2 epidemics are a result of simian to human cross-species 

transmission of the respective viruses. Many more primate Ientiviruses need to be 

characterised before we have full understanding of the origin of HIV-1 and HIV-2 

(Sharp etal., 1994).
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Human Ientiviruses

Two viruses, HIV-I and HIV-2, are now recognised to cause AIDS. HIV-2 is largely 

confined to West Africa(Horsburgh & Holmberg, 1988), whereas HIV-1 has a much 

larger distribution(Piot et ai, 1988). The HIV-1 virion is a lOOnm sphere. The 

envelope is composed of a bi-lipid layer derived from the host cell wall pierced by 

viral glycoproteins gp41 and gp120 (Figure 2). The genome of Ientiviruses contains 

the obligate gag, po/and env structural genes coding for core, reverse transcriptase 

and envelope proteins respectively. Six non-structural genes have been studied in 

HIV-1 and HIV-2. Their primary role is in up-regulating viral gene expression and 

infectivity (Gonda, 1994).
Host-cell antigens

P66/51
Reverse
Transcriptase

Integrase

Envelope

RNA associated 
with p7 & p9

FIG 2. A highly schematic figure of the HIV-1 virion.
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Replication of HIV-1 and HIV-2

As an obligate Intracellular parasite, the first restriction to virus infection and 

replication is the specific receptor binding site, gp120 of HIV-1 and HIV-2. This has 

specificity for the CD4 molecule present on T helper cells and some macrophages 

and monocytes of primates. When CD4 interacts with gp120 fusion of the virus 

envelope and cell membrane occurs and the virus RNA-enzyme complex Is released 

into the cell.

Reverse transcription occurs producing proviral DNA which either stays in the 

cytoplasm or is integrated into the host genome. Cellular DNA-dependant RNA- 

poly me rases are directed towards the proviral genome. The regulatory genes within 

the proviral genome normally maintain transcription of proviral DNA at a minimum. 

However when infected lymphocytes become activated these genes produce 

positive feedback with increased replication and lytic cell death.

The proviral DNA has all the Information to produce new virions. New viral RNA Is 

produced which is packaged with the protein products of the gag (core), pol (reverse 

transcriptase and integrase) and env(gp41/gp120) genes. gp41/120 glycoproteins 

are inserted into the extracellular surface of the cell membrane and aggregation of 

the complexes forms Into a bud. Viral proteins and RNA move into the bud and 

once assembly of the core is completed, the virion escapes the cell surface.
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TESTING FOR THE PRESENCE OF HIV INFECTION

HIV tests can be divided into several groups: virus culture techniques, antibody 

detection tests, viral genome amplification tests and immune function tests.

Virus culture techniques were used to establish HIV-1 as the organism causing 

AIDS (Barre-Sinoussi etal., 1983, Popovic et a!., 1984). The cultures are observed 

for evidence of syncytial formation as a sign of viral infection in vitro and the 

presence of either HIV reverse transcriptase activity or HIV p24 antigen production 

in the culture supernatant. It remains a sensitive method to detect HIV, but is 

expensive, time consuming and labour intensive (Saag, 1992). Virus culture can be 

used to measure viral load in peripheral blood mononuclear cells or free in serum.

FIG 3. Serological markers of HIV-1 Infection are shown against time
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HIV-anti body tests

HIV antibody tests use protein products of HIV culture or recombinant HIV like 

proteins or synthetic peptide molecules of highly conserved areas of the envand 

gag genes, which combine with antibody present in patient serum and activate 

various indicator systems.

HIV p24 antigen assays

HIV p24 antigen assays measure the amount of free viral protein (p24) present in 

the plasma or tissue culture supernatant. A sandwich enzyme-linked 

immunosorbent assay technique (ELISA) is used (Saag, 1992). This protein may be 

detectable in a patient's serum at any time from infection to death from HIV disease 

but it is most prevalent at and before initial antibody seroconversion and again late 

when a patient has advanced HIV disease.

Polymerase chain reaction (PCR)

PCR techniques introduced in the late 1980s can amplify target HIV proviral DNA, 

HIV genomic RNA and HIV messenger RNA when these nucleic acids are present 

in minute amounts as low as one copy of HIV per 100,000 cells. This technique 

requires scrupulous care to avoid contamination but allows early detection of HIV 

infection before the detection of a serologic response. Quantitative PCR has been 

established to measure the amounts of HIV proviral DNA and genomic RNA as 

relative measures of viral load.

Immunological monitoring

Immunological status is used to describe immunodeficiency associated with HIV 

infection and helps to make a decision as to when anti-retroviral therapy should be 

commenced. The CD4 cell count measures the absolute numbers of lymphocytes 

with CD4 cell surface markers, the primary binding site for HIV. These cells help or 

induce immunological reactions. CD4 cell measurement is made using specific 

monoclonal antibodies directed against the surface glycoproteins of these
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lymphocytes. Throughout the course of chronic HIV infection the number of CD4 

lymphocytes becomes depleted and the loss of these cells is associated with the 

development of opportunistic infections and malignancies of AIDS. Normal CD4 

counts are 500 to 1600 cells per cubic millimetre of blood in adults. As the cell 

count drops below 500, anti-retroviral therapy is often initiated. The risk of serious 

opportunistic infections and death increases substantially as the CD4 count falls 

below 200 when prophylaxis againstPnet/mocysf/sjcar/n//pneumonia is often 

initiated.

Beta-2-microglobulin and neopterin

Beta-2-microglobulin is a protein present on the surface of all nucleated cells. It is 

measured by radio-immunoassay or enzyme immunoassay and is raised when 

mononuclear cells are activated or destroyed. Raised levels are seen when an HIV- 

infected patient progresses to AIDS. Serum neopterin has also been used as a 

prognostic marker of HIV disease.

DIAGNOSIS OF HIV INFECTION 

Perinatal diagnosis

The mother-to-child transmission rate ranges from 13% to 60% (Mok, 1992). 

Maternal HIV antibodies cross the placenta and are found in the neonate 

(Pappaioanou etal., 1993). Maternal antibodies tend to disappear around 9 months 

of age but may be present for longer. A child is considered to be infected with HIV if 

he or she has detectable circulating anti-HIV antibodies after 18 months of age 

(Mortimer & Nicoll, 1994).

To determine HIV infection status during the first 18 months of life therefore requires 

tests other than anti-HIV-antibody assays . Polymerase chain reaction (PCR) 

techniques to amplify pro-viral DNA from the infant's peripheral blood mononuclear 

cells have been successfully used to diagnose HIV infection (Williams etal., 1990, 

Grubman & Oleske, 1993). Generally, the presence of HIV by PCR on two or more
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specimens is used to make the diagnosis in an infant (Mayers etal., 1991); p24 

antigen detection is also used (Mortimer & Nicoll, 1994). HIV culture was used in 

the past but because of advantages with newer PCR techniques this test is now 

seldom employed.

Adults

Diagnosis of HIV infection in adults relies heavily on assays of HIV specific 

antibodies in patient body fluids described below. The PCR amplification of HIV 

Droviral DNA, p24 antigen and HIV culture techniques have been used to diagnose

infected adults prior to seroconversion and those where Western Blot and other 

confirmatory tests are indeterminate.

ANTIBODY TESTS

The isolation in 1980 of Human T-cell lymphotropic virus type-1 (HTLV-1), from an 

American negro with a mature adult T-cell leukaemia-lymphoma (ATLL) (Poiesz et 

a!., 1980), stimulated methods to isolate, grow and make an antibody diagnosis of 

HTLV infection(Mann, 1990). It was found that these viruses were tropic to 

lymphocytes, particularly CD4 helper cells, which constitute 60% of circulating T 

cells in peripheral blood. Using T-cell growth factor, discovered in 1976, a 

continuous growth of a cell line infected with HTLV-I in vitro was established. This 

allowed antigen harvest and the production of antibody tests to diagnose infection 

with HTLV-1. HTLV-1 infection is endemic in Japan and 1 in 500 males and 1 in 

1000 females over 40 years of age infected with this virus will develop ATLL. All 

patients with ATLL are infected with HTLV-1.

HIV-1

Unfortunately virus isolated from AIDS patients could only transiently be detected in 

similar T-cell culture systems. Eventually in 1984 a neoplastic T-cell line, derived 

from a patient with lymphoid leukaemia, was found to be susceptible to infection

35



with HIV-1. The cell line continued to produce large quantities of HIV over several 

months(Popovlc etal., 1984). This allowed assays to be developed to test patients' 

sera for antibodies to this new virus. The first antibody tests were performed on the 

sera of patients with AIDS and ARC In January 1984 (Samgadharan etal., 1984). 

Later In 1984, the US Department of Health and Human Services decided to 

transfer the technology to the private sector(Petrlcclanl, 1985). Five companies 

were awarded non-excluslve, royalty-bearing licenses to produce commercial 

antibody tests. By December 1984, acceptable test kits were available for licensing. 

The test kits became available to blood and plasma collecting organisations In 

March 1985. Routine screening of blood donations for antl-HIV-1 commenced In the 

UK In October 1985 (Gunson & Rawllnson, 1988). In the UK there are no formal 

licensing procedures for sero-dlagnostic tests, resulting In a wide range of 

commercially available antl-HIV test kits as well as In house antibody testing 

systems.

ELISA

The principal HIV-antlbody testing system Is the enzyme-linked Immunosorbent 

assay (ELISA). This technology was available before the discovery of HIV and was 

applied rapidly for use as an HIV-1 diagnostic test by the summer of 1985 (Saag, 

1992). In the HIV-1 enzyme-linked Immunosorbent assay (ELISA), patient serum Is 

added to a micro-well plate that has been coated with antigens derived from an HIV- 

1 tissue culture lysate (FIG 4). Bound antl-HIV-antlbody from the Infected patient Is 

detected via a goat antl-human antibody that has been labelled with an enzyme 

designed to react with a specific substrate. The cleaved substrate product yields a 

colour that can be measured photometrically. Because the HIV-1 antigens are 

derived from whole-cell viral lysate, some human lymphocyte antigens may also be 

present In the well, potentially yielding a false-positive test result.
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FIG 4. HIV-1 enzyme-linked Immunosorbent assay (ELISA)

False positive ELISA results occur due to cross-reactions with antibodies to major 

histocompatability antigens in women who are multiparous or individuals who have 

had multiple blood transfusions. Other auto-antibodies also cause false positive 

results (Saag, 1992). More recently other ELISA HIV-antibody assays have utilised 

recombinant DNA technology using bacterial systems such as E.Coli. Cross

reaction can occur with bacterial systems notably among intravenous drug users 

who often inject E.Coli antigens. These assay systems use recombinant HIV-1 

proteins to e/iv and gag gene products (FIG 2). More recently ELISA assays have 

utilised chemically synthesised peptides corresponding to highly conserved 

segments of the gp41 env glycoprotein and p24 gag protein (Coutlee et al., 1994).
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Table 1 Sensitivity, specificity, positive and negative predictive value

HiV INFECTION

Present Absent

TEST RESULT
Positive True positive 

(A)
Raise positive 

(B)

Negative False negative 
(C)

True negative 
(D)

Sensitivity (%) = A/A+C(x100). 

Specificity (%) = D/D+B(x100).

Positive predictive vaiue (%) = A/A+B(x100). 

Negative predictive vaiue (%) = D/D+C(x100).

With the photometricaiiy read ELISA system, optical density (a continuous variabie) 

must be converted into a dichotomous positive or negative resuit. Each positive 

sample will have an optical density around a mean of the popuiation of positive 

sampie opticai densities. Simiiarly each negative resuit will have an optical density 

around the mean of the negative sample optical densities. This is iiiustrated in 

Figure 5.
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FIG 5. Schematic distribution of optical densities for negative and positive 
HIV-1 antibody control samples assayed using the ELISA technique
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As the measurement of optical density is a continuous variable it is possible to 

choose the cut-off value which distinguishes a positive from a negative result. 

Manufacturers of test kits have done a large amount of research to find the optimum 

optical density cut-off, but refinements can be made by users depending on the 

population being tested and whether the assay is being used as a screening test or 

for confirmation. For instance if the assay is the single screening test being used on 

blood donations, then the most important aspect is not to miss an HIV-infected 

donor. Therefore a low optical density cut-off will be chosen such as point X in 

Figure 5. This will give a high sensitivity with few false negative results at the 

expense of false positive results which will require confirmatory testing. In this 

situation where the prevalence of HIV is low (blood donors in the UK) the positive 

predictive value of the assay may be low, but the negative predictive value will be 

high i.e. closely approach if not equal 100%. Conversely, if the assay is being used 

to screen for instance in Unlinked-Anonymous serosurveillance studies of 

childbearing women (where the result cannot be given to the person tested), a high
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specificity may be required as confirmatory testing is expensive, and point Y in 

Figure 5 would iikeiy be chosen for the opticai density cut-off. The assay wiii then 

have a higher specificity and positive predictive value at the expense of a lower 

sensitivity and negative predictive vaiue. The author has chosen as examples two 

low prevalence groups. The positive and negative predictive vaiue of an assay is 

criticaliy dependant on the prevalence of HiV infection in the population tested.

Ail three of the ELISA HiV-1 antibody assay types (whole viral lysate, recombinant 

antigens, and synthetic peptide) are now very sensitive approximating 100% 

(Johnson, 1992). An assay system using recombinant antigens has been reported 

as more specific (100%) than a whole viral lysate (98.1%) and a synthetic peptide 

assay (98.4%) (Johnson, 1992).
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Figure 6. Four formats of seroiogicai tests for HIV-1 antibody detection.
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There are four basic test formats for HIV-1 antibody detection (Figure 6). Type 1 

has virai antigens fixed to plastic beads. The patients antibody attaches to the viral 

antigens and a positive signal is detected using enzyme-iabelied antihuman 

globulin. In this case colour development is proportional to the level of patient 

antibody present in the test serum (sensitivity 100%; specificity 99.84%). An 

example of type 1 is the Abbott ELISA. Type 2 is a competitive assay where viral 

antigens are attached to microtitre wells, patients serum is added with known 

positive serum with an enzyme label. Competitive binding occurs and colour 

intensity is inversely proportional to patient HiV-1 antibody concentration (sensitivity 

100%, specificity 100%). An example of type 2 is the Welicozyme ELISA. Type 3 

the reverse capture assay has an antihuman globulin attached to polystyrene 

beads. Patient serum antibody is captured, viral antigens are added with a label 

(either radioactive or enzyme) (sensitivity 100%; specificity 100%). An example of 

type 3 is the GACELiSA Virus Reference Laboratory. Type 4, the immunometric 

assay, has viral antigen fixed to microtitre wells. Patient antibody reacts and binds 

and free antibody binding sites react with enzyme labelled viral antigen (sensitivity 

100%; specificity 100%). An example of type 4 is the Welicozyme 1+2 ELISA 

(Loveday, 1991).

The Serodia Particle Agglutination Assay.

The serodia particle agglutination assay involves a modification of the type 4 

immunometric principle (Figure 7).
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Figure 7. The Serodia-HIV particie-aggiutination test for antibodies to HIV.
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The principal component of the Serodia-HIV test is a suspension of gelatin particies 

coated with purified HIV antigen disrupted by exposure to detergent. Viral antigen- 

coated gelatin beads cross-link into an agglutination matrix in the presence of 

patient anti-HIV-antibody. The HIV antigen is prepared from concentrated culture 

fluid from an HIV producing cell line by subjecting it to sucrose gradient 

centrifugation and by coilecting the virus fraction to a density of approximately 1.16 

grams per cubic centimetre. The plates used are microplates with a 'U' shaped 

base to each well. Positive and negative tests are shown in plate 1. The coloured 

gelatin particles fall to the centre of the 'U' shaped well during incubation with anti- 

HIV-antibody negative sera and form a tight button. Anti-HIV-antibody positive sera 

form a matrix with the HIV antigen coated particles which spreads to cover the base 

of the 'U' shaped well. This assay system is very sensitive and can be read by eye 

often against a backlit screen. It's major advantage over other test systems is it 

requires little additional equipment to operate. It is therefore well suited to the 

developing world.
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Plate 1. Standard (unmodified) Serodia Particle Agglutination Assay

Negative Inconclusive Positive

Positive Positive

r /

I?

45



Western Blot

In 1984, HIV-1 was grown in continuous culture (Popovic et al., 1984). The virus 

antigens were characterised by means of a technique known as Western Blot 

(Samgadharan etal., 1984). Since then, Western Blot has become central to HIV 

serodiagnosis. Some authorities believe it is still the best way to confirm the 

presence of antibodies to HIV-1 and HIV-2 (e.g. Scotland), though others think it is 

too expensive and its interpretation too uncertain for routine use (Mortimer, 1991). 

As well as identifying the presence of HIV antibodies, the Western Blot test allows 

determination of the specific antigen against which the antibody is directed.

Tissue Culture (HIV)
Cellular Lysate 

(proteins)

gpl 60 

gpl 20 
p65 
p51 

gp41 

P31 
p24 

pi 8
Electrophoresis 

(polyacrylamide gel)

Transfer to 
Nitrocellulose 

Paper Cut into Strips incubate with
Patient Sera

Reactive bands 
detected after 

processing

Figure 8: A highly schematic representation of the Western Biot assay system
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The author was unable to use a real Western Blot strip, as the Regional Virus 

Laboratory, Ruchill Hospital felt that it may constitute an infection risk.

Figure 8 outlines the principles of the Western Blot system. Antibodies from patient 

sera react with specific HIV antigen. These can be detected by applying goat anti

human antibody which is conjugated to either an enzyme or a radioactive probe. 

Once processed, bands appear at the location where antibody has bound to 

antigen. Through the use of a reference produced as a positive control, the 

reactivity of specific antigens can be determined. The precise criteria for what 

constitutes a positive HIV-1 Western Blot test has been controversial. In general, 

positive bands from two of the three major HIV-1 antigen groups, the gag (p55, p24 

and pi 7), the po/(p66 and p51 reverse transcriptase and integrase, p31) and env 

(gpl 60, gpl 20 and gp41) are required for a positive HIV-1 antibody Western Blot 

test. Criteria for positive results have been heavily debated and different 

organisations in July 1989 used different criteria (Centers for Disease Control,

1989).

Table 2. Western Blot Criteria for positive HIV-1 antibody test, July 1989

Organisation Criteria

Association of State and Territorial 

Public Health Laboratory Directors/C DC

Any two of: p24, gp41, gp120/gp160

FDA-licensed Du Pont test p24 and o31 and qp41 or qp120/qp160

Consortium for Retrovirus Serology 2 or more bands: p24 qt p31 plus gp41

Standardisation or qp120/gp160

American Red Cross 3 or more bands one from each gene 

product gag, pol and env.

The criteria for a negative Western Blot are the absence of any bands present on 

the positive control. Indeterminate is defined as a band or bands not meeting the
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above criteria for a positive resuit. Other workers, notabiy Tedder(Peckham et al.,

1990), in the UK, have used as positive criteria: a positive band to either core or 

polymerase proteins (core: p24, pi 7, p55; polymerase: p31, p51, p66) and a band 

representing an enveiope glycoprotein (gp41, gp l20, gpl 60).

in 1990, the World Health Organisation (WHO) proposed updated criteria for 

interpreting results from Western Blot assays for HIV-1, HIV-2, and HTLV-I/HTLV-II. 

For HIV-1, these were: HIV-1 positive- 2 env bands +/- po/and gag bands; HiV-1 

negative- No HIV-1 specific bands; indeterminate-other profiies not considered 

positive or negative (WHO, 1990). The same criteria were used for HIV-2.

Other HIV-1 antibody assay systems

The radioimmunoprecipitation assay is considered more sensitive and specific than 

the Western Biot test, however the time, expense and need for active HiV-infected 

ceii cuiture and radioactive mate riais make it a poor choice for routine testing (Saag, 

1992). The indirect immunofluorescence assay can detect the earliest serologic 

response against the virus (IgM antibodies) during acute infection, but again is not 

suitabie for routine testing.

A number of rapid antibody tests for HIV have been developed which are of most 

use in areas of high HiV endemicity where faciiities to use more accurate assay 

systems are not avaiiabie, or resources saved can be channeiled into a more 

comprehensive HIV testing system. A dot immunobinding assay system (HiVCHEK) 

with confirmation by a particie aggiutination assay (Serodia-HiV) in Centrai Africa 

was shown to be a reasonable alternative to the conventionai ELiSA/Western Biot 

algorithm with an 82% saving of funds (Mitcheil etal., 1991).

HIV-2

A second virus, HiV-2, distinct from the original HIV, was isolated from patients with 

AIDS in West Africa (Clavei et al., 1987). Many of the proteins produced by this
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virus are different from HIV-1 proteins. This virus has more simiiarities to a simian 

immunodeficiency virus than HIV-1. Therefore assays using disrupted HIV-1 may 

not be positive in a patient who has antibodies and is infected with HIV-2.

Table 3: Proteins of HIV-1 and HIV-2

Gene HIV-1 HIV-2

env gp l60 gp l40

gp l20 g p l25

gp41 gp80

gp36/41

gag p55 p56

p40 p26

p24 pi 6

p17

pol p66 p68

p51 p53

p32 p34

Although they constitute different viruses, HIV-1 and HIV-2 are closely related.

Their genomes display a similar structure and similar protein products, although the 

molecular weights of the proteins (signified by the numbers in kilodaltons in table 3) 

differ somewhat. The overall sequence of aminoacids produced by the two viruses

is identical for almost 60% of the core(gag) and polymerase(po/) proteins (Kanki,

1992). As a result of these similarities, individuals infected with HIV-2 give positive 

test results on HIV-1 antibody assays approximateiy 80% of the time, when 

commonly employed whole viral lysate antibody tests are used. These cross

reactions are less likely to occur using recombinant or peptide viral proteins which 

tend to rely on envelope protein which are not as well conserved between HIV-1 and 

HIV-2. Also competitive type assay systems are less likely to give cross reactions.
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Combined tests for HIV-1 and HIV-2 are available for mass screening in a variety of 

formats including ELISA and particle agglutination. In the UK combined anti-HIV-1 

and anti-HIV-2 tests were introduced to screen blood donations in June 1990 

(Gunson & Rawlinson, 1991). These screening assays do not distinguish between 

HIV-1 and HIV-2, therefore a further type specific test is required for confirmation. 

The Western Blot should be exceptionally useful to distinguish HIV-1 from HIV-2, but 

cross-reactivity problems do exist even when the WHO Western Blot criteria (2 env 

proteins (Soriano etal., 1992)) are used. Type specific antigens, often synthetic env 

peptides are used in antibody tests to distinguish HIV-1 from HIV-2 (Kanki & De 

Cock, 1994).

Mistakes in HIV diagnosis

Most mistakes in HIV laboratory diagnosis arise from procedural errors such as 

mislabelling, misplacing specimens in a rack or microplate, cross-contamination due 

to carry over on a tip or by splash, faulty transcription of results or bad 

communication (PHLS AIDS Diagnosis Working Group, 1992). It is therefore not the 

assay methods themselves that are the most error-prone aspects of HIV testing 

(PHLS AIDS Diagnosis Working Group, 1992).

Algorithms for HIV-1 and HIV-2 antibody diagnosis

The basic algorithm for antibody diagnosis of HIV infection involves an initial 

screening test or tests followed by a confirmatory test or tests.

In the HIV reference laboratories in Scotland, an initial screening assay, usually a 

whole viral lysate assay designed for maximum sensitivity, is followed with 

confirmation by a Western Blot assay. Another confirmatory test may be used as 

well as the Western Blot, for example a competitive ELISA assay using perhaps 

recombinant viral proteins. False positive reactions on the screening assay (e.g. 

due to a cross-reaction with HLA antigens) are unlikely to be repeated in the 

competitive ELISA as viral antigens for this system are not produced using human
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lymphocyte culture and will not be contaminated with human antigens. The Western 

Blot had advantages of sensitivity and specificity over the original ELISA assay 

systems, but improvements in the latter have eroded this advantage. Now most 

antibody systems including all types of ELISA and particle agglutination assays are 

as sensitive and some are more specific than Westem Blot (Mortimer, 1991). 

Difficulties with Western Blot in routine diagnosis include: variability in the quality of 

strips, difficulty in interpreting reactions, frequent indeterminate results and high 

cost. In America and Scotland the Western Blot is still required for a positive 

diagnosis of HIV infection. The consequences of this standpoint, taken mainly by 

the Food and Drug Administration in the US, are far reaching. Developing countries 

often follow, for better or worse, the literature on HIV infection and diagnostic 

techniques. When this is heavily dominated by American reviews, and Westem Blot 

continues to be necessary for confirmation, then developing countries find it difficult 

to move from this algorithm. It has been shown that other testing algorithms are as 

effective as ELISA screening followed by Western Blot confirmation with up to 90% 

decrease in cost (van derGroen etal., 1991, Nkengasong etal., 1992, Urassa et 

al., 1992). It is hoped that these algorithms will be used extensively in particular in 

developing countries to save "health dollars" which can then be more usefully 

deployed.

Other algorithms depend on the purpose of testing (e. g. diagnosis of infection as 

opposed to Unlinked-Anonymous epidemiological survey), the skills and equipment 

available where testing is taking place (e. g. HIV reference laboratory in the UK as 

opposed to a community clinic in Zambia), the number of tests to be performed and 

costs. Screening assays with excellent sensitivity include several HIV1/2 enzyme 

linked immunosorbent assays, some simple or rapid tests such as Serodia-HIV, 

HIVCHEK 1+2 and Testpack (PHLS AIDS Diagnosis Working Group, 1992). The 

sensitivity of all the above tests is adequate and similar in competent hands. As 

long as procedure is good, one screening assay is sufficient. A positive screening
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assay will require further testing for confirmation. A negative screening assay will be 

reported as such with no further assays performed.

Screened positive samples

An initial screened positive sample is either a true positive or a false positive.

Further simple screening assays can be performed on these samples. There is little 

point in performing the same test again, but different screening tests chosen with 

due regard for diversity of antigen source (viral lysate, recombinant protein, peptide) 

and assay format (antiglobulin, competitive, reverse capture, immunometric) should 

be used for initial confirmation. If two further tests are negative then it is very likely 

that the sample is a false positive. If two further tests are positive, it is very likely 

that the sample is a true positive. Whenever possible a follow-up specimen should 

be obtained to check that no procedural error has taken place.

The initial screening assay should specifically look for HIV-2 as well as HIV-1. 

Positive results should be sent to a reference laboratory to distinguish HIV-1 from 

HIV-2.
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Figure 9: Serological markers of HIV-1 infection shown against time

After infection with HIV, the time to seroconversion (the so-called 'window period') is 

from 3-12 weeks, median 2.1 months. Greater than 95% of individuals have 

seroconverted by 12 weeks (Horsburgh etal., 1989), more than 99% have 

seroconverted by 6 months and a smaller proportion take up to 1 year to 

seroconvert. Bearing in mind that the life span of someone with HIV infection is 

greater than ten years (Schrager etal., 1994), this 2 month 'window period' may 

produce a significant number of HIV-infected seronegative blood donors, especially 

in a highly incident phase of the HIV epidemic. To reduce this problem individuals 

at risk of HIV infection are asked not to donate blood. For anonymous 

serosurveillance studies, the error in estimating infected individuals caused by the 

'window period' is usually not a significant problem.
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EPIDEMIOLOGY WITH THE ASSISTANCE OF HIV TESTING 

1984 ONWARDS

Notification of AIDS cases by clinicians remains the mainstay of documenting the 

AIDS epidemic world-wide. These data are subject to two related limitations, that of 

under-reporting (complete failure to report a case of AIDS) and of reporting delays 

(Cox etal., 1988). The 1985 provisional WHO clinical case definition for AIDS 

("Bangui definition") used major and minor signs to diagnose AIDS and has been 

updated in September 1994 (World Health Organisation, 1994a).

1994 WHO case definitions for AIDS surveillance in adults and adolescents

I. WHO case definition for AIDS surveillance

"For the purposes of AIDS surveillance an adult or adolescent (> 12 years of age) is 

considered to have AIDS if at least 2 of the following major signs are present in 

combination with at least 1 of the minor signs listed below, and if these signs are not 

known to be due to a condition unrelated to HIV infection.

Major signs

weight loss>= 10% of body weight

chronic diarrhoea for more than 1 month

prolonged fever for more than 1 month (intermittent or constant)

Minor signs

persistent cough for more than 1 month 

generalised pruritic dermatitis 

history of herpes zoster 

oropharyngeal candidiasis

chronic progressive or disseminated herpes simplex infection 

generalised lymphadenopathy 

The presence of either generalised Kaposi sarcoma or cryptococcal meningitis is 

sufficient for the diagnosis of AIDS for surveillance purpose.
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II. Expanded WHO case definition for AIDS surveillance

"For the purposes of AIDS surveillance an adult or adolescent (> 12 years of age) is 

considered to have AIDS if a test of HIV-antibody gives a positive result, and 1 or 

more of the following conditions are present:

>= 10% body weight loss or cachexia, with diarrhoea or fever, or both,

intermittent or constant, for at least 1 month, not known to be due to a

condition unrelated to HIV infection.

cryptococcal meningitis

pulmonary or extrapulmonary tuberculosis

Kaposi sarcoma

neurological impairment that is sufficient to prevent independent daily 

activities, not known to be due to a condition unrelated to HIV infection (for 

example, trauma or cerebrovascular accident) 

candidiasis of the oesophagus (which may be presumptively diagnosed 

based on the presence of oral candidiasis accompanied by dysphagia) 

clinically diagnosed life-threatening or recurrent episodes of pneumonia, with 

or without etiological confirmation 

invasive cervical cancer

It is recommended that I be used where clinical diagnostic capabilities including the 

use of HIV serology are limited. It is recommended that II should be used in 

situations where HIV serology is available and where diagnostic facilities are not 

adequate for the definitive diagnoses of HIV-related illnesses (see CDC definitions 

below).
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The Centers for Disease Control and Prevention AIDS case definitions

1982 CDC AIDS 1985 CDC AIDS 1987 CDC AIDS 1992 CDC AIDS

definition
Reliably diagnosed: 
Kaposi's sarcoma 
(patients <60) 
Pneumocystis carlnll 
pneumonia, other 
opportunist 
infections.

Absence of known 
causes of underlying 
immune deficiency

definition
As before and:

If HIV-antibody +ve 
Other specific 
indicator diseases

If HIV-antibody -ve 
AIDS excluded

definition
As before and:

If HIV-antibody +ve 
HIV encephalopathy 

HIV wasting 
syndrome & other 
AIDS specific 
diseases

Some indicator 
diseases diagnosis 
presumptive

Remove exclusion of 
other immune 
deficiency diseases

definition
As before and:
If HIV-antibody +ve 
Any person with a 
CD4 count less than 
200 per microlitre 
Addition of 3 new 
indicator diseases 
Pulmonary 
tuberculosis, 
recurrent 
pneumonias, 
carcinoma of the 
cervix.

The 1992 CDC AIDS criteria include any HIV-antibody positive person with a CD4 

count below 200/ul. Most of the industrialised countries of North America, Europe 

and Oceania base reports on the 1987 Center for Disease Control definition or its 

updated version. Scotland uses the 1987 definition with the three new indicator 

diseases. The majority of African countries use the WHO clinical Bangui definition 

or its updated version. In Latin America a modified clinical Caracas definition is 

used (Johnson, 1992). Despite the available variety of AIDS definitions for use in 

different health care situations, under-reporting of AIDS cases and reporting delays 

are widespread. For developed countries most AIDS cases are reported. It is 

believed that in Africa only 10-20% of cases are reported and in Latin America only 

half the cases (Johnson, 1992).
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UK position

Clinicians in the United Kingdom are encouraged to register new cases of AIDS(and 

deaths among HIV-infected individuals) with the Voluntary AIDS Registration 

Scheme at the Communicable Disease Surveillance Centre (England, Wales and 

Northern Ireland) and the Scottish Centre for Infection and Environmental Health 

Clinicians in the United Kingdom are encouraged to register new cases of AIDS 

(and deaths among HIV positive individuals) with the Communicable Disease 

Surveillance Centre and the Scottish Centre for Infection and Environmental Health 

(SCIEH). The median delay in reporting is currently 3-6 months and it is estimated 

that the rate of under-reporting in Scotland is less than 10%(Communicable 

Diseases(Scotland) Unit, 1993). In Scotland the periodic monitoring (at 3-6 monthly 

intervals) of CD4 cell counts quickly became part of routine clinical management for 

a substantial number of initially asymptomatic HIV-1 seropositive patients. The 

1992 CDC AIDS definition would therefore be less difficult to implement in Scotland 

than in some other places (CD4 Collaborative Group, 1992).

HIV-2

Compared with HIV-1, the number of cases of HIV-2 Infection reported outside West 

Africa is small. Although continued vigilance and surveillance for HIV-2 is 

appropriate few cases have been reported in the UK and none in Scotland (personal 

communication Dr D. J. Goldberg). From now on HIV will refer to HIV-1 infection 

unless specifically stated.
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INCUBATION PERIOD OR DISTRIBUTION

The advent of a reliable antibody test made it possible to trace blood products which 

had caused infection. This gave the most reliable information on the incubation 

distribution from presumed infection, i.e. when the HIV-1 antibody positive blood 

product was given, to the development of AIDS (Medley G. F. et al., 1987). Such 

studies in haemophiliacs (Goedert etal., 1989) and transfusion recipients (Downs et 

al., 1991) has allowed accurate estimates of incubation distributions to be made. 

There is a wide variation between individuals and age groups(Goedert etal., 1989, 

Jones etal., 1992), with older patients progressing to AIDS more quickly. About ten 

years after infection fifty percent of individuals will have developed AIDS. As more 

individuals are treated earlier in their HIV illness with zidovudine the incubation 

period may lengthen(Brookmeyer, 1991).

In an African study (Commenges etal., 1992), AIDS was diagnosed at a mean age 

of 31.8 months after vertical transmission (n=650). In this study the probability of 

HIV-infected infants developing AIDS before 12 months of age (0.29) was in 

agreement with the European Collaborative Study (Anon., 1991).

Although AIDS develops on average about 10 years after HIV infection, the 

collection of AIDS case data can usefully inform us about the HIV incidence 

scenario many years ago.

To understand the AIDS epidemic more clearly and to intervene to stop the spread 

of HIV, knowledge of the present incidence of HIV infection in the general 

population and in at-risk subgroups is required.
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SURVEILLANCE OF HIV-POSITIVE REPORTS, PREVALENCE AND INCIDENCE

In the United States, estimates of the numbers of persons thought to be infected 

with HIV were made by combining estimates of the prevalence in different 

subgroups in the population with estimates of the size of these subgroups (Cox et 

al., 1988). Using this method, by April 1988,1-1.5 million people were thought to be 

infected with HIV. Most cases were thought to be in homosexual men and 

intravenous drug users. This method of estimating the size of the HIV-infected 

population in the UK was advocated by Cox (Cox etal., 1988). The main problems 

with this approach were that information about the sizes of the subgroups was poor 

and seroprevalence studies in the subgroup populations were biased as they only 

covered persons who could be identified as belonging to a particular risk group and 

then only those who agreed to be tested. However, as these estimates broadly 

agreed with estimates produced by back projection from AIDS cases, they could not 

be discounted.

HIV-antibody positive reports

From the end of 1984, confidential serological data, from microbiologists on HIV- 

antibody tests performed (Cox etal., 1988), were sent to the CDSC, London for 

England and Wales and SCIEH for Scotland. By the end of 1988, 7,335 HIV- 

positive results had been reported in England and Wales, with an additional 1,504 in 

Scotland and 47 in Northern Ireland. These data although valuable in that they 

described the HIV epidemic at an earlier time than using AIDS case reports because 

of the long incubation period, were almost certainly derived from a biased sample of 

the population (Cox etal., 1988).

Screening of blood donations

Information is available in the UK from the screening of blood donations for HIV-1- 

antibody which started in October 1985 (Gunson & Rawlinson, 1991). The reason 

for testing all blood donations is to prevent the transfer of HIV by blood product
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transfusion. It was hoped that the seroprevalence of HIV-antibody from blood 

donors could be used as a surrogate for seroprevalence In the general population. 

But selection bias Is Inherent In blood donors (Gill etal., 1989) as a sample of the 

general population, partly due to leaflets given to donors Indicating that members of 

at risk groups should not donate. Therefore blood donors are not a satisfactory 

sample to represent the HIV seroprevalence In the general population.

Anonymous retrospective studies of sera collected with risk group 

information tested without patient consent

An Initial report of HIV-1 antibody In AIDS and AIDS-rlsk patients In Britain published 

In 1984 was followed by an extensive study of sera collected from 1978-1984 with 

risk category Information, mainly from homosexual men but also from haemophiliacs 

and drug addicts. The samples had often been collected for routine diagnostic tests 

for hepatitis B virus Infection and came from the PHLS In London and from 5 widely 

distributed provincial centres (Mortimer etal., 1985). This study showed that by 

1984, over 30% of homosexuals attending sexually transmitted disease clinics In 

London were HIV-1 antibody positive (Mortimer etal., 1985). In the rest of the UK, 

outside London, the same risk group had a seroprevalence of 5%. Haemophiliacs 

sampled In 1984 had an HIV seroprevalence of 38%, most séroconversions 

occurred In 1983 and 1984. Drug addicts had a low prevalence of 2.5% In this 

study. Another study In a West London genitourinary clinic, reported In 1989, 

showed a large rise In antl-HIV-1 seroprevalence among homosexual and bisexual 

males from 4% to over20% between 1982 and 1984 (Loveday etal., 1989), which 

then remained fairly static at around 25% to 1987.

Public Health Laboratory Service (PHLS) Collaborative studies

Beginning In October 1986, the Public Health Laboratory Service (PHLS) In a 

collaborative study with 10 laboratories In England, collected additional data on 

persons who underwent an antl-HIV test and were found negative. These data were 1
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used to describe overtime, the reasons for HIV testing, the risk groups of persons 

tested as well as the proportions with positive tests (Cox et al., 1988). A report was 

made on 34,222 subjects in various risk groups who consented to be tested 

between October 1986 and December 1987 (Mortimer etal., 1985). This study 

showed a fairly low level of HIV seroprevalence among intravenous drug users 

(5.7% in London, 1.5% outside London) and a very low level in heterosexuals with 

multiple partners or no declared risk factors. Another finding was a high prevalence 

of infection among homosexual males in London (15.1%). A difference between the 

seroprevalence among homosexual men in London in the anonymous retrospective 

studies described above (34% and 25%) (Mortimer etal., 1985, Loveday etal.,

1989) and the PHLS collaborative studies (Public Health Laboratory Service 

Working Group, 1989, Collaborative Study Group, 1989) (15.1%), where consent for 

testing was required, was probably due to seropositive homosexual men who 

refused to be tested. This was an example of possible participation bias associated 

with the requirement of consent for HIV testing.

Further problems with named HIV testing studies In application to sub

populations

A similar problem was seen in a study reported from the voluntary named HIV 

testing scheme which started in August 1987 at antenatal clinics of the City and 

Hackney Health Authority. During the 5 month period of the study only 9 (all 

negative) out of 1500 women who booked agreed to be tested (Heath etal., 1988). 

After gaining local ethics committee approval, subsequent sera were then tested 

anonymously and positive specimens were found (0.3%). From this study the 

authors concluded that anonymous testing was the only way to rapidly assess the 

gravity of the AIDS problem in particular patient groups.

Meanwhile in the United States a number of studies had shown that named HIV 

testing with consent, misrepresented the HIV seroprevalence in the population 

under examination. In 1987 a New Mexico genitourinary medicine clinic evaluated a
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universal named HIV case finding programme where 82% of clients accepted 

testing, the remaining 18% had an anonymous test performed. The prevalence of 

HIV in those who had a named test was 0.7%, in contrast to 3.8% in those who did 

not consent and who had an anonymous test (Hull etal., 1988). In Brooklyn New 

York in 1986, the policy was for only pregnant females who were members of self 

reported high risk groups, to be tested for HIV. A study looked at 602 cord blood 

samples over a 2 month period. Risk data wereDbtained by extensive interview from 

all newly delivered mothers. Risk information was matched with cord blood 

samples, then all Identifiers were removed and the samples tested for anti-HIV-1 

antibody. Only 7 of 12 seropositive women had risk factors. Therefore the policy of 

named testing of 'at-risk' parturient women gave misleading information about the 

HIV seroprevalence in all parturient women in Brooklyn (Landesman etal., 1987). 

Another survey In New York with antenatal patients showed that named testing only 

picked up 15% of HIV-infected women(Krasinsky etal., 1988).
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Unlinked-Anonymous HIV seroprevalence studies

"Unlinked anonymous testing for HiV refers to tfie further sampling of sera (or other 

body fluids) voluntarily collected from patients for necessary laboratory tests. 

Personal identifiers are irreversibly removed from the sample and it is then tested for 

HIV without the consent of the patient from whom the material originated being 

sought. When a survey design requires that a specimen be collected specifically for 

HIV testing, such as saliva from intravenous drug users then the voluntary variant of 

the unlinked anonymous test method is used, whereby the consent of the patient is 

sought. In either case the patients identity is unlinked from the specimen and the 

patient can never be identified by either the scientists conducting the HIV tests or 

the epidemiologists appraising the aggregate results." (Gill etal., 1989). The 

Voluntary variant' will be termed voluntary anonymous testing in this thesis, and 

Unlinked-Anonymous testing will refer to the former study design using residual 

samples collected for necessary laboratory tests.

The Unlinked-Anonymous method overcomes the problems of non-participation bias 

(except where opt-out clauses allow significant non-participation to occur). The 

extent of selection bias depends on the target population chosen and the population 

groups to which the results are applied.

The arguments

The use of Unlinked-Anonymous surveys, in which data are not linked to individual 

subjects, had been suggested as a means of obtaining the least biased data on the 

prevalence of HIV infection. This does not violate rights of confidentiality, informed 

consent and counselling that apply to individualised testing (Bayer etal., 1986).

During 1987 and 1988, in the UK, a fierce battle took place between those in favour 

of Unlinked-Anonymous HIV testing without consent and those aggressively against 

such studies. Protagonists included epidemiologists led by Sir Richard Doll (Doll,

1987) chairman of the Subcommittee on Epidemiology of the Medical Research 

Council's Working Party on AIDS. Those against initially included Sir Donald
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Acheson, Chief Medical Officer; Professor I Kennedy of the Centre of Medical Law 

and Ethics at Kings Coliege and the Royal College of Obstetrics and Gynaecology. 

In May 1987 the House of Commons, Social Services Committee issued its report 

against widespread use of anonymised screening. This report was rebuked as 

neither ethically nor scientifically coherent (Black et al., 1987). The working group 

on the monitoring and surveiilance of HIV infection and AIDS chaired by Dr JWG 

Smith, director of the Public Health Laboratory Service who reported in 1988, again 

recommended voluntary named antenatal testing (with a provision for voiuntary 

anonymous testing) (Anonymous, 1988). In 1988, the Medical Research Council 

(MRC) awarded a substantial grant to set up an antenatal named testing 

programme in Edinburgh and Dundee, which ran from November 1988 to July 1990 

(Goldberg D. J. etal., 1992).

The Minister of Health called for further debate (Anonymous, 1988). Within six 

months a remarkable about face had occurred (Heptonstall & Gill, 1989). The Cox 

report (Cox etal., 1988) "Short-term prediction of HiV Infection and AIDS in England 

and Wales" published in November 1988 (backed up by a further report in January 

1990 (Report of a working group convened by the director of the PHLS, 1990)) 

advocated the use of Unlinked-Anonymous HIV testing. An answer in the House of 

Commons by the then Secretary of State for Health, Kenneth Clarke (K. Clarke 

Secretary of State, 1988) expressed government support for named and Unlinked- 

Anonymous HIV testing in the UK. The government put forward £1.7m administered 

by the MRC to fund this research. Comment was made in the British Medical 

Journal of 3rd of December 1988 (Delamonthe, 1988). Unlinked-Anonymous testing 

was discussed in the medical literature during 1989 (Heptonstall & Gill, 1989, Gill et 

al., 1989). These articles defined Unlinked-Anonymous HIV testing, put forward the 

legal and ethical basis and gave information on publicity materials, resource 

provision and local ethical approval required.
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It is interesting to note that in the United States little opposition was shown to 

Unlinked-Anonymous HIV serosurveillance studies. Testing was allowed as long as 

no harm came to the Individual from whom the blood originated. To stop damage to 

the individual, for instance in insurance terms, Unlinked-Anonymous HIV testing was 

put forward. The Unlinked-Anonymous testing technique has been used extensively 

in Africa and other developing countries (United States Bureau of the Census, 

Center for International Research. AIDS/HIV surveillance database. Washington, 

DC: Bureau of the Census, 1989).

Opt-out

In an apparent political concession the UK government proposed an 'opt-out' 

provision. Although consent to testing would not be sought, individuals had the right 

to spontaneously refuse Unlinked-Anonymous testing of the residuum of their blood 

samples taken for other reasons. The position was most forcefully put by the United 

Kingdom Central Council for Nursing, Midwifery and Health Visiting, which declared 

that prior to initiation of blinded surveillance the public be made widely aware that 

such studies would be undertaken and that individuals retain the right to state their 

blood should not be used for such purposes (Bayer et al., 1990). The ability to opt 

out of testing of the residual sample was the legal addition seen in the UK. Wide 

variation in legal interpretation exists in different countries even within the European 

Economic Community.

Government mandate

In November 1989 the government announced that in 1990 Unlinked-Anonymous 

HIV testing would go ahead in the UK(Bottomley, 1989). The Department of Health 

prepared materials including leaflets and posters in several languages explaining 

the new surveillance program.
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Direct estimation of the number of anti-HIV seropositive individuals

An Unlinked-Anonymous HiV prevalence monitoring programme was proposed in

1989 (Gill etal., 1989). Monitoring of vulnerable sentinel groups (attenders at 

genitourinary clinics and injecting drug users) and less vulnerable groups (general 

hospital inpatients and attenders, women undergoing termination of pregnancy, 

pregnant women and newborn infants) was implemented. The aims were to identify 

the sections of the population in which appreciable transmission was taking place 

(Gill etal., 1989) so that interventions could be implemented and evaluated, and to 

improve the accuracy of predictions of the evolution of the AIDS epidemic (Cox et 

al., 1988). The programme aimed also to document the great geographical variation 

in the extent of the AIDS epidemic throughout the UK.

Once HIV seroprevalence in a population sub-group is known, the size of the group 

is required to estimate the number of HIV-infected individuals within the group. It 

has been a major difficulty to get reasonable estimates of risk group size especially 

of covert groups such as homosexual men and intravenous drug users (Cox etal., 

1988). A study in a Glasgow, Scotland has used a capture-recapture technique to 

estimate the number of injecting drug users active in the city (Frischer etal., 1991).

The National Survey of Sexual Attitudes and Lifestyles (Johnson etal., 1994) 

undertook a random-sample survey of sexual attitudes and lifestyles among 18,876 

men and women aged 16-59 living in England, Wales and Scotland between May

1990 and December 1991. This study gave up to date estimates of the number of 

individuals within risk groups. An estimate of the prevalence of HIV infection in 

England and Wales has been made using a combination of risk group size and 

Unlinked-Anonymous HIV prevalence data (Giesecke etal., 1994).

To estimate the future AIDS case scenario from the number of individuals infected, it 

is helpful to know the approximate dates of HIV infection. Only within the group of
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haemophiliacs who received regular blood products prior to heat treatment would 

this information be normally available.

Incidence of HIV Infection

To observe the AIDS epidemic and to intervene to stop the spread of HIV, the 

incidence of HIV infection in at risk population subgroups is helpful. Incidence can 

be measured indirectly as change of prevalence within a sentinel population group 

where the same individuals are not always re-tested, by repeat cross-sectional 

studies. An example would the measurement of anti-HIV-1 seroprevalence in 

homosexual and bisexual men attending a genitourinary medicine clinic (Loveday et 

al., 1989). This study retrospectively tested samples taken for other reasons in this 

high risk group who attended at one clinic in London between 1982 and 1987. A 

large rise in anti-HIV-1 seroprevalence occurred from 4% in 1982 to 21% in 1984 

after which time the level remained stable. It is fairly certain that an increase in 

incidence of HIV infection occurred to cause the rise in seroprevalence from 4% in 

1982 to 21% in 1984 within this sentinel group.

The only true method to measure HIV incidence is to retest the same population on 

repeated occasions. Pregnancy is a good opportunity to repeatedly test a cohort of 

women(Piot & Laga, 1994). Samples of blood are taken routinely at booking, and 

repeat samples late in pregnancy, cord blood samples or Guthrie neonatal samples 

are available to measure anti-HIV-antibody on at least 2 occasions in the same 

individual over a 6-8 month period. This type of cohort study has been performed 

mainly in Africa and has given valuable information to understand the spread of the 

epidemic and also to plan HIV-1 vaccine trials. The highest incidence rates 

correspond to very high prevalence areas such as Kigali, Rwanda and Lusaka, 

Zambia. In several prospective studies of pregnancy outcome incidence rates as 

high as 4% have been documented within the 6-9 month period of observation in 

pregnancy.
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In cohorts fairly representative of the general population, incidence rates of 0.3% to 

as high as 5% per year have been documented (Piot & Laga, 1994). Incidence 

rates of less than 1 % in the general population have been found in other high 

prevalence areas perhaps indicating a slowing down of the epidemic. Prostitutes 

consistently exhibit the highest HIV-1 incidence rates from 12 to 50% per year, the 

latter figure from Nairobi occurred despite an intensive campaign to prevent infection 

and to increase condom use.

HIV-1 may have peaked in some urban areas in Africa, but this is not the case for 

many other areas where the epidemic is growing rapidiy. Africa shows the spread of 

HIV-1 occurring in several waves with an initial high Incidence in "core" populations 

e. g. prostitutes, followed by second waves in other segments of the population.

HIV-2 incidence data

HIV-2 occurs predominantly in West Africa (Piot & Laga, 1994). Consistent and 

distinct features of HIV-2 are that the age of acquisition appears to be higher than 

for HIV-1 in the same population, and that the prevalence of HIV-1 increases much 

more rapidiy than HIV-2. HIV-2 infection in infants and young children is unusual.

All of this supports the hypothesis that the risk of transmission of HIV-2 is much 

lower than of HIV-1.
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TRANSMISSION CATEGORIES

The initial reports of AIDS, in 1981, documented clustering of cases presenting with 

opportunist infections, among homosexual men and drug addicts in California and 

New York (Masur et al., 1981, Siegal et al., 1981, Gottlieb et al., 1981 b). A sexually 

transmitted agent was hypothesised in the homosexual cases (Gottlieb etal., 

1981b), a viral infection transmitted by enteric routes (Siegal etal., 1981).

In 1982, a similar acquired immunodeficiency was seen in drug addicts (Masur et 

al., 1981). In 1983 impaired cell-mediated immunity was reported in patients with 

classic haemophilia (Lederman etal., 1983), in previously healthy Haitians and in 

infants born to promiscuous and drug addicted mothers (Rubenstein etal., 1983). 

These reports pin-pointed risk groups and allowed public health measures to be 

implemented.

Blood factors

In 1982, it was realised that a transmissible agent in blood products was causing 

AIDS(Jones etal., 1992). In March 1983, the Public Health Service recommended 

that members of groups at high risk of AIDS refrain from donating blood. Some 

states in America screened for at risk individuals by looking for hepatitis B core 

antibody in 1984. In the US, routine screening for HIV-1 antibody, of all blood 

donations was instituted in March 1985. A similar programme started in the UK in 

October 1985(Gunson & Rawlinson, 1988). Up to 20,000 blood donations make up 

pooled factor VIII concentrate for the treatment of haemophilia A. So one infected 

donor could and did infect many haemophiliacs (Balfe etal., 1990). Many 

individuals were infected with HIV from American factor concentrates produced 

before December 1984, after which heat treated concentrates became widely 

available(Darby etal., 1989). Thirty-nine percent of UK haemophilia A patients and 

5% of haemophilia B patients were infected (Darby etal., 1989). Similar figures 

were seen in many other countries importing American blood products, this included 

South Africa(Cohn etal., 1990), lsrael(Brenner etal., 1991), Sweden(Bottiger etal..
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1988), Holland(Wolfs etal., 1988). Since heat treatment, individual donor testing 

and risk group questionnaire have been used, further treatment associated 

séroconversions have not been seen(Schimpf etal., 1989).

Whole blood

Transfusion of biood products not amenable to heat treatment still has a small risk in 

countries where routine HiV-1 antibody testing of all donations is 

performed(Cumming etal., 1989). This is due to the window period after HIV 

infection but before a potential donor seroconverts. Education and exclusion of high 

risk donors and antibody screening of ail donations was instituted in America in 

1985. Between 1978 and 1985 the risk of HiV infection from the average blood 

transfusion of 5.4 units of blood was between 1 in 200 and 1 in 1000. By 1989 it 

was estimated to be 1 in 28,000 in the US (Gumming etal., 1989). Routine 

screening for HiV-2 has been performed on all blood donations in the UK since 

1990(Gommunicable Diseases (Scotland) Unit, 1992a). Screening of blood 

donations in developing countries is crude and sometimes not performed at all. This 

must contribute to the AIDS epidemic in Africa, in Scotland (and the UK) only one 

HIV transmission (associated with the window period) is known to have occurred by 

blood transfusion since routine HiV-antibody screening commenced in October 

1985 (McMenamin, 1995).

Homosexual men

Several sero-epidemioiogicai studies examined the relationship between 

homosexual behaviour and HiV antibody. They indicated that unprotected ano

genital intercourse was the main transmission route and that rectal trauma and 

being the receptive partner increased the risk of infection (Moss etal., 1987). 

Transmission among homosexual men in the United States peaked between 1981 

and 1984(Brookmeyer, 1991). The fail in incidence of new infections may be due to 

both a reduction seen in high risk activities(Winkeistein etal., 1988) and a saturation 

effect in some homosexual groups(Brookmeyer, 1991). The study described
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previously (Loveday etal., 1989) showed a probable reduction of HIV incidence 

(steady prevalence of anti-HIV-1 antibody from 1984 to 1987 after a rapid rise from 

1982 to 1984) associated with a reduction in risk activity in homosexual men 

(reduction in the incidence of gonorrhoea). Recent information from the Unlinked- 

Anonymous HIV Prevalence Monitoring programme in England and Wales (Report 

from the Unlinked Anonymous HiV Surveys Steering Group, 1995), which showed 

HIV infection to be prevalent in young homosexual men under 20 years, and the 

continued presentation of homosexual men to sexually transmitted disease ciinics 

with new infections other than HIV, indicated that HIV-infection was still incident in 

the homo/bisexuai community due to risky sexual activity. This survey estimated 

that infections in 74% of homo/bisexual men in London and 68% outside London 

had already been documented by voluntary named HIV testing strategies i.e. were 

clinically recognised. In Scotland, the denominator study (Goidberg etal., 1992) 

has shown a statistically significant increase in the proportion of 'new HIV-positive 

reports' in the homo/bisexual transmission group from 1991 to 1993 (personal 

communication Dr D. G. Goldberg).

Syringe and needle sharing

An early case of AIDS in a heterosexual injecting drug addict was reported from 

New York in August 1982(Gold etal., 1982). Transmission occurs as traces of HIV- 

contaminated blood are left in a needle. "Shooting galleries", where large numbers 

of individuals used the same injecting equipment, were common in Edinburgh in 

1983(Robertson etal., 1986). HIV was introduced in Edinburgh in the same 

year(Brettle etal., 1987). This needle sharing behaviour is responsible for the 

epidemic of HIV disease in a cohort of Edinburgh drug addicts, whose HIV-1 

seroprevalence was reported as high as 80%(Skidmore etal., 1990). A similar 

epidemic was seen in injecting drug users in Dundee in 1984(Urquhart etal., 1987), 

where the seroprevalence peaked at 70% in 1985. An epidemic, of the same 

proportion was expected in Glasgow. Perhaps due to different habits of needle

71



sharing consequent on needle exchange, Glasgow Injecting drug users have not 

experienced a similar epldemlc(Haw et al., 1992). Changing habits of Injecting drug 

use In Edinburgh have resulted In few new HIV Infections among users(Skldmore at 

a!., 1990).

Studies of Injecting drug users In England and Wales are of two types: voluntary 

saliva surveys of attenders at specialist agencies for drug users (these samples are 

also tested for prior hepatitis B Infection); and Unlinked-Anonymous HIV-1 

prevalence studies of genitourinary medicine clinic attenders where risk category 

Information Is collected. No obvious trends can be seen other than the 

seroprevalence being higher In London than outside. Other studies have reported 

that overall 17% of drug users had shared needles In the four weeks prior to 

Interview, with 24.6% of young Injectors under 25 years sharing needles. This 

continued risky behaviour Is backed up by 104 new hepatitis B Infection reports 

during 1993 In which Injecting drug use was considered to be the mode of 

transmission (Report from the Unlinked Anonymous HIV Surveys Steering Group, 

1995). This survey gave 50% as a rough estimate of the proportion of HIV-Infected 

Intravenous drug users who were clinically recognised by health care workers.

Health care worker setting

Although heterosexual transmission Is believed to be the major factor spreading HIV 

In Africa (Chin, 1990), re-use of needles clinically (McClure, 1990, Mann etal.,

1986) (personal communication from a family member working In sub-Saharan 

Africa) may also prove to be a significant factor. Re-use of Improperly sterilised 

equipment and micro-transfuslons of virus-contamlnated unscreened blood have 

caused a large outbreak of HIV Infection In Romanla(Hersh etal., 1991).

Heterosexual transmission

The most reliable estimates of male to female transmission of HIV come from men 

Infected by factor concentrates for the treatment of bleeding disorders. The time of
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virus transmission via clotting factors is often known, and transmission rates to 

female partners is unlikely to be affected by concomitant drug use. A prospective 

study of 348 anti-HIV-infected males treated with clotting factor concentrates looked 

at HIV-1 seroprevalence among sexual partners at entry into the study and followed 

them over an interval ranging from 5-47 months, mean 2.3 years per person. 

Although 10% of 180 enrolled sexual partners were HIV-1 positive at entry into the 

study, none seroconverted during the study period. Thirteen had babies, many 

reported unprotected vaginal intercourse and a few unprotected anal intercourse. 

Longitudinal observation over 351 person-years showed no heterosexual 

transmission(Lusher etal., 1991). This reassuring study hides important 

characteristics of heterosexual transmission. These haemophiliacs were well at 

entry into the study in 1985, but were probably infected during 1983 or 1984 when 

most UK haemophiliacs became infected. So none were in the early viraemic part 

of their HIV disease. The study ended in 1989 when because of the long incubation 

period few will have developed AIDS and become viraemic again. It is interesting to 

note that 10% of female partners were HIV-1 infected at the start of the study. They 

may have become infected when their haemophiliac partner was viraemic soon after 

infection with HIV. Evidence for more efficient transmission of HIV-1 when the 

infected partner was in an advanced stage of the disease was shown in the 

discordant partner studies in Europe (Anon., 1992a). This study also highlighted 

cofactors for transmission including lack of condom use, sexually transmitted 

diseases and unprotected anal intercourse. Evidence for increased infectivity 

around the time of seroconversion was shown in a study of second generation 

heterosexual transmission (Gilbart etal., 1992).

Female to male transmission is difficult to document as fewer women are infected in 

developed countries. In a study in California, 20% of long-term female partners of 

high risk HIV-infected men were also positive, whereas only 1.4% of long-term male 

partners of high risk HIV-infected females were also positive(Radian etal., 1991). 

The average pattern of heterosexual transmission in most published studies in
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Africa suggests probabilities of 20% from male to female and 11% from female to 

male(Anderson etal., 1991) per partnership. This study did not take account of the 

length of the partnerships, the discordant partner studies in Europe also showed a 

crude transmission rate of 20% male to female and 12% female to male per 

partnership. The difference in heterosexual transmission rates between Africa and 

developed countries may be associated, in part, with cofactors such as concomitant 

sexually transmitted diseases(Plummer etal., 1991).

The potential for heterosexual transmission to be a major contributor to an AIDS 

epidemic has been illustrated in Kigali, Rwanda, Central Africa, where 32% of 

women of childbearing age are infected with HIV-1 (Allen etal., 1991). It is still 

possible for the AIDS epidemic in developed nations to follow that in Central Africa, 

with a large phase of heterosexual spread of infection(Allen & Setlow, 1991).

The Unlinked-Anonymous HIV prevalence monitoring programme in England and 

Wales (Report from the Unlinked Anonymous HIV Surveys Steering Group, 1995) 

and Scotland (personal communication Dr D. G. Goldberg) from 1990 to the end of 

1993, looked at heterosexual populations at high risk (heterosexual men and 

women not known to have injected drugs attending genitourinary medicine 

clinics(GUM)) where age group and risk behaviour were gathered at each STD 

consultation. In Scotland, a decrease was seen In the HIV seroprevalence among 

heterosexual women (and men) attending GUM clinics between 1991 and 1994 

(personal communication Dr D. G. Goldberg), indicating that no large heterosexually 

transmitted HIV epidemic has occurred in this high risk group. It has been estimated 

that between 20% and 50% of high risk heterosexual HIV-infected persons have 

been clinically recognised (Report from the Unlinked Anonymous HIV Surveys 

Steering Group, 1995).

Low risk heterosexual populations have been studied by testing antenatal clinic 

attenders (Goldberg D. J. etal., 1992, Anon., 1993)(those planning to take the 

pregnancy to term and those attending for a termination of pregnancy) and also by
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testing Guthrie dried blood spot samples for HIV-1 antibody (Ades et ai, 1991, 

Tappin et al., 1991, Centers for Disease Control and Prevention, 1994) which 

indicated maternal HIV-1 antibody status (Pappaioanou eta!., 1993). It has been 

estimated that between 9% and 12% of low risk heterosexual HIV-infected persons 

have been clinically recognised (Report from the Unlinked Anonymous HIV Surveys 

Steering Group, 1995).

Transmission from mother to chiid

Vertical transmission of HIV infection from mother to child could occur in utero, 

during delivery or through breast milk. All neonates will initially have maternal 

antibodies which cross the placenta during pregnancy and disappear from the 

baby's blood sometime between 4 and 18 months of age(Alford, 1971). Some 

babies will not lose HIV-1 antibodies, these children are likely to be infected with the 

virus and are producing HIV-1 antibodies themselves(Mok eta!., 1989). It is 

interesting to note the widely differing vertical transmission rates: from a low of 7% 

in Scotland (Mok eta!., 1989), 14.4% in Europe as a whole (European Collaborative 

Study, 1992), to 21% in the Bronx, New York (Mayers eta!., 1991). The European 

study involved following over 700 children, whereas in Scotland 49 were included 

and in New York 33. The small numbers in the Scottish and New York studies may 

explain differences in transmission rates. These differences may also be explained 

by racial differences, infected women in Scotland were Caucasian, whereas those in 

New York were Negro or Hispanic. Another important factor may be mother's 

disease state, all mothers in the Scottish study were asymptomatic, whereas half the 

mothers from the New York study were symptomatic with either generalised 

lymphadenopathy or oral candidiasis (Mayers eta!., 1991).

In utero

In utero transmission has been documented as early as 8 weeks gestation(Lewis et 

a!., 1990) and throughout pregnancy(Jovaisas eta!., 1985, Sprecher eta!., 1986).

75



At delivery

isolation of virus from cervical secretions(Vogt et ai., 1986) and maternal blood 

would point towards delivery as being a time of fetal HIV-1 infection. The major 

rotJte of hepatitis B virus transmission from mother to baby occurs at 

delivery(Stevens eta!., 1985). The lack of a reliable HI virus assay in 

neonates(Horsburgh eta!., 1989, Ehrnst eta!., 1991), and the presence of maternal 

antibodies made infection at delivery difficult to establish, until the introduction of 

polymerase chain reaction studies. These methods started to be used on mothers 

and their infants in 1989 (Chadwick eta!., 1989). By January 1992, the consensus 

opinion was that about half of HIV-infected infants could be detected at birth (Anon., 

1992b). The international twin study(Goedert et a!., 1991 ) showed the first born 

twin, whether bom by caesarean section or vaginally, to have twice the risk of HIV 

infection than the second born. The authors concluded that a substantial proportion 

of HIV-1 transmission occurred as the first twin encountered the cervix and birth 

canal.

Postnatal

Post-natal virus transmission from mother to baby is believed to occur via breast 

milk. Virus has been isolated in cell free breast milk of healthy carriers(Thiry eta!., 

1985). In Rwanda, central Africa, 212 seronegative mother-infant pairs were 

followed at three monthly intervals, by blood testing, with Western Blot assays 

looking for antibodies to HIV-1 gene products and Polymerase Chain 

Reaction(PCR) on mononuclear cells looking for virus nucleotide sequences in host 

DMA. Sixteen mothers seroconverted and 8 of their infants seroconverted. Four of 

these mother-infant pairs seroconverted in the first three months of the baby's life 

and infection could have occurred around delivery, but the other 4 seroconverted 

after the first three months and these were therefore truly postnatal events, most 

likely via breast milk(Van de Perre eta!., 1991). The European Collaborative Study 

has shown that the risk of the baby being infected is twice as high among breast as
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oppose to bottle-fed infants born to HIV-infected mothers(European Collaborative 

Study, 1992).
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GLOBAL OVERVIEW OF AIDS AND HIV INFECTION

AIDS

As of December 31st, 1994, a total of 1,025,073 AIDS cases in adults and cfiildren 

have been reported to the WHO: Africa-347,713; Americas-526,682 (401,000 USA); 

Asia-17,057; Oceania-5,735; Europe-127,886. This represents a 20% increase in 

12 months. Allowing for under-diagnosis, incomplete reporting and reporting delay, 

and based on available data on HIV infections around the world, it is estimated that 

4.5 million AIDS cases in adults and children have occurred since the pandemic 

began. The major proportion of these have occurred in sub-Saharan Africa (-70%) 

and the Americas (-20%) (9% USA) (World Health Organisation, 1995). By the year 

2000 it is estimated that at least 10 million adult AIDS cases will have occurred 

world-wide (Piot & Laga, 1994), 90% in developing countries.

Women with AIDS

By assuming that half the AIDS cases in Africa are women and that most in 

industrialised nations are male, 1.5 to 2 million of the estimated 4.5 million 

individuals with AIDS world-wide are women (Johnson, 1992). Nearly all will have 

been infected heterosexually in sub-Saharan Africa.

HIV infections

In 1980, an estimated 100,000 people world-wide were HIV-infected; during the 

1980s this number increased 100 fold. An estimated 10 million adults had been 

infected at the end of the 1980s(Mann, 1992). As of late 1994, it is estimated that 

around 18 million adults and about 1.5 million children have been Infected with HIV 

since the beginning of the pandemic in the late 1970s. By the year 2000 it is 

estimated that 40 million cases of HIV infection will have occurred in the world (Piot 

& Laga, 1994).

78



Table 4: World-wide HIV Infections in Adults, early 1995 

 Area_______________________________Number of Adult Infections

North America 1 million

Latin America (Caribbean, Central and South America) 2 million

Western Europe 500,000

North Africa and the Middle East 100,000

South and South East Asia 3 million

Eastern Asia and the Pacific 50,000

Sub-Saharan Africa 11 million

Australasia 25,000

Eastern Europe and the former Soviet Union 50,000

_______________________________________________approx._____ 18 million

Source: World Health Organisation - January 1995 (World Health Organisation, 

1995).

The international spread of HIV is new and did not gain momentum until the mid to 

late 1970s. Therefore the epidemic is unstable and volatile. Virus will continue to 

spread in already affected areas and move to new areas sometimes very rapidly.

In a new area, the HIV epidemic matures in waves or series of mini-epidemics, 

usually starting in high risk groups e.g. prostitutes in developing countries (Piot & 

Laga, 1994) and homosexuals and Intravenous drug users in developed countries 

(Jones & Curran, 1994).

United States

The most intensive and thorough investigation of the HIV epidemic has taken place 

in the United States. The US epidemic started early, occurred in a vocal group of 

homosexual males and resource constraints did not hamper research. The US
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government took an early stand, which allowed Unlinked-Anonymous testing to 

proceed.

Using backprojection methods, corroborated by direct measurement of HIV 

prevalence, by April 1990 1,050,000, (plausible range 850,000 to 1,205,000), HIV 

infections had occurred in America(Brookmeyer, 1991). To the end of 1994 global 

data from the WHO (World Health Organisation, 1995) retain this estimate. The 

infection rate appears to have peaked in 1984 at about 160,000 infections per year 

especially amongst homosexual and bisexual men where cumulative infections 

number 590,000 (range 470,000 to 670,000) (Brookmeyer, 1991). Among 

intravenous drug users the peak was 1985 and cumulative infections are 

265,000(200,000-320,000). Since 1986 the estimated infection rate has been 

15,000 per year. The cumulative number of infections resulting from heterosexual 

transmission is 100,000 (range 75,000 to 125,000). New AIDS cases reported from 

the United States in the year between 30/9/93 and 26/9/94 numbered 62,000.

South America and the Caribbean

Epidemic spread of HIV-1 began at about the same time as in North America in the 

late 1970s (Piot & Laga, 1994). Brazil has the second highest number of reported 

AIDS cases in the world to the end of 1994, 55,894, surpassed only by the US 

(World Health Organisation, 1995). Total AIDS cases estimated to have occurred in 

South America and the Caribbean to the end of 1994 are 400,000. The total 

estimate for infected individuals in Latin America and the Caribbean was estimated 

at 2 million to the end of 1994, up from the 1.5 million estimated to the end of 1993 

(World Health Organisation, 1994b).

Africa

Eleven million persons are estimated to be infected with HIV in sub-Saharan Africa 

(World Health Organisation, 1995), one African adult in 25 is already infected. 

Almost all HIV Infections are thought to be transmitted heterosexually, and co

existent sexually transmitted diseases enhance heterosexual transmission. Unlike
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developed countries, nationwide serological surveys using random samples are 

available from several African countries (Piot & Laga, 1994). Seroprevalence data 

on pregnant women, prostitutes, hospital patients and patients with sexually 

transmitted diseases are also available. Cohort studies to directly measure the 

incidence of infection have been reported from a number of areas.

The HIV prevalence varies, but surveys have shown that the virus has spread widely 

in East, Southern and Central Africa, whereas most West African communities have 

low but rising HIV seroprevalence. In West Africa, where HIV-2 infection currently 

dominates in patients with AIDS, HIV-1 is now spreading rapidly and has 

superseded HIV-2 infection and will be the major public health problem in the future. 

In general, prevalence begins to rise with sexual activity in teenagers, peaking in 

women in the 20 to 24 year old age group and in men in the 25 to 29 year age 

group. In most of Africa women with AIDS outnumber men by 2:1. In West Africa 

the reverse is true (Piot & Laga, 1994). This may reflect the ease of transmission of 

HIV-1 compared with HIV-2. Prevalence has been highest in high-risk groups such 

as female prostitutes and patients in sexually transmitted disease clinics.

Prevalence within the general population continues to rise and is higher in urban 

than rural areas. However, because Africa is predominantly rural (more than 70% of 

the population live in rural areas), small rises in seroprevalence in rural areas 

indicate a shift in the burden of illness away from the cities.

The WHO predicts 14 million infections in Africa by the year 2000 of a world-wide 

total of 40 million. Resources for HIV-antibody testing of blood donations are 

limited, and testing of these samples will take precedence over serosurveillance for 

epidemiological purposes. The use of pooled sera to determine HIV-1 

seroprevalence has been shown to substantially reduce the costs of 

serosurveillance in Zaire(Behets etal., 1990).
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Asia

The volatility of the AIDS epidemic has been illustrated in Thailand and more 

recently in India. As of July 1991,106 AIDS cases were reported officially from 

Thailand, but an estimated 400,000 Thais had become HIV-infected(Mann, 1992).

In late 1987 <1% of intravenous drug users in Bangkok were HIV-infected; by 1990, 

a nationwide median of 32% of intravenous drug users were infected. In 1987, HIV 

infections among female sex workers in Thailand were rare, yet by October 1991 

15% of sex workers nationwide were infected. As of 25/10/94 13,246 reports of 

AiDS cases had been made to the WHO from Thailand (World Health Organisation, 

1995).

In India by July 1991, only 65 AIDS cases had been reported, yet prevalence as 

high as 10% has been documented in sexually transmitted disease clinics. In 

Bombay, HIV-1 prevalence increased in prostitutes from zero in 1987 to 20% in 

1991 (Piot & Laga, 1994). Scattered reports from cities in India indicate that the HIV 

epidemic is spreading rapidiy and is much larger than the Thai epidemic. It is 

estimated that 3 million persons are infected with HiV in South and South East Asia 

(World Health Organisation, 1995).

Europe

At the end of December 1994, a cumulative totai of 127,886 AIDS cases had been 

reported by 38 countries in Europe(World Health Organisation, 1995). During the 

year to September 1994, 25,000 cases of AIDS were reported. The ratio of men to 

women was 6 t o i .  The proportion diagnosed in the heterosexual contact group 

continued to increase steadily. There were an estimated 500,000 HIV-infected 

people In Europe at the end of 1990(Mann, 1992). This is stili the best estimate to 

the end of 1994 (World Health Organisation, 1995).

United Kingdom

To 31/12/94 10,304 AIDS cases had been reported to the Public Health Laboratory 

Service/Communicable Disease Surveillance Centre, London (PHLS/CDSC) and the
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Scottish Centre for Infection and Environmental Health (SCIEH) (Scottish Centre for 

infection and Environmental Health, 1995). Seventy-two percent were probably 

infected by sexual intercourse between men, 6% by injecting drug use (IDU), 6% by 

a blood or tissue factor, 1.5% mother to chiid and 12% heterosexually acquired. 

Reported HIV-1 infected persons totalled 23,103, 60% probably infected by sexual 

intercourse between men, 12% IDU, 6% by blood or tissue factor, 1.2% mother to 

chiid and 17% heterosexually.
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STUDIES OF HIV PREVALENCE IN WOMEN

Women in the US

Estimates of the prevalence of HIV Infection In Industrialised countries are now 

largely based on the results of unlinked anonymous seroprevalence studies 

undertaken In women attending antenatal clinics and STD clinic attenders. In the 

US an extensive programme of Unlinked-Anonymous HIV surveillance Is In 

progress. Studies In women attending antenatal clinics have emphasised the 

variability of HIV prevalence In different areas. The mid-Atlantic, south-eastern 

States and Puerto Rico have the highest seroprevalence, while urban populations 

generally have higher levels of Infection than rural populations (Johnson, 1992). A 

survey to estimate prevalence of HIV Infection among childbearing women Is 

conducted In 44 states, the District of Columbia, Puerto Rico, and the U. S. Virgin 

Islands. The survey. Initiated In most states In 1988-89, Is based on the systematic, 

unlinked testing for HIV-antlbody of residual blood specimens routinely collected on 

filter paper from newborn Infants for metabolic screening. Consecutive births during 

a survey period of at least 3 months per year are sampled In each state. Between 

January 1988 and December 1992, 9 million unlinked specimens, representing 

nearly one half of all live births during that period, were tested for maternal HIV- 

antlbody In state public health laboratories. The weighted seroprevalence estimate 

for childbearing women nationwide was 0.17% In 1991-1992 (Centers for Disease 

Control and Prevention, 1994). The seroprevalence was 3 to 28 times higher 

among black women compared to white women. State specific seroprevalence 

ranged from 0.0% to 0.6% with the highest along the Atlantic Coast. Only one state 

had no HIV-Infected childbearing women. Prevalence changed regionally showing 

an Increase In the Southern States and a decrease In the North-eastern states. 

Overall a slight Increase was seen from 0.16% In 1989-1990 to 0.17% In 1991-1992. 

Another female population group, those attending Reproductive Health Clinics for 

family planning, prenatal care and abortion were tested using the Unllnked-
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Anonymous method. Although the median clinic HIV seroprevalence was higher 

(0.2%) than in the study of childbearing women, the geographic spread was similar. 

Women age 25-29 years generally had the highest seroprevalence as did black 

women (0.4%), compared to white and Hispanic. No change over time was evident. 

Seroprevalence from injecting drug users entering drug treatment centres showed a 

median percent positive of 6.3% for women compared with 7.5% for men. Large 

inter-regional differences were seen between 0.7% and 40% with North-eastern 

followed by Atlantic coast states having the highest seroprevalence.

In persons entering adult correctional facilities the seroprevalence among women 

was a median of 5.1% compared with 2.3% for men, a similar regional variation was 

seen, 24% of women entering a correctional facility in New York were infected with 

HIV. Adolescent Medicine Clinics showed a rising HIV seroprevalence with 

increasing age from 0.2% in persons less than 15 years to 0.5% among those 20 to 

24 years. Male to female ratio was approximately 1:1.

The Job Corps is a residential occupational training program for urban and rural 

disadvantaged youth ages 16-21 years. From 1988 to 1992, the number of males 

infected with HIV has decreased and females increased so now females especially if 

black have a higher seroprevalence than males (including black males). This points 

to heterosexual spread as younger girls have sex with older men who have a higher 

seroprevalence than younger men.

Among military recruits where intravenous drug users, men who have sex with men 

and persons who suspect they are infected are screened out by interview, the 

seroprevalence among men has fallen from 1984 to 1992, whereas the 

seroprevalence among women has remained static and was the same for men and 

women in 1992. North-eastern and Southern states again had the highest 

seroprevalence.

Among heterosexually active females attending a sexually transmitted disease clinic 

who reported no intravenous drug use, the median prevalence was 1% with no 

increase since 1989.
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Sentinel hospital surveys showed a male seroprevalence of 1.6%, and female 

seroprevalence of 0.4% with the characteristic high seroprevalence in the Northeast 

and South. Prevalence increased with age up to 35-44 years.

Blood donors in the US are now an interesting group to follow as exclusion risk 

groups have increased with a consequent fall in HIV seroprevalence. HIV 

prevalence among all female first-time donors was only 0.015%. These data 

indicate that heterosexual transmission of HIV to women from men who also 

acquired HIV heterosexually is very rare among populations represented by blood 

donors (Centers for Disease Control and Prevention, 1994).

Incidence is difficult to infer from these seroprevalence surveys. For women who 

have sex with men who have no risk factors for HIV, the incidence of HIV infection is 

low. For women who have sex with men at high risk due to intravenous drug use or 

bisexual behaviour incident infections occur especially among black minority groups 

in the North-east and Southern States. For intravenous drug using women who 

share needles, the incidence of HIV infection is high especially in the Northeast and 

South.

Women in Africa

HIV spread rapidly in many urban areas in sub-Saharan Africa through the 1980s.

At least 80% of virus transmission is estimated to have occurred by heterosexual 

transmission. The first wave of transmission in many areas was in urban female 

prostitutes. In Nairobi in 1981 the prevalence among prostitutes was 4%. By 1985 

61% of prostitutes were infected. Over the same period seroprevalence in men 

attending sexually transmitted disease clinics rose from 3% to 15%. By 1985 2% of 

women attending for antenatal care were infected. Extensive serosurveys in 

countries notably Rwanda indicate that the highest incidence of infection is seen in 

young sexually active women with a peak age of 35 years. Women age 15-24 have 

a higher seroprevalence than men of the same age possibly reflecting that older 

men are sexually active with younger women who experience their first intercourse
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at an earlier age. Seroprevalence as high as 40% has been recorded in sexually 

active women in some central African cities, others have much lower HIV 

seroprevalence and rural areas usually have seroprevalence which is a fraction of 

that in the cities. Some rural areas have had steady fairly low seroprevalence over 

a 10 year period (Johnson, 1992).

Women in Asia

In Thailand the epidemic has been characterised by a rapid spread amongst 

injecting drug users and female prostitutes. In India, the epidemic mirrors the early 

stages of the epidemic in Africa, with rapid spread amongst urban prostitutes and 

emergence of infection amongst heterosexual STD clinic attenders (Johnson, -1992).

Women in the UK

While HIV prevalence in antenatal clinic attenders was lower in the UK than the US, 

geographic variability was evident with urban areas especially London having the 

highest prevalence. The results of the Unlinked-Anonymous antenatal HIV 

serosurveillance programme from 1990 to 1992 showed no significant increase and 

a prevalence of 0.25% in London and 0.01% outside London (Anon., 1993). Of 

concern was evidence of the rising prevalence of HIV Infection in pregnant women 

in London from 0.05% in 1989 to 0.2% in 1991, by testing Guthrie card blood spots 

from neonates for maternal HIV-antibody (Ades etal., 1991). It was estimated that 

obstetricians were aware of matemal infection in only 1 in 5 of these pregnancies.

In London, heterosexual female genitourinary medicine clinic attenders had 

prevalence rates of 0.5% and 0.7% in 1990 and 1991, outside London 0.1%(1990) 

and 0.2%(1991). From the Praed Street Project 1986 onwards where a cohort of 

148 female prostitutes were followed for a mean of 7.6 months, no HIV 

séroconversions occurred. This study in the Paddington area of central London, 

where many foreigners come to live, and which is a known area for prostitution, 

would be a likely site for an epidemic of heterosexually transmitted HIV to these 

working girls. Two women were HIV-infected at the start of the study. One admitted
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to having shared needles in the past. The other had a long time partner who was 

HiV-infected.
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SCOTLAND

To 31/12/94, 604 AIDS cases had been reported to the Scottish Centre for Infection 

and Environmental Health (SCIEH), 496 male and 108 female (Scottish Centre for 

Infection and Environmental Health, 1995). Scotland with its population of about 5 

million (9% of UK total) has 6% of the total UK AIDS cases. Forty-two percent were 

probably infected by sexual intercourse between men, 37% by injecting drug use 

(IDU), 5% by a blood or tissue factor, 1.8% mother to child and 13% heterosexually 

acquired. Reported HIV-1 infected persons totalled 2,209, 1662 male and 547 

female, 10% of the UK total of reported HIV-1 infected persons. Twenty-nine 

percent were probably infected by sexual intercourse between men, 49% IDU, 5% 

by blood or tissue factor, 1% mother to child and 14% heterosexually.

Homosexual men

In 1981 the first AIDS cases were seen among homosexual men in Scotland. To 

31/12/94, 636 HIV-infected persons had been reported where infection was 

probably acquired by sexual intercourse between men, 251 AIDS cases had been 

reported, of whom 194 had died(Scottish Centre for Infection and Environmental 

Health, 1995).

Intravenous drug users

Among intravenous drug users, infection with HIV probably took hold in Scotland 

during late 1983, in Edinburgh and Dundee(Peutherer etal., 1985, Urquhart etal., 

1987, Robertson etal., 1986), where prevalence reached over 50% in 1984. To 

31/12/94, 1057 HIV-infected persons had been reported where infection was 

probably acquired by injecting drug use, 219 AIDS cases had been reported, of 

whom 155 had died(Scottish Centre for Infection and Environmental Health, 1995).

Blood and tissue products

During 1983 and 1984, prior to universal screening of blood donations in 1985, 

haemophiliacs became infected through use of virus contaminated blood products.
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To 31/12/94,103 HIV-infected persons had been reported where infection was 

probably acquired by virus contaminated blood and tissue products, 33 AiDS cases 

had been reported, of whom 30 had died (Scottish Centre for Infection and 

Environmentai Health, 1995).

Mother to child infections

Mother to child infection has been monitored by the Edinburgh Perinatal 

Transmission Study(Mok etal., 1989). To 31/12/94, 24 HiV-infected chiidren had 

been reported where infection was probabiy acquired from mother during 

pregnancy, delivery or after birth, 11 AiDS cases had been reported, of whom 5 had 

died(Scottish Centre for Infection and Environmentai Health, 1995).

Heterosexual transmission

Heterosexual transmission has been divided into three categories(Communicabie 

Diseases (Scotiand) Unit, 1992b):

First generation transmission refers to HIV infection acquired heterosexuaily through 

contact with an individuai from one of the established high risk groups (partner was 

a maie homosexual/bisexuai, an injecting drug user or had reguiariy received blood 

products).

Second generation transmission refers to heterosexual transmission occurring 

between sexual partners who do not fall within any of the high risk categories 

described above. The category second generation transmission is itseif further sub

divided into heterosexual infection acquired abroad, possibly from an area where 

heterosexual transmission is the primary mode of transmission, and heterosexual 

transmission acquired within the UK (McKeganey, 1994).

To 31/12/94:106 reports (22 maie, 84 female) of "First generation transmission" 

HIV-infected persons had been made, 22 AIDS cases had been reported, of whom 

12 had died(Scottish Centre for Infection and Environmental Health, 1995); 99 

reports (69 male, 30 female) of "Second generation transmission exposed abroad"
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HIV-infected persons had been made, 30 AIDS cases had been reported, of whom 

16 had died; 47 reports (18 male, 29 female; 2.1% of all HIV reports) of "Second 

generation transmission exposed in the UK" HIV-infected persons had been made, 

16 AIDS cases had been reported (2.6% of all AIDS cases), of whom 10 had died. 

Many (49) heterosexually transmitted HIV infections were still to be categorised and 

were "under investigation", 11 were unassignable after investigation.
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DOCUMENTING THE AIDS EPIDEMIC IN SCOTLAND

Information is available from routine surveiilance of AIDS cases and HIV-tests, and 

from special studies.

AIDS cases

Since 1982, the Voluntary AIDS Registration Scheme at the Scottish Centre for 

Infection and Environmental Health (SCIEH) has documented the incidence of 

AIDS. The median delay In reporting is currently 3-6 months and it is estimated that 

the rate of under-reporting in Scotland is less than 10%(Communicable 

Diseases(Scotland) Unit, 1993). Consistently Lothian has had the highest numbers 

of AIDS cases, half of whom were probably from IV drug use and half from 

homosexual/bisexual behaviour. Glasgow had an equal number of AIDS cases 

from the homosexual/bisexual group but few infected by IV drug use. Ninety 

percent of AIDS cases were reported from Lothian, Greater Glasgow and Tayside, 

where 41% of the Scottish population lived (Scottish Centre for Infection and 

Environmental Health, 1995).

HIV-test reports and named testing studies

A similar geographic spread of HIV-infected individuals was seen as in the AIDS 

case reports. Eighty-two percent of 'HIV-infected' reports came from the 3 major 

cities. This reduction in proportion of infected individuals (82%) compared with 

AIDS cases (90%) may indicate some spread of infection from the major urban 

areas. To enhance the usefulness of the routine HIV-seropositivity data, a Scottish 

National Collaborative HIV-serotesting study ('the denominator study') has been in 

operation since 1989 (Goldberg etal., 1992). The study aimed to characterise not 

only HIV-infected persons newly detected by routine diagnostic testing but also all 

persons who agreed to attributable tests in each calendar year. To facilitate 

information capture, a standardised HIV request form was introduced for use 

throughout the country by clinicians requesting an HIV test. In addition, a network
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of laboratory computers, operated by clerical personnel, was established for the 

collection and collation of data. Excluded were persons known already to be 

positive and repeat tests done on the same person within the calendar year. This 

numerator (HIV-test positives)/denominator(all tested) surveillance has monitored 

changes overtime in the proportions of HIV-infected persons in Scotland, overall 

and in specific subgroups of those who opt to be tested. Newly reported HIV- 

infected persons numbered 130(10311 HIV-tested individuals not positive) in 1989, 

131(11412) in 1990, 148(13719) in 1991, 129(13419) in 1992 and 160(13173) in 

1993. Over this 5 year period no statistically significant changes have occurred 

suggesting a degree of stability in new transmissions of HIV occurring in Scotland.

Heterosexually acquired HIV infection has been examined very closely by telephone 

follow-up through microbiologists and clinicians particularly "second generation 

heterosexual transmission" where the infecting partner also had him/herself been 

infected heterosexually (Gilbart etal., 1992). In Scotland, of 281 individuals (150 

Initially categorised as "Heterosexual under investigation" and 131 as 

"other/undetermined") 93 are still under investigation. Of the other 188, 39 were 

infected by sexual intercourse between men, 51 by injecting drug use and 84 were 

infected heterosexually. Eighteen (10% of those ascertained) were infected by 

second generation heterosexual transmission in the UK.

HIV-positive reports from the blood transfusion service

Antibody screening of all blood donations in Scotland has been performed since 

October 1985. In addition, questionnaires have been administered to all 

prospective donors with the aim of preventing individuals from "high risk" groups 

from making donations. As a result, blood donors have been repeatedly screened 

and should represent a group with a lower HIV seroprevalence than the general 

community. Up to the end of 1993, 2.6 million red cell units had been tested for the 

presence of HIV-antibody in Scotland. Sixty donors were infected with HIV. Most 

were detected in the early years of testing and have now been washed out of the

93



system as once informed of tfieir status they have not re-donated. Twelve HIV- 

antibody positive donations were from New Donors and of these only 2 of 140,000 

were from the "iow-risk" heterosexual group, i.e. infected heterosexually in the UK 

by a partner who was not known to be either an intravenous drug user, a bisexual, 

or from a high risk area such as sub-Saharan Africa. Twenty Previous Donors 

seroconverted and up to 3 of these individuals were infected by 'iow-risk' 

heterosexual activity, in conclusion, although this group of blood donors is highly 

selected, it does not give support for a large heterosexual HiV epidemic in Scotiand 

(McMenamin, 1995).

CD4 cell counts

In Scotiand the periodic monitoring (at 3-6 monthly intervals) of CD4 cell counts 

quickly became part of routine clinical management for a substantial number of 

initially asymptomatic HiV-1 seropositive patients (CD4 Collaborative Group, 1992). 

This measure is a promising adjunct to seroprevalence testing, particularly linked to 

the denominator study described above. The underlying principle is that the CD4 

count in healthy adults is between 500 and 1600 ceils per cubic millimetre of blood. 

The level falls from infection with HiV to AiDS by about 80 per year. At levels less 

than 200, the chance of opportunistic infection increases substantially and AIDS 

usually occurs within 2 years if the CD4 count remains below 200. By having a CD4 

count with a new report of an HiV-infected individuai, an estimate can be made of 

the likely range of infection date. This is more powerful for data from groups of 

patients, as inter and intra individuai variations in CD4 counts are large, it is 

therefore possible to use immunostaging to approximate seroincidence from 

seroprevalence if first CD4 counts complement new HiV-1 diagnoses (CD4 

Collaborative Group, 1992). From the denominator study (CD4 Collaborative 

Group, 1992) it has been possible to make tentative conclusions that the 

homosexual population became infected prior to the intravenous drug users and 

that those infected heterosexually were probably infected later stili.
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special studies 

Named testing studies and voiuntary anonymous testing studies

In named testing studies participants are counselled before and after tfie HIV testing 

procedure and consent is required. The main reason for testing is for clinical 

reasons and epidemiological information is a by-product. Named HIV testing can be 

selective to high-risk groups only or universal. Voluntary anonymous testing 

involves counselling before and consent is required but the sample is unlinked from 

personal identifiers so the tested individual and his carers cannot find out the result, 

which is anonymous and used only for epidemiological purposes. Unless nearly all 

individuals consent to be tested, both these methods may suffer from participation 

bias which is impossible to measure unless a concurrent Unlinked-Anonymous 

programme is taking place.

After the reports of very high seroprevalence of HIV-1 in intravenous drug users in 

Edinburgh (Brettle etal., 1987) and Dundee (Urquhart etal., 1987) in the mid 

1980s, it became a priority that the same sort of epidemic did not occur in Glasgow. 

A widespread needle exchange service was introduced in Glasgow (Frischer etal., 

1993a) and a voluntary anonymous behavioural and seroprevalence study of 

injecting drug-users (IDU) in Glasgow was developed and has run since 1989 

(Frischer et al., 1992). Estimates were made of the number of injecting drug users 

in Glasgow(Frischer etal., 1991). A low seroprevalence of HIV Infection has 

continued among Glasgow's IDUs (Emslie etal., 1992). This study is consistent 

with a low level or a zero incidence of HIV infection in this high risk group within 

Glasgow. More recently the study has also been implemented in Edinburgh (Emslie 

etal., 1992) which has shown a decreasing prevalence in intravenous drug users. 

Comparisons have been made with drug-users in London (Rhodes etal., 1993). 

Scotland contributes to a World Health Organisation cross-national study involving 

10 countries. The transmission of HIV within prison establishments in Scotland has 

recently been shown using the voluntary anonymous study design (Taylor etal..

95



1995). Many intravenous drug users spend repeated periods in prison. Prevention 

of HIV transmission within this core group could benefit the whole population (Gill et 

a/., 1995).

Among prostitutes in Glasgow, using a voluntary anonymous study design, the HIV 

seroprevalence was low^2%) even among those who were regular intravenous drug 

users and shared needles (Taylor etal., 1993).

HIV in the heterosexual population In Scotland

"Since nearly all pregnant women have experienced heterosexual intercourse, are 

within the age group most commonly associated with HIV, and have blood taken 

routinely in connection with their pregnancy, this group is a suitable surrogate for the 

study of HIV in the heterosexual population as a whole" (Goldberg & Johnstone, 

1992).

The study of the prevalence of HIV among childbearing women and women having 

termination of pregnancy in Edinburgh and Dundee used a named testing design 

complemented by voluntary anonymous testing for those who did not want a named 

test (Goldberg D. J. etal., 1992). Between November 1988 and July 1990, 

antenatal clinic attenders in Edinburgh and Dundee and women undergoing 

termination of pregnancy in Dundee were invited to participate voluntarily in a study 

aimed to determine the prevalence of HIV infection among pregnant women in these 

two areas. Routine surveillance had demonstrated that spread of HIV among 

persons with the "high risk" behaviour of injecting drug-use was a matter for 

concern. It was important to discover whether HiV had spread amongst persons 

who were at "low risk" of acquiring infection. Participation rates were 91% for 

antenatal clinic attenders who planned to take their pregnancies to full term and 

97% for women who had chosen to undergo termination of pregnancy. The results 

of this study were difficult to interpret. Overall, in Dundee, those having a 

termination were 6 times more likely to be HIV-infected than those who planned to
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take their pregnancy to term. If 10 terminations were removed ("high risk" 

individuals previously known to be HIV-infected, intravenous drug users or their 

partners), then those having terminations were 1.5 times as likely to be HIV-infected 

as those who planned to take their pregnancy to term. The prevalence of HIV 

infection among antenatal clinic attenders in Edinburgh 1 in 380 was twice that in 

Dundee, 1 in 780 pregnancies planned for term. Overall in the two cities, 80% of 

women tested who were infected with HIV during pregnancy were from the "high 

risk" groups. Significantly 20% of infected womén and their partners were 

considered to be at "low risk" for HIV infection. By alignment with the concurrent 

Unlinked-Anonymous testing of inborn errors screening cards described below, it 

was shown that most infants were born to 'known' mothers brought to light by the 

named testing programmes in Edinburgh and Dundee described above (Goldberg 

D. J. etal., 1992).

Unlinked-Anonymous HIV testing among heterosexual women

The possible samples routinely taken relating to pregnant women are the 

rubella/blood grouping sample taken on all pregnant women, the 

haemoglobin/Coombs-test sample taken late in pregnancy and the neonatal Inborn 

Errors screening (Guthrie) sample taken on all infants at 7 days of age which gives a 

surrogate measure of maternal HIV-antibody status (Pappaioanou etal., 1993). 

Since all pregnant women regardless of pregnancy outcome have blood taken for 

grouping, this sample would be most appropriate. A study in Dundee, indicated that 

of 35 pregnant women known by obstetricians to be HIV seropositive, 34 would 

have been detected by Unlinked-Anonymous testing of blood grouping specimens, 

22 by testing rubella specimens and only 19 by testing Guthrie card specimens 

(Smith ef a/., 1990).
Pregnant women who opt for termination have blood grouping performed but not a 
rubella assay.
Neonatal screening cards were chosen mainly because of one central collection 

point in Scotland and in line with studies already taking place in America (Hoff etal., 

1988). Childbearing women obviously do not include women who have a pregnancy
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termination or those who have a spontaneous miscarriage. The problems caused 

by this fault are associated with generalisability of the results from childbearing 

women to ail pregnant women and beyond. HIV seroprevalence measured on 

neonatal screening cards has allowed the monitoring of HIV infection in women 

giving birth in Scotiand. in countries with significant heterosexual epidemics of HiV 

e.g. Brazil and sub-Saharan Africa, the HIV epidemic has occurred in waves. Those 

infected initiaiiy were from high risk groups e.g. prostitutes, intravenous drug 

abusers and homo/bisexuai men and spread then occurred to the heterosexual 

population. The mode of spread in these countries is now largely heterosexual. In 

the UK high risk groups have become infected e.g. homo/bisexuai men (25% in 

London) and intravenous drug users (50% in Edinburgh and Dundee). It is likely 

that childbearing women will become infected in a variety of ways. These include: 

being a migrant from an HIV endemic country; directly via HiV-contaminated blood 

from shared needles; from an HiV-infected partner abroad e.g. on a visit to sub- 

Saharan Africa; from an HIV-infected partner who is at high risk e.g. an intravenous 

drug user, a bisexual man or a partner infected in a high risk country; from an HIV- 

infected partner who is at low risk and has himself been infected heterosexuaily in 

the UK. The Guthrie study cannot distinguish between these modes of 

transmission, but with other Unlinked-Anonymous and named testing studies it has 

allowed a more complete overview of the HiV epidemic constructed.

Advantages were that it covered the whole of Scotland. By following seroprevalence 

over successive years, any large increase in incidence of HIV transmission to 

childbearing women would have been observed. Geographic spread throughout 

Scotiand was monitored. The genesis of the Guthrie HIV serosurveillance 

programme in Scotiand is the subject of this thesis.

Since January 1993 in Dundee and June 1993 in Edinburgh, Unlinked-Anonymous 

HiV seroprevalence studies have been ongoing onjali antenatal patients in
■ I

Edinburgh and Dundee (Emslie etal., 1992) using the blood grouping specimen. To
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June 1994 in Dundee, of 5,669 pregnancies, 1,420 ended in planned termination.

Of tfie 4,249 ongoing pregnancies, 6 were in HIV-infected women (0.14%). Of 

those going to termination 3 were in HIV-infected women (0.21%). In Edinburgh, of 

1,689 planned terminations 3 were in HIV-infected women (0.18%), of 10,507 

ongoing pregnancies 8 were positive (0.08%) (personal communication Dr D. G. 

Goldberg). From this data the prevalence of HIV infection among those women who 

had a termination of pregnancy was about twice that in those who had an ongoing 

pregnancy.

Urine specimens have been tested from women in a Glasgow family planning clinic 

(Emslie etal., 1992). Of 9,912 samples tested from 1/1/92 to 30/6/94 only 2 women 

were HIV-infected. Both of these women were in the major group (65%) of 

attenders who came for advice about family planning and were not pregnant.

Other Unlinked-Anonymous testing programmes

A study of attenders at genitourinary medicine (GUM) clinics in Glasgow and 

Edinburgh began in September 1990 and continues with extensions to Aberdeen, 

Dundee, Stirling and Falkirk. All persons who underwent routine testing for syphilis 

serology were eligible for entry to the study. The seroprevalence among 

homo/bisexuai males was 6% in the first half of 1991 and has gradually fallen to 4% 

in the first half of 1994. Among heterosexual non-intravenous drug users the 

seroprevalence remained around 0.3% and among the same category of females 

the level remained at around 0.25%. More females were infected in Edinburgh (22 

versus 5) and more males in Glasgow (24 versus 19). This study has shown a fairly 

low (0.25%) and static seroprevalence of HIV infection between 1991 and 1994 

among a moderately high-risk heterosexual population in the two cities in Scotland 

with the most reported AIDS cases (personal communication Dr D. J. Goldberg).
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PREDICTIONS ABOUT THE FUTURE AIDS EPIDEMIC

For managers to be able to plan resource allocation, estimates of future living AIDS 

cases and patients with diagnosed HIV disease, must be made. With the wealth of 

information about AIDS cases and HIV infection in different population groups, 

predictions have been made of future AIDS cases and HIV-infected individuals.

England and Wales

The Cox report, (Cox etal., 1988) published in November 1988 using information 

available to the end of June 1988:

i) Presented a range of projections for the annual numbers of new AIDS cases 

in England and Wales up to the end of 1992, undifferentiated by exposure 

category or age. (10,000 to 30,000). They used a mathematical model 

which best fitted the available data, supported by forward projection of an 

HIV incidence scenario extrapolated from reported AIDS cases by back 

projection. The recommended basis for planning was a cumulative 

incidence of 13,000 AIDS cases by the end of 1992.

Actual AIDS cases which had occurred by the end of 1992 were half this 

number and reached 10,304 by the end of 1994 for the UK as a whole 

(Scottish Centre for Infection and Environmental Health, 1995).

ii) Presented a range within which the number of people infected with HIV-1 in 

the population of England and Wales was likely to have been at the end of 

1987, by estimating the number within each exposure category and the likely 

proportion infected on the basis of the limited data available. They used a 

direct extrapolation from the proportion with HIV-1 antibody in a number of 

population subgroups multiplied by the estimated size of the sub-group. 

(20,000 to 50,000).

iii) Forecast the number of deaths from AIDS to the end of 1992, and the 

number of AIDS cases in the population in each year to the end of 1992. 

Recommended basis for planning was 5,250.
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In the second half of 1987 and the first half of 1988, the number of reports of AIDS 

cases began to depart from the previous pattern of exponential growth which lead to 

uncertainty of future trends reported by Cox. The reduction in transmission among 

homosexual males which occurred in the early to mid 1980s meant that the 

pessimistic end of the projections of AIDS cases to 1992 in the Cox report were no 

longer tenable. It became clear that epidemics among intravenous drug users, 

heterosexuals and homo/bisexuals were all in different stages and the combined 

epidemic was therefore complex in nature.

The "Day Report" (Report of a working group convened by the director of the PHLS, 

1990) using information to the end of September 1989, therefore decided to 

consider epidemics in each risk group separately, for England and Wales. The 

report estimated the number of HIV-1 infected individuals at the end of 1988, and 

upper limits to the prevalence of HIV-1 infection to the end of 1990 by: transmission 

models and back projection, for the homo/bisexual group; and back projection for 

the other groups.

Total estimate was 12,250 to 26400 HIV-1 Infections at end of 1988, and the

upper limit of HIV-1 Infections at the end of 1990 was 46,450.

The estimate of new AIDS cases for 1993 was: lower projection 1,175, upper 

projection 4,825, planning projection 2,700. In fact for the whole UK reported AIDS 

cases during 1993 were 1,600 (Scottish Centre for Infection and Environmental 

Health, 1995) not adjusted for under-reporting or reporting delay which may bring 

the total to 2,200. This shows that these planning projections in the "Day report" 

were much more reliable than projections from the Cox report.

A further Working Group also chaired by Professor Day, reported in June 1993 on 

projections of the incidence and prevalence of AIDS and other severe HIV disease 

in England and Wales for 1992-1997 (Report of a Working Group, 1993). Four 

methods were used to estimate the prevalence of HIV infection in adults in England 

and Wales at the end of 1991 : direct estimates used information from anonymous
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unlinked HIV prevalence monitoring in different exposure categories and estimates 

of the size of the different exposure category subpopulations; two indirect estimates 

were made based on the proportion of AIDS cases who had HIV-positive reports 

prior to the development of symptoms; the back calculation approach from AIDS 

incidence data was also used.

Direct 27,180 (range 19,170-34,350)

Indirect a) 23,260 (range 20,700-32,060)

b) 22,000 (range 20,500-31,740)

Back projection 23,990 (range 19,785-29,790).

A preferred estimate was taken as a weighted average of the four estimates, the 

weighting derived from the amount of information on which each of the four 

estimates was based.

Preferred estimate for number of HIV-infected adults alive at the end of 1991.

23,400 (range 19,600-28,400).

Projection was also made of new AIDS diagnoses to 1997. The preferred projection 

for planning purposes was based on back projection which had in the previous 

report given a fairly accurate assessment (Report of a working group convened by 

the director of the PHLS, 1990), projections based on direct extrapolation from 

reported AIDS cases and on transmission modelling were used for comparison. 

AIDS cases alive at year end 1997 were estimated to be 4,190 in England and 

Wales, with 4,205 individuals with other severe HIV disease requiring Health Service 

input. These projections were geographically separated into London and the rest of 

England and Wales.

Performance of projections made in the past for Scotland

In Scotland, in May 1987, a report by a working party under the chairmanship of Mr 

Winston Tayler, General Manager of Lothian Health Board, reported on the resource 

needs of patients infected with the AIDS virus. The Tayler Report included 

projections of AIDS cases in Scotland up to the end of 1991. These were derived
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from estimated numbers of those infected and the likely rate of increase of AIDS 

cases based on experience in other countries. The report predicted that 983 AIDS 

diagnoses would have been made by the end of 1991 in Scotland (Report of a 

working group, 1990). To the end of 1991, 285 AIDS cases were diagnosed (Emsiie 

etal., 1992). The reasons for this inaccuracy were a combination of limited data 

available and the method of projection of AIDS cases.

Because there was need to update these predictions using new data, in 1990 the 

then Chief Medical Officer(Dr K Caiman) convened a further working group under 

the chairmanship of Dr DBI McClelland. The remit was "to review and update the 

current short-term predictions of incidence estimates of cases of AIDS, of the 

number of deaths and of the overall numbers of HIV-infected individuals."

The methods used were broadly the same as the first Day report except that more 

use was made of the "CD200 case", (CD200 case is an HIV-infected patient who 

has 2 consecutive samples with CD4 counts of 200 or less per cubic millimetre of 

blood) (Report of a working group, 1990), because this measure of immunological 

competence was available on many individuals with HIV-positive reports and the 

number of reported AIDS cases was small.

Table 5: Performance of McClelland Forecasts 

AIDS cases

Actual diagnoses McClelland Forecasts

Year of Lower Central Higher

diagnosis

1990 73 85 110 185

1991 102 115 160 470

Data on actual AIDS diagnoses are from the AIDS and HIV annual report 1994 of 

the Scottish Centre for Infection and Environmental Health. The McClelland 

forecast overestimated AIDS cases by 50%.
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In February 1992 the Chief Medical Officer for Scotland convened a third Working 

Group under the chairmanship of Dr D Reid, Director of the Scottish Centre for 

Infection and Environmental Health, to predict the number of persons in Scotland 

likely to experience HIV-related disease (inciuding AiDS) up to the end of 1995 

(Communicable Diseases(Scotland) Unit, 1993).

The remit given to the group was to estimate for each of the years up to and 

including 1995 the number of HIV-infected individuals In Scotland who will develop 

AIDS or severe immune deficiency and the number who will require substantial 

health care because of their HIV infection. The group used as core data the notified 

AIDS cases, CD4 ^oo/AIDS cases and reported HIV infections. The method used a 

Bayesian statistical technique which estabiished a series of prior assumptions based 

on available information. At the end of 1991, 60% of 575 CD200 cases had been 

undergoing monitoring before they reached that stage. A total of 1,100 HIV-infected 

cases had been reported in Scotland who had not reached the CD200 stage. 

Therefore assuming they represented 60% of the totai HIV-infected population still 

to progress to CD200, the total HIV-infected population was in the order of 2400 at 

the end of 1991. This centrai assumed total of HIV infections was given a likeiy 

(2,000-2,800) and unlikely (1,500-4,000) range of values. The peak of the Infection 

curve was assumed to be 1984 using evidence from a number of sources (from first 

AIDS cases in intravenous drug users, CD4 counts in new HIV-infected individuals, 

and retrospective incidence studies of intravenous drug users). A range of 

incubation distributions were narrowed to those which agreed with the local 

progression rates of the Edinburgh City Hospital cohort.

These prior assumptions summarised what was known about the HIV epidemic in 

Scotland without information on incident CD200 and AIDS cases. The latter data 

was taken to the end of 1991 and corrected for reporting delays. Then using back 

projection with the prior assumptions, a central estimate of the number of people 

ever infected up to 1989 was made from CD200 and AIDS data of 2100 (95% range
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1700-3100). Further forward projection allowed the future incidence of AIDS cases 

to be estimated. The performance of the forecasts to date is shown in table 6.

Table 6: Performance of Reid Forecasts 

AIDS cases

Year of 

diagnosis

Actual diagnoses Reid Forecasts

Lower Central Higher

1992 I T 85 110 140

1993 102* 95 130 165

1994 76* 100 140 185

1995 105 150 200

* incomplete not adjusted for reporting delay

Because three-quarters of the estimated 2400 HIV-infected individuals were infected 

between 1983 and 1988, short term forecasts of AIDS cases are relatively 

insensitive to assumptions made about new HIV infections. Any heterosexual 

epidemic which may have occurred between 1991 and 1995 will have little effect on 

AIDS cases during this time, because of the long incubation period.

Problems with projection of a future heterosexual epidemic

Methods of projection rely heavily on HIV reports, AIDS and CD200 cases in 

Scotland, so-called named testing. It was estimated in England and Wales, that 

about 70% of homo/bisexual HIV-1 infections and 35% of high risk heterosexual 

infections (those individuals attending genitourinary medicine clinics) were 

recognised by named testing (Report from the Unlinked Anonymous HIV Surveys 

Steering Group, 1995). Only about 10% of low risk heterosexual infections were 

recognised in this way. The intravenous drug using group which made up 49% of 

individuals who had tested positive for HIV in a Scottish laboratory to the end of
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1994 (AIDS and HIV annual report 1994 of the Scottish Centre for Infection and 

Environmental Health) have been well studied at least in the major cities of 

Edinburgh, Glasgow and Dundee. If the HIV epidemic were to move out of the 

recognised risk categories where named testing has allowed a reasonable 

proportion of Infected individuals to be tested (homo/bisexual men, intravenous drug 

users in Scotland, high risk heterosexual individuals), and when AIDS and CD200 

cases are no longer mainly from these groups, it may be necessary to rely more 

heavily on direct methods to estimate the HIV-infected population and to project 

future AIDS cases.

The problems with direct methods to assess the size of the HIV-infected population 

have been estimation of the seroprevalence within population subgroups and 

estimation of the size of the subgroups. Unlinked-Anonymous surveys have allowed 

sensitive estimates to be made of HIV seroprevalence within population subgroups 

in both England and Wales (Report from the Unlinked Anonymous HIV Surveys 

Steering Group, 1995) and Scotland (Emsiie etal., 1992). The National Survey of 

Sexual Attitudes and Lifestyles (Johnson etal., 1994) undertook a random-sample 

survey of sexual attitudes and lifestyles among 18,876 men and women aged 16-59 

living in England, Wales and Scotland between May 1990 and December 1991.

This study gave up to date estimates of the number of individuals within risk groups. 

An estimate of the prevalence of HIV infection in England and Wales has been 

made using a combination of risk group size and Unlinked-Anonymous HIV 

prevalence data (Giesecke etal., 1994). By using Unlinked-Anonymous data with 

the size of population subgroups, it may be possible to make a similar estimate and 

confidence range for Scotland. If this method could be linked with the CD4 

immunological marker, the HIV Infection curve could be better estimated to project 

future AIDS and CD200 cases.
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HIV AMONG SELECTED PREGNANT POPULATIONS WORLD-WIDE

It is difficult to summarise tfie studies of HIV serosurveillance of pregnant women in 

different parts of the world as methods used, study periods, sample size and 

geographic locations differ so much (Goldberg & Johnstone, 1992). The methods 

used ranged from random sampling and routine universal testing in Africa, through 

voluntary named testing with Unlinked-Anonymous testing for those who opted-out 

in Scandinavia, and voluntary anonymous testing in Italy to mainly Unlinked- 

Anonymous testing in the UK and USA. Those in Africa, Europe and Scandinavia 

including studies in the UK were of pregnant women and usually collected risk-data. 

Guthrie card Unlinked-Anonymous testing in the US and the UK was geographically 

more comprehensive, but did not collect risk data and did not cover pregnant 

women who did not progress to term. The table below refers to data to 1991 from 

these countries and aims to indicate the orders of magnitude difference between 

countries.

Table 7: Prevalence of HIV infection recorded in pregnant populations

Prevalence Country
0-0.05% Sweden

Nonway
Finland
Egypt
Australia
Canada
Russia

0.06-0.5% Holland
Switzerland
France
Germany
UK

0.6-2% Italy
Spain
Benin, West Africa
Guinea Conakry, West Africa
US
Thailand 

2.1-10% Kenya
Zaire

>10% Zambia
Uganda
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It Is interesting to note in Europe that HIV-1 is uncommon in northern areas but 

becomes increasingly more prevalent moving south. In southern Europe this is 

associated with the high prevalence among intravenous drug users (Goldberg & 

Johnstone, 1992). In African countries the high prevalence is associated with 

heterosexual transmission.
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SUMMARY OF THE LITERATURE REVIEW

While many links in the story are not known, we may reasonably assume that HIV 

has existed, somewhere for a long time. Precisely why the HIV pandemic started, 

sometime in the 1960s or 1970s, is unclear. History has shown us that other 

pathogens have spread with new travel, for example, syphilis to America with 

Columbus. Increased travel in Africa and the prevalence of AIDS along lorry routes 

is a simple comparison. International travel is undoubtedly important in the spread 

of AIDS. By 1981, when the disease AIDS was first described, HIV had reached 

five continents, and the pandemic was well underway.

Although the incubation period is long (~ 10 years) some individuals will develop 

AIDS in 2 to 3 years. AIDS showed itself by causing clusters of very rare diseases, 

Kaposi's sarcoma anôipneumocystis car/n//pneumonia in young people in a rich 

industrialised nation with an excellent disease surveillance system. Protection of 

blood products began in 1982 with exclusion of high risk donors.

From 1981, the clinical diagnosis with the assistance of indirect laboratory testing, 

including CD4/CD8 ratio, was made using the GDC AIDS definition. Case 

notification has always suffered from delay and complete lack of reporting despite a 

variety of definitions of AIDS. Perhaps 90% of AIDS cases are reported in Europe 

and the USA whereas estimates indicate that only half the cases are reported in 

South America and only 10-20% in sub-Saharan Africa. With a long incubation 

period, counting incident AIDS cases will only monitor the HIV epidemic that 

occurred some years ago.

The first human retrovirus (HTLV-I) had been discovered in the late 1970s and 

laboratory methods to detect and study these viruses had just been developed 

when AIDS was first reported. LAV-1 was first successfully cultured in 1983. In 

January 1984 antibody tests were first used on patients with AIDS and ARC. By the 

summer of 1984 manufacturers in the US had developed test kit configurations that
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appeared ready for use in clinical studies. As commercially available HIV-antibody 

assay kits became available in January, February and March 1985, so the Food and 

Drug Administration in the US phased in mandatory testing in all registered blood 

supply establishments. Enzyme linked immunosorbent assay followed by Western 

Blot confirmation remains a common system used in testing for HIV-antibody. By 

utilising other testing algorithms resources can be saved and put to better use.

An estimated 18 million people are infected with HIV at the present time. So far 

surveillance has documented the epidemic, but little impact has been made to stop 

HIV transmission. Heterosexual intercourse is the major mode of HIV transmission 

world-wide.

Named HIV testing is well organised in Scotland and includes regular CD4 

estimation in many instances. Short term predictions of AIDS cases to 1995 have 

been made using this and other data. Resource plans for the next 3 years can be 

made with some confidence.

Because of participation bias in named testing, the prevalence and incidence of HIV 

infection must be assessed by using Unlinked-Anonymous study techniques. By 

employing these methods it may be possible to kerb the spread of HIV.

Incident AIDS cases and HIV reports were predominately from high risk groups in 

Scotland in 1989 notably intravenous drug users, their partners and homosexual 

men. Spread to low risk groups by heterosexual transmission was expected to 

occur, with the possibility of a large heterosexual epidemic. Pregnant women have 

had heterosexual experience and all have blood samples taken. They were 

therefore chosen to represent the heterosexual population in Unlinked-Anonymous 

HIV seroprevalence studies. The aim of these studies was to document an evolving 

epidemic caused by heterosexual transmission of HIV in Scotland.
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CONCLUSIONS AND HYPOTHESES

The history of HIV disease, the methods to diagnose AIDS and the ways of 

documenting the epidemic have been reviewed and discussed. Now the major 

arguments leading to the formation of the hypotheses to be examined in the 

epidemiological study will be stated.

Ways of documenting the Hiv epidemic

The initial way of documenting the HIV epidemic was by notification of AIDS cases. 

It was clear that because of the long incubation period from infection to AIDS the 

number of AIDS cases gave little information about the recent spread of HIV. 

Surveillance of voluntary named HIV-antibody tests, performed with the patients 

consent, was a step forward and allowed some assessment to be made of future 

AIDS cases. By employing serial CD4 estimation in HIV-infected populations, which 

started in Edinburgh and Glasgow in 1985 and Dundee in 1988 but was used on a 

routine basis from 1989 onwards (CD4 Collaborative Group, 1992, Goldberg etal.,

1992), some assessment can be made of the time of infection. A drawback of this 

named testing system is that patients have to choose to participate. Many named 

tests are from individuals in known high risk groups e.g.: drug addicts or individuals 

attending genitourinary medicine clinics, or low risk: applicants for insurance. 

Unlinked-Anonymous HIV-antibody testing, without consent, of residual samples of 

body fluid taken for other purposes is an alternative method of assessing HIV 

seroprevalence which should remove the major problem of participation bias. 

Therefore the internal validity of the sub-population tested will be satisfactory. How 

the seroprevalence in the tested sub-population can be generalised, depends on 

the selection bias involved in definition of that sub-population.
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Ethical questions

After a good deal of argument among eminent ethicists and a great deal of 

opposition from government special committees, Unlinked-Anonymous HIV testing 

was sanctioned by the government. Local ethics committees were given the chance 

to disagree with this decision.

Childbearing women

The seroprevalence of HIV-infection in pregnancy can be a sensitive measure of the 

course of the epidemic in heterosexual women. Pregnant women have all had 

heterosexual exposure and if heterosexual spread is occurring it is more likely to be 

seen in this group compared with men of a similar age due to the greater propensity 

for HIV transmission in the male to female direction. Pregnant women may have 

become infected with HIV through intravenous drug use or through heterosexual 

contact with male intravenous drug users, bisexual men or heterosexual men. 

Following a large heterosexual HIV epidemic a rise in HIV seroprevalence among 

pregnant women will probably be seen. Although childbearing women may not be 

representative of all pregnant women, if a large heterosexual HIV epidemic does 

occur, the HIV seroprevalence among childbearing women is very likely to increase.

Demographic data

To interpret Unlinked-Anonymous HIV seroprevalence studies, definition of 

geographic location of HIV-infected individuals must be included to allow 

comparisons to be made with named testing surveys.

Service audit

Decisions need to be made about named HIV testing in high prevalence areas so 

that prevention of HIV transmission and early prophylactic treatment for 

Pneumocystis \carinii can be implemented.
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Heterosexual spread of infection

Lack of risk group assessment in Unlinked-Anonymous surveys makes it difficult to 

interpret whether positive results represent heterosexual transmission, intravenous 

drug use or sub-Saharan Africans giving birth in the UK.
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HYPOTHESES

The following hypotheses were constructed to be examined in the epidemiological 

study:

Hypothesis 1

Hypothesis 2:

Hypothesis 3:

Hypothesis 4:

Hypothesis 5:

Hypothesis 6:

Hypothesis 7:

Local ethics committees will allow Unlinked-Anonymous HIV 

testing of childbearing women in Scotland to take place.

Screening residual dried blood on Guthrie cards taken from 

neonates for Inborn Errors Screening will prove to be an 

efficient method to determine HIV seroprevalence of 

childbearing women in Scotland.

A rise in HIV seroprevalence in childbearing women in 

Scotland will indicate a substantial heterosexual epidemic.

District postcode information will allow easy comparison with 

named seroprevalence surveys and will allow geographic 

spread of infection to be seen prior to the emergence of AIDS 

cases.

Age distribution of HIV-infected mothers will prove to be useful 

demographic information.

Health workers caring for children born to HIV-infected 

mothers will find information from this study useful.

Hepatitis B core antibody measurement on the same Guthrie 

sample will allow risk groups to be identified in HIV-infected 

mothers.
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PART II

THE EPIDEMIOLOGICAL STUDY
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POPULATION, MATERIALS AND METHODS
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INTRODUCTION

From the idea to receiving finance: March 1988 to August 1989

Evidence from stored sera showed that HIV infection was introduced to intravenous 

drug users in Edinburgh and Dundee and spread rapidly late in 1983 and early in 

1984(Peutherer et ai, 1985, Urquhart at ai, 1987). By 1985 the prevalence among 

IV drug users in Edinburgh was 38%(Peutherer at ai, 1985). in 1987 the 

prevalence of HIV infection among drug users in a large Tayside study was shown 

to have reached 40%(Urquhart at ai, 1987). One third of IV drug users were known 

to be women(BrettIe at ai, 1987). The probability that some pregnant women and 

also their offspring would be infected was recognised early. Foiiow-up of babies 

born to HiV-infected women has been pioneered by Dr JYQ Mok in Edinburgh(Mok 

at a i, 1989) and continues as the Edinburgh Perinatal Transmission Study. In 1986 

named studies supported by the MRC were started on ail pregnant women in 

Edinburgh and Dundee(Goidberg D. J. at ai, 1992). Pregnant women were 

counselled and could either refuse testing, be tested in a closed branch where the 

result was unlinked from the individual, or in an open branch, where the patient was 

informed of the result, but with confidentiality. Two problems were seen in this 

study, the first was to do with the high cost of counselling inherent in a named 

testing programme. The second concern was that the refusal rate of 9% would 

cause a significant under-estimate of the HiV seroprevalence among antenatal 

patients in Edinburgh and Dundee (Hull at ai, 1988).

in April 1988 the author sought a project to plan and execute as a Senior Registrar. 

The author read the article by Hoff (March 1988), which described the 

serosurveillance of HiV among childbearing women(Hoff at ai, 1988) in 

Massachusetts. This method of maternal testing was particularly attractive in 

Scotland. All 65,000 blood samples from infants born in Scotland were sent to one 

centre, the National Inborn Errors Screening Laboratory at Stobhiil General Hospital, 

Glasgow. Other maternal samples were available for Unlinked-Anonymous HiV
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testing notably the serum samples, taken early In pregnancy for rubella antibody 

and blood group testing, and taken In the third trimester for haemoglobin estimation 

and Coombs test. In each large city there was a rubella testing laboratory and In 

Glasgow there were three laboratories performing maternal blood group testing In 

early pregnancy. The logistics and politics of transporting samples or results from a 

number of laboratories proved a major problem In organising other Unlinked- 

Anonymous studles(Publlc Health Laboratory Servlce(AIDS), 1991). The 

centralised system for Guthrie card testing In Scotland was a great asset. Although 

England, Wales and Northern Ireland had 10 times the births of Scotland, there 

were twenty-five neonatal screening laboratories. Some laboratories tested less 

than 10,000 samples In a year (5 In Yorkshire and 2 In Oxford) while others tested 

more than 90,000 samples(1 laboratory covering North East and North West 

Thames reglons)(Grant & Smith, 1988). The latter was the main laboratory Involved 

In the report by Peckham In 1990(Peckham etal., 1990).

Once appointed as Senior Registrar In September 1988 the author embarked upon 

the proposed study. The statement(K. Clarke Secretary of State, 1988) on 2nd of 

December 1988 by Kenneth Clarke In the House of Commons paved the way for 

Unlinked-Anonymous testing In the United Kingdom. The project was first discussed 

with Dr A Ford who at that time was co-ordinating the British Medical Association's 

response to AIDS In Scotland. The author wrote a draft protocol which was 

discussed with Dr Ford and then presented to Professor Cockbum. The whole 

project was then discussed with Dr GIrdwood, the director of the Inborn Errors 

Screening Laboratory at Stobhlll Hospital, Glasgow. He explored the feasibility of 

testing 65,000 cards per year for HIV-antibody. Mr Kennedy, senior MLSO at the 

Inborn Errors Laboratory working with Dr GIrdwood, went to Dr Tedder's laboratory 

In London to look at appropriate HIV-1 antibody assays. The author amended the 

draft protocol which was sent to Greater Glasgow Health Board In April 1989. The 

protocol was further revised by Dr GIrdwood, Director of the Inborn Errors Screening 

Laboratory. Much of the Information from the original protocol written In December
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1988, by the author, was retained in the grant application submitted to the Medical 

Research Council (MRC) in April 1989 (appendix 1). In this application, the most 

senior members of the project team were used as grant holders, to cover the 

specialities where testing and co-ordination would take place. These were Dr 

GIrdwood as Director of the National Inborn Errors Screening Laboratory, Dr Follett 

as the Head of the Regional HIV Reference Laboratory at Ruchill Hospital, and 

Professor Cockbum as Head of the University Department of Child Health in 

Glasgow. Prior to submitting a proposal to the MRC, local Ethics Committee 

approval had been gained from Yorkhill, Glasgow which covered the Children's 

Hospital and the Queen Mother's Maternity Hospital.

In August 1989 the MRC sent a letter of acceptance to the proposals with financial 

support for a twenty-one month period of study (appendix 4). The following were 

four areas where the MRC had concerns:-

1. The method to allow opting out to occur.

2. Allowing general information, about Unlinked-Anonymous HIV testing, to be 

made available to the public prior to starting the programme. (It was felt from the 

MRC letter that this aspect would be organised by the Scottish Home and Health 

Department. This assumption later proved to be invalid and will be discussed).

3. The procedure in the programme to make sure that direct identification was 

impossible.

4. Local ethics committee approval throughout Scotland.
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THE GUTHRIE CARD SAMPLE

Since 1963 (Stevenson & Kennedy, 1974) all newborn babies in Scotland have 

been screened for phenylketonuria. The filter-paper card used to collect the sample 

is shown below. The cards are made from a universal cotton fibre filter paper (no. 

903 Schleicher and Schuell). District midwifes take a sample of blood from infants 

at home at the end of the first week of life. A heel puncture produces 4 drops of 

blood which are collected on the card. The card is then air-dried and sent in an 

opaque envelope to a single centre, the National Inborn Errors Screening 

Laboratory at Stobhiil General Hospital, Glasgow. Since 1981 screening has 

included thyroid stimulating hormone estimation and testing for galactosaemia. All 

these assays only use the blood from 2 of the 4 spots of blood on the Guthrie card.

Once all these routine tests had been performed successfully, it was possible to use 

1 of the remaining 2 spots for HIV-antibody assays.

Guthrie card

PKU BLOOD TEST
Pleaao Print
Baby’s N am e--------------------

Home Address-

District Health B o a rd -------------

Place of Birth if not as above.

G P. Nam e. 

Address—

Date of Birth---------------------------------- -----------------------------

Date of Specimen — -

Date of first milk feeding  --------------------------------------- ---------

Type of feeding—Bottie I I Breast 1 J 

Tick if baby is orematurer  J
FILL CIRCLES RIGHT THROUGH WITH BLOODo o o o
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FUNDING

An application was made for funding to the Medical Research Council(MRC) in 

March 1989. This covered a twenty-one month pilot study period during which 

100,000 samples would be tested. Funding was requested for two full time staff, a 

scientist to perform the HIV screening assay on all Guthrie samples and a clerical 

assistant to enter all the data. A computer and printer were also requested to store, 

manipulate and retrieve the data. The total grant with all reagents was £86,817 

making each sample cost 87p to process (appendix 1). Reagent costs were 

£38,488.

In August 1989 the Committee on Epidemiological Studies of AIDS at the MRC 

agreed to support the study for the 21 month period. At that time they felt it likely 

that the Scottish Home and Health Department would continue funding after the 

initial pilot period for an indefinite period. The grant was taken from January 1990 to 

October 1991. After dialogue with the MRC, the author made a further application 

(appendix 2) for an extension to the grant until the end of March 1993.

Grantholders were Dr RWA Gird wood, Dr EAC Follett and Dr DM Tappin. (Medical 

Research Council No. SPG 8908795). The total grant was £72,219, with £23,036 

reagent costs.

Unlinked-Anonymous HIV testing in Scotland has been funded after March 1993 

directly from the Common Services Agency at the Scottish Office, via the Scottish 

Centre for Infection and Environmental Health (formerly the Communicable 

Diseases (Scotland) Unit). Guthrie testing is now seen as routine HIV 

serosurveillance.
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ETHICS AND ETHICS COMMITTEES

Local ethics approval

The MRC in their advisory document (appendix 5 section 2.3) were vague about the 

level of ethics committee approval. It was clear though that approval in Glasgow 

was not enough to cover the whole of Scotland and that local ethical approval would 

be required.

Contact via paediatricians

There was no recognised system for contacting all the relevant ethics committees.

A decision was made to use the close liaison with paediatricians in Scotland. A 

letter was drafted and sent to all Consultant Paediatricians by Professor Cockbum 

on 22/9/89 asking them to discuss the study with their nursing and obstetric 

colleagues and then to present the project to their local ethics committee. A number 

of problems occurred with this method which will be discussed.

Non-responders

After one month those ethics committees who had not responded were contacted by 

the author and sent a more detailed protocol. The author became the contact for all 

ethics committees and fielded many of their questions.
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SPONTANEOUS OBJECTION TO UNLINKED-ANONYMOUS TESTING

The Department of Health confirmed the legal requirement to respect the wish of an 

individual who objected to the use of the remnants of their specimen in an Unlinked- 

Anonymous sun/ey(Heptonstall & Gill, 1989). However the guide-lines to ethics 

committees(appendix 5, S819/230 II) produced by the MRC in August 1989 included 

a final page "Arrangements for patients who forbid Unlinked-Anonymous testing". 

This was not appropriate to Guthrie testing. The author drew up further guide-lines, 

which in case of spontaneous refusal, asked midwives to indicate this clearly on the 

back of the card:-

GUIDE-LINES FOR MIDWIVES WHO TAKE GUTHRIE CARD SAMPLES OF BLOOD WITH REFERENCE 
TO UNLINKED-ANONYMOUS TESTING FOR HUMAN IMMUNODEFICIENCY VIRUS

1. The Scottish Home and Health Department and the Medical Research 
Council will distribute material to moke those whose blood may be used, 
including the mothers of newborn infants, aware that this surveillance 
programme is taking place, to explain it and to assure them of the anonymity 
of the samples used; and the right of individuals to opt out of this screening 
programme.

2. There is therefore no need for midwifes and health visitors to counsel 
individual parents that their child's blood is to be screened.

3. If a parent asks spontaneously that their child's blood should not be tested 
for HIV:-

o. Mark the card distinctly, n o t  for hiv  testing.
b. Take the blood sample and allow it to dry.
c . Send the sample. In the routine way. In an o pa q u e  envelope.

After substantial revision these later became incorporated in a Scottish Office 

Circular from the Chief Medical Officer and the Chief Nursing Officer to Directors of 

Public Health/CAMO and Chief Area Nursing Officers. This circular explained the 

planned anonymous HIV testing studies and asked for help to expedite ethical 

approval. The guidelines in this circular for Guthrie testing were as follows:
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ANONYMOUS UNLINKED TESTING FOR HUMAN IMMUNODEFICIENCY
VIRUS (HIV) USING BLOOD SAMPLE OBTAINED FOR GUTHRIE TEST

1. Posters and leaflets relating to anonymous unlinked testing for HIV have been 
sent to all Health Boards for appropriate display in hospitals, clinics and 
surgeries.

2. As part of this programme all blood spot samples obtained for Guthrie test 
will be tested also for HIV-antibody. No additional blood will be required.
An elaborate arrangement to anonymise and unlink the specimen sent for HTV 
testing has been developed so that it will not be possible for the result to be 
traced back. The tests will not commence in an area until the appropriate 
ethical approval has been obtained.

3. If a parent asks spontaneously that their child’s blood should not be tested for 
HIV then the card, after the specimen is taken, should be marked clearly
on the back "NOT FOR HIV TESTING" and sent in the routine way in an 
opaque envelope.
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THE POPULATION

Scotland

Scotland, with an estimated population of 5,090700(Generai Register Office, 1989), 

is divided into 15 Health Board Areas(Fig 10). Most of the population reside in the 

middle of the country. East and West, with sparse numbers to the North and South.

Childbearing women

A choice was made to test the babies blood sample which gave a surrogate 

measure of the mothers HIV-antibody status (Pappaioanou etal., 1993). The 

annual report of the Registrar General for Scotland gave an accurate denominator 

for babies born in Scotland. How the results relate to HIV seroprevalence in 

childbearing women will depend on the number of babies "unscreened" by the 

Inborn Errors Screening Programme and the effect of babies who are screened 

more than once.

The cohort of babies born in Scotland between June 1988 and May 1989 numbered 

64,595. The female population aged 15-44 was 1,116,634. By using this cohort, 

5.8%+ of the population who can bear children are being tested. This represents 

1.3%* of the total population of Scotland.

+ Range in separate Health Board Areas: 5.27-6.25%.
* Range in separate Health Board Areas: 1.11-1.35%.
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Figure 11

Female and maternal age distributions in Scotland
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Figure 11 shows that the female population in Scotland at different ages is fairly 

constant at 30-40,000 per year of age (15-44)( the peak at 42 years is from the 

post-war baby boom). Births (Registrar General Scotland, 1993) in contrast occur in 

a Gaussian distribution.^ Figure 12 shows the fertility rate of women by age.

Figure 12

Maternal age distribution and fertility rate in Scotland
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It can be seen that the population of women giving birth represents over 12% of the 

female population aged 26-29 years. This becomes important when trying to 

extrapolate from figures for childbearing women to the total female population aged 

15-44 years.

Normality of the distribution of births for 1989 with respect to maternal age is proved by 
calculating the mean age of giving birth = 26.4 years and the standard deviation of that mean 
= 5.1 years. 66.6% of births lie within one standard deviation of the mean and 95.5% lie within 
1.96 standard deviations of the mean.
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EXTRINSIC FALSE NEGATIVE RESULTS

Extrinsic false positive and false negative results are due to problems outwith the 

inborn errors laboratory, such that the Guthrie cards which arrive at the laboratory 

do not accurately represent childbearing women in Scotland. An example of an 

extrinsic false positive would be a twin pregnancy to an HIV-infected mother. An 

example of an extrinsic false negative would be an infant of an HIV-infected mother 

'unscreened' due to lack of Guthrie sample collection.

Non-participation bias

One reason for 'missed' cases of congenital hypothyroidism and phenylketonuria 

has been babies who did not have a card arrive at the Inborn Errors Screening 

laboratory (MRC Steering Committee for the MRC/ DHSS Phenylketonuria Register, 

1981, Pitt etal., 1983, Holtzman etal., 1986, Fisher, 1987) and were therefore not 

tested. This can be due to death before 7 days of age when the Guthrie sample is 

taken, unwillingness of parents to allow their infant to have a blood specimen taken 

perhaps for religious reasons, or because the baby has been completely 

'unscreened' by the system and the parents and infant have not been approached 

for a specimen. To master the problem of being 'unscreened', in Scotland a list of 

negative screening results is routinely sent from the screening laboratory to all 

health boards. There the list of babies born, (from SMR2 discharge notifications 

from obstetric units in a health board area), can be compared with negative results 

from the screening laboratory so that 'unscreened' babies can be uncovered. Once 

pinpointed, 'unscreened' infants can have a Guthrie sample sent.

Despite similar back-up systems. Neonatal Screening Programs have missed cases 

of hypothyroidism and phenylketonuria due to non-receipt of a specimen (MRC 

Steering Committee for the MRC/ DHSS Phenylketonuria Register, 1981). Previous 

audit studies have used 'missed' cases of the index disease, which later manifested 

clinically, as a measure of completeness of the screening programs. 'Missed' cases
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due to lack of specimen arriving at the screening laboratory were between 0.2% and 

3 % (MRC Steering Committee for the MRC/ DHSS Phenylketonuria Register, 1981, 

Pitt etal., 1983, Holtzman etal., 1986, Fisher, 1987).

The General Register Office for Scotland (Population Statistics Branch, Lady well 

House, Lady well Road, Edinburgh EH12 7TF) also known as the Registrar 

General's Office (RGO) receives registration notices of all births in Scotland.

Parents register the birth of their child at their local office. This is published on a 

yearly basis by date of registration not date of birth(General Register Office, 1989). 

One way to audit if all babies had a Guthrie card sent was to look at the total cards 

received at Stobhill Hospital and cross-checking this with the RGO information on 

births.

Table 8. Guthrie card screening compared with registrations of birth in 

Scotland

Year Babies screened for 

Inborn Errors

Babies Registered Different

1984 65843 65106 +737

1985 67338 66667 +671

1986 66187 65808 +379

1987 67204 65970 +1234

1988 66975 66212 +763

1989 63827 63480 +347

1990 66765 65971 +794

Total 464139 459214 +4925

It can be seen that on average just over 700 more Inborn Errors tests were 

performed than babies registered in a year. Excess Guthrie cards were tested 

because two cards were sent on some babies. These were either due to insufficient

129



blood on the first card for Inborn Errors screening when the laboratory would 

request a further sample, or because two cards were sent, often one from hospital 

and one from home. Sometimes, especially if an Infant was unwell, 

hospital/community staff sent a card on the 7th day and another when they felt the 

infant had been on milk feeds for a few days. This did not necessarily mean that all 

babies had been covered and none 'unscreened'.
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Audit of babies 'unscreened' by Guthrie testing

'Unscreened' babies were defined by the author as those infants who did not have a 

Guthrie card sample which arrived at the Inborn Errors Screening Laboratory, for 

whatever reason.

A systematic 1 in 8 sample of records(8,379) of babies registered in Scotland during 

1991 was provided by the Registrar General's Office(RGO). This sample size was 

selected so that with an 'unscreened' rate of 2%, 95% confidence intervals would be 

1.7% and 2.3%. Each record included, father's surname, mother's surname, 

address, the date of birth of the infant, and the hospital code of birth. Records were 

imported into DataEase (DataEase U.K.Limited, 1 Coventry Road, Ilford, Essex, IG1 

4QR), a database management software package.

The Scottish National Inborn Errors Screening Laboratory(Guthrie) at Stobhill 

Hospital, Glasgow recorded all infants screened since 1985 on a computer, in 

FORTRAN language, without standard database punctuation. Eighty-one thousand 

four hundred and eighty-five records from babies screened between December 

1990 and March 1992 inclusive were exported in ASC II format and imported into a 

second DataEase database. This transfer of information was not perfect and 367 

Guthrie records (0.5%) were unrecognisably corrupted. Another 3,507(4.3%) 

Guthrie records were partially corrupted.

RGO records were matched with Guthrie records by mother's surname and infant 

date of birth using an automated technique. Paired records were checked by hand. 

Unmatched and incorrectly matched RGO records were then searched for 

individually. This search started with incorrect spelling of the surname e.g. 

McDonald instead of MacDonald. Father's name was then substituted for mother's. 

If address and mother's or father's name matched and the date of birth was absent 

or wrong by a few days, a match was made. If hospital of birth, date of birth and 

address were the same and father or mother's name was corrupted this was
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accepted. Pairings with the same date of birth and hospital of birth alone were not 

accepted.

RGO records which were still unmatched were investigated individually by a clerical 

officer at the Inborn Errors Screening Laboratory. The office of the health board 

Regional Medical Officer was telephoned to see if a negative Guthrie notification 

had been received. A second check was made by searching the stored hard copy, 

produced by data entry from Guthrie card Inborn Errors screening.

Liaison with other studies

A further check was made on known HIV-infected mothers and their babies. The 

Edinburgh Perinatal Transmission Study follows all babies bom to known HIV- 

infected mothers who live in Edinburgh and surrounding areas. Dr N Croft working 

with Dr JYQ Mok, came to Stobhill hospital in May 1991 with a confidential list of all 

HIV-Infected women known to have given birth during 1990. These were checked 

by him against records of Guthrie cards received at Stobhill hospital. A Guthrie card 

arrived from all Infants of known HIV-infected mothers who gave birth during 1990 

from Edinburgh.

Opt-out

The Medical Research Council after instruction from the Secretary of State(K. Clarke 

Secretary of State, 1988) produced guide-lines for Ethics Committees. This 

included provision for individuals to spontaneously opt out from Unlinked- 

Anonymous testing. Cards from mothers who spontaneously opted out were not 

tested for HIV-1 antibody. A disc of blood free filter paper was punched out and the 

number noted on the day sheet, so that the result "opting out" could be entered on 

the computer.
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No ethics committee approval

The Ethics Committee from Orkney did not give approval for the study. An 'O' for 

Orkney was marked on the back of the cards. Samples were treated as for opt-out. 

In June 1993, Orkney granted ethics approval for this study.
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EXTRINSIC FALSE POSITIVE RESULTS

Duplicates cards

These cards would give extrinsic faise positive results. The most likely cause of a 

duplicate card was samples sent on both day 2 and 7. It seems that samples are 

taken in hospital on day two and then correctly on day 7 at home. The district 

midwife may well send the second sample from home to be sure. The Inborn Errors 

laboratory has a computer system based on surname, then date of birth, and then 

health board code which indicates a likely duplicate. The rest of the parameters 

such as hospital of birth and address can be looked at to confirm the card as a 

duplicate. During the first three months of 1990 no system was in place to identify 

duplicate cards in the HIV test system. After this time the Inborn Errors Laboratory 

marked the back of duplicate cards with a large D. Cards were not removed from 

further testing, but the lady who performed the HIV screening test knew which 

batches had duplicates. From March 1990 no batches with a duplicate had an HIV- 

positive sample. Since May 1991 the duplicate number(s) (1-352) have been 

marked on the day sheet so that if a duplicate had a positive result another positive 

sample, with the same non-identifying data could be looked for. Although this has 

not yet occurred, it is felt that positive duplicates could be removed with this system. 

Duplicate cards are not removed from batches as this would disrupt the Inborn 

Errors Laboratory. Duplicate cards numbered 340 in 1992, 376 in 1993 and 396 in 

1994. No cards marked D have been reactive to the HIV screening assay.

Repeat cards

Repeat cards were asked for by the Inborn Errors laboratory for two reasons:

1) the card did not have enough blood to punch three discs for Inborn Errors 

screening;

2) to check a level which was near the cut-off point of an assay especially for TSH if 

the sample had been taken early.
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These problem cards were set aside in a separate file until the repeat card which 

had been requested arrived in the laboratory, the repeat card only then passed 

through the inborn Errors testing system and the HiV testing system. Ail repeat 

cards from 1990 were tested for HiV-antibody together at the beginning of 1991 and 

ail repeat cards from 1991 were tested at the start of 1992. This system continues 

and in 1993, one of the repeat cards was reactive and confirmed HiV-positive.

Twins as a possible maternal false positive result

it was noted that the cards of twins were often together. No positive results were 

juxtapositioned. Non-identifying information on the positive results also helped to 

discount twins. Two pregnancies in one year are possible but unlikely. Again from 

the non-identifying information it can be shown that this was unlikely.
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HANDLING OF GUTHRIE HIV SEROPREVALENCE DATA 

Removal of direct identifiers

Direct disclosure of HIV-infected motfiers was ruled out because direct identifiers, 

including name and address were not transposed from the Guthrie cards by the HIV 

clerical assistant. The Guthrie card was irreversibly unlinked from the dried blood 

disc at the stage of punching prior to HIV-antibody testing. The flow diagram which 

follows illustrates how cards proceeded through the system and how unlinking 

occurred prior to HIV-1 antibody testing. (Since the start of 1993, information has 

been collated at the Scottish Centre for Infection and Environmental Health, Ruchill 

hospital, Glasgow, rather than the Department of Child Health, Royal Hospital for 

Sick Children.)

The cards arrived at the National Inborn Errors Screening Laboratory at Stobhill 

Hospital, Glasgow by post in single envelopes. These cards were tested for thyroid 

stimulating hormone (TSH) to detect hypothyroidism, raised phenylalanine to detect 

phenylketonuria and galactose to detect galactosaemia. Once these routine 

screening assays had been performed, usually two untouched dried blood spots 

were available for other tests. The cards were arranged in batches of 352, the 

address was converted into district postcode and non-identifying information was 

stored on a computer dedicated to the Unlinked-Anonymous HIV testing 

programme. The non-identifying data stored was the sex of the baby, breast or 

bottle fed, month and year of birth, district postcode and hospital of birth. After mid- 

1993, the maternal age in years was also stored. The computer generated a 

random number for each batch and cards were numbered 1-352. A batch was 

removed to the HIV testing laboratory where a 3mm diameter disc of dried blood 

was punched out of each card into the four microtitre trays. The batch number was 

kept with the set of punched out discs. The cards were removed back to the Inborn 

Errors Screening Laboratory with no record of batch to identify them.
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The computer data, with non-identifying information and random batch and sample 

numbers, was transferred to a distant computer at the Royal Hospital for Sick 

Children(RHSC). Cards were tested for HIV-1 antibody. Confirmed positive results 

were marked so on the RHSC computer, all the rest were marked negative.
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EPIDEMIOLOGICAL INDICES

During the latter half of 1989 the author had discussions with epidemiologists at the 

Scottish Centre for Infection and Environmental Health, Ruchill Hospital, Glasgow 

and also with Dr George Venters and Dr Womersley of the computing services at 

Lothian and Greater Glasgow Health Boards. It was decided that the most useful 

parameters to describe the childbearing population were:-

1. District postcode refers to the first part of the postcode, for example from 

EH5 3QL the district postcode is EH5. Each district postcode has a resident 

population of about 20,000. This describes accurately the geographic location of 

the epidemic and can be used as building blocks to view the seroprevalence in a 

city. Spread to another location can be easily seen.

2. Quarter year of birth: This time period was chosen so that a sample was 

reasonably large and representative. In retrospect a six month time period would 

have been adequate. It is improbable that a woman could have two pregnancies 

resulting in live births surviving to 7 days during a six month period. Changes of 

prevalence in shorter periods than six months were likely to be due to random 

sampling of the population.

3. Age of mother: The initial purpose of this data was to define which age groups 

of the heterosexual population were becoming infected with HIV. Was it young 

sexually active teenagers or older women? The data was very difficult to obtain as it 

was not on the Guthrie card at the start of the study in 1990.
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District postcode

Mother's address is written by a district midwife on the Guthrie card and iegibiiity is 

variabie. The initial pian was to send information including surname, date of birth, 

hospital of birth and sex of the baby taken from the Guthrie card to the Registrar 

General's Office (RGO) in Edinburgh. These data would have been matched with 

information from the statutory registration of births, it was planned that finding a 

match, district postcode and age of mother would have been returned to Stobhill 

hospital, it was not possible to use this system as the Registrar General, himself, 

vetoed the matching process. He stated that the proposed system was in breach of 

the "information and Statistics Act. 1969" which stated that maternal date of birth 

collected at the time of birth registration could only be used collectively for statistical 

purposes and could not be released on an individual basis.

To overcome this obstacle, postcoding books were borrowed from the Royal 

Hospital for Sick Children and the Guthrie cards were postcoded manually, by the 

author, prior to entering the data into the computer. Help was given in the form of a 

clerical assistant from the Scottish Centre for infection and Environmental Health. 

The author wrote to the Postcoding Department, Head Post Office, 146, George 

Square, Glasgow, who sent two up-to-date sets of 13 postcoding books for 

Scotland. The books, which give complete postcodes for ail addresses in Scotland, 

were streamlined, by entering in the town section at the front of the book a single 

district code where this covered the whole town. Small slow improvements like this 

and frequent use of the books allowed a maximum speed of about 200 postcodes 

per hour to be found. This required about six hours work per week for a skilled 

postcoder (1,200 cards per week come into the laboratory) and eventually the 

clerical officer managed all coding and entry of data during her working week. A CD 

ROM computer disc system for postcoding (at the RGO) was found not to save time 

and was also prohibitively expensive costing £10,000.

In 1990, a new batch of Guthrie cards had just been printed and this supply was 

exhausted by the end of 1992. During 1992, the author argued for a change in the
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Gjthrie card to include, postcode and maternal date of birth, which was agreed 

upon by Dr Gird wood, the Director of the Scottish Inborn Errors Screening 

Laboratory. The new cards were distributed and a letter was sent withdrawing the 

old cards so that by the middle of 1993, most Guthrie specimens were received on 

new cards with postcode and maternal date of birth.

New Scottish Guthrie card

PKU BLOOD TEST 94

' PLEASE PRINT USING BALL POINT PEN

I A ddress__________ ________________  _______________

Full Post Code

District Health Board

Place of Birth ____

G.P. N a m e ________

A d dress___________

Date of B irth -------------------------------------- Sex

Date of S pecim en_____________________________ _

Date of first milk feed ing  ___ _________________

Type of Feeding - Bottle D  Breast O  Other 

Tick if baby is premature O  Mother’s DOB . .

Name of person taking the specimen

FILL ALL CIRCLES THROUGH WITH BLOOD

o o o
j Please ensure that ALL information requested on the card is filled in correctly

Month of birth

The clerical assistant entered date of infant birth into the computer, and the 

programme retained only month of birth for each record. A problem occurred at the 

beginning of the study in that with the cards for 1990 there were inevitably some 

from 1989. Most samples are taken at or around 7 days after birth. Testing started 

on the 7th of January and all cards from babies born in 1990 were therefore 

included. A large number of cards from 1989 were tested. Samples taken late, due
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to premature delivery as well as parents movhg home, caused late cards from 1989 

to arrive in the Inborn Errors laboratory up unil March 1990. These 1989 babies 

had to be weeded out by deleting them individually. Towards the end of 1990 the 

computer program was changed to include month and year of birth and the change

over from 1990 to 1991 went smoothly.

Maternal age.

The initial plan was to collect age range of mother in five year bands. The Guthrie 

card in 1990 did not include mothers date of birth. It was proposed to try to match 

data on the Guthrie card with data collected for registration of births which included 

mothers date of birth. It was planned that mother's age range could then be 

included in the non-identifying data stored prior to HIV-antibody testing. Data on 

maternal age is kept by the RGO, which receives the data soon after birth. The 

Scottish Home and Health Department (SHHD) âiso collate maternal date of birth 

from maternity discharge forms sent by Health Boards in batches every 6 months. A 

pilot study was undertaken. Sets of individual data, including Surname, Hospital 

Code of Birth, Child's Date of Birth, District Postcode and Child's sex, from 743 

consecutive Guthrie cards were sent to the Scottish Home and Health Department 

(SHHD). 705 mothers (95%) could be matched. If this form of matching had been 

allowed the age of 18 of 19 HIV-infected mothers would have been known. As 

identifiers needed to be unlinked from punched dried blood discs prior to HIV- 

antibody screening, the RGO had to be the source of data on maternal age. The 

Registrar General himself vetoed the plan at quite an advanced stage. The 

Information and Statistics Act 1966 indicates that maternal date of birth collected by 

the RGO must not be used on an individual basis.

Information was given by Dr N Croft, registrar to Dr JYQ Mok, from the Edinburgh 

Perinatal Transmission Study and Dr R Smith from the Dundee Antenatal HIV 

seroprevalence study. This included the age of most of the HIV-infected mothers 

who delivered during 1990. Also Dr Ades and Dr Claire Davison at the Institute of
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Child Health in London have given information to the author including mother's age 

from the register of known HIV-positive babies. This liaison has continued between 

the author and the Scottish Centre for Infection and Environmental Health for 

mothers 'known' by their obstetrician to be HIV-infected.

During 1993, Guthrie specimens started to arrive on new cards with maternal date of 

birth. This was converted by the computer programme to maternal age in years for 

storage.
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Other information available on the Guthrie card

Hospital of birth

This information was usually legible and all hospitals have a number and letter code 

e.g. the code for the Simpson Memorial Maternity Pavilion Maternity Unit in 

Edinburgh is S227H. The clerical officer entered all these coded items of 

information into the computer. An average of about 3,000 births occur each year in 

Scottish Maternity Units whereas for a single district postcode the average is 300 

births per year.

Breast or bottle-fed

Breast or bottle-fed is marked on the Guthrie card and may be useful as more 

evidence accumulates that HIV can be passed by breast-feeding.

Male or female

Sex of infant was kept for alignment.

All other pieces of information were considered direct identifiers, i.e. general 

practitioners name and address, date of specimen; or not useful, i.e. date of first 

milk feed.
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HIV SEROSURVEILLANCE DATA STORAGE

It was decided to store the expected 100,000 data sets on a dedicated study 

computer, totally separate from all other systems. This storage capacity has been 

updated to take data for up to ten years. The author, with the help of a computer 

technician, drew up the database with data protection safeguards.

Only two people had coded access to the information. Data was stored in batches 

of 352 and the computer produced a random batch number. No record was kept of 

the day of entry of a batch. Each data set had a number from 1-352 corresponding 

to each card (352 is the number of lesl wells on four, 96-well microtitre plates, 8 

wells on each plate were used as controls). After HIV testing, the positive results 

from a batch were entered into the HIV computer, the rest were automatically 

marked negative.

Safety factors to stop indirect disclosure

Direct disclosure refers to disclosure by knowing an individual's name or address. 

Indirect disclosure refers to disclosure by knowing too many pieces of singly non

identifying information and then comparing these data with individuals who live in 

Scotland to make a certain match. The computer programme has a built in block 

which does not allow any information to be displayed if the cell size is below 10 

individuals. Access to the data Is severely restricted and controlled by the Scottish 

Centre for Infection and Environmental Health.
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LABORATORY TESTING

The site

The elution of the dried blood discs and the screening test for HIV-1 antibodies were 

performed at the Scottish National Inborn Errors Screening Laboratory, Stobhill 

General Hospital, Glasgow, which deals with all Guthrie cards for Scotland. 

Confirmatory testing was performed at the Hepatitis/HIV Reference Laboratory, 

Ruchill Hospital, Glasgow.

The sample

A 3mm disc of dried blood was punched from each Guthrie card. This contained 

approximately 3 micro litres(ul) of blood, or approximately 1.3-1.5 ul of serum 

(Hannon etal., 1988). (Dr Hannon sent his results to the author. Dr Hannon used 

radio-labelled thyroxine enriched whole blood which was applied to filter paper and 

also diluted 1:100 with saline in tubes. A 3mm punch was used. A central punched 

disc and 4 peripheral punched discs were taken from each dried blood spot. Dried 

blood discs and tubes were counted in a gamma counter. These experiments were 

repeated many times to closely define the range of values for serum in whole and 

lysed blood applied to different lots of filter paper. Dr Hannon's method was 

exhaustively thorough, and his results were accepted.)

A batch of discs of dried blood were placed in order in four flat-bottomed 96-well 

microtitre(Sterilin, Feltham, UK) master plates (plate 2). The 8 wells on the right of 

each plate were used for control samples. The Î3mm disc size was chosen as it 

fitted into the wells with a small space between disc and wall not present if a larger 

disc e.g. 5mm was used. This allowed the discs to move about when the 96-well 

plates were shaken to elute the serum. Approximately 0.1% of dried blood discs did 

not elute meaning that no haemoglobin from the disc could be seen in the eluate 

and the sample was termed 'non-eluting'.
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PLATE 2: ELUTION OF DRIED BLOOD DISCS
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Elution of dried blood disc

Serum was first eluted from the dried blood discs in 100 microlitres of elution buffer 

(phosphate-buffered saline, pH 7.2, containing 0.05% "Tween 20" and 0.005% 

sodium azide). The plates were shaken at 200 cycles per min for 30 min at room 

temperature and left overnight at 4 degrees centigrade, following which they were 

shaken for 3 min at 500 cycles per min. Therefore, with 1.4 microlitres of serum and 

100 microlitres of diluent, the eluate was about a 1 in 70 dilution of serum.

Controls

A reactive serum control is supplied with the screening kit. A 1:4 dilution was used 

as a strong control and a 1:16 as a weak control. These were stored in 5ml 

microcentrifuge tubes in 6 drop amounts in a -20 degrees centigrade freezer.

Serum controls were the final wells to be filled on a test plate so that contamination 

to surrounding wells was unlikely. The Centers for Disease Control and 

Prevention(CDC), Atlanta also sent dried blood spot quality control samples of 

known HIV-antibody status for routine use every six months. This supply included 

blood spots made up from high antibody titre, low antibody titre and negative serum
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samples. Each plate had two high positive, two low positive and two negative 

control DBSs. The high positive CDC control always gave a MAT titre of 1/8 and the 

low positive a titre of 1/2.

A strong positive control blood spot from the Regional Virus laboratory at Ruchill 

hospital was tried, it gave a MAT titre of 1/64. After a test well next to this control 

gave a neat MAT reactive result not confirmed by GACELISA and Western Blot, this 

'in house' control was discarded and the CDC dried blood spot controls were used 

exclusively. The control samples were placed in the first row (row 1, plate 1 ) of flat 

bottom elution wells in the 96-well microtitre plates.
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THE SCREENING TEST

The serodia-HIV test is a partlcle-agglutination test for screening of antibodies to 

HIV-1 manufactured by Fujirebio Inc of 6-7, Shimoochiai 4-chome, Shinjuku, Tokyo, 

161, Japan. Gelatin particles are used which have been coated with HIV antigen 

prepared from concentrated fluid from an HIV-producing cell line. The system was 

shown to be sensitive, specific, cheap and easy to use in a large study of blood 

donors in Kinshasa, Zaire(Spielberg etal., 1989). An earlier evaluation by the PHLS 

Virus Reference Laboratory, Colindale, London for the NHS Procurement 

Directorate(Taylor etal., 1987) in 1987, also showed the test to be impressive. 

Further field testing by Parry and Mortimer from 1988 (Parry & Mortimer, 1989) was 

very encouraging. The standard Fujirebio gelatin particle agglutination assay is 

performed in 'U' shaped microplates and produces a carpet of agglutinated particles 

when anti-HIV is present in the serum sample in contrast to the tight button of cells 

when antibody is absent. The test, after mixing of serum and sensitised particles, 

relies on sedimentation of the particles by gravity on a flat surface.

A modified agglutination test (MAT), performed in 'V well micropiates was pioneered 

for this Fujirebio anti-HiV-1 particle agglutination assay by Barbara (Barbara etal., 

1989) and taken up by Tedder (Peckham etal., 1990) as the most appropriate 

screening assay for dried blood spots. Early in 1989 Mr R Kennedy, Chief MLSO at 

the Inborn Errors Screening Laboratory, went to London to learn the technique from 

Professor Tedder. At that time in 1989 about 70,000 Guthrie card samples had 

already been tested by Professor Tedder and his col leagues( Peckham etal., 1990),

Modified particle agglutination test (Scotland)

To 25 microlitres of TPHA (Treponema Pallidum Haemaggiutination) buffer were 

added 5 microlitres of eluate. 25 microlitres of diluted (1 in 5) HIV-1 antigen coated 

particles were added to each well. The plates were then covered and left to stand 

for 15 minutes. The V plates were then spun for 2 minutes at 2,500 rpm in a 

centrifuge and placed on a slope on a light box at an angle of 70 degrees.
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(Barbara (Barbara étal., 1989) has used the modified technique with 'V well 

microplates without centrifugation, relying on gravitational settling of the particles 

prior to 'sloping'. Results were promising apart from the extra time required for the 

particles to settle).

Results were recorded at 10 and 15 minutes. Reactive eluates remained as tight 

buttons in the V of the well (plate 3). Non-reactive eluates streaked out in an 

elongated "tear drop".

PLATE 3: 'V WELL MICROTITRE PLATE. REACTIVE SCREENING SAMPLE D6
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PLATE 4 TITRE OF REACTIVE ELUATE D6 FROM PLATE 3
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Reactive eluates were tltred across ttie endpoint (plate 4) and aspirated from the 

master plate for storage at minus 20 degrees centigrade prior to confirmatory

testing.
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A more detailed description of the modified Serodia-HIV-1 antibody test follows:-

Method of the modified Fujirebio Serodia-HlV particle agglutination test.

Day 1 Afternoon.
Eluting serum from dried blood spots.
1. Flat bottom plates are prepared in the afternoon for reading the next day by 
initially labelling them (1-4). The 8 wells on the left of the plate are used for controls 
(plate 1).

2. For each batch of 352 Guthrie cards, discs of dried blood 3mm in diameter are 
punched into 4 flat bottom plates.

3. 100 microlitres of elution buffer(phosphate-buffered saline, pH 7.2, containing
0.05% 'Tween 20' and 0.005% sodium azide) are added to each well and the plates 
are covered and labelled.

4. These plates are shaken slowly on a vibratory shaker at 200 cycles/minute for 30 
mins. Plates are then stored overnight in a 4 °C fridge for use the next day.

Preparing sensitised gelatin particle component
5. All the reagents are taken out of the fridge. The TPHA diluent and the Serodia- 
HIV kit are also needed. One bottle of sensitised particles is removed from the kit 
and 3mls of sensitised particle(SP) diluent are added to it. This is left standing for 
30 mins at room temperature before adding 12mls of either SP diluent or TPHA 
diluent (1:5 dilution). This reagent is stored in a white top sterile universal container 
and dated. This sensitised particle solution is enough to perform about 600 tests 
and is made up the night before the tests are performed.

Preparing controls
6. A serum control is used and is made up from the serodia kit. We use a 1:4 
dilution as a strong control and a 1:16 as a weak control. A batch is made and 
stored in 5ml microcentrifuge tubes in 6 drop amounts in the freezer for use. The 
other control samples are from the Centers for Disease Control and 
Prevention(CDC), Atlanta. They supply strong positive, weak positive and negative 
blood spots which are treated in the same way as the Guthrie spots, but are labelled 
and placed in the first row of flat bottom wells in the 96-well microtitre plates.

Day 2 Moming 
Diluting the eluted serum
7. The eluants prepared from the night before are removed from the fridge and 
placed on a fast shaker at 500 cycles/minute for 3 minutes.

8. V bottomed plates are labelled and, using the TPHA labelled multi-pipette, 25 
microlitres of TPHA diluent are added to each well.

9. Eluant plates are removed from the fast shaker and 5 microlitres of eluate is 
transferred from each of the flat bottomed plates to the V shaped plates containing 
TPHA 25 microlitres diluent.

10. One drop of 1:4 serum control and one drop of 1:16 serum control are added to 
their respective strong positive and weak positive labelled V wells.
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Adding test serum to HIV antigen coated particle to observe for agglutination if 
HIV-antibody is present.

11. Using the multipipette labelled SP, 25 microlltres of diluted particles are added 
to each well. The plates are then covered and left to stand for 15 minutes.

12 The V plates are then spun for 2 minutes at 2,500 rpm In a WIFUG 500E 
centrifuge.

13. The plates are then placed on a slope on a light box at an angle of 70 degrees.

14. Results are recorded at 10 and 15 minutes. Positive results remain as tight 
buttons In the V of the well (plate 3). Negative results will streak out In an elongated 
"tear drop". Results are recorded on a day sheet and the plates are checked by two 
other technicians.

15. Positive results are repeated at dilutions up to 2048 of the original eluate(plate 
4).

16. The remaining 90 microlltres from doubtful and definite reactive eluates are sent 
to Ruchlll Hospital for confirmatory tests.

Problems with the screening test

The screening test was remarkably "clean" as It was usually easy to distinguish 

between 'reactive' and 'non-reactive' results. Occasional tests did not streak out In 

the normal 'non-reactlve' fashion. These were not tight buttons as In a 'reactive' 

result. It was felt that these assays represented a blemish or a piece of dust In the 

V shaped well trapping the particles. These assays when repeated produced a 

normal 'non-reactlve' result.

Seven assays during 1990 were slow to streak In the V shaped well when It was 

rested on a 70 ° slope. These were all put through for confirmatory tests. All proved 

negative. During 1991 these artefacts were readily distinguished and confirmation 

was not performed.
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CONFIRMATORY TESTS

ELISA: At the regional virus laboratory enzyme-linked immunosorbent assay 

(ELISA) and Western Blot tests were used to confirm the presence of HiV-1 and 

HIV-2 antibody for all samples reactive in the screening test. We used an IgG 

antibody capture ELISA for HIV-1 and HIV-2 antibody (GACELISA), deveioped at 

the virus reference laboratory, Central Public Health Laboratory, London(Connell et 

al., 1990, Parry eta!., 1987)(appendix 6). 10 microlltres of the repeatedly reactive 

eluates were diluted in 90 microlitres of diluent and incubated for 30 min at 37 

degrees centigrade in microtitre weiis coated with rabbit antibody to human igG. 

After incubation and washing, an enzyme-conjugated, recombinant antigen was 

added and incubation continued for 60 min. Further washing was followed by 

incubation with substrate (20 min at 37 degrees centigrade) and amplifier (10 min at 

37 degrees centigrade). The reaction was stopped by addition of 50 microlltres of 2 

moles/litre sulphuric acid, and absorbance at 492 nanometres was measured. The 

cut-off was set at three times the negative mean read from 3 concurrently run 

negative kit serum controls. Strong HIV-1 antibody positive, and weak HIV-1 

antibody positive sera were also run on each test plate as were eluates from GDC 

dried blood spot controls which had been eluted and screened by MAT.

Western Blot

Complete Western Blots for HIV-1 were done on all repeatedly reactive eluates that 

were also reactive in the GACELISA system or within 10% of the cutoff. 25 

microlltres of eluate were diluted in 50 microlltres of milk buffer and run on a 

preblotted membrane (Organon Teknika, Cambridge) in a 'Miniblotter' apparatus 

(Novick eta!., 1989)(Biometra, Manchester). The blots were developed with 

conjugates supplied by Dupont in their HIV-1 Western Blot kit. The criteria for 

positivity were the same as those used by Tedder (Peckham eta!., 1990) - i.e., 

samples were judged positive if protein bands were seen representing reactivity 

against one or more of the gag{p55, pi 7, p24) or po/(p66, p51, p31) genes and one
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of the env{gp4^, gp120/160) genes. These criteria are not same as the Association 

of State and Territorial Public Health Laboratory Directors/Centers for Disease 

Control criteria: any two of p24, gp41, gp120/gp160. Using these latter criteria the 

Dupont Western Blot was found to be 98% sensitive on serum samples from 

symptomatic HIV-infected patients and AIDS patients (Centers for Disease Control, 

1989).
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SEROLOGICAL FALSE POSITIVE AND FALSE NEGATIVE RESULTS 

Estimated specificity from published studies

The unmodified Fujirebio HIV-1 particle agglutination test has a relatively low 

specificity. Constantine (Constantine et al., 1989) found a positive predictive value 

of 0.516 indicating that half the positive tests were false positives, in a low 

prevalence population (16/599 tested individuals were infected with HIV). 

Confirmatory tests were therefore important. To help eliminate the chance of false 

positive results a different assay method was used in confirmation(Mortimer, 1988),

i.e. an antibody capture ELISA technique as well as the Western Blot as a final 

method. Only those samples with reactions to all three test methods were taken as 

positive.

Specificity with the unmodified particle agglutination technique has been previously 

measured at 98.2%(Spielberg eta!., 1989) and 98.1%(Taylor eta!., 1987). Taking 

the definition of specificity as:

no. tested as negative 
total true negatives

In the study reported by Peckham and Tedder(Peckham eta!., 1990) using the 

modified particle agglutination test (MAT), the calculated specificity with reference to 

Western Blot was:

114485
114487

99.9983% (95%CI 99.9959, 99.9999)

(Positive predictive value 93.3%).

The reasons for these divergent results may be associated with the dilution of the 

samples from dried blood spots. From the work by Hannon (Hannon eta!., 1988) 

the 5.5mm dried blood disc (Ades eta!., 1991) contains 5 microlitres of serum. The 

100 microlitres of eluate is therefore about a 1 in 20 dilution of serum. This was 

further diluted 1:5 (overall about a 1:100 dilution of serum) prior to addition of
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sensitised particles. In general dilution increases specificity at the expense of 

sensitivity. The modification made by Barbara (Barbara et al., 1989) did not in itself 

significantly improve the specificity of the system which had a specificity of 99%, 

with 1% of anti-HiV-1 antibody negative samples reactive on screening.

The GACELISA HIV-1 and HiV-2 assay used for initial confirmation of MAT reactive 

eluates used an antibody capture system different from the immunometric principle 

of MAT. HIV antigens in this system were produced by recombinant DNA 

technology. Therefore falsely MAT reactive eluates were unlikely to be falsely 

reactive by GACELISA. Specificity of recombinant ELISA systems have been 

reported as higher than whole viral lysate systems at 100% (Johnson, 1992). The 

dilution of the serum sample in our neat eluate was about 1:70. Further dilution 

made the final test sample about a 1:400 serum dilution. Therefore the dilution of 

serum we used was of the order of the estimated dilution of serum antibodies in 

urine 1:800. In a large study of urine specimens GACELISA gave no false positive 

results from 553 true HIV-negative urine specimens (Connell eta!., 1990). If urine 

specimens depended on the level of antibody present for 'reactivity', it may be 

expected that the GACELISA HIV-antibody assay performed on DBS eluates in 

Scotland would have a similar level of specificity.

The Dupont Western Blot uses whole viral lysate, antigen bands are 

electrophoretically spread to distinguish antibodies to individual HIV antigens of the 

gag (core), po/(polymerase), and env (envelope) genes. The specificity of this latter 

system used alone has been reported at 97% (Centers for Disease Control, 1989).

To calculate a conservative overall risk of an HIV-antibody negative sample being 

reactive in all three assay systems, an upper estimate of the false positive rate of 

each test was used. The upper estimate for the MAT used with dried blood spots 

was taken as if all screened positive results in the study, (Peckham etal., 1990), 

were false positives, 30/114,515=0.00026. The GACELISA specificity was
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estimated at a lower limit of 99%, with dried blood spot eluates (100% would have 

given an infinite overall estimate). Therefore the probability of a false positive to 

GACELISA if used alone was estimated at 0.01. The probability that the Dupont 

immunoblot would give a false positive may be 0.03 (Centers for Disease Control,

1989). Therefore the chance of an overall false positive result may be estimated as 

the multiple of these three probabilities I. e. of the order of 1 in 13 million samples 

tested. This assumes that false positive reactions are not common to two or more 

assays due to, for instance, antibodies to major histocompatabiiity antigens.

Estimated sensitivity from published studies

MAT did show a remarkable ability to be reactive to anti-HiV-1 positive sera (100% 

screening reference laboratory samples) at high dilutions and was better than a 

recombinant Abbott enzyme immunoassay in this respect (Barbara etal., 1989). in 

this paper a sample was diluted until it became negative by a Wellcome competitive 

assay. This diluted sample still gave a positive result by MAT to a dilution of 1:256. 

This ability to be reactive to anti-HIV-1 positive sera at high dilutions is one of the 

reasons that MAT was so well suited to test dried blood eluates which are already 

serum diluted 1:20 (Peckham etal., 1990). The punch size used in this Scottish 

study was 3mm rather than the 5.5mm employed in the study by Peckham and 

Tedder (Ades etal., 1991). Using the same volume of fluid this gave the neat 

eluate a serum dilution of 1:70. This eluate was further diluted 1:6 which gave an 

initial neat serum dilution of the MAT test of about 1:400. Rather than use a larger 

part of the eluate than was used by Tedder (Peckham etal., 1990), it was decided 

to increase the concentration of sensitised particles from the 1:10 dilution (Peckham 

etal., 1990, Barbara etal., 1989) to 1:5.

The GACELISA assay used on urine samples (of the order of dilution of serum in 

the eluate to that of IgG in urine) had a sensitivity of 99.4%. Therefore about 1 in 

every 150 (MAT screened reactive) true HiV-positive samples, would be non- 

reactlve in the GACELISA and would not reach the stage of Western Blot.

158



The eluate in Scotland was 3-4 times more dilute than that used in London because 

of the different size of punched dried biood disc employed. The sensitivity of the 

Dupont immunoblot on neat serum samples has been estimated at 97% (Centers for 

Disease Controi, 1989). With the 1:70 diiution of the Scottish eiuates it may be that 

the sensitivity of the immunoblot was less than 97%. Therefore perhaps 1:20 truly 

HIV-positive sampies (MAT screened and GACELISA confirmed) were deemed 

faisely negative by the Western Blot. This figure can be estimated from the quaiity 

controi samples.
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QUALITY ASSURANCE

Centers for Disease Control and Prevention, Atlanta (CDC)

Starting in May 1990, dried biood spots were sent from the Centers for Disease 

Control and Prevention in Atlanta (CDC), USA as part of the world-wide quality 

controi system (Hannon, 1989). "Heat-inactivated HiV seropositive serum is used 

either individually or blended with negative and other HiV-positive sera for producing 

the desired specimen types before adding red cells to yield a haematocrit of 55 +/- 

1%" (Hannon etal., 1989). These specimens were dropped onto standard Guthrie 

filter paper manufactured by Schleicher and Schueli, Inc (S&S Grade 903, Keene, 

NH, USA). The DBS materials were stored at -70 degrees C, with desiccant 

packages and humidity indicator cards prior to distribution.

For the first three months 12 unknown dried blood spots were sent each month. 

Once the screening laboratory had three correct quality control sets, 12 samples 

were sent on a quarterly basis. All specimens had repeat MAT assays with titres 

after elution at Stobhill hospital and repeat GACELISA assays at Ruchiii hospital. 

Those reactive to both had a Western Blot performed. With the Western Blot were 

run a high-positive serum controi (to make sure all bands were represented in the 

immunoblot), a low positive and a negative. A high positive dried blood spot control 

was also run. No HIV-2 antibody positive dried biood spots were sent to Scotland.

Results (table 9) 

MAT

Four false positive results have been recorded, one neat (May'90) had a negative 

GACELISA and Western Blot. The second titre 1/8 (Oct'91) had a raised 

GACELISA optical density of 0.443 (cutoff 0.335) and a weak positive p24 and a 

positive gp160. The third, a neat reaction (Jan'93) had a positive GACELISA at 

0.950 (cutoff 0.449) with a weak band at gp160. The fourth, titre 1/4 (Jan'94), had a 

GACELISA optical density of 1.550 (cutoff 0.389) and bands at p24, gp41 and 

gp160 on Western Blot. These results are thought to be due to carry-over from a
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strong positive dried blood spot to the next punched negative dried blood spot by 

the punch itself. Re-testing of the quality control set after the adverse results were 

received, taking especial care to clean the punch between dried blood spots gave 

correct results. Extra care is now taken to clean the punch between samples. This 

aspect as well as splash contamination will be discussed with the study results.

MAT correctly identified all 115 positive control samples and 112 of 116 negative 

control samples from the CDC.

GACELISA

One sample (May'93) had a negative MAT and Western Blot but a raised 

GACELISA at CD 0.673 (cutoff 0.499). GACELISA correctly identified 115 positive 

controls and 112 of 116 negative controls.

Western Blot

Western Blot was performed on 109 positive CDC samples, and all were found 

positive. Sixty-seven negative CDC quality assurance samples were assayed, 

including 3 of the 4 screened positive by MAT. (In May 1990, due to a problem with 

supply, the CDC QA samples were not tested by Western Blot). Western Blot 

confirmed 2 of the 3 probable 'punch contaminated' samples as positive. Another 

sample negative to MAT and GACELISA (Jan'93, table 9) had a weak positive band 

at gp160 and was therefore indeterminate.
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Table 9: Results of testing QA specimens sent from the CDC, Atlanta, Georgia, 

USA in Glasgow by MAT (titre given), by GACELISA (OD 250nm given) and by 

Western Blot (reactivity shown) where reagents permitted.

Table 9.i. May 1990

CDC EIA GACELISA Western Blot
Glasgow MAT c/oO.414 p is p24 p31 gp41 p51 p55 p65 gpi20 gpieo

CDC
Glasgow

2.146
1/256 2.833

+ + + + + + 
Not dona-

+ + +

CDC
Glasgow

0.092
Neat 0.237 Not dona-

CDC
Glasgow

0.064
Nag 0.171

- - -
Not dona-

- - -

CDC
Glasgow

0.063
Nag 0.173 Not dona

CDC
Glasgow

0.871
1/8 2.785

+ + -
Not dona

+ w+ +

CDC
Glasgow

1.338
1/32 2.981

- - + + + - 
Not dona

+ + +

CDC
Glasgow

2.071
1/64 2.940

- + - + + + 
Not dona

+ + +

CDC
Glasgow

2.178
1/256 2.785

- + + + + - 
Not dona

+ + +

CDC
Glasgow

1.690
1/32 2.793

- + + + + - 
Not dona

+ + +

CDC
Glasgow

0.062
Nag 0.192

- - -
Not dona

- - -

CDC
Glasgow

0.198
Nag 0.166

- - -
Not dona

- - -

CDC
Glasgow

0.131
Nag 0.170

- -
Not dona

- - -
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Table 9.ii. July 1990

CDC EIA GACELISA Western Blot
Glasgow MAT C/oO.546 pis p24 p31 gp41 p51 p55 p65 gp120 gpieo

CDC 2.314 + + + + + + + + +
Glasgow 1/256 2.922 - + + + + + + +

CDC 2.339 + + + + + + + + +
Glasgow 1/64 2.787 + + + + + + + + 4-

CDC 2.286 + + + + + + + + +
Glasgow 1/256 2.822 - + + + + + + + 4-

CDC 1.852 + + - + + + + + 4-
Glasgow 1/128 2.579 + + + + + + + 4-

CDC 1.523 w+ w+ + + + + + 4-
Glasgow 1/32 2.296 - - + + + + + 4-

CDC 1.487 w+ w+ + + + + 4-
Glasgow 1/16 2.228 - - + + + + + 4-

CDC 0.119 - - - - - - - -
Glasgow neg 0.175 Not done

CDC 0.106 - - - - - - - -

Glasgow neg 0.271 Mot done
CDC 0.105

Glasgow neg 0.272 Not done
CDC 0.105

Glasgow neg 0.324 Not done
CDC 0.121

Glasgow neg 0.307 Not done
CDC 0.105

Glasgow neg 0.205 Not done
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Table 9.iil. August 1990

CDC
Glasgow

EIA
MAT

GACELISA ________________Western Blot________________
c/oO.639 p18 p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC
Glasgow

1.487
1/32 2.380

w+
+

w+
+

CDC
Glasgow

1.469
1/16 1.949

w+
+

w+
+ +

CDC
Glasgow

2.461
1/128 2.923

CDC
Glasgow

2.264
1/256 2.769

CDC
Glasgow

2.419
1/256 3.076

CDC
Glasgow

1.558
1/16 2.179

w+
+

w+
+

CDC
Glasgow

0.106
neg 0.275 Not done

CDC
Glasgow

0.105
neg 0.261 Not done

CDC
Glasgow

0.105
neg 0.232 Not done

CDC
Glasgow

0.121
neg 0.243 Not done

CDC
Glasgow

0.106
neg 0.306 Not done

CDC
Glasgow

0.105
neg 0.324 Not done
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Table 9.iv. September 1990

CDC EIA GACELISA Western Blot
Glasgow MAT c/oO.407 pis p24 p31 gp41 p51 p55 p65 gp120 gpieo

CDC
Glasgow

1.523
1/16 1.933

w+ w+ +
+

+
w+

+
+

+
+

+
+

+
+

CDC 1.835 - - + + + + + +
Glasgow 1/512 2.610 - - + + + + + +

CDC 1.902 - - + + + + + +
Glasgow 1/256 2.696 - - + + + + + +

CDC 1,690 + + + + + + + + +
Glasgow 1/128 2.395 + + + + + + + + +

CDC 2.397 - + + + + + + 4- +
Glasgow 1/256 2.709 - + + + + + + + +

CDC
Glasgow

0.062
neg 0.275

- - - -
Not done

- - -

CDC
Glasgow

0.062
neg 0.148

- - - -
Not done

- - -

CDC
Glasgow

0.064
neg 0.271 Not done

CDC
Glasgow

0.064
neg 0.300

- - - -
Not done

- - -

CDC
Glasgow

0.106
neg 0,264

- - - -
Not done

- - -

CDC
Glasgow

0.106
neg 0.201

- - - -
Not done

- - -

CDC
Glasgow

0.063
neg 0.155

- - - -
Not done
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Table 9.v. October 1990 and January 1991

CDC EIA GACELISA Western Blot
Glasgow MAT C/oO.520 pi 8 p24 p31 gp41 p51 p55 p65 gp120 gpieo

CDC 1.523 W+ w+ + + + - + + +
Glasgow 1/64 1.568 w+ - + + + - + + +

CDC 1.374 - w+ + + + - + + +
Glasgow 1/32 1.562 w+ - + + + - + + +

CDC 2.233 w+ + + + + + + + +
Glasgow 1/256 2.920 - + + + + + + + +

CDC 2.295 + + + + + + + + +
Glasgow 1/256 2.949 + + + + + + + + +

CDC 1.765 - - w+ + + - + + +
Glasgow 1/256 2.699 - - w+ + + + + +

CDC 1.822 - w+ - + - - - +
Glasgow 1/256 2.904 - w+ - + - - - + +

CDC 1.592 - + w+ w+ + + + + +
Glasgow 1/32 2.813 - + + + + + + + +

CDC 0.067 - - - - - - - - -
Glasgow neg 0.213 Not done

CDC 0.062 - - - -  - - - - -
Glasgow neg 0.327 Not done

CDC 0.074 - - - . . . - - -
Glasgow neg 0.231 Not done

CDC 0.076
Glasgow neg 0.278 Not done

CDC 0.106 - - - . . . - - -
Glasgow neg 0.239 Not done

CDC EIA GACELISA Western Blot
Glasgow MAT c/oO.412 pis p24 p31 gp41 p51 p55 p65 gp120 gpieo

CDC 1.374 - w+ + + + - + + +
Glasgow 1/64 2.211 - + + + w+ w+ + +

CDC 0.076
Glasgow neg 0.157 Not done

CDC 0.063
Glasgow neg 0.180 Not done

CDC 0.062 - - - . . . - - -
Glasgow neg 0.162 Not done

CDC 1.592 - + w+ w+ + + + + +
Glasgow 1/256 2.991 - + + w+ w+ w+ +
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Table 9.vi. April 1991

CDC EIA GACELISA Western Blot
Glasgow MAT C/oO.672 pi 8 p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC 2.454 + + + + + + + + +
Glasgow 1/512 3.072 + + + + + + + +

CDC 1.940 - w+ + + + - + + +
Glasgow 1/512 2.692 - - + + - - w+ + +

CDC 0.658 - + - - - - w+ w+ w+
Glasgow 1/16 2.818 - + - w+ - - w+ + +

CDC 1.443 - + + + + + + + +
Glasgow 1/32 2.631 - w+ w+ + - + + +

CDC 2.076 + + + + + + + + +
Glasgow 1/512 3.039 - + - + + + w+ + +

CDC 2.044 + + + + + + + + +
Glasgow 1/64 2.833 - + - + w+ w+ - + +

CDC 1.592 - + w+ w+ + + + + +
Glasgow 1/32 2.881 - + + + + + + + +

CDC 0.062
Glasgow neg 0.635

CDC 0.106 - - - - - - - - -

Glasgow neg 0.308 - - - - - - - - -

CDC 0.063
Glasgow neg 0.268 - - - - - - - - -

CDC 0.062
Glasgow neg 0.391 - - - - - - - - -

CDC 0.074
Glasgow neg 0.394
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Table 9.vii. July 1991

CDC
Glasgow

EIA
MAT

GACELISA ________________Western Blot________________
c/oO.393 p18 p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC
Glasgow

1.469
1/32

w+ w+
1.520 w+

CDC
Glasgow

1.491
1/32

w+ w+
1.327 w+

CDC
Glasgow

1.828
1/64 2.480 w+

w+

CDC
Glasgow

2.515
1/1024 2.821

CDC
Glasgow

2.386
1/512 2.531

CDC
Glasgow

0.062
neg 0.393

CDC
Glasgow

0.076
neg 0.275

CDC
Glasgow

0.106
neg 0.167

CDC
Glasgow

0.063
neg 0.169

CDC
Glasgow

0.062
neg 0.363

CDC
Glasgow

0.062
neg 0.229

CDC
Glasgow

0.064
neg 0.340
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Table S.viii. October 1991

CDC EIA GACELISA Western Blot
Glasgow MAT c/oO.335 p18 p24 p31 gp41 p51 p55 p65 gp120 gpieo

CDC 1.505 w+ w+ + + + + + +
Glasgow 1/32 2.145 - + + w+ + + + + +

CDC 1.338 - - + + + + + +
Glasgow 1/64 2.721 - w+ + w+ + + + +

CDC 2.327 + + + + + + + + +
Glasgow 1/256 2.404 + + + + + + + + +

CDC 2.423 + + + + + + + +
Glasgow 1/1024 2.478 + + + + + + + + +

CDC 0.693 - + + + + + + + +
Glasgow 1/2 0.653 - w+ + + + + + - +

CDC 1.940 - w+ + + + + + +
Glasgow 1/512 2.559 - + + + + + + + +

CDC 0.062 - - - - - - - -
Glasgow neg 0.324 Not done

CDC 0.106 - - - - - - - -
Glasqow neg 0.157 Not done

# # # # # 0,071 * *
Glasgow 1/a # # # # # # - - - -■ - - +

CDC 0.104 - - - - - - - -

Glasgow neg 0.157 Not done
CDC 0.142 - - - - - - - -

Glasgow neg 0.180 Not done
CDC 0.058 - - - - - - - -

Glasgow neg 0.132 Not done
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Table 9.ix. January 1992

CDC EIA GACELISA Western Blot
Glasgow MAT C/oO.358 pis p24 p31 gp41 p51 p55 p65 gpi20 gpieo

CDC
Glasgow

1.558
1/64 2.041

w+ W +

+
. + 

+
+ + - 
+ + w+

+
+

+
+

+
+

CDC 1.414 w+ w+ + + + + + +
Glasgow 1/32 2.138 - + + w+ w+ + + +

CDC 1.690 - + + + 4 - 4 - + + +
Glasgow 1/256 2.452 - + + +  +  W + + + +

CDC 2.397 + + + + + + + + +
Glasgow 1/1024 2.678 + + + + + + + + +

CDC 2.419 + + + + + + + +
Glasgow 1/512 2.466 + + + + + + + +

CDC 1.832 - - + + + + + +
Glasgow 1/512 2.421 - + + + + + + +

CDC 2.044 + + + + + + + + +
Glasgow 1/128 2.520 - + + + - + - + +

CDC
Glasgow

0.106
neg 0.196

- - -
Not done

- - -

CDC
Glasgow

0.071
neg 0.159

- - -
Not done

- - -

CDC
Glasgow

0.142
neg 0.179

- - -
Not done

- - -

CDC
Glasgow

0.058
neg 0.353

- - -
Not done

- - -

CDC
Glasgow

0.104
neg 0.159

-
Not done

- - -
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Table 9.x. April 1992 and July 1992

CDC EIA GACELISA Western Blot
Glasgow MAT c/oO.342 pi 8 p24 p31 gp41 p51 p55 p65 gp120 gpi60

CDC 1.443 - W+ + + + - + + 4-
Glasgow 1/128 2.975 - + + + w+ - w+ + 4-

CDC 0.106 - - - - - - - - -
Glasgow neg 0.184 - - - - - - - - -

CDC 0.071 - - - - - - - - -
Glasgow neg 0.157 - - - - - - - - -

CDC 0.104 - + + + + 4- + + 4-
Glasgow neg 0.134 - + + + + + + + 4-

CDC 2.448 + + + + + + + 4- 4-
Glasgow 1/256 >3 + + + + + + + 4- 4-

CDC EIA GACELISA Western Blot
Glasgow MAT c/oO.329 pi 8 p24 p31 gp41 p51 p55 p65 gpi20 gpieo

CDC 0.689 - + + - w+ W+ w+ 4- 4-
Glasgow 1/4 2.646 - + + - - - - - 4-

CDC 0.872 - + + w+ + + + 4- 4-
Glasgow 1/8 2.026 - + w+ - - - + - 4-

CDC 1.208 - - - + + - + 4- 4-
Glasgow 1/256 2.827 - + - + + - + 4- 4-

CDC 1.468 + - + + + - + 4- 4-
Glasgow 1/256 2.640 - + + + w+ w+ + 4- 4-

CDC 2.253 + + + + + + + 4- 4-
Glasgow 1/256 >3 + + + - + + + W4- -

CDC 2.483 + + + + + + + 4- 4-
Glasgow 1/256 2.725 + + + + + - + 4- 4-

CDC 0.069
Glasgow neg 0.123 Not done

CDC 0.076
Glasgow neg 0.174 Not done

CDC 0.066 - - - - - - - - -

Glasgow neg 0.142 Not done
CDC 0.076 - - - - - - - - -

Glasgow neg 0.126 Not done
CDC 0.063 - - - - - - - - -

Glasgow neg 0.131 Not done
CDC 0.082

Glasgow neg 0.146 Not done
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Table 9.xi. October 1992

CDC
Glasgow

EIA
MAT

GACELISA ________________Western Blot________________
c/oO.340 p18 p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC
Glasgow

1.491
1/32

w+
1.132

w+
w+

+ +
w+

CDC
Glasgow

1.371
1/32

w+
1.286

w+
w+

+
w+

+
w+

CDC
Glasgow

2.327
1/128 >3

CDC
Glasgow

2.423
1/512 >3

CDC
Glasgow

1.438
1/8

w+
1.365

CDC
Glasgow

0.693
1/2 0.485

+ +
w+

CDC
Glasgow

2.448
1/128 >3

CDC
Glasgow

0.106
neg 0.279

CDC
Glasgow

0.071
neg 0.154

CDC
Glasgow

0.104
neg 0.163

CDC
Glasgow

CDC
Glasgow

0.142
neg

0.058
neg

0.129

0.114
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Table 9.xli. January 1993

CDC EIA GACELISA Western Blet
Glasgow MAT c/oO.449 pis p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC 1.468 + - + + + - + + +
Glasgow 1/256 >3 - - w+ - - - + + +

CDC 1.780 - - + + + - + + +
Glasgow 1/256 2.953 - W+ + w+ + - + + +

CDC 2.327 + + + + + + + + +
Glasgow 1/128 2.706 + + + + + + + + +

CDC 2.423 + + + + + + + + +
Glasgow 1/1024 >3 + + + + + + + + +

CDC 1.208 - + + + + + + + +
Glasgow 1/512 2.412 - w+ + + + + + - +

CDC 1.998 - w+ + + + - + +
Glasgow 1/256 2.828 - + + + + + + + +

CDC 0.096 - - - - - - - - -
Glasgow neg 0.196 - - - - - - - - w+

CDC 0.071 - - - - - - - - -
Glasgow neq 0.142 - - - - - - - - -

CDC m m # # # * ♦ *
Glasgow i i i i i i i ï i i i ; 0.950 - - - - - - • * W+

CDC 0.082 - - - - - - - - -
Glasgow neg 0.333 - - - - - - - - -

CDC 0.123 - - - - - - - - -

Glasgow neg 0.180 - - - - - - - - -
CDC 0.100 - - - - - - - - -

Glasgow neg 0.308 - - - - - - - - -

173



Table S.xiii. May 1993

CDC
Glasgow

EIA
MAT

GACELISA ________________Western Blot________________
c/oO.499 p18 p24 p31 gp41 p51 p55 p65 gp120 gp160

CDC
Glasgow

1.338
1/64 >3

CDC
Glasgow

1.690
1/32 2.374

CDC
Glasgow

2.397
1/512 >3

CDC
Glasgow

2.438
1/512 >3

+
+

CDC
Glasgow

1.823
1/64 >3

CDC
Glasgow

0.871
1/16 2.675

CDC
Glasgow

0.083
neg 0.673

CDC
Glasgow

0.092
neg 0.298

CDC
Glasgow

0.123
neg 0.229

CDC
Glasgow

0.149
neg 0.301

CDC
Glasgow

0.101
neg 0.232

CDC
Glasgow

0.098
neg 0.299
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Table 9.xiv. July 1993

CDC
Glasgow

EIA
MAT

GACELISA Western Blot
c/oO.339 p18 p24 p31 gp41 p51 p55 p65 gp120 gpl 60

CDC
Glasgow

2.515
1/512 2.760

CDC
Glasgow

2.386
1/512 2.840

CDC
Glasgow

1.438
1/8 0.538

CDC
Glasgow

0.693
1/2 0.517

CDC
Glasgow

2.266
1/512 >3

CDC
Glasgow

0.069
neg 0.134

CDC
Glasgow

0.142
neg 0.184

CDC
Glasgow

0.076
neg 0.191

CDC
Glasgow

0.106
neg 0.214

CDC
Glasgow

0.071
neg 0.194

CDC
Glasgow

0.104
neg 0.178

CDC
Glasgow

0.058
neg 0.213
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Table 9.xv. October 1993

CDC
Glasgow

EIA
MAT

GACELISA ________________Western Blot________________
c/oO.428 pis p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC
Glasgow

1.469
1/64 2.560

+
+

CDC
Glasgow

1.371
1/64 2.690

CDC
Glasgow

2.527
1/512 >3

CDC
Glasgow

2.327
1/128 2.685

CDC
Glasgow

2.423
1/512 >3

CDC
Glasgow

2.071
1/256 2.850

CDC
Glasgow

2.448
1/512 >3

CDC
Glasgow

0.896
1/64 >3

+

CDC
Glasgow

0.080
neg 0.314

CDC
Glasgow

0.087
neg 0.471

CDC
Glasgow

0.067
neg 0.233

CDC
Glasgow

0.076
neg 0.432
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Table 9.xvl. January 1994

CDC EIA GACELISA Western Blot
Glasgow MAT C/üO.389 pis p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC 0.726 - + + + + + + + +
Glasgow 1/32 >3 - + + + + + + + +

CDC 2.269 + + + + + + + + +
Glasgow 1/512 >3 + + + + + + + + +

CDC 2.354 + + + + + + + + +
Glasgow 1/512 >3 + + + + + + + + +

CDC 2.278 + + + + + + + + +
Glasgow 1/512 >3 + + + + + + + + +

CDC 1.376 + + + + + + + + +
Glasgow 1/16 1.422 - + + + + + + + +

CDC 0.690 - + + + + + + + 4-
Glasgow 1/4 0.670 - + + + + + + + +

CDC 0.042 - - - - - - - - -
Glasgow neg 0.202 - - - - - - - -

CDC 0.042 - - - - - - - - -
Glasgow neg 0.220 - - - - - - - - -

CDC 0.065 « iiiiii liiiiiiii
Glasgow # # # t.550 - - - - - - +

CDC 0.057 - - - - - - - - -
Glasgow neg 0.460 - - - - - - - - -

CDC 0.070 - - - - - - - - -
Glasgow neg 0.194 - - - - - - - - -

CDC 0.068 - - - - - - - - -
Glasgow neg 0.224 - - - - - - - - -
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Table S.xvil. May and July 1994

CDC
Glasgow

EIA
MAT

GACELISA ________________ Western Blot_________________
c/oO.546 p18 p24 p31 gp41 p51 p55 p65 gp120 gp160

CDC
Glasgow

0.784
1/8 >3

CDC
Glasgow

2.485
1/512 >3

CDC
Glasgow

2.258
1/256 >3

CDC
Glasgow

2.586
1/512 >3

CDC
Glasgow

2.050
1/32 >3

CDC
Glasgow

0.082
neg 0.255

CDC
Glasgow

0.074
neg 0.232

CDC
Glasgow

0.143
neg 0.262

CDC
Glasgow

0.093
neg 0.244

CDC
Glasgow

0.113
neg 0.281

CDC
Glasgow

0.154
neg 0.214

CDC
Glasgow

0.122
neg 0.271

CDC
Glasgow

EIA
MAT

Western BlotGACELISA ___________
c/oO.395 pis p24 p31 gp41 p51 p55 p65 gpl 20 gpl 60

CDC
Glasgow

1.452
1/32 >3

CDC
Glasgow

2.426
1/512 >3

CDC
Glasgow

0.143
neg 0.201

CDC
Glasgow

0.108
neg 0.160

CDC
Glasgow

0.103
neg 0.230
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Table S.xviii. October 1994

CDC
Glasgow

EIA
MAT

GACELISA ________________ Western Blot_________________
c/oO.407 p18 p24 p31 gp41 p51 p55 p65 gp120 gp160

CDC
Glasgow

2.233
1/256 >3

CDC
Glasgow

2.246
1/512 >3

CDC
Glasgow

1.506
1/4 0.880

CDC
Glasgow

0.734
1/2 0.471

+ +

CDC
Glasgow

0.061
neg 0.196

CDC
Glasgow

0.086
neg 0.184

CDC
Glasgow

0.072
neg 0.231

CDC
Glasgow

0.072
neg 0.200

CDC
Glasgow

0.061
neg 0.243

CDC
Glasgow

0.099
neg 0.253

CDC
Glasgow

0.063
neg 0.194

CDC
Glasgow

0.059
neg 0.300
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Public Health Laboratory Services, Colindale, London

In January 1992 the Public Health Laboratory Service(PHLS) sent the first panel of 

100 dried blood spots for Stobhill to test with just the screening assay. A similar 

method was used to produce the dried blood spots as was used by the CDC quality 

control system (Parry etaL, 1992). These results are shown in table 10. Stobhill 

results marked A compared with 7 other laboratories. One HIV-1 positive specimen 

screened as equivocal. This would have been sent for confirmation, but was not 

because instructions by the PHLS were to just use the screening assay. In this 

quality control panel from the PHLS, the modified gelatin particle agglutination test 

for HIV-1 antibody (MAT) screening assay had no cross reaction with two HIV-2 

antibody positive samples (duplicated to give four spots) eluted from dried blood 

discs on filter paper. The laboratories which used anti-HIV-1 enzyme immunoassay 

techniques (EIA) showed a 50%-100% cross reaction with HIV-2 (G and H, table 

10). The initial description of MAT by Barbara (Barbara etal., 1989) used panels of 

serum samples and found a positive cross-reaction with MAT (and the standard 

Fujirebio assay) in one of five HIV-2 antibody positive sera. Whole viral lysate anti- 

HIV-1 ELISA assay systems have positive cross reactions with 70%-90% of HIV-2 

antibody positive sera (Sloand etal., 1991).
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A B C

Laboratory

D B F G H

Method MAT MAT GAC GAG GAG- GAG EIA EIA
PAT -PAT PAT -PAT

Disc diameter (mm) 3 5.5 6 5 3/5* 5.5 ? ?

Results Numbers of samples correctly identified

HIV-1 positives (52) 52# 51 52 52# 52- 52# 51 51

HIV-2 positives (4) - - 1 - - 2 4

Negative samples (44) 44 44 44 44 44 44 44 44

MAT - modified gelatin particle agglutination test; EIA - enzyme immunoassay 

GACPAT - IgG capture gelatin particle adherence test

* Identical results were obtained with 3mm and 5mm discs

# One specimen reported as 'equivocal'; -Two specimens reported as 'equivocal'

Four further quality control series have been sent from Dr Parry at the PHLS, 

Colindale, London. In panels B, Cand D, MAT performed well with 45, 36 and 29 

correctly identified anti-HIV-1 reactive specimens and 39, 40 and 58 correctly 

identified non-reactive specimens. Non of the 6, 6 and 3 anti-HIV-2 positive 

specimens were reactive in the MAT assay. The performance figures for panel E 

are awaited. The titres for MAT reactive quality control samples from the PHLS 

(panels B, Cand D) are shown in figure 13.
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Figure 13

30 T

PHLS anti-HIV Screening Proficiency
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Series 1 refers to panels B and C, while series 2 refers to panel D. Problems 

occurred with preparation of panel Csuch that a number of laboratories did not 

identify the low titre samples. These 5 samples were identified by MAT at Stobhill 

all at a titre of 1:4. It can be seen that the next panel of samples, panel D, were 

generally at a higher titre. Titres were requested by the PHLS but not by the CDC. 

The routine anti-HIV-1 MAT reactive titres were similar to the titres from panel D 

(figure 14).

Figure 14
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SENSITIVITY AND SPECIFICITY

Sensitivity of the screening assay on all quality control samples

For elimination of false negative results reliance has been put on one assay method 

for screening.

Sensitivity = number tested as positive 
total with the condition

Of the 115 positive CDC quality assurance (QA) samples 115 were reactive using 

the MAT assay. Of 162 positive quality control samples sent by the PHLS 

laboratory the MAT assay gave positive results for 161. The other sample was 

equivocal and would have been sent for confirmation.

The sensitivity of the MAT HIV-1 screening assay

277 = 100%
277

The sensitivity of the GACELISA confirmation assay on CDC samples

=  115 =  100%
115

The sensitivity of the Western Blot confirmation assay on CDC samples was

= 109 = 100%
109

Overall sensitivity of the whole system was

100%

It should be made clear that the sensitivity of the MAT test was in comparison to a 

synthetic panel of blood spots from the CDC (Hannon etal., 1989) and the PHLS 

(Parry at a!., 1992) rather than to clinically derived specimens.

Specificity

The problem of probable carry-over during the punching phase from a strong 

positive card to the next eluate has been highlighted by this CDC quality assurance
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programme. Re-testing QA samples showed that carry-over did not occur with 

increased care to clean the punch between dried blood spots. The author has 

calculated the specificity of the assay system with and without the 3 probable 'punch 

contaminated' CDC QA samples.

Specificity of MAT from QA

with probable 'punch contaminated' samples

Specificity = number tested as negative 
total without the condition

293 = 98.65%
297

without probable 'punch contaminated' samples

293 = 99.66%
294

Specificity of GACELISA from QA samples:

with probable 'punch contaminated' samples

Specificity = 112 = 96.55%
116

without probable 'punch contaminated' samples

112 = 99.12%
113

Specificity of Immunoblot from QA samples was:

with probable 'punch contaminated' samples

Specificity = M  = 95.52%
67

without probable 'punch contaminated' samples

= M  = 98.5%
65
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The overall specificity of the system judged by QA samples was:

with probable 'punch contaminated' samples

Specificity = 295 = 99.33%
297

without probable 'punch contaminated' samples

Specificity = 294 = 100%
294
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ALIGNMENT

Alignment describes the process of matching confidentiai data coilected by the 

Royal College of Obstetricians and Gynaecologists(RGOG) on 'known' HIV-infected 

mothers who have given birth in the UK, with non-identifying data retained from 

Guthrie cards. The confidential data retained by RCOG included maternal date of 

birth, infant date of birth, health board, hospital of birth and sex of infant. This couid 

be matched with month of infant birth, district postcode, hospital of birth, sex of 

infant and, for the second half of 1993 and for 1994, with age of mother in years, if 

alignment was possibie, infants were termed 'known', if aiignment was not possible 

infants were termed 'unknown'. Aiignment for a single year was performed in the 

summer of the foiiowing year, when RCOG had received all notifications from 

obstetricians.

The author performed aiignment for 1990 and 1991 directly with Dr Claire Davison 

at the Institute of Child Health, London who co-ordinated data collection for the 

RCOG. For 1992, 1993 and 1994 the author performed aiignment with the help of 

the Scottish Centre for Infection and Environmental Health who received a computer 

downioad of the RCOG data.
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A PILOT STUDY OF THE DETECTION OF ANTIBODY TO HEPATITIS B CORE ANTIGEN FROM

DRIED BLOOD SPOTS DURING 1992

Introduction

Antibody to hepatitis B core antigen(anti-HBc) is produced soon after infection with 

the virus. This antibody is present in mothers who have recovered compieteiy from 

an episode of hepatitis B in the past and aiso from mothers who continue to be 

carriers of hepatitis B surface antigen and may infect their offspring. Uniike hepatitis 

B surface antigen, anti-HBc crosses the piacenta and maternal antibody can be 

measured in the baby's blood(Levy, 1984). Anti-HBc is not produced after 

vaccination for hepatitis B(Goilav etal., 1990). Testing inborn Errors Screening 

Cards (Guthrie cards) for anti-HBc will indicate mothers who have been infected in 

the past with hepatitis B. Some of these mothers will be chronic carriers(hepatitis B 

surface antigen positive) and will be at high risk of infecting their babies. (These 

mothers are likely to have very high titres of anti-HBc, which will be discussed iater). 

This information will be valuable to health boards who are considering embarking on 

an antenatal screening programme for hepatitis B surface antigen. The 

epidemiology of hepatitis B infection in Scotland has not been well investigated, it is 

known that sera from 70% of drug abusers in Glasgow contain anti-HBc, i.e. the 

serum donors have been infected by the virus at some time in the past (personal 

communication Dr BAG Follett, Regional Virus Laboratory, Ruchiil hospital). High 

risk women, which includes intravenous drug abusers, are screened antenataily for 

hepatitis B. Once identified their babies can be protected from hepatitis B infection 

and its sequelae (Sinatra etal., 1982, Shiraki etal., 1977) by immunisation just after 

birth(Stevens et al., 1985). it is likely that a significant number of babies born to 

mothers who are Hepatitis B surface antigen positive are missed (Kumar etal.,

1987). in North America it has been shown to be cost effective to test all women 

antenataily (Arevalo & Washington, 1988). Routine antenatal testing takes place in 

Dundee and Glasgow (personal communication Dr S. Cameron), but is still not 

performed in Edinburgh (personal communication Dr M. Ogilvie).
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We report here the validation and then routine screening of 13,000 consecutive 

Guthrie cards from Juneio November 1992 using a haemagglutination assay for 

anti-HBc.

Subjects and methods

The ethics committee of the Royal Hospital for Sick Children, Glasgow approved the 

protocol prior to the author's successful application for a grant from the Research 

Support Group of the Greater Glasgow Health Board (RSG/END/9293/K).

Three, 3mm diameter discs were punched out of the blood spots on the Guthrie 

card into two sets of 96 well microtitre(Sterilin, Feltham, England) plates. A plate 

with two discs was used for anti-HBc testing and a plate with one disc, for HIV-1 

antibody testing.

Two 3mm diameter dried blood discs were eluted in flat-bottomed 96-well microtitre 

master plates in 200 microlitres of elution buffer (phosphate-buffered saline, pH 7.2, 

containing 0.5% "Tween 20" and 0.005% sodium azide). The plates were shaken at 

200 cycles per min for 30 min at room temperature and left overnight at 4 degrees 

centigrade, following which they were shaken for 3 min at 500 cycles per min. The 

most effective elution technique was found by experimentation with control samples, 

varying elution buffer and shaking procedures.

A haemagglutination assay (PHA, Corecell, Green Cross Laboratories) was used. 

Forty microlitres of a 1 in 1 dilution of every eluate was made in 'V'-welled microtitre 

plates with a multichannel pipette. Twenty microlitres of a one in 3 dilution of 

sensitised erythrocytes was added to each well, shaken for 5 minutes at 300 rpm 

and left sitting at room temperature for a reaction time of 15 minutes. (A one in 

three dilution of erythrocytes was chosen to reduce reagent costs while allowing 

easy reading of test results. Spin times were varied to see if improvements could be 

made in accuracy using control samples). The plates were then spun at 2600 rpm 

for 2 minutes, and left for a further 15 minutes before being placed on a 70 degree 

slope. Reactions were read after 10 minutes: sensitised red cells which were mixed
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with eluates containing anti-HBc agglutinated and remained as a discrete tight 

button, whereas eluates not containing antibody became an elongated "teardrop" as 

the red cells fell down the slope (plate 5).

189



Plate 5. Green Cross Haemagglutination Assay read on a 70 degree slope

i  ii ? ' i  t  V

Reactive eluates were titred across the endpoint and aspirated from the master 

plate for storage at -20 degrees centigrade. A positive was determined as any 

reactive sample which titred to three wells or more, a dilution of the neat test of 1 in 

8 or greater. Controls were high positive, low positive and negative;- from the 

hepatitis/HIV reference laboratory at Ruchiil Hospital. The Green Cross 

haemagglutination kit (GCHA) supplied a positive control serum sample which was 

used at a 1 in 4 and 1 in 32 dilution.

At the Hepatitis/HIV reference laboratory, Ruchiil Hospital, a radioimmunoassay 

technique (RIA, CORAB, Abbott Laboratories) was used to confirm the presence of 

anti-HBc antibody in 100 ul of all eluates reactive in the GCHA screening test.

I
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Validation of Corecell anti-HBc kit

Dr IL Chrystie first sent 49 serum spots, 41 anti-HBc positive/anti-HBs positive and 

8 anti-HBc positive/anti-HBs negative. All were positive by Green Cross 

haemagglutination (GCHA) on dried serum eluates. He sent a further 41 anti-HBc 

positive/anti-HBs positive serum spots which were positive and titred to at least 1 in 

64.

Ms Briggs sent 44 patient sera from Professor Tedder's laboratory, 14 were marked 

HBsAg-pos/anti-HBe-pos/anti-HBc-pos, 15 HBsAg-neg/anti-HBs-neg/anti-HBc-neg 

and 15 HBsAg-neg/anti-HBs-pos/anti-HBc-pos. Serum was dropped onto Guthrie 

cards and allowed to dry. Punched discs were then eluted as above. GCHA was 

performed at Stobhill hospital. Residual serum and eluate was taken to the 

Hepatitis Reference Laboratory at Ruchiil Hospital where CORAB RIA was 

performed. The results are shown in table 11.

The 27 positive samples confirmed by Ruchiil hospital by CORAB RIA on serum 

were investigated further to see if 5 further methods of shaking would improve the 

elution of serum from dried filter paper. No improvements were seen in GCHA titres 

with: 1. shake for 24 hours at 900 RPM, 2. shake overnight at 900 RPM, 3. shake 

overnight on alternative shaker, 4. shake as 2. plus shake overnight on alternative 

shaker, shake as 1. plus shake overnight on alternative shaker.

Samples were eluted in elution buffer and in phosphate buffered saline. CORAB 

RIA results from eluate were better with elution buffer which established that a small 

amount of 'Tween' was required for the maximum elution of antibody.
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Table 11: CORAB RIA confirmation testing on control samples from Ms Briggs

Ruchiil Glasgow Stobhill

lnf<srmation from Ms Brie gs CGRAB RlA ,
Serum |

GCHA

HBsAg anti-HBe Anti-MBs Anti-HBc Serum Eluate Cut-off Eluate
+ + + 163 6426 4500 1:4
+ + + 107 36 4500 1:128
+ + + 84 272 4500 1:1024
+ + + 102 209 4500 1:1024
+ + + 237 3924 4500 1:256
+ + + 80 241 7431 1:1024
+ + + 295 5489 7431 1:16
+ + + 96 3142 6022 1:64
+ + + 197 3751 4500 1:32
+ + + 126 332 7431 1:1024
+ + + 109 1352 4500 1:1024
+ + + 45 482 4500 1:1024
+ + + 160 5644 7431 1:16
+ + + 90 255 7431 1:1024
- - - 12999 13974 7431 -

- - - 14983 10121 7431 1:2
- - 13538 11257 7431 -

- - - 11845 12513 7431 -
- - - 8440 7404 4500 -

- - - 6852 7407 4500 1:2
- - - 9013 7376 4500 1:1
- - - 12892 12296 7431 -

- - - 13704 13335 7431 1:1
- - - 13131 11463 7431 -

- - - 9553 11400 6022 -

- - - 6354 8443 4500 -

- - - 13185 15033 7431 1:4
- - - 11600 12746 7431 1:1
- - - 11954 14028 7431 1:2
- + + 295 6330 4500 1:4
- + + 121 7018 6022 1:2
- + + 398 7818 7431 1:16
- + + 150 4246 4500 1:4
- + + 132 2943 7431 1:64
- + + 302 7724 7431 1:32
- + + 7824 8683 4500 1:1
- + + 935 12209 7431 1:2
- + + 913 10304 7431 1:1
- + + 308 5923 4500 1:8
- + + 1175 8321 6022 1:2
- + + 507 6993 4500 1:32
- + + 537 10797 7431 1:4
- + + 5125 9644 4500 1:1
- + + 203 3044 7431 1:32
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Figure 15: Eluate GCHA titres for control samples from Ms Briggs
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Figure 15 shows the GCHA eluate titres from table 11. Eluates from dried spots 

made with serum where no trace of past or present Hepatitis B infection could be 

found are shown on the left as open bars. Eluates from immune sera are shown as 

filled bars in the centre and eluates from carrier sera are shown on the right as 

hatched bars. In this small panel, an eluate GCHA titre of 1/128 or above indicated 

that sera were from Hepatitis B carriers.

It can be seen from table 11 that the eluate when retested by CORAB RIA did not 

always reflect the eluate tested by GCHA or the original serum tested by CORAB 

RIA. The eluate tested by GCHA was on the whole a good reflection of original 

serum tested by CORAB RIA. It became clear that the CORAB RIA using the 

standard serum cutoff was not sensitive as a confirmatory technique on these small 

eluate samples. The CORAB RIA is dependent on the serum protein concentration. 

Therefore the cutoff calculated for serum samples was unlikely to be the same as 

the cutoff using eluate samples which have very little serum protein. This aspect 

was explored using a panel of sera from female drug addicts and is described in the 

next section.
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Dr S. Cameron at the Hepatitis/HIV reference laboratory Ruchiil hospital sent 47 

'negative' serum controls tested by CORAB RIA. Dried blood spots were produced 

(by the technique used by the HIV dried biood spot quality control CDC, Atlanta 

(Hannon etal., 1989)). These were eluted and tested by GCHA at Stobhill hospital. 

Dr Cameron had inserted a positive among these negative sampies which titred to 

at least 1:64, the other 46 were completely negative. Repeat testing gave the same 

resuits.

Ali 107 negative quality control samples sent by all groups were found to be 

negative (ali less than 1 ;8) by the GCHA on eluate, indicating a specificity of 100% 

in this smaii set of controi samples. Eluates were not re-tested by CORAB RIA.

Consecutive female drug addicts (not antenatal)

Dr Cameron using the CORAB RiA technique, then tested 100 consecutive serum 

samples previously collected in 1992 from female intravenous drug abusers in 

Giasgow. 56 were positive when the serum was tested by RiA (for sampies ciose to 

the cutoff this was confirmed by using a microparticle enzyme immunoassay (iMx) 

from Abbott laboratories, and only those sera positive by both assay systems were 

termed positive). These samples were then sent blind to Stobhiil hospital. Dried 

blood spots and neat serum were tested by GCHA. Eluates from the blood spots 

were retested at the Hepatitis/HIV reference laboratory using the CORAB RIA. 

Repeat GCHA testing gave the same results usually at the same titre but always 

within one dilution. The results are shown in table 12a. Bold print indicates a 

positive resuit. Positive criteria for the GCHA was a titre of 1/8 or greater. Cutoff for 

the CORAB RiA serum samples was calculated by taking the kit positive control 

count added to the kit negative control count, and dividing the sum by two. The 

eluate cutoff was interpolated from figure 16, which shows the (serum cutoff) 

normalised CORAB RiA vaiues of both sera and eluates from the 100 female drug 

addicts. From this data the CORAB RIA eluate cutoff can be recalculated as the 

serum cutoff multiplied by 1.6.
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Table 12a Quality Assurance from the Regional Virus Laboratory, Ruchiil

Serum Serum Dried biood spot Serum Eluate Eluate
RIA IMx eluate GCHA GCHA RIA IMx

c/o 6988 c/o 1.0 c/o <1/8 c/o <1/8 c/o <1/8 c/ollllB c/o 1.0
9691 neg neg neg 15201
9743 nag neg 1/16 14830
158 1/16 1/16 1/16 2837
121 1/16 1/16 1/16 2464
129 1/16 1/16 1/16 1671

5118 1.512 1/2 1/2 1/16 12222 2.052
1001 neg 1/4 1/16 13557
4316 0.146 1/2 1/2 1/16 13493
1287 0.045 1/2 1/2 1/16 12291
143 1/16 1/16 1/16 2841 0.115
334 1/16 1/16 1/16 8153 0.947
298 1/16 1/16 1/16 8392 1.321
256 1/8 1/16 1/16 8159 0.865

13099 neg neg 1/16 16622
1332 0.079 1/2 1/8 1/16 11537 1.614
1232 0.046 1/16 1/8 1/16 9571 1.374
14552 1/2 neg 1/8 16227
4008 0.418 1/2 1/8 1/16 15607 1.890
225 1/16 1/16 1/16 4787 0.553
280 1/16 1/16 1/16 5146 0.558

2307 0.070 1/8 1/16 1/16 13268 1.700
14301 neg neg 1/16 14100
13084 neg neg 1/16 15607
11255 neg 1/2 1/16 14819
14390 neg neg 1/16 16162
7945 neg 1/2 1/16 14583
412 1/16 1/8 1/16 5976 insuff
252 1/8 1/16 1/16 6979 0.540
1248 0.027 1/4 1/16 1/16 11267 1.179
10451 1/4 neg 1/16 14075
338 1/8 1/16 1/16 9456 0.945

12389 neg neg 1/4 14217
10036 neg neg 1/16 15827
12490 neg neg 1/16 13379
14419 neg neg 1/16 17179
15799 neg neg 1/8 14744
16484 neg neg 1/8 15126
487 1/16 1/16 1/16 6127 0.663

12146 1/2 neg 1/8 13763
12935 neg neg 1/4 14033
1790 1/8 1/8 1/16 4545 0.483
13810 neg neg 1/16 16472
461 1/8 1/16 1/4 8471 1.252

7675 neg neg 1/16 15253
523 1/16 1/16 1/16 9585 1.043

12081 neg neg 1/16 15643
338 1/8 1/16 1/4 6726 0.760
131 1/16 1/16 1/16 5432 0.251
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12496 neg neg 1/16 13398
4667 0.312 1/4 1/4 1/16 13525 1.891
11292 neg neg 1/16 14261
145 1/16 1/16 1/16 3282 0.093
182 1/16 1/16 1/16 4877 0.443

1159 1/4 1/2 1/16 13911 2.063
174 1/16 1/16 1/16 6218 0.443

1436 insuff 1/2 1/4 1/16 12748 1.903
15346 neg neg 1/4 14979
13736 neg neg 1/16 15551
12376 neg neg 1/4 12486
382 1/16 1/16 1/16 8695 1.143

3226 0.065 neg neg 1/16 14696 2.099
2710 0.076 neg 1/2 1/16 13950 2.196
4962 0.357 neg 1/2 1/16 14261 2.241
1749 0.051 1/2 1/4 1/16 12773 1.796
216 1/16 1/16 1/16 4173 0.280

12533 neg neg 1/4 14761
11801 neg neg 1/16 13967
969 1/16 1/16 1/16 8191 1.520

15171 neg neg 1/16 15611
14162 neg neg 1/4 13404
235 1/16 1/16 1/16 4107 0.408
399 1/16 1/16 1/16 6434 0.637

4934 2.175 neg neg 1/16 15500 2.308
865 1/8 1/16 1/16 11591 1.211
256 1/16 1/16 1/16 8111 0.574

13751 neg neg 1/8 15290
14189 neg neg 1/8 15299
11768 neg neg 1/16 15789
14353 neg neg 1/8 15585
13353 neg neg 1/16 14360
216 1/16 1/16 1/16 3483 0.409

12364 neg neg 1/16 13738
5400 0.564 neg neg 1/16 15167 2.386
312 1/16 1/16 1/16 3693 0.349
332 1/16 1/16 1/16 6584 insuff

10870 1/4 neg 1/16 15740
433 1/8 1/16 1/16 9281 1.495
145 1/16 1/16 1/16 3206 0.153

14448 neg neg neg 13902
339 1/16 1/16 1/16 10419 0.987

14898 neg neg 1/4 14671
12364 neg neg 1/16 13676
165 1/16 1/16 1/16 2523

13668 neg 1/2 1/8 14080
12081 neg neg 1/16 14368
565 1/16 1/16 1/16 8260 0.876
288 1/16 1/16 1/16 4720
310 1/16 1/16 1/16 3614

4395 0.202 1/4 1/4 1/16 12684 2.313
72 1/16 1/16 1/16 2306

Bold type denotes positive values
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Figure 16a: Normalised serum anti-HBc CORAB RIA results from 100 
control samples taken from female intravenous drug users
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Figure 16b: Eluate anti-HBc CORAB RIA results from the same 100 
Glasgow intravenous drug users normalised with the serum cutoff

value
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Figure 16a shows the serum CORAB RIA results, from 100 consecutive intravenous 

drug users, normalised by dividing the test count by the serum cutoff value. Anti- 

HBc positive samples are on the left (filled bars) and anti-HBc negative samples are 

on the right (empty bars). CORAB RIA is a competitive assay and is therefore 

sensitive to changes in the concentration of serum proteins. Eluates have a very 

low protein concentration compared to serum.

Figure 16b shows eluate CORAB RIA results from the same 100 samples. All 

results have moved to the right due to removal of the serum protein effect.

Therefore a new eluate cutoff value needs to be interpolated. Unfortunately kit 

controls, used to calculate the serum cutoff, were not resuspended with red cells 

and eluted and could therefore not be used to re-calculate the eluate cutoff. In 

figure 16b, eluate results of anti-HBc positive sera have spread into the area of the 

negative sera. If the manufacturers serum cutoff were used as the eluate cutoff, 

only 26 eluates of 56 anti-HBc positive sera would be judged as positive (sensitivity 

of the eluate CORAB RIA using serum cutoff 46%, specificity 100%). By moving 

the cutoff further to the right, sensitivity can be improved without compromising 

specificity. Therefore 1.6 times the serum cutoff was interpolated from figure 16b as 

the eluate cutoff, as this excluded negative sera when used with the 100 control 

samples. Therefore the eluate cutoff for these control samples was 1.6 x 6988 = 

11181. With this cutoff, 39 eluates of 56 anti-HBc positive sera were judged 

positive (sensitivity of the eluate CORAB RIA using eluate cutoff as 1.6 times the 

serum cutoff was 70%, specificity 100%).

Fifty-six percent of the serum quality control panel of samples, which were taken 

consecutively from intravenous drug using women in Glasgow during 1992, were 

anti-HBc positive by CORAB RIA confirmed by IMx. Forty-one eluates from blood 

spots made by re-suspending red cells in the control sera were positive by GCHA to 

a titre of 1/8 or 1/16. The sensitivity of the GCHA screening test was therefore 73% 

with 100% specificity. Thirty-nine of the eluates were confirmed by CORAB RIA
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(using the recalculated eluate cutoff above), making the sensitivity of the eluate 

assay system (screening with confirmation) (39/56) 70% (95%CI 58%, 82%) and the 

specificity 100%.

Dried serum spot samples sent from North Zambia

During 1992, 109 serum samples which had been spotted onto Guthrie cards, from 

antenatal patients with extreme cachexia, were sent from North Zambia for HIV-1 

confirmation (Tappin etal., 1993b). Sixteen samples were HIV-1 positive by MAT, 

with 15 confirmed by GACELISA and Western Blot, which confirmed the accuracy of 

HIV Chek (Dupont) and Wellcozyme Rec HIV-1/2 kits used locally In Africa. Of 

these samples, 29 (27%) showed a 1:8 or greater titre of antl-HBc using GCHA. 

CORAB RIA confirmation was not performed. Only one sample was positive for 

both antl-HIV-1 and antl-HBc.

In a small sample of 26 consecutive Glasgow Aslan antenatal samples 2 (8%) were 

antl-HBc positive by CORAB RIA on serum and In a similar small sample of 19 

consecutive Glasgow Chinese antenatal samples, 5 (25%) were antl-HBc positive.

The Registrar General's Office (RGO) In the annual report published country of birth 

of mother by local government district for live births In Scotland. Further Information 

was applied for and received giving more detailed country of birth Including 

Individual African and Aslan countries for 1991. These countries have a high 

prevalence of endemic Infection with hepatitis B (Maynard, 1990).

Between July and September 1992,13,858 consecutive routine Guthrie cards were 

screened for antibody to Hepatitis B core antigen using the GCHA assay with 

confirmation by CORAB RIA.
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LIAISON WITH OTHER STUDIES

Dr N Croft working as registrar to Dr JYQ Mok allowed use of information from the 

Edinburgh Perinatal Transmission Study. This included information from the 

Antenatal HIV Study in Edinburgh(Goldberg D. J. eta!., 1992). Dr R Smith allowed 

comparisons to be made with information from the latter part of the Dundee 

Antenatal Study (Goldberg D. J. etal., 1992). Dr R Smith and Dr F Johnstone also 

gave information on termination of pregnancy in Dundee and Edinburgh. Dr Reid, 

Dr Emslie and Dr Goldberg from the Scottish Centre for Infection and Environmental 

Health, Ruchill Hospital, Glasgow also allowed full use of comparative information. 

Dr S Haw, Dr M Frischer and Dr R Brettle allowed use of information on intravenous 

drug users in Edinburgh and Glasgow. Dr Claire Davison and Dr Tony Ades 

allowed use of the register of known HIV positive children compiled jointly by the 

Institute of Child Health in London, the Public Health Laboratory Service Colindale, 

and the Scottish Centre for Infection and Environmental Health (SCIEH) for 

alignment purposes. Alignment is now performed at SCIEH.
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STATISTICAL METHODS

Confidence intervals were calculated using the formula for a binomial distribution.

The standard deviation of the proportion p (Sp) = P ^ (1-p)
n

95% confidence interval = p + 1.96Sp, p -1 .96Sp

(Pipkin, 1984).

The fisher exact test was used to assess the significance of the decrease in HIV-1 

infected mothers who lived in the major cities from 1990 to 1994. The Chi square 

test for trend (Mantel Extension) from Epi Info Version 5 assessed the linear trend of 

this change. The Chi square test was used to assess the significance of the 

decrease in 'known' mothers from 1990/1991 to 1992/1993.

A two tailed unpaired t-test was used to assess any difference in the mean age of 

HIV-infected mothers who gave birth in 1990 from those who gave birth in 1994, 

assuming normal distributions of maternal age. The non-parametric Wilcoxon rank 

sum test was also applied to the same data in case the assumption of normal 

distributions was not valid.

Relative risk (RR) was calculated for breastfeeding of 'unknown' compared with 

'known' by dividing the risk for 'unknown' HIV-infected mothers (33%) by the risk in 

'known' mothers (11%). The 95% confidence interval (95%CI) was calculated from 

the formula:

95%CI = RR(1-/+1.96/x)

Where X is the square root of the chi square statistic (Hennekens & Buring, 1987).
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RELEASING INFORMATION

The Chief Medical Officer for Scotland received information from the study on a six 

monthly basis. Health Board AIDS co-ordinators were given information on an 

annual basis. Review of the first 12 months results was published in the Lancet 

(Tappin etal., 1991). Further review (Tappin etal., 1993a) with spread of infection 

(Tappin etal., 1995b) was published in the Scottish Medical Journal, information 

has been used with named antenatal testing to describe HIV infection in pregnancy 

in Edinburgh (Johnstone etal., 1994). The ethics of Uniinked-Anonymous testing 

has been discussed with reference to the results of this study (Tappin etal., 1994). 

The Scottish Centre for Infection and Environmental Health has used the data 

extensively when describing 'Monitoring the Spread and Impact of HIV infection in 

Scotland' (Emslie etal., 1992). The data was used in the most recent working group 

report 'Acquired Immune Deficiency Syndrome and HIV-related disease in Scotland: 

Predictions to the end of 1995' (Communicable Diseases(Scotland) Unit, 1993).

The information is a resource now available from the Scottish Centre for Infection 

and Environmental Health.
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SUMMARY OF METHODS

The Guthrie card blood sample taken for routine neonatal screening for Inborn 

Errors of Metabolism was used to measure the HIV-1 seroprevalence In childbearing 

women In Scotland.

Funding was awarded by the Medical Research Council for an Initial 21 month 

period which was extended to 39 months finishing at the end of In March 1993, after 

which the Scottish Office has continued funding of the project as part of routine 

surveillance of HIV In the Scottish population.

Ethical approval had to be obtained from all local ethics committees who were 

approached by local paediatricians. Extensive follow-up by the author helped find, 

and In one case create, all relevant ethics committees.

Direct Identifiers were removed prior to HIV-antlbody testing. Month of Infant birth, 

district postcode, hospital of birth and later maternal age In years were retained as 

non-ldentlfying Information.

Guthrie cards were modified to Include postcode and maternal age.

Audit of 'unscreened' cases In the Inborn Errors programme was carried out using a 

systematic 1 In 8 sample of births registered In Scotland during 1991 by finding an 

Inborn Errors screening result from each Infant.

Screening for HIV-1 antibody employed a modified particle agglutination assay 

(MAT), with confirmation by antibody capture ELISA and full Western Blot. Twelve 

quality assurance dried blood spot samples were sent every three months by the 

Centers for Disease Control and Prevention, Atlanta, USA to assess the whole 

assay system. The Public Health Laboratory Services, Colindale, London sent 5 

quality assurance panels to assess the MAT screening assay only.
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Close contacts were made with obstetricians and paediatricians who looked after 

'known' HIV-infected mothers and their infants, to align 'known' births with 

demographic data from Guthrie cards. This liaison has been cemented by the 

Scottish Centre for Infection and Environmental Health.

All ethics committees, the Scottish Office and other workers were sent results on a 

yearly basis. Reports were published in a number of peer reviewed journals.

A pilot study to assess the Green Cross haemagglutination assay to screen for anti- 

HBc in dried blood spot eluates was undertaken during 1992.
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RESULTS
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ETHICS COMMITTEES

Table 13 shows the dates of ethics committee approval, with the cumulative % of all 

Scottish births covered (based on births in Scotland in 1988). By January 1990, 

areas in which half of all Scottish births took place had given approval. Orkney, 

representing about 250 births per annum, would not give approval for the study. All 

other areas gave approval. Orkney finally granted ethics committee approval in 

June 1993 after three approaches.

APPROVAL WITH DATES

TABLE 13: Health Board areas and date of ethics committee approval

Health Board Areas Date of ethics Cumulative total
committee approval %

Greater Glasgow 11/5/89 20%
Perth and Kinross 10/11/89 22%

Lothian 23/11/89 36%
Borders 5/12/89 38%

Fife 5/12/89 44%
Highland 15/12/89 48%

Paisley and Renfrew 1/2/90 54%
Grampian 7/2/90 64%

Ayr and Arran 20/2/90 71%
Forth Valley 27/2/90 76%

Vale of Leven 28/2/90 78%
Dumfries and Galloway 6/3/90 81%

Western Isles 15/3/90 82%
Angus 28/3/90 83%

Dundee 23/4/90 87%
Shetland 14/5/90 88%

Argyll 11/6/90 89.6%
Lanarkshire 14/6/90 99.6%

Orkney 19/6/93 100%
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THE POPULATION

AUDIT

Excluding the parents who refused Inborn errors screening, 12 (0.14%) of 8,379 

registered Infants were 'unscreened' by the Inborn Errors Screening Program In 

Scotland during 1991. Regional Medical Officers (RMO) reported that samples had 

been sent for 5 of the 12 'unscreened' Infants. No geographical focus of 

'unscreened' Infants was evident. Of 12 'unscreened' Infants, only one mother was 

difficult to trace and follow-up, the other 11 were simple errors due to lack of an 

Initial sample or Ineffective negative reporting. The coverage of the Inborn Errors 

Screening Program In Scotland was 99.86%(95%CI 99.78, 99.94).

Initial automated matching by date of birth and mother's surname allowed 6,700 of 

8,379 records to be paired. 264 of these Registrar General Office (ROD) records 

were Incorrectly matched usually due to common surnames such as McDonald and 

Smith, leaving 6,436 (76%) correctly matched automatically by computer. These 

mismatches were easily recognised as they often lived In separate parts of Scotland 

and were born In different hospitals. One thousand six hundred and seventy-nine 

unmatched and 264 mismatched RGO records, totalling 24% of the original sample, 

were Individually searched for by the author In the Guthrie database. All but 

235(2.8%) RGO records could be matched confidently with an Inborn Errors record 

In the Guthrie database (Table 14).

Table 14: Matching RGO with Guthrie records: Automated and Individual

Automated 6436 Correct 264 Incorrect
Reason for no automated 
match

Individual Father's surname 454
Corrupted date of birth 399
Spelling errors 855
No matching Guthrie record 235

Total RGO

records 8379
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The reasons for unmatched and inappropriately matched records by computer were 

23% due to father's surname instead of mother's, 21% mistakes or corrupted date of 

birth, 44% minor errors in spelling of the surname and 12% no recognisable record.

Table 15 shows the outcome of telephoning the office of the Regional Medical 

Officer(RMO) for the 235 RGO records not matched. For two infants the Office of 

the Registrar General sent a record which could only be matched with an infant born 

at the same address with the same surname on the same day and month but in a 

different year. This was uncovered by the RMO and probably indicates a mistake in 

data entry at the RGO.

Table 15: Outcome of telephoning the office of the Regional Medical 
Officer(RMO) for infants where no matching Guthrie record was found

Outcome Check at Stobhill on paper

Negative result at RMO Negative result found 178
Baby died within 24 hours of birth 34
Baby returned home outside Scotland 5
RGO record incorrect:- wrong year 2
Refusal for religious reasons 3
Refusal for reasons not given 1
'Unscreened' (including lost the in post) 12*

Total 235

* District postcodes of the twelve 'unscreened' were: DD5, IV3, ML5, DD6, KY8,

ML5, DD3, KA24, KA1, KY11, FK10, G67.

LIAISON

All 13 HIV-infected mothers known to have given birth during 1990, who were 

followed with their baby by the Edinburgh Perinatal Transmission Study, had Guthrie 

cards which arrived at the Inborn Errors Screening Laboratory at Stobhill General 

Hospital.
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SAMPLES TESTED

Table 16: Samples tested at Stobhill Hospital

Year 1990 1991 1992 1993 1994

Cards screened for Inborn Errors 

(year card arrived at laboratory)

66765 67374 66225* 63799* 62070*

Cards not HIV-screened Orkney 259 238 225 118#

Cards from outside Scotland 64 51(50) 54(51) 57(57) 58(58)

Spontaneous parental refusal 9 12 17 12 10

Not enough residual blood 5 1 6 0 0

Blood would not elute from card 3 5 5 2 3

Cards screened for antl-HIV-1 

(year of birth)

65773 66758 65859* 64005* 61553*

Babies registered In Scotland 

(year of registration)

65973 67024 65789 63337 N/A

0 Carlisle * Includes 340 duplicates In 1992, 376 In 1993 and 396 In 1994 

# Cards from Orkney were tested from July 1993 onwards.

SAMPLES NOT TESTED

SPONTANEOUS REFUSAL (OPTING-OUT)

Postcodes

1990:- Unfortunately details were lost but none lived In Edinburgh City and most 

were from one area In Lanarkshire.

1991 6 from G67, 2 from FK8, one each from DD2, G41, FK3 and FK18.

1992:-9 from G67, 3 from DD1, one each from EH51, FK5, FK9, FK12, PH33.

1993:-4 from G67, 2 from G65, one each from DD2, DD5, FK10, PH33, KW15, DG2 

19941-3 from G67, one each from IVI, DG5, KW17, EH54, FK20, FK10, G51.
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THE SCREENING TEST

During 1990, thirty samples had some reaction to the screening test (table 17). 

Twenty-three had the typical reactive pattern of a tight "button" of agglutinated 

particles in the bottom of the well (plate 3). Seven had slow reactions, meaning that 

they were slow to form a negative streak of unagglutinated particles. The other 

65,743 showed the typical negative pattern where the gelatin particles streak down 

a slope with gravity(plate 3). All samples showing the positive button reaction were 

retested with serial dilutions of eluted serum. It can be seen (tables 17-21) that 

most reactive samples titred to greater than 1 in 100. The samples giving a slow 

reaction, meaning a slower than usual formation of a negative tear-drop, were all 

sent for confirmation testing, and all were negative on antibody capture ELISA at 

Ruchill Hospital.

Results for 1991,1992, 1993 and 1994 are shown in tables 18,19, 20 and 21.

Unfortunately the GACELISA Optical Density (CD) figures for most eluates in 1990, 

for 1991, for some eluates in 1992 and a few eluates in 1993 were not kept. Also 

for one eluate in 1992 and 3 eluates in 1993, note of the Western Blot band patterns 

were not kept. The author apologises for this missing data.
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TABLE 17: Specimens sent for confirmation from babies born in 1990

No. SCREENING 
STOBHILL HOSPITAL

CONFIRMATION 
RUCHILL HOSPITAL

Particle agglutination GACELISA Miniblot

OD Cutoff Result
1 Slow 'tear drop' OD missing Negative Not done

2 Reactive Titre 1/128 OD missing Positive Positive

3 Reactive litre  1/128 OD missing Positive Positive

4 Slow 'tear drop' OD missing Negative Not done

5 Slow 'tear drop' OD missing Negative Not done

6 Slow 'tear drop' OD missing Negative Not done

7 Reactive litre  1/128 2.094 Missing Positive Positive

« 8 Reactive litre  1/128 OD missing Positive Positive
l i :« c t iv e  Titre 1/128 OD missing Positive Positive

10 Reactive Titre 1/128 OD missing Positive Positive
11 Slow 'tear drop' OD missing Negative Not done

12 Reactive Titre 1/128 OD missing Positive Positive

13 Slow 'tear drop' OD missing Negative Not done

14 Reactive Titre 1/128 OD missing Positive Positive

15 W Reactive Titre 1/2 1.208 Missing Positive Negative

16 W Reactive Titre 1/2 0.609 Missing W Pos Negative
17 Reactive Titre 1/128 OD missing Positive Positive
18 W Reactive Neat 1/1 OD missing Negative Not done

19 Reactive Titre 1/128 OD missing Positive Positive
20 Reactive Titre 1/128 OD missing Positive Positive

21 Reactive Titre 1/256 OD missing Positive Positive

22 Reactive Titre 1/512 OD missing Positive Positive

23 Slow 'tear drop' OD missing Negative Not done
24 Reactive Titre 1/64 OD missing Positive Positive
25 Reactive Titre 1/32 OD missing Positive Positive
26 Reactive Titre 1/128 OD missing Positive Indeterminate
27 Reactive Titre 1/512 OD missing Positive Positive
28 Reactive Titre 1/512 OD missing Positive Positive
29 Reactive Titre 1/512 OD missing Positive Positive

30 Reactive Titre 1/64 OD missing Positive Positive
Bold type indicates samples from the same batch of cards

Shaded areas indicate samples with identical non-identifying data
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TABLE 18: Specimens sent for confirmation from babies born in 1991

No. SCREENING 

STOBHILL HOSPITAL

CONFIRMATION 

RUCHILL HOSPITAL

Particle agglutination GACELISA Miniblot

OD Cutoff Result
1 Reactive Titre 1/512 OD missing Positive Positive

2 Reactive Titre 1/128 OD missing Positive Positive

3 Reactive Titre 1/32 OD missing Positive Positive

4 Reactive Titre 1/256 OD missing Positive Positive

5 Reactive Titre 1/512 OD missing Positive Positive

i i i i f e v e  Titre 1/512 dOkssing jpositive mm
#00 Rëictive Titre 1/^56 ODmissiSil Positivé

8 Reactive Titre 1/512 OD missing Positive Positive

9 Reactive Titre 1/64 OD missing Positive Positive

10 Reactive Titre 1/64 OD missing Positive Positive
11 Reactive Titre 1/32 OD missing Positive Positive
12 Reactive Titre 1/256 OD missing Positive Positive
13 Reactive Titre 1/128 OD missing Positive Positive

14 Reactive Titre 1/64 OD missing Positive Positive

15 Reactive Titre 1/512 OD missing Positive Positive

16 Reactive Titre 1/128 OD missing Positive Positive

17 Reactive Titre 1/32 OD missing Positive Positive

18 Reactive Titre 1/256 OD missing Positive Positive
19 Reactive Titre 1/256 OD missing Positive Positive

Bold type indicates samples from the same batch of cards

Shaded areas Indicate samples with idenUcal non^identîfylng data
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TABLE 19: Specimens sent for confirmation from babies born in 1992

No. SCREENING 

STOBHILL HOSPITAL

CONFIRMATION 

RUCHILL HOSPITAL

Particle agglutination GACELISA Miniblot

OD Cutoff Result

1 Reactive Titre 1/64 OD missing Positive Positive

2 Reactive litre  1/128 OD missing Positive Positive

3 Reactive Titre 1/512 OD missing Positive Positive

4 Reactive Titre 1/64 OD missing Positive Positive

5 Reactive Titre 1/256 OD missing Positive Positive

6 Reactive Titre 1/32 OD missing Positive Positive
7 Reactive Titre 1/512 OD missing Positive Positive

8 Reactive Titre 1/512 OD missing Positive Positive

9 Reactive Titre 1/256 OD missing Positive Positive

10 Reactive Titre 1/256 OD missing Positive Positive

11 Reactive Titre 1/256 OD missing Positive Positive

12 Reactive Titre 1/256 OD missing Positive Positive

13 Reactive Titre 1/256 OD missing Positive Positive
14 Reactive Titre 1/128 2.855 0.325 Positive Positive

15 Reactive Titre 1/128 2.610 0.325 Positive Positive

16 Reactive Titre 1/512 OD missing Positive Positive

17 Reactive Titre 1/16 OD missing Positive Positive

18 Reactive Titre 1/64 >3 0.318 Positive Positive

19 Reactive Titre 1/128 >3 0.345 Positive Positive

20 Reactive Titre 1/128 2.966 0.381 Positive Positive
21 Reactive Titre 1/256 >3 0.449 Positive Positive
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TABLE 20: Specimens sent for confirmation from babies born in 1993

No. SCREENING 

STOBHILL HOSPITAL

CONRRMATION 

RUCHILL HOSPITAL

Particle agglutination GACELISA Miniblot

OD Cutoff Result
1 Reactive Neat OD missing Negative Negative
2 Reactive Titre 1/256 2.856 0.387 Positive Positive
3 Reactive Titre 1/16 2.906 0.314 Positive Positive
4 Reactive Titre 1/512 2.932 0.368 Positive Positive

5 Reactive Titre 1/512 >3 0.449 Positive Positive

6 Reactive Titre 1/64 >3 0.338 Positive Positive

7 Reactive Titre 1/64 OD missing Positive Positive

8 Reactive litre 1/64 OD missing Positive Positive
9 Reactive Titre 1/128 OD missing Positive Positive
10 Reactive Titre 1/128 >3 0.286 Positive Positive
11 Reactive Titre 1/256 >2 0.318 Positive Positive
12 Reactive Titre 1/256 2.741 0.318 Positive Positive

13 Reactive Titre 1/128 2.901 0.336 Positive Positive
14 Reactive Titre 1/16 2.647 0.428 Positive Positive

15 Reactive Titre 1/32 >3 0.412 Positive Positive

16 Reactive Titre 1/32 2.968 0.412 Positive Positive
17 Reactive Titre 1/256 >3 0.394 Positive Positive
18 Reactive Titre 1/32 >3 0.389 Positive Positive
19 Reactive Titre 1/64 >3 0.363 Positive Positive

Boid type indicates samples from the same batch of cards
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TABLE 21: Specimens sent for confirmation from babies born in 1994

No. SCREENING 

STOBHILL HOSPITAL

CONRRMATION 

RUCHILL HOSPITAL

Particle agglutination GACELISA Miniblot

OD Cutoff Result
1 Reactive Titre 1/128 >3 0.358 Positive Positive

2 Reactive Titre 1/128 >3 0.363 Positive Positive

3 Reactive Titre 1/128 >3 0.363 Positive Positive

4 Reactive Titre 1/128 >3 0.332 Positive Positive

5 Reactive Titre 1/128 >3 0.332 Positive Positive

6 Reactive Neat 0.261 0.461 Negative Negative

7 Reactive Titre 1/32 >3 0.410 Positive Positive
8 Reactive Titre 1/64 >3 0.461 Positive Positive
9 Reactive Titre 1/256 >3 0.376 Positive Positive

10 Reactive Titre 1/256 >3 0.375 Positive Positive
11 Reactive Titre 1/512 >3 0.395 Positive Positive
12 Reactive Titre 1/64 >3 0.367 Positive Positive

13 Reactive Titre 1/256 >3 0.367 Positive Positive
14 Reactive Titre 1/512 >3 0.337 Positive Positive
15 Reactive Titre 1/512 >3 0.339 Positive Positive
16 Reactive Titre 1/256 >3 0.339 Positive Positive
17 Reactive Titre 1/64 >3 0.412 Positive Positive
18 Reactive Titre 1/256 >3 0.346 Positive Positive
19 Reactive Titre 1/256 >3 0.361 Positive Positive
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CONFIRMATORY TESTING

Criteria for a positive sample were, that it should be repeatedly positive to the MAT 

screening test, and positive (above the cut-off point) on ELISA, and positive on 

Western Blot testing. A positive Western Blot was defined as the presence of 

antibody to an envelope protein (gp41, gp120, gp160) and also one structural 

protein, either core(pap, p17, p24, p55) or polymerase(p31, p51 ,p66)(Peckham et 

al., 1990). Sample 26 in 1990 (table 17) brought to light a problem with this 

definition. This sample showed quite a strong reactivity (titre 1/128) in MAT, and 

was confirmed positive by GACELISA. Bands were present at gp41, gp120/gp160 

on Western Blot. It is likely that this sample was from a baby whose mother was 

infected with HIV. The CDC dried blood spot quality control uses the 

ASTPHLD/CDC (Centers for Disease Control, 1989) criteria for a positive Western 

Blot of any two bands of p24, gp41, gp120/gp160. By the CDC criteria, sample 26 

would be positive rather than indeterminate.

GACELISA

During 1990, IgG antibody capture ELISA for HIV-1 and 2(GACELISA) tests were 

performed on all 30 samples. Twenty-three samples showed a "button" positive 

reaction to the screening test (table 17), and 22 of these had some positive reaction 

on GACELISA. Those with high titres to the screening test were all strongly 

positive. Of the three with low MAT titres (table 17) sample 15 showed a positive 

GACELISA, sample 16 showed a weak positive GACELISA and sample 18 was 

negative. All samples with slow negative streaks to the screening test showed no 

reaction in GACELISA (samples 1,4,5,6,11,13, 23, table 17).

During 1991, GACELISA tests were performed on 19 screened positive eluates. All 

were confirmed positive by GACELISA and Western Blot. Results for 1992, 1993 

and 1994 are shown in tables 19, 20 and 21.
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W estern  b l o t

During 1990, twenty-two samples with some reaction in GACELISA had Western 

Blots performed (table 22). The 20 samples with high end-point titres on screening 

test all showed antibody to er?y glycoproteins, and 19 showed antibody to at least 

one of the two groups of structural proteins on Western Blot. One high MAT titre 

sample(no.26), a low MAT titre sample positive in the GACELISA(no.15), and 

another low MAT titre sample with a weak positive GACELISA(no.16) could not be 

confirmed by Western Blot. Nineteen samples from 1990 were therefore confirmed 

to be positive. Tables 22-26 give the Western Blot bands to which antibodies were 

Identified in reactive eluates from 1990 to 1994.
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TABLE 22: Samples reactive to GACELISA; Western Blot patterns 1990

Antibodies to HIV constituents on Western Blot
N os from pi 7 p24 p31 gp41 p51 p55 p66 gp gp
Table 17

2 + + + + + + +

160
+

120
+

3 - - + + - - + + +

7 - + + - - - - +

8 " ill' g g g IIIII0 N S:;|;g:0iiiS5S| +

9 # 0 0 0 1 + 4*. 4̂
10 - + + + + + + + +

12 - + - + - + - 4- +

14 + + + + - + + + +

15 - - - - - - - - -

16 - - - - - - - - -

17 + + + + + + + + 4-

19 + + + + + + + + +

20 + - + + + + + + +

21 + + + + - - + + +
22 + + + + + + + + 4 -

24 - - - - + - + 4-

25 - + + + + + + + 4-

26 - - - + - - - + 4-

27 + + + + + + + + 4-

28 + + + + - + - + 4-

29 + + + + + + + + 4-

30 + + + + + + + + 4-

Bold type indicates samples from the same batch of cards

Shaded areas indicate samples with idengcal non-identifying data

Positive result = an envelope with either a core or/and a polymerase protein.

Envelope proteins gp41, gp120 and gpl 60.

Core proteins p17, p24, and p55.

Polymerase proteins e.g. reverse transcriptase p31, p51, p66.
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During 1991, 19 samples positive to GACELISA were also positive to Western Blot 

(table 23).

TABLE 23: Samples reactive to GACELISA; Western Blot patterns 1991

Antibodies to HIV constituents on Western Blot
Nos from p i 7 p24 p31 gp41 p51 p55 p66 9P gp
Table 18 160 120

1 + + 4- 4- 4- 4- 4- 4- 4-

2 - + - 4- - - - 4- 4-

3 4- + 4- 4- 4- 4- 4- 4- 4-

4 + - 4- 4- 4- 4- 4- 4- 4-

5 + + 4- 4* 4- 4- - 4- 4-

6 KNilN + + + -f

+ + + #00# 4- 4̂ +
8 - + - 4- 4- 4- 4- 4- 4-

9 - + 4- 4- 4- 4- 4- 4- 4-

1 0 + + 4- 4- - 4- 4- + 4-

1 1 + + 4- 4- - 4- 4- 4- 4-

12 + - - 4- 4- - 4- 4- 4-

13 - - - 4- - - 4- 4- 4-

14 - + 4- 4- 4- 4- 4- 4- 4-

15 - - 4- 4- 4- - 4- 4- 4-

16 - + 4- 4- 4- 4- 4- 4- 4-

17 - - 4- 4- - - 4- 4- 4-

18 - - - 4- - - + 4- 4-

19 - - 4- 4- - - 4- 4- 4-

Bold type indicates samples from the same batch of cards

Shaded areas Indicate samples with identtcal ncn-ldenttfying data

Positive result = an envelope with either a core or/and a polymerase protein.

Envelope proteins gp41, gpl 20 and gpl 60.

Core proteins p17, p24, and p55.

Polymerase proteins e.g. reverse transcriptase p31, p51, p66.
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TABLE 24: Samples reactive to GACELISA; Western Blot patterns 1992

Antibodies to HIV constituents on Western Blot
Nos from pi 7 p24 p31 gp41 p51 p55 p66 gp gp
Table 19 160 120

1 - + + + + + + + +

2 w+ + + + + + + + +

3 - - + + + - + + +
4 - + w+ + w+ w+ + + +

5 w+ + + + - + + + +

6 - + + + - + + + +

7 - + + + + w+ + + +

8 + + + + + + + + +

9 + + + + + + + + +

10 + + + + + + + +
11 - + + + - + + + +
12 + + + + + + + + +
13 + + + + + + + + +
14 - + + + + - + + +
15 - + - + + - + + +

16 - + + + + + + + +

17 Western Blot pattem record missing

18 + + + + + + + + +
19 - + + + + + + + +
20 - + + + + - + +
21 - + + + + + + + +

Positive resuit = an envelope with either a core or/and a polymerase protein.

Envelope proteins gp41, gp120 and gp160.

Core proteins p17, p24, and p55.

Polymerase proteins e.g. reverse transcriptase p31, p51, p66.
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TABLE 25: Samples reactive to GACELISA; Western Blot patterns 1993

Antibodies to HIV constituents on Western Blot
Nos from 
Table 20

p17 p24 p31 gp41 p51 p55 p66 gp
160

gp
120

1 - - - - - - - - -

2 + + + + + + + + +

3 + + + + + + + + +
4 + + + + + + + + +
5 + + + + + + + + +
6
7

8 
9

+ + + + + + + 
Western Blot pattem record missing 

Western Blot pattern record missing 
Western Blot pattern record missing

+ +

10 + + + + + + + + +
11 - + + + - + + + +
12 + + + + + + + + +
13 + + + + + + + + +
14 + + + + + + + + +
15 + + + + + + + + +

16 - + + + + + + + +
17 + + + + + + + + +
18 - + - - - - - - +
19 - - + + - - - + +

Bold type indicates samples from the same batch of cards

Positive result = an envelope with either a core or/and a polymerase protein.

Envelope proteins gp41, gpl 20 and gpl 60.

Core proteins pi 7, p24, and p55.

Polymerase proteins e.g. reverse transcriptase p31, p51, p66.
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TABLE 26: Samples reactive to GACELISA; Western Blot patterns 1994

Antibodies to HIV constituents on Western Blot
Nos from pi 7 p24 p31 gp41 p51 p55 p66 gp gp
Table 21

1 + + + + + + +
160

+
120

+

2 + + + + + + + + +

3 - - + + - - - + +

4 + + + + + + + + +

5 + + + + + + + + +

6 - - - - - - - - -

7 - + - + + + + + +

8 + + + + + + + + +

9 - + + + + + + + +

10 - + w+ + + + - + +

11 - + + + 4- + + + +

12 + + + + + + + + +
13 - + + + + + + + +
14 - + + + + + + + +

15 - + + + + + + + +

16 - + + + + + + + +

17 + + + + + + + + +

18 + + + + + - + + +

19 + + + + + - + + +

Positive result = an envelope with either a core or/and a polymerase protein.

Envelope proteins gp41, gpl 20 and gpl 60.

Core proteins p17, p24, and p55.

Polymerase proteins e.g. reverse transcriptase p31, p51, p66.
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SPECIFICITY OF THE LABORATORY SYSTEM 

METHODOLOGICAL FALSE POSITIVE RESULTS WITHIN THE INBORN ERRORS LABORATORY

Methodological false positive results are defined here as false positives caused 

within the inborn errors laboratory. These can be due to method errors such as 

splash contamination from a true positive sample or to assay errors such as a cross

reaction with non-HIV specific antibodies in a test sample.

MAT confirmed by GACELISA and Western Blot

Over the five year period, January 1990 to December 1994, a total of 101 MAT 

reactive samples were found in 322,936 cards tested. Forty-one were firmly aligned 

with mothers 'known' to be HIV-1 infected, (1990-1993 births only). Only 59 

samples could have been false positives, but all were confirmed by both GACELISA 

and Western Blot. As has been discussed in the methods, these two systems have 

been found to have 100% and 97% specificity. The eluate was therefore 

considered HIV-1 antibody positive when these two confirmatory tests were positive.

Specificity of MAT= number tested as negative = 322930 99.9984%
total without the condition 322935

Positive predictive= number positive = 95 = 95%
value of MAT number reactive 101

Sample contamination, punch, splash or juxtapositioned

The only likely way for Guthrie eluates to have been falsely positive with these 

systems in place, is for contamination from a strongly positive sample to have 

occurred. The Centers for Disease Control have done extensive work which shows 

it to be very uncommon, if it occurs at all, for contamination to occur while cards are 

stacked together (Centers for Disease Control, 1993).

Another possible mechanism is for a punched fragment of a strongly positive dried 

blood spot to pass on to the next sample. This may have been the cause of the
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falsely reactive samples among the CDC quality controls (shaded samples, table 9 

methods) in October 1991, January 1993 and January 1994. For this to occur 

among routine samples, it is likely that more than one positive sample (the true 

positive and the contaminant positive) would appear in the same batch of 352 cards. 

On three occasions, twice in 1991 (samples 6 & 7, and 10 & 11, table 18) and once 

in 1993 (samples 8 & 9, table 20), there were two confirmed positive eluates within 

the same batch of 352 cards. On the first occasion the samples were 19 punched 

cards apart, on the second 86, and on the third, 4 cards apart. It is possible that the 

latter was caused by a fragment of punched card, although the first punched card 

had a MAT titre of 1/64, and the second 1/128, which would make it less likely to 

have occurred.

Another possibility was that splashes from a positive eluate could have landed in 

another well on the same plate. A possible example of splash contamination was 

from sample 17 to sample 16 in the same batch and plate In 1990, (table 17). 

Sample 16 had a! low reactive MAT titre 1 in 2 with a weakly positive GACELISA 

which was within 10% of the cut-off. The Western Blot showed no bands. Sample 

17 was MAT reactive titre 1 in 128, GACELISA positive with all bands present on 

Western Blot. This is the pattern one would expect from splash contamination, i.e. a 

strong positive sample(17) giving a! low MAT titre in the splashed sample(16) 

which has a weak positive GACELISA and a negative or indeterminate Western 

Blot.

Returning to the batches with two confirmed positive eluates. Sample 10 and 11 

from 1991 were on different plates in the same batch therefore splash was unlikely 

as each plate is covered when completed. Both samples 10 and 11 could be 

aligned to separate HIV-1 infected mothers. Contamination can therefore probably 

be ruled out.
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Samples 6 and 7,1991 (table 18), had MAT titres of 1 in 512 and 1 in 256 with 

identical Western Blot patterns of p31, gp41, p51, p66, gplBO, gp120. One sample 

could not be aligned to a known HIV-1 Infected mother. It Is unlikely, however, that 

this was splash contamination, as there were strong titres in both samples and the 

same definite bands on Western Blot. The wells were 19 places apart (test 107 and 

126 in the batch) and usually splash contamination gives a much weaker result with 

missing bands on Western Blot. This pair of samples cannot be ruled out from 

contamination error, but it is unlikely.

Samples 8 and 9 (table 20) from 1993 had MAT titres of 1 in 64 and 1 in 128. The 

samples were 4 wells apart. Unfortunately GACELISA optical density readings and 

Western Blot band patterns are missing although the samples were reported as 

definitely positive to both confirmation assays. No 'known' HIV-infected mothers 

could be aligned with either sample by quarter of infant birth and district postcode.

Two reactive eluates, (sample 6 or 7 from 1991 and sample 8 or 9 from 1993), 

therefore, may have been caused by contamination, but at least 93 of 95 confirmed 

HIV-1 positive samples were eluted from separate Guthrie cards.
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Multiple cards from the same baby

It was unlikely that cards came from the same baby, if different non-identifying data 

was present on 2 Guthrie cards.

Table 27: Qua rter year of birt i(GOB) and district postcode DPC)
1990 1991 1992 1993 1994
GOB DPC GOB DPC GOB DPC GOB DPC GOB DPC

1/90 EH7 1/91 EH6 1/92 DD4 1/93 DD2 1/94 DD2

1/90 EH7 1/91 AB2 1/92 DD4 2/93 EH4 1/94 DD2

1/90 EH7 1/91 AB2 1/92 DD4 2/93 EH4 1/94 EH6

1/90 EH11 2/91 EH6 1/92 AB2 3/93 EH11 1/94 EH32

2/90 EH16 2/91 EH11 2/92 AB2 3/93 G21 3/94 EH32

2/90 EH7 2/91 EH11 3/92 DD2 3/93 G21 4/94 DD2

3/90 DD4 3/91 EH11 4/92 DD2 3/93 EH4 4/94 EH6

3/90 EH6 4/93 EH11

3/90 EH6 4/93 DD2

3/90 EH7 Bold indicates the same quarter of birth
3/90 EH16 ar d district postco de
4/90 DD4

4/90 EH11

Year DPC Year DPC Year DPC Year DPC Year DPC
90 EH15 91 EH16 92 EH33 93 EH9 94 EH16

90 EH51 91 EH5 92 EH7 93 EH22 94 EH22

90 EH5 91 EH7 92 EH5 93 EH15 94 EH54

90 AB2 91 EH4 92 G31 93 EH17 94 DD3
90 AB1 91 G21 92 AB1 93 AB30 94 AB2
90 DD2 91 ML7 92 EH32 93 PA34 94 EH27

91 G33 92 EH47 93 KA30 94 EH4

91 HL 92 EH6 93 KY2 94 DD4

91 PH7 92 HL 93 DD10 94 KY11

91 G73 92 IV40 94 PH2

91 G20 92 EH4 94 IV2
91 G14 92 EH1

HL=Highland 92 DD3

& Islands 92 EH14
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The lower half of table 27 lists those cards where a district postcode was only 

present once on a positive card in the year. These are therefore not likely to be 

duplicates. The upper part indicates the more frequent postcodes. Bold type 

indicates those not unique by district postcode and quarter year of birth alone.

In the first quarter of 1990, 3 cards were from EH7. One EH7 card could be 

separated by month of birth, and could be aligned with a 'known' HIV-infected 

mother. The other two EH7 cards could not be separated. Only one further 'known' 

HIV-Infected mother could be aligned with these two cards. The D duplicate system 

was developed because of these cards. Both cards could have come from a single 

baby. Two cards from EH6 in the third quarter of 1990 could be separated by infant 

month of birth.

In 1991, two cards were from AB2 in the first quarter. The cards indicated different 

infant month of birth and were therefore from separate babies. Two cards were from 

EH11 in the second qparter. These two cards were from the same batch and have 

been referred to previously as samples 6 and 7 from 1991, perhaps associated with 

contamination. Non-identifying information was the same for these two cards. The 

D duplicate marking system was in place at this time in 1991, and neither card was 

marked as a duplicate. It also seems unlikely that a mother would allow her baby to 

have two cards sent in a short period of time, such that the cards arrived at the 

Inborn Errors laboratory and ended in the same batch. A further possibility is that 

these cards were from a set of twins. One 'known' HIV-infected mother could be 

aligned with these two sets of non-identifying data. She did not have twins. It is not 

possible to be sure that these two cards came from different babies, but with the D 

duplicate marking system in place. It is more likely.

In 1992, 3 cards arrived from DD4 in the same quarter, but all cards were from 

babies born in different months. In 1993, two cards arrived from EH4 in the second 

quarter. Month of birth was the same, but babies were of a different sex. Two cards
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from G21 in the third quarter of 1993 had a different month of birth. For 1994, two 

cards were from DD2 in the first quarter, but infant sex was different.

Therefore only one pair of cards were likely to have originated from the same baby. 

This pair of cards were unlikely to have come from twins because alignment was 

possible with one HIV-infected mother. This was the same pair that were possibly 

associate with contamination (samples 6 and 7 from 1991).

Overall HIV-antibody, detected in at least 93 of 95 Guthrie card eluates, came from 

different babies who were not twins.
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HIV-1 SEROPREVALENCE IN CHILDBEARING WOMEN IN SCOTLAND

The seroprevalence of HIV-1 infection in childbearing women in Scotland between 

January 1990 and December 1994 was 0.29 per thousand(95% Cl 0.24, 0.35). 

From 1990 to 1994, 60 mothers opted out. If all these mothers were HIV-1 positive 

the prevalence would increase to 0.48 per thousand. District postcode was 

recorded from 1991 to 1994 when 51 mothers opted out. Many lived in G67 where 

no HIV-1 Infected mothers lived. These opt-out mothers were unlikely to be 

infected. Four opt-out mothers lived in postcode areas where an HIV-1 Infected 

mother lived and will be termed from a 'high-risk area'. By estimating 1 further opt- 

out mother to be from a 'high-risk area' for 1990, it can be estimated that five 

mothers from 'high-risk areas' opted out between 1990 and 1994. If five opt-out 

mothers were HIV-1 positive the HIV-seroprevalence would be 0.31 per thousand 

childbearing women during the 5 year period January 1990 to December 1994.

The HIV seroprevalence among childbearing women in Scotland has stayed static 

during the five year period, January 1990 to December 1994.

GEOGRAPHIC DISTRIBUTION OF HIV-1 INFECTED MOTHERS IN SCOTLAND JAN'90-DEC'94

The geographic distribution is shown in table 28 and illustrated in figure 17. Overall 

67% (64 of 95) of HIV-infected mothers lived in the 3 cities, Aberdeen, Dundee and 

Edinburgh on the East Coast, where 16% of the Scottish mothers gave birth.
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Table 28: Geographic distribution of HIV-1 antibody positive births in Scotland from 1990 to 1995

1990

Number of tests 

1991 1992 1993 1994 1990

Positive results 

1991 1992 1993 1994

Prevalence per 1000 live births 

surviving to 7 days of age 

1990 1991 1992 1993 1994

Glasgow 16308 16781 16237 15887 15260 0 5 1 2 0 0.0 0.3 0.1 0.1 0.0

Edinburgh 5276 5471 5237 5093 5131 13 9 6 8 4 2.5 1.6 1.2 1.6 0.8

Dundee 2130 2210 2118 2117 1933 3 0 6 2 5 1.4 0.0 2.8 1.0 2.6

Aberdeen 2850 2891 2834 2904 2880 2 2 3 0 1 0.7 0.7 1.1 0.0 0.4

Others 39209 39405 39093 37623 36053 1 3 5 6 8 0.03 0.08 0.13 0.16 0.22

Scotland 65773 66758 65519* 63629* 61257* 19 19 21 18 18 0.3 0.3 0.3 0.3 0.3

* excludes 340 marked duplicates in 1992, 376 in 1993 and 396 in 1994 

Glasgow refers to all mothers living in Glasgow postcode districts: G1-84 

Edinburgh refers to Edinburgh City: EH 1-17 

Dundee refers to postcode districts: DPI-5 

Aberdeen refers to postcode districts: AB1 and 2.



Figure 17: Home district postcode of HiV-infected mothers 
January 1990 to December 1994
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GEOGRAPHIC SPREAD OF HIV-INFECTED MOTHERS IN SCOTLAND

The major city areas in Scotland were defined as Glasgow G1-84, Edinburgh EH1-17, 

Dundee DD1-5, and Aberdeen AB1&2. Table 28 shows a significant decrease which 

occurred in HIV-1 infected mothers, who gave birth and lived in the four major cities, 

from 18 of 19 (95%) mothers in 1990, to 10 of 18 (56%) in 1994 (Fisher exact p<0.01). 

Chi square test for linear trend of this gradual decrease in the proportion of HIV-1 

infected mothers, who gave birth and lived in the four major cities during the years 

1990, 1991, 1992, 1993 and 1994, was 9.16 (p<0.003).

Figure 18 shows the geographic spread of infection in Scotland. Each square 

represents a postcode district in which an HIV-infected mother lived. A number of HIV- 

infected mothers lived in some postcode districts. The first two maps are 18 month 

periods, and the third is a two year period. The change from 1990 to 1992 was 

reported by the author (Tappin etal., 1995b). Highlands and Islands HIV-infected 

mothers have been located in the centre of the Highlands, in the map of Jul'91-Dec'92. 

This does not refer to the actual place of residence.
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Figure 18: Home district postcode of HIV-infected mothers

Jan'90 to Jun'91 Jul'91 to 000*92 Jan'93 to Dec'94
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SPREAD OF HIV INFECTION FROM 'KNOWN' HIGH RISK TO 'UNKNOWN' MOTHERS

'Known' HIV-infected mothers (from the RCOG) were aligned with Guthrie HIV-infected 

mothers. The results for 1990 to 1994 are shown in table 29.

Table 29: Mothers 'known' to be HIV-Infected compared with Guthrie data.

1990

Guth Known

1991

Guth Known

1992

Guth Known

1993

Guth Known

1994

Guth Known

Edin 13 13* 9 7 6 4 7 4 4 4

Glas 0 0 5 5 1 1 2 0 0 0

Dund 3 2 0 0 6 3 2 2 5 4

Aber 2 0 2 1# 3 1 1 1~ 1 0

Other 1 0 3 0 5 1 6 0 8 4

Total 19 15 19 13 21 10 18 7 18 12

Edin Edinburgh city, EH1-17; Glas Glasgow, G1-84;

Dund Dundee, DD1-5; Aber Aberdeen, AB1&2.

'Guth' refers to babies who were found to be anti-HIV-positive by unlinked-anonymous 

testing of neonatal Inborn Errors screening cards. 'Known' refers to babies bom to 

mothers known by their obstetricians, to be infected with HIV.

* For 1990, although 13 babies were known in Edinburgh and 13 found by Guthrie, for 

2 known babies the Guthrie information did not match the known data for month of 

birth. Dr Croft from the Edinburgh Perinatal Transmission Study checked that all known 

babies from 1990, had a Guthrie card sample taken which arrived at the Inborn Errors 

Laboratory. Therefore this anomaly is not easy to explain. Either transcription errors
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have occurred, or there were up to 15 births to HIV-infected mothers during 1990 from 

Edinburgh, and the Guthrie system only found 13 and missed two through error in the 

laboratory.

# During 1991, a bottle-fed infant presented in Aberdeen with Pneumocystis parinii 

pneumonia age 4 months. The infant's blood sample produced low reactive results 

from enzyme immunoassay (EIA) HIV-1/2, immunobiot had definite but weak bands at 

p24 and gp120/gp160, confirming the specimen as HIV-antibody positive. The 

polymerase chain reaction for HiV-1 RNA was positive, and p24 antigen was detected 

by EIA, indicating that HiV was present and the child was infected with HIV. No Guthrie 

positive result was found from Aberdeen during the quarter year this child was born.

The child's details sent from Aberdeen, allowed the Guthrie card to be retrieved and 

retested, it was again negative by MAT, GACELISA and Western Blot. A complete 

dried blood spot from the original card (6 months after the infant's birth) was sent to the 

GDC in Atlanta who reported a negative result. Further dried blood material from the 

original Guthrie card was sent to the PHLS in London who reported the sample as 

weakly positive on initial assay but negative by Western Blot. The booking blood 

sample from mother in early pregnancy was HiV-1/2 antibody negative by EIA, and 

negative for HiV p24 antigen, indicating that the mother was probably not infected with 

HiV at that time. She was tested after her infant's diagnosis, 6 months after delivery, 

and was found to be HiV-1/2 seropositive, it was concluded that the mother probably 

seroconverted in late pregnancy, or the puerperium. The infant was probably infected 

at birth, but had low antibody levels when the Guthrie test was taken (Berkeley at a!.,

1992). This mother was Caucasian and her partner was an intravenous drug user.

~ in 1993, a known baby from Aberdeen was born 1 month after the baby found by 

Guthrie testing. This may indicate a transcription error, or two babies born and one 

missed by Guthrie screening.
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A significant reduction in the proportion of 'known' babies was seen from 28 'known' 

and 10 'unknown' from Jan'90-Dec'91, (73% 'known'), to 17 'known' and 22 'unknown' 

from Jan'92-Dec'93, (43% 'known'), p<0.05. However during 1994,12 of 18 babies 

were 'known' (66% 'known').

In 1990, of 15 'known' HIV-infected mothers, 8 were intravenous drug users (IDU), 6 

were partners of intravenous drug users, and for 1 risk was heterosexual contact 

abroad. In 1991, of 13 'known' HIV-infected mothers, 11 were IDUs, 1 was the partner 

of an IDU and for 1, risk category was undetermined. In 1992, of 10 HIV-infected 

'known' mothers 8 were IDUs and 2 were partners of IDUs. In 1993, of 7 'known' HIV- 

infected mothers, 3 were IDUs, 3 were partners of IDUs and for 1 risk category was 

undetermined. For 1994, of 12 'known' HIV-infected mothers, 6 were IDUs, 1 was the 

partner of an IDU, 1 had a bisexual partner and for 4 mothers, risk category was 

undetermined.
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BREAST/BOTTLE FEEDING 

Table 29a 'Known' and 'Unknown' HIV-infected mothers by feed type

1990 1991 1992 1993 1994 TOTAL

Mothers Br Bot Br Bot Br Bot Br Bot Br Bot Br Bot

Known 4 11 1 12 0 10 0 7 1 11 6 51

Unknown 2 2 2 4 3 8 6 5 0 6 13 25

Total 6 13 3 16 3 18 6 12 1 17 19 76

Br Breastfed

Bet Bottlefed

As far as it is possible to be sure about alignment, 6 of 57 (11%) of 'known' infants were 

breastfed at 7 days of age, 13 of 38 (34%) 'unknown' infants were breast-fed. The 

relative risk of breastfeeding if not 'known' was 3.0 (95% Cl 1.2, 7.4). After 1991, only 1 

'known' infant was breast-fed at 7 days of age, which may indicate that after 1991, 

'known' HIV-infected mothers were advised not to breastfeed their infants.

237



HOSPITAL OF BIRTH

Table 30 h umber of babies born to HIV-infected mothers by materrlity unit

1990 1991 1992 1993 1994 Total

A 11 8 4 8 6 37

B 2 3 3 2 1 11

C 3 0 6 2 6 17

D 1 0 4 1 2 8

E 0 5 1 2 0 8

Others 2(1) 3(1) 3(2) 3(3) 3(2) 14(9)

Total 19 19 21 18 18 95

0 babies born in 'other' hospitals who were 'unknown' by their obstetrician

Although HIV-infected mothers have spread geographically, their obstetric care still 

generally comes within 5 maternity units. These maternity units took care of 91% 

(52/57) of 'known' HIV-infected mothers, as well as 76% (29/38) of 'unknown' mothers.
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MATERNAL AGE

By alignment the age in years, of 15 of 19 HIV-1 infected mothers was known in 

1990(ages in completed years: 25, 28, 24, 26, 26, 26, 29, 22, 25, 20, 35, 22, 17, 25, 

19), 13 of 19 in 1991 (ages: 22, 25, 30, 33, 21,28, 24, 20, 28, 27, 23, 29, 32) and 9 of 

21 in 1992(19, 22, 27, 25, 25, 27, 17,31, 33). Directly from the Guthrie card and with 

alignment the ages of 13 of 18 mothers were known from 1993 (ages: 31,21, 22, 25, 

28, 33, 28, 20, 25, 24, 25, 28, 20) and all 18 mothers from 1994 (ages: 26, 23, 29, 28, 

20, 32, 23, 29, 23, 32, 34, 33, 31, 27, 30, 33, 21,23).

Figure 19 illustrates the age distributions of HIV-1 infected mothers comparing the two 

36 month periods Jan'90-Jun'92 and Jul'92-Dec'94.

Figure 19

Age of HIV infected mothers

i
o
E

E

□  Series 1 
■  Series2

Age in years

Series 1 is the age distribution of 33 of the 53 HIV-infected mothers who gave birth 

between January 1990 and June 1992 gathered by alignment. Series 2 is the age 

distribution of 35 of the 42 HIV-infected mothers who gave birth between July 1992 and 

December 1994 taken from Guthrie cards (n=24) and by alignment (n=11).

The mean maternal age for 1990 was 24.6 years. The mean maternal age for 1994 

was 27.6 years. The null hypothesis is that the difference in the mean age of HIV-
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infected mothers who gave birth during 1990 is not significantly different from those 

who gave birth during 1994. If the assumption is made that the distributions of 

maternal age in 1990 and 1994 were normal, by using a t-test, the difference in the 

means was not significant in a two tailed test p>0.05. This means that a statistically 

significant increase in maternal age was not present. The assumption of normality for 

the distributions may not be valid. The non-parametric Wilcoxon rank sum test was 

therefore used. The two sided p value was greater than 0.05.

Although there seemed to be an increase, from 1990 to 1994, in maternal age of HIV- 

infected mothers who gave birth, this did not reach statistical significance, and the null 

hypothesis could not be rejected.
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ANTIBODY TO HEPATITIS B CORE ANTIGEN IN CHILDBEARING WOMEN IN 1992

Between July and September 1992, 40 consecutive batches (352 cards in each) of

routine Guthrie cards were tested for anti-HBc using the Green Cross

Haemagglutination Assay (GCHA) on dried blood spot eluates. Two hundred and

twenty-two cards had insufficient blood, 13,858 were tested. Repeatedly reactive

eluates were sent to the regional virus laboratory for confirmation by CORAB RIA.

Figure 20: Normalised eluate anti-HBc CORAB RIA confirmation results 
from 72 GCHA reactive dried blood spot samples from 13,858 routine

Guthrie cards

expected
"negative"

valuesinterpolated 
eluate cutoff

0-.09 .3-39 ,6-.69 .9-99 1.2-1.29 1.5-1.59 1.8-1.89 2.1-2.19 2.4-2.49

Eluate count divided by the serum cutoff

Figure 20 shows normalised CORAB RIA results (eluate count/serum cutoff). Few of

these routine samples are likely to be truly negative as all were GCHA reactive.

Figure 16b: Eluate anti-HBc CORAB RIA results from the same 100 
Glasgow intravenous drug users normalised with the serum cutoff
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Figure 16b shows the normalised control eluate CORAB RIA anti-HBc results using 

sera from 100 consecutive drug users in Glasgow. Forty-four serum samples were 

negative (clear bars on the right) and 56 serum samples were positive (filled bars 

mainly on the left). The CORAB RIA eluate cutoff was calculated by multiplying the 

serum cutoff [(positive control + negative control) divided by 2] by 1.6 to account the 

serum effect for these control samples. This technique was repeated for the routine 

Guthrie card samples in figure 20. A set of negative routine Guthrie card eluates 

should have been tested by CORAB RIA. The author apologises that routine negative 

eluates were not tested by CORAB RIA, "expected" results (taken from figure 16b) are 

shown in figure 20. Eluates that titred to at least 1/8 in the GCHA screening test and 

were below the calculated eluate cutoff (1.6 x serum cutoff) were defined as anti-HBc 

positive. Fifty-three of 63 GCHA screened positive eluates (titre 1:8 or greater) were 

confirmed as anti-HBc positive, indicating past maternal infection with hepatitis B virus. 

Table 31 : Screening and confirmation of eluates from 40 Guthrie card batches

Eluate Eluate Eluate
Screening Confirmation CORAB RIA Res

Stobhlll Ruchlll cutoff
GCHA CORAB RIA (1 .Sxserumc/o)

1:4 5998 6821 -

1:8 7283 6821 -

1:16 3219 6821 +
1:4 8669 6821 -

1:8 6664 7467
1:16 3457 7467 +
1:8 6966 7467 +

1:16 2221 7467 +
1:16 3916 7467 +
1:16 5425 7467 +
1:16 4535 7467 +
1:16 4297 7467 +
1:8 4654 6126 +

1:16 2062 6126 +
1:16 2174 6126 +
1:8 4007 6126 +

1:16 4652 8955 +
1:8 7511 8955 +

1:16 2899 8955 +
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1:16 4034 8955 +
1:8 5548 8576 +

1:16 4790 8576 +
1:4 6265 8576 -

1:16 4176 8576 +
1:8 9685 8576 -

1:16 4769 8576 +
1:16 4834 8576 +
1:16 4609 8576 +
1:8 9742 8392 -
1:16 6334 8392 +
1:16 8225 8392 +
1:16 8975 8392 -
1:16 3612 7302 +
1:16 9548 7302 -
1:16 4383 7302 +
1:8 6929 7025 +

1:16 3939 7025 +
1:16 4357 7557 +
1:8 8110 7557 -

1:16 3759 7557 +
1:16 2900 7037 +
1:8 5795 7037 +
1:16 4809 7037 +
1:8 5846 7037 +

1:128 1471 7486 +
1:64 2722 6109 +
1:64 2254 6109
1:4 5162 6109 -
1:4 4480 6109 -
1:8 6922 6109 -
1:1 4266 6109 -
1:1 7983 6109 -

1:16 4533 6109 +
1:16 4549 8774 +
1:16 5202 8774 +
1:16 3222 8226 +
1:16 4005 8226 +
1:32 720 8226 +
1:16 5884 8226 +

1:128 1823 8226 +
1:16 10772 8226 -
1:64 6697 7192
1:4 5510 7192 -

1:128 4249 7192 +
1:32 6474 7192 +
1:4 4873 7192 -

1:64 3499 7192 +
1:8 3514 7192 +

1:16 3671 7192 +
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1:8
1:16
1:16

10888
12586
834

9635
9635
9635 +

Among the anti-HBc positive routine Guthrie card samples were 3 which titred to 1/128. 

Figure 21 shows the distribution of titres of GCHA reactive samples.

Figure 21: GCHA reactive titres of routine Guthrie card samples
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This distribution is essentially unimodal. This is in contrast to the GCHA eluate titres 

from anti-HBc positive samples sent by Ms Briggs which were bimodal and are shown 

in figure 22.

Figure 22: GCHA eluate titres from anti-HBc positive samples sent by 
Ms Briggs from table 11

carrier sera

immune

GCHA titres

It may be that routine samples with a GCHA titre of 1/128 were from babies born to
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mothers who were hepatitis B carriers. This is iess likeiy as the distribution of routine 

GCHA titres was unimodal (figure 21) and the 1/128 titres were probably part of the 

normal distribution of anti-HBc titres of babies bom to Hepatitis B immune as oppose to 

Hepatitis B carrier mothers.

It was interesting to note that in these 40 batches were 5 babies born to HIV-infected 

mothers. None of the HIV-antibody positive samples were anti-HBc positive even to the 

GCHA screening test alone.

The geographic distribution of past infection, detected in this small study in 1992, is 

compared with the geographic distribution of HIV-infected mothers from 1990-1992 in 

figure 23. Each symbol represents a postcode district in which a mother lived who had 

been infected with HiV or hepatitis B.
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SUMMARY OF RESULTS

Local ethics committees allowed anonymous unlinked HIV antibody testing of 99.6% of 

Guthrie cards for 42 months and 100% for the rest of the study.

The audit of a systematic 1 In 8 sample of babies registered during 1991 (8,379) found 

that 12 (0.14%) were 'unscreened'. Itinerant behaviour was the possible cause for only 

one of these. Six others did not have a Guthrie sample taken, and 5 were lost In the 

post. The negative reporting backup system failed to uncover these 'unscreened' 

Infants. All Infants bom to known HIV-Infected mothers from Edinburgh during 1990 

had a Guthrie card which arrived at the Inborn Errors laboratory.

Sixty cards were not tested due to spontaneous refusal, and of these only 4/51 (8%) 

came from districts were HIV-Infected mothers were also resident. Twelve cards could 

not be tested due to Insufficient residual blood and 18 for technical reasons. The 

remaining 323,858 cards were tested.

One hundred and one samples were MAT reactive, and of these 95 were confirmed by 

ELISA and full Western Blot. The positive predictive value of the MAT assay was 95%. 

HIV-1 antibody, detected In at least 93 of 95 eluates, came from separate Guthrie cards 

which did not originate from the same Infant or a twin.

The seroprevalence of HIV-1 among childbearing women In Scotland has remained 

static at 0.3 /1000 from January 1990 to December 1994.

Seventy-six percent of HIV-Infected mothers (72/95) lived In 4 large cities, Edinburgh, 

Dundee, Aberdeen and Glasgow. Sixty-seven percent (64/95) of Infants were born In 

the major east coast cities where Edinburgh had a seroprevalence of 1.5 per 1000.
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Significant spread of HIV-infected mothers has occurred from the major inner cities of 

Edinburgh, Glasgow, Dundee and Edinburgh to suburban and rural areas. Only 1 of 19 

HIV-infected mothers (5%) lived outside these cities in 1990. This increased to 8 of 18 

(44%) in 1994 (p<0.05, linear trend p<0.05).

Although HIV-infected mothers have spread geographically, their obstetric care still 

generally comes within 5 maternity units. These maternity units took care of 91 % 

(52/57) of 'known' HIV-infected mothers, as well as 76% (29/38) of 'unknown' mothers.

Mean age of HIV-Infected mothers has increased from 24.6 years in 1990 to 27.6 years 

in 1994. This increase did not reach statistical significance.

Fifty-three of 13,858 consecutive, routine Guthrie card eluates from 1992 were 

confirmed positive for anti-HBc, indicating past maternal infection with hepatitis B virus. 

During this testing period no evidence of past infection with hepatitis B was found in 5 

HIV-infected mothers.
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DISCUSSION
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ETHICS AND ETHICS COMMITTEES

Ethics committees

To plan for the care of future AiDS patients, estimates of the number of HIV-infected 

individuals is required. In 1989, at risk groups, such as homosexual men and 

intravenous drug abusers, made up the majority of HIV-infected individuals in Scotland 

(Communicable Diseases (Scotland) Unit, 1990). Spread in the heterosexual, non-drug- 

abusing population was expected. A government announcement by the Health Minister 

in November 1989 (K. Clarke Secretary of State, 1988) cleared the way for Unlinked- 

Anonymous testing for HIV in the United Kingdom.

It was thought that relatively unbiased estimates of the prevalence of HIV infection in 

the heterosexual population could be produced by Unlinked-Anonymous testing of 

childbearing women. At least three residual blood samples were available, firstly that 

taken for testing all pregnant women for rubella/blood grouping in early pregnancy, 

secondly a sample taken late in pregnancy for check of haemoglobin concentration and 

an antibody screen and thirdly the Guthrie card sample taken on all new born babies. 

HIV-antibody assay of the Guthrie sample has since been shown to accurately reflect 

maternal HIV infection status (Pappaioanou etaL, 1993). All Guthrie cards from the 

annual 65,000 births in Scotland arrive daily at the National Neonatal Screening 

laboratory at Stobhill hospital in Glasgow. This central collection and testing made the 

Guthrie sample more attractive than pregnancy samples in Scotland.

A protocol for a study in Scotland, similar to the Massachusetts study (Hoff etaL,

1988), was submitted and gained ethics approval in Glasgow and funding was granted 

by the Medical Research Council(MRG). Further local ethics committee approval was 

required from each Health Board area in Scotland.
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The major initial dilemma was which ethics committees should be contacted to request 

approval for a national study. One approach would have been to send the protocol 

directly to each Health Board Chief Administrative Medical Officer (CAMO). After further 

discussion, this approach was not thought to be the most expedient method and would 

have placed an additional burden on the CAMOs. Consultant Paediatricians have a 

responsibility for dealing with Guthrie card results for Phenylketonuria, Galactosaemia 

and Hypothyroidism. It was felt that an approach to ethics committees through the local 

paediatrician, after discussion with his obstetric and health visiting colleagues, would be 

the most appropriate method. Although there were some complaints about this method 

of approach, we were able to obtain approval from Glasgow, Lothian, Highland, Fife, 

Perth and Kinross (part of Tayside) and Borders without too much opposition. These 

boards covered half the population of Scotland. The other ethics committees were 

informed of those who had already agreed and after considerable further discussion 

and deliberation slowly, one by one, approval was given.

A problem arose with this method of contacting ail relevant ethics committees in that 

the Hebridean island Health Boards do not having separate paediatricians and were 

not contacted until February 1990, which obviously delayed approval. Due to a 

misunderstanding with an Argyll and Clyde Health Board administrator, the existence of 

a separate Ethics Committee for Argyll was not known to the author. Only by asking the 

secretary to another ethics committee in the area was he able to find out about Argyll. 

Once identified the committee was helpful and expeditious.

The jurisdiction of a single ethics committee is not well defined, but in a single city the 

unwritten arrangement is that, if a well recognised ethics committee passes a protocol 

then other committees in the city will accept their judgement and further formal 

application is not needed, in Glasgow the jurisdiction of the initial ethics committee 

approval was challenged. The project was presented to a further ethics committee,
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covering the southern half of the city, and passed without problems. Dealing with small 

Health Board Areas was in general simpler. Ethics Committees ran in close liaison with 

the Health Board and contact was straightforward. Lanarkshire had no ethics 

committee and this meant a six month wait until a committee was appointed.

Ethics committees raised a number of important questions;

Government information on anonymous HIV testing, outlining procedure in the case of 

spontaneous refusal, was not appropriate to neonatal Guthrie card testing. The 

document advised counselling of all individuals who spontaneously refused testing. 

These recommendations were presented to one Ethics Committee who were surprised 

and not in agreement with the instruction. It was decided this recommendation should 

not apply to Guthrie card testing.

No instructions were available to health careworkers taking the Guthrie card samples 

with specific reference to spontaneous refusal. Instructions were drafted and, with 

alterations, became part of the guidelines from the Scottish Office.

The government announcement of 24/11/89 by Virginia Bottomley did not specifically 

state that Guthrie card testing would start in January 1990. This caused some disquiet 

among a number of ethics committees and others, notably individuals representing 

healthcare workers taking the blood samples. Both problems were later resolved by a 

Scottish Home and Health Department circular.

Worry was expressed by one committee as to indirect identification of individuals and 

explanation and reassurance was given.

The Shetland Islands, with a very small, close knit community, felt that one positive 

result would provoke a witch hunt. It was therefore decided to integrate all Island 

results with larger mainland areas for journal publication.
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The only ethics committee refusal was from the Island of Orkney. After two approaches 

their committee felt that women whose babies were tested HiV-positive should be 

informed. We could not comply with this request as our study was specifically designed 

to avoid identification of affected individuals. Ethics committee approvai allowed testing 

of 99.6% of Scottish babies, which reflected the seroprevalence in childbearing women 

in Scotland. The island of Orkney, with 250 births per annum, gave ethics approvai in 

June 1993 after a third approach. Now infants from all areas of Scotland are tested.

An anonymous unlinked HIV serosurveillance study was set up in London using 

maternai biood samples obtained for rubelia antibody testing. The organiser 

approached 30 ethics committees and problems gaining approval were similar to the 

Scottish experience.

Gaining Ethics Committee approval for a national study was time consuming. Liaison 

with local paediatricians was on the whoie successful but did meet with some 

disapprovai from non-paediatricians. National Ethics Committees have been mooted, 

but in a sensitive area like HiV, local approval is likeiy to continue to be needed to allay 

local fears.

Ethics

Unlinked-Anonymous HIV serosurveillance is a technique used to minimise participation 

bias often present in attributabie testing (Huil etaL, 1988). Unbiased estimates are 

more iikeiy to produce an accurate picture of future AIDS cases and allow efficient 

service provision. A rapid rise in HIV seroprevalence in childbearing women may 

indicate incident infection, and allow prevention strategies to be targeted. To protect 

HiV-infected individuais from discrimination, particuiarly associated with refusal of life 

insurance, direct identifiers are removed, so that results cannot be traced to previously 

unknown, HIV-infected individuals. It is therefore not possible to inform individuals of
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their HIV status, to allow prophylactic treatment, or to protect their Infants and their 

partners from becoming Infected through breastfeeding and unprotected sexual 

intercourse.

The 'opt-out' clause may have compromised both the epidemiological validity of 

Unlinked-Anonymous HIV serosurveillance, and also possible discrimination against 

Individuals. Women who 'opt-out' have "not for HIV testing" written on their Guthrie 

card by their midwife. This Is read by a clerical worker at the Inborn Errors Laboratory. 

By not anonymously testing Individuals who 'opt-out', the Unlinked-Anonymous Guthrie 

study may produce results which do not accurately represent the HIV seroprevalence In 

childbearing women In Scotland. It may be possible to minimise the possible damage 

of 'optlng-out', by using non-ldentlfying Information on postcode district for 'opt-out' 

mothers and by alignment with studies of known HIV-Infected mothers.

Compulsory attributable testing would provide epidemiological Information and allow 

contact tracing, with Intervention to attempt to prevent transmission of HIV. Infected 

Individuals could perhaps receive prophylactic care with protection of their partner and 

offspring. These potential gains may be overshadowed by financial and social 

discrimination against HIV-Infected Individuals.

At the beginning of the Unlinked-Anonymous HIV seroprevalence survey of Guthrie 

cards In Scotland, It was likely that not all midwives knew the study was starting. They 

needed to know this, to cope with mothers who wished to 'opt-out'. The author felt that 

Informing midwlves should be left to their managers. Any Interference In this delicate 

situation In 1990, may have produced many mothers who 'opted-out' due to Information 

from their midwife, rather than spontaneous objection.
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PUBLICITY MATERIALS

General public awareness that residual blood may be tested for HIV-antibody.

The legal position on testing residual blood samples without consent was debated 

extensively. Prior to the statement (K. Clarke Secretary of State, 1988) in December 

1988, the government sought legal advice. It was not the policy of the department of 

health to make available the text of formal legal opinions, or from whom opinions were 

sought, but this statement was released and published(Heptonstall & Gill, 1989):

"Our advice is that there is no need to tell a patient that his or her blood will, 

or might be, anonymously tested. Provided the blood is used for the test for 

which it was given, and for which consent has been obtained, there is no bar 

on using any residue for other anonymous tests. No further consent is 

required. The patient does not retain any proprietary rights over blood once 

taken, provided that he or she does not indicate to the contrary intention."

This final part of the last sentence, if left out, would have made life much simpler for all 

concerned. The latter part brought forward the question of spontaneous objection. It 

was argued that, to object spontaneously^ an event, the patient must know the event 

is occurring.

Distribution of Publicity Materials

Publicity material was designed and distributed throughout the UK by the Department 

of Health, and made available by the Scottish Office in December 1989 (appendix 7). 

This material was then distributed from Health Boards to Chief Nursing Officers, and in 

the end, to places where the public could read them. The most important places for the 

Guthrie study were antenatal clinics and General Practice surgeries. The United 

Kingdom Central Council for Nursing, Midwifery and Health Visiting(UKCC) issued two 

statements to nurses in October and November 1989. The first introduced Unlinked- 

Anonymous testing for HIV, stating which samples would be used and the need for
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publicity material to be available. The second was a more general statement on HIV 

and AIDS. This was followed by a short piece in "Register", a quarterly journal sent to 

all registered nurses (Anon, 1990).

By January 1990 Ethics Committee approval had been given for about 50% of Scottish 

births. After consultation with the MRC it was decided to start the Scottish Guthrie 

study on January 7th 1990. It was thought that the distribution of publicity material was 

proceeding and any troubles were over. A ground swell of disquiet started in January 

1990 as it became known that the Guthrie study had started in Scotland. The main 

reason seemed to be that Virginia Bottomley's statement of the 24th of November 1989 

said Guthrie card screening would only start later in the year. The combined statement 

dated 6/2/90 from the Chief Medical Officer and the Chief Nursing Officer for Scotland, 

sent to all Health Board Chief Administrative Medical Officers, and Chief Area Nursing 

Officers seemed to silence the opposition in Scotland. It appeared that all was well as 

far as poster distribution was concerned, until information filtered back to us from Dr 

Goldberg at the Communicable Diseases(Scotland) Unit at Ruchill Hospital and also Dr 

Peatfield at the MRC in London (appendix 8). This involved the UKCC and concerned 

both Guthrie studies in London and Scotland.

The UKCC had disquiet about the Unlinked-Anonymous HIV testing performed on 

Guthrie card samples since July 1988 in London(Peckham etaL, 1990). They felt their 

members (the midwifes) who were taking the blood samples should have known about 

the study. They felt this undermined the trust in the practitioner-patient relationship. 

One of the concerns about the Scottish study was:

"the fact that it would appear that the study in Scotland has apparently started 

when no information for patients is in place to inform them of its existence and 

allow for the possibility of opting out".
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At the same time in September 1990 local problems re-emerged when it was found that 

a community antenatal clinic had not received publicity material. This clinic was run by 

Dr Mary Hepburn, Senior Lecturer in Obstetrics and Gynaecology at Glasgow 

University and specialist in HIV and drug abuse. A Nursing Officer colleague who was 

in charge of Midwifery at the Queen Mother's Hospital was consulted. It became clear 

what had happened. The leaflets and posters (appendix 7) had been circulated in early 

January 1990. Then in March 1990 they had been withdrawn by the nursing 

administration. The main reason for this was that the leaflets did not mention "your 

babies blood" or Guthrie card testing. New posters and leaflets were distributed in 

September 1990. These had not been sent to the community clinics. The author 

rapidly corrected the problem.

On the 7th of December 1990 Dr Goldberg and the author had to appear at the 

Department of Health in London, to face the UKCC to answer a number of questions, 

one of which was to do with publicity material. A description was given and accepted of 

the events leading to the lack of publicity material. The UKCC were pleased to hear the 

problem had been rectified. Explanation was given that 'all' did not include women who 

'opted out' or from the Island of Orkney. Reassurance was given about the question of 

indirect disclosure.

In retrospect distribution of this important publicity material should have had a higher 

priority as part of the methods in the Guthrie programme. To have lost the goodwill of 

the mid wives who took most of the samples would have not only been fatal to the 

Unlinked-Anonymous HIV study, but also damaging to the Inborn Errors Screening 

programme.
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EXTRINSIC FALSE NEGATIVE RESULTS

Non-participation bias may have been internal, associated with the Inborn Errors 

programme or external, and caused by the 'opt-out' clause.

Internal non-participation bias

An audit of infants "unscreened" by the neonatal screening system in Scotland was 

performed during 1992, of babies registered in 1991 (Tappin etal., 1995a).

The National Inborn Errors program in Scotland started to screen for phenylketonuria 

on blood taken in the neonatal period during 1965(Stevenson & Kennedy, 1974).

Since then a number of other diseases have also been looked for, and at present, 

routine screening also includes tests for neonatal hypothyroidism and galactosaemia. 

To date, in Scotland, the Inborn Errors Screening laboratory has succeeded in picking 

up all cases of phenylketonuria, neonatal hypothyroidism and galactosaemia which are 

known and were born after the screening programs commenced.

Once assay techniques were sufficiently sensitive and specific, the main concern was 

for babies where no Guthrie card arrived at the Screening Laboratory. This study has 

shown that very few infants (0.14%, 96 infants per year; 95%CI 39,143) were 

'unscreened' by the Inborn Errors Screening Program in Scotland. It would take 47 

years and 78 years respectively to miss a case of congenital hypothyroidism (incidence 

1 in 4500 births) or phenylketonuria (incidence 1 in 7,500 births) because of an infant 

being 'unscreened' by the neonatal screening system in Scotland. This was a 

significantly better (chi-square, 15.3, p<0.0001) rate than 0.82% missing specimens 

found in the only other study of this kind performed in New York State in 1988 (Pass et 

al., 1991). The risk of being 'unscreened' by the New York State Newborn Screening 

Program was over five (RR 5.6, 95%CI 2.3,13.3) times greater than being 'unscreened' 

by the Scottish Inborn Errors Screening Program.
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The design of systematically sampling 1 In 8 RGO records allowed close confidence 

Intervals to be obtained with the suspected 2% 'missed' cases reported In other studies 

(MRC Steering Committee for the MRC/ DHSS Phenylketonuria Register, 1981, Pitt et 

al., 1983, Holtzman etal., 1986, Fisher, 1987). With only 12 Infants 'unscreened' 

(0.14%), an even smaller sample would have given adequate confidence Intervals. The 

Scottish Inborn Errors Screening Laboratory has continued a regular audit program with 

smaller systematic samples of 1,500 Infant records from the Registrar Generals Office 

during one quarter of each year (1 In 10). The first In 1992 Indicated that 2 of 1,500 

Infants had been 'unscreened' (0.13%). This routine audit Is now part of the Inborn 

Errors screening programme In Scotland, which feeds back Information about 

'unscreened' Infants, Inadequate samples and poorly completed cards to workers In the 

field.

A major problem encountered was transferring records from FORTRAN format to a 

database which could be easily searched. This required an Initial step where each 

record was delimited, so that the recipient database could recognise the beginning and 

end of each field of Information and each record. It was Impossible to perform this step 

without corruption of data as records and fields were not of uniform length. Some 

corruptions allowed matching of records but others could not be matched. This 

Included the 178 babies who had negative results at the office of the Regional Medical 

Officer and which were found on hard copy at the neonatal screening laboratory. Minor 

spelling mistakes accounted for the major workload (44%) of records which were not 

matched by computer. Especially common In Scotland are the prefixes Mac and Me. 

Use of the wrong prefix Is difficult to eradicate and may be a transposition error In the 

Inborn Errors Laboratory, or a mistake made by the midwife who took the blood sample. 

It Is Important also to remember that all these Guthrie cards are hand-written. After 

reading addresses directly from some 15,000 Guthrie cards the author was surprised
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that more transcription errors did not occur. Simple spelling mistakes in transcription 

could be improved by an automated, spell-check dictionary of surnames. Mistakes in 

the date of birth could be reduced by improved computer software. A limit to digits of 

01 to 31 for day, 01 to 12 for month, and present and previous year for year of birth 

would eradicate most transcription errors. The Scottish Inborn Errors Screening 

Laboratory is at present having a major computer upgrade. This will facilitate record 

entry, reduce false data, and allow audit to be performed directly with the Guthrie 

database. The other common reason for manual data matching was a change of 

surname. If parents are unmarried, 27% in Scotland during 1991 (General Register 

Office, 1991), the district midwife who takes the Guthrie sample in the mother's home 

will use sometimes the mother's and sometimes the father's name on the Guthrie card. 

The Registrar General sent records with both mother's and father's surname. Initial 

automated matching was performed using mother's surname, so, if parents were 

unmarried and father's surname was used on the Guthrie card, an automatic match 

was not made by computer.

In Scotland, for every baby whose card arrives at the Inbom Errors Screening 

Laboratory at Stobhill hospital Glasgow, a result is sent out to the local Health Board. 

There the list of babies born, (from SMR2 discharge notifications from obstetric units in 

a heaith board area), can be compared with negative results from the screening 

laboratory, so that 'unscreened' babies can be detected. These negative reports are 

not sent out immediately, and it is a labour intensive job to match the two sets of data 

one by one. A fear has always existed at the screening laboratory that babies are left 

'unscreened'. For this reason and in line with general audit, this study aimed to answer 

how many babies were left 'unscreened' by the program. No geographic focus of 

'unscreened' infants was evident from this study. Two district postcodes from Dundee 

were among the 12 'unscreened' infants, but Edinburgh postcodes were absent.

260



In the main, extremely good systems were in place to make sure that each infant bom 

in a health board area in Scotland has a Guthrie result. Five of the 12 'unscreened' 

cases had samples sent. It was concluded that these five samples had been lost in 

transit to the Inborn Errors Screening Laboratory. These five should have been 

unearthed by the negative reporting system and were still therefore classed as 

'unscreened'.

Seven infants were therefore missed completely in the 1 in 8 systematic sample from 

1991. Of these 7, only one mother was described as difficult to find by her health 

visitor, as she continually moved between her own house in Inverness and her mother's 

house in Dingwall. None of the other descriptions of reasons for missed infants were 

itinerant in nature and were due to a breakdown in the Inbom Errors screening 

programme, with original samples not taken and ineffective negative reporting.

It is possible that all of the 0.14% unscreened Guthrie cards came from infants of HIV- 

infected mothers. This study however supports the view that mothers of 'unscreened' 

infants were probably not more likely to be infected with HIV than other mothers in 

Scotland.

External non-participation bias

Women who spontaneously refused ('opted-out') from Anonymous-Unlinked HIV- 

antibody testing of their infant's Guthrie card were the most important group to be 

considered. The critical significance of this group was not realised by the author until 

the end of 1990. District postcodes for 1990 were not retained, only the total number of 

9 'opt-out' cards were recorded. The clerical officer recalled postcodes represented, 

and could remember that most came from one area with one colour pen and 

handwriting. After 1990, district postcodes for each spontaneous refusal were 

recorded. A total of 60 women over 5 years spontaneously opted-out. Of 51
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spontaneous refusals from 1991 to 1994, 22 came from one postcode district G67, with 

the same handwriting as that remembered from 1990. Four 'opt-out' cards came from 

three postcode districts (DD2, DD5, EH51) where HIV-positive cards had been 

recorded.

It may be that all 60 'opt-out' cards were from infants of HIV-infected mothers. It seems 

more likely that most were not and were associated with a few midwives. A decision 

was made not to follow up the spontaneous refusals from G67 for fear of causing more 

harm than good. As long as these cards came from a low prevalence area, the 

likelihood of them being HIV-antibody positive was small. No 'opt-out' cards came from 

Edinburgh city from 1991 to 1994.

Dr Croft from the Edinburgh Perinatal Transmission Study, came to the Inborn Errors 

Screening Laboratory in 1991 with the names of known HIV-infected women who gave 

birth in Edinburgh during 1990. All had Guthrie cards which arrived at the screening 

laboratory.

Ethics approval was granted for Orkney in June 1993. No HIV-infected mothers from 

Orkney have given birth since June 1993.

Overall it seems unlikely that non-participation bias has significantly affected the results 

of this study.
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EXTRINSIC FALSE POSITIVE RESULTS

Extrinsic faise positive resuits refer to HIV-infected mothers represented more than 

once during the same calendar year.

Two cards from the same infant.

Babies registered in Scotland give the best estimate of total births. This figure is 

generally 3-4% higher than SMR2 birth discharge notifications from obstetric units 

throughout Scotland (personal communication Dr S. Cole, information and Statistics, 

Scottish Home and Heaith Department). The reason is thought to be failure on the part 

of clerical officers in obstetric units to fill in ail SMR2 discharge forms. From 1990 to 

1993 inclusive, 2040 more Guthrie cards were sent to the inbom Errors laboratory than 

babies registered in Scotland (table 16). This duplicate testing, assuming an HiV 

prevalence of 0.3 per thousand live births, will only have produced on average one 

faise positive result over the 4 year period (0.3 x 2.040). There is no reason to believe 

that infants of HIV-infected mothers would be over-represented in this group of repeat 

specimens.

By comparing non-identifying information, it was possible to rule out repeat samples in 

most cases, in the second quarter of 1990, two cards from EH7 had the same non

identifying data. It could not be ruled out that these cards came from the same infant. - 

At this time at the start of the study, of 6 HiV-infected mothers 4 lived in EH7, one EH11 

and one EH16. The author implemented a duplicate marking system, where routine 

inborn Errors clerical staff marked a large on the cards where their computer 

terminal flagged Guthrie card details as repeated. Duplicate cards were not removed 

from either the Inbom Errors system or the HiV testing system. During the second half 

of 1990, and 1991, a record of the number of duplicates was not kept, but 340 

duplicates were marked in 1992, 376 in 1993 and 396 in 1994. This is of the same
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order as the suspected duplicate testing of 2040 cards in 4 years. No anti-HIV-positive 

cards have been found in batches with 'D' marked duplicate cards. In 1991, 2 cards 

from EH 11 in the second quarter could not be distinguished by non-identifying 

information. The specimens were in the same batch but no duplicate was marked in 

this batch. This indicated that the cards probably came from different babies. A further 

possibility for these two infants was that they were twins.

With the geographic spread of HIV-infected mothers from a few districts in Edinburgh 

and Dundee in 1990, to many more districts throughout Scotland, it has become easier 

to exclude duplicate specimens by non-identifying information.

Two infants born in the same calendar year

The possibility of twins in EH 11 (two cards with identical non-identifying information in 

the same batch of cards referred to above) in the second quarter of 1991 was not 

supported by alignment with one known HIV-infected mother who did not deliver twins.

It is unlikely that a single HIV-infected mother had two completed pregnancies within 

the same 12 month period. By comparing district postcode (assuming the mother had 

not moved) and using maternal age gathered for 1993 and 1994, by leaving a 6 month 

gap between births, 2 infants from 1990 and 1 from 1993 could have had siblings bom 

in the same calendar year. Known HIV-infected mothers did not give birth to 2 infants 

within a single calendar year.

In summary, it is unlikely that HIV-infected mothers have been over-represented by two 

or more cards from the same infant or twins or two pregnancies within the same 

calendar year.
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METHODOLOGICAL FALSE NEGATIVE RESULTS

Methodological false negative results are defined here as false negatives caused within 

the inborn errors laboratory. These can be due to method errors such as a card set 

aside awaiting a repeat routine inbom errors sample with neither card being tested for 

anti-HIV or to assay errors such as low sensitivity associated with the dilution inherent 

in dried blood spot eluates.

Cards treated differently from the routine

Repeat cards are requested from infants with abnormal Inbom Errors results, where 

samples are inadequate for Inborn Errors Screening and when samples have been 

taken too early. The original cards are put aside awaiting the arrival of the repeat. 

Repeats are then clipped with the original card after Inborn Errors analysis. These 

repeat cards were tested together at the end of each year for HIV-1 antibody. From 

1993, one of this group of cards was HIV-antibody positive.

False negative MAT, GACELISA or Western Blot

The quality control samples, from both the GDC and the PHLS, indicated that MAT was 

100% sensitive, reactive to all 277 positive quality control samples. If anything, 

comparing MAT titres, these quality control samples were weaker than routine samples. 

All these samples were confirmed as positive by GACELISA and Western Blot. Other 

studies have used a larger punch size than 3mm used in Scotland (Peckham etal., 

1990, Hoff etal., 1988). Quality assurance, by both the PHLS and the GDC, has 

shown the eluates produced from 3mm dried blood discs to be completely satisfactory 

for HIV surveillance purposes. The quality assurance samples were though, a synthetic 

panel rather than clinically derived specimens.

The criteria for a positive Westem Blot used by Tedder (Peckham etal., 1990) included 

a gag or pel gene protein and an env gene protein. For sample 26 in 1990 (tables 17
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and 22) this gave an indeterminate resuit. Novick reported on dried blood spot samples 

in 1991 (Novick etal., 1991) that by changing to the new criteria (Centers for Disease 

Control, 1989) in 1989 (which were any 2 bands of p24, gp41, gp120/gp160), that the 

sensitivity of the Westem Blot was improved with fewer indeterminate results, without a 

loss of specificity. Using the latter criteria sample 26 would have been positive. The 

only problem envisaged with changing criteria is that contamination samples are less 

likely to fulfil the criteria used by Tedder. No other samples were defined as 

indeterminate by one set of criteria and positive by the other. We therefore continued 

with the criteria used by Tedder.

HIV-infected mothers whose infants had a Guthrie sample which arrived at the Inborn 

Errors laboratory were therefore well represented by confirmed HIV-positive Guthrie 

sampies.

HIV-2

No cross-reaction has been seen with HIV-1 MAT and HIV-2 quality control samples 

sent by the PHLS. Laboratory surveillance (the denominator study) employs a 

combined HIV-1/HIV-2 assay system. HIV-2 antibody positive samples have not been 

detected so far. At present it is therefore probably still reasonable for the Guthrie HIV 

serosurveillance study in Scotland to use a screening test which is unlikely to detect 

HIV-2 antibody positive samples.
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METHODOLOGICAL FALSE POSITIVE RESULTS

Methodological false positive results are defined here as false positives caused within 

the inbom errors laboratory. These may be due to method errors such as a splash or 

punch contamination from a high titre HIV-positive sample, or to cross-reactions such 

as between HIV and human histocompatability antigens. This area is of the greatest 

worry with a low prevalence population. If the whole assay system were only 99.9% 

specific, about 300 false positive results would have occurred among the 323,948 MAT 

assays performed between Jan'90 and Dec'94.

The confirmation assay system

Only 101 eluates were reactive by MAT. Among PHLS quality control samples the 

specificity of GACELISA was 98.6%. If all the 101 MAT reactive samples were false 

positive assay results then GACELISA would on average be reactive in 1 or 2 samples. 

This is assuming that no false positive reactions were common to MAT and GACELISA. 

The assays incorporate different antigens: MAT uses a whole viral lysate antigen 

whereas GACELISA uses recombinant proteins. Furthermore, the formats are different 

since the GACELISA uses an antibody capture method, and the MAT is a modified 

immunometric principle based on agglutination. Therefore it was unlikely that MAT and 

GACELISA had a significant number of common false reactive samples. Any eluates 

falsely reactive to both MAT and GACELISA would be unlikely to satisfy the Westem 

Blot criteria for an HIV-positive sample. Also titration of positive study samples was 

possible to at least 1/16 and usually to greater than 1/32 indicating that HIV antibody 

was likely to be present.

It is therefore likely that any MAT reactive eluate confirmed by GACELISA and Westem 

Blot truly contained significant amounts of HIV-antibody.
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Punching cards and splash contamination 

i Control specimens

Evidence from the GDC quality control programme made splash and probably more 

importantly punch contamination a cause for concern. Three eluates (shaded samples 

In table 9, (viii) October 1991, (xii) January 1993 and (xvi) January 1994) from negative 

GDC quality assurance samples were both MAT reactive (1/8, neat, 1/4) and 

GAGELISA reactive (normalised optical density, 1.32, 2.11, 3.99), with the first and the 

third confirmed by Western Blot and the second indeterminate. These eluates were 

repeatedly reactive. Once the results of the quality assurance had come through, the 

cards were re-punched, with extra care to clean the punch between blood spots and 

the new eluates were found to be negative by MAT, GAGELISA and Western Blot.

Routine Guthrie card testing is not likely to suffer from unknown punch or splash 

contamination. Firstly, In consideration of splash or punch contamination from routine 

dried blood spot controls, the GDG controls regularly have a MAT titre of 1/8 for the 

'strong' control and 1/2 for the weak control. In the first few months of testing in 1990, 

an in-house dried blood spot control was used which titred to about 1/64. This in-house 

routine control sample was abandoned after a reactive MAT assay(neat) occurred next 

to this control well, perhaps from splash or punch contamination. Any splash or punch 

contamination would titre to a lower level than the well or blood spot from which it 

emanated. The lowest MAT titre of routine eluates to be confirmed positive by 

GAGELISA and Western Blot was 1/16, and most titred to 1/64 or above. Therefore 

splash or punch contamination from routine GDG dried blood spot control samples 

would not cause confirmed, false positive, routine Guthrie samples.

Diluted (serodia kit) serum samples are added to the test plate not the elution plate. 

Therefore repeat testing of positive eluates, caused by splash contamination while

268



pipetting these control serum samples, would be very unlikely to recur on repeat testing 

of reactive eluates.

The CDC has shown by extensive experimentation (Centers for Disease Control, 1993) 

that contamination does not, in practice, occur from a strongly positive Guthrie card to a 

negative card while they are stored next to one another. To produce a repeatedly 

reactive contamination-induced false positive routine eluate, punch or splash 

contamination during the elution stage, before transfer to the test plate, must have 

occurred from a strongly positive routine dried blood disc or eluate from the same batch 

of cards. It is likely that the next well would be contaminated by fibres remaining in the 

punch. For splash contamination to occur the eluates need to be on the same 96-well 

plate as each plate is covered before the next is worked upon.

II Study samples

Sample 16 (table 17,1990) may have been caused by splash contamination from 

sample 17. Both were on the same plate 22 wells apart. As is typical with splash 

contamination the MAT titre was low for sample 16, GACELISA was weakly positive 

and Westem Blot revealed no bands (table 22).

Samples 6 and 7 from 1991 (table 18) were on the same plate from the same batch, 19 

wells apart. Punch contamination was unlikely as the wells were not next to each 

other. Splash contamination was unlikely as both titres were about equal at 1/512 and 

1/256, both GACELISA results were positive and the Western Blot banding was distinct 

and the same from both eluates. For splash contamination to be the cause it would be 

expected that one MAT titre would be much lower than the other, with a weaker 

GACELISA and missing bands on Westem Blot.
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Samples 10 and 11 from 1991 (table 18) were from thie same batchi but different plates. 

Alignment was possible witfi two separate known HIV-infected mothers. The assay 

patterns were again not typical of splash or punch contamination.

The only other confirmed positive samples from the same batch of cards occurred in 

1993 samples 8 and 9 (table 20). These samples were just 4 wells apart on the same 

plate. Again the assay patterns were not typical of contamination. No known HIV- 

infected mothers aligned with non-identifying data from either of these samples.

In summary, the typical contamination pattern was seen in two routine samples from 

tfie same batch in 1990, one sample was negative by Western Blot. Pairs of confirmed 

positive samples occurred in 3 other batches, which, by their assay pattern, and for one 

pair due to alignment with 2 known HIV-infected mothers, were unlikely to be due to 

sample contamination.

This study was not significantly affected by false positive results due to assay 

performance or sample contamination.
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DATA STORAGE

A computer with limited access by personal code allowed security of information.

No direct identifiers were taken from the Guthrie cards so that direct identification of 

HIV-infected mothers was impossible.

USE OF NON IDENTIFYING INFORMATION 

Comparison with other studies

It was important to keep non-identifying information, firstly, to assess if extrinsic false 

positive (duplicate) cards representing the same HIV-infected mother were likely to 

have biased results. The second reason was to facilitate alignment with 'known' HIV- 

infected mothers reported to the Royal College of Obstetricians and Gynaecologists.

The named antenatal HIV-antibody testing, which was funded by the MRC from 

November 1988 to July 1990 in Edinburgh and Dundee, (Goldberg D. J. etal., 1992) 

allowed a large proportion of HIV-infected mothers to be counselled prior to 

delivery(Scrimgeour at a/., 1990). Pregnant women were invited to join this study on a 

voluntary named testing basis with pre and post test counselling, or on a voluntary 

anonymous basis with pre-test counselling. Ninety-one percent of antenatal clinic 

attenders and 97% of women having a termination of pregnancy (Dundee only) agreed 

to testing. It was possible, by alignment with data from the Guthrie study for 1990, to 

assess how many infants were missed by the antenatal branch of this study in 

Edinburgh and Dundee. Only one infant was missed in Dundee and it is probable that 

either zero, one or two infants were missed in Edinburgh (table 29).
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Table 29: Mothers known' to be HIV-infected compared with Guthrie data.

1990

Guth Known

1991

Guth Known

1992

Guth Known

1993

Guth Known

1994

Guth Known

Edin 13 13 9 7 6 4 7 4 4 4

Glas 0 0 5 5 1 1 2 0 0 0

Dund 3 2 0 0 6 3 2 2 5 4

Aber 2 0 2 1 3 1 1 1 1 0

Other 1 0 3 0 5 1 6 0 8 4

Total 19 15 19 13 21 10 18 7 18 12

Since 1990 alignment has shown that fewer infants were 'known' to obstetricians prior 

to delivery. This is not surprising as the large investment in finding HIV-infected 

mothers prior to delivery in Edinburgh and Dundee has been removed. By retaining 

non-identifying data on hospital of birth it has been possible to show that most 'known' 

and 'unknown' mothers, infants and partners could be offered care and intervention to 

help prevent HIV transmission if voluntary named testing was offered to all antenatal 

women in 5 maternity units in Scotland. The effectiveness and future placement of 

these expensive named testing strategies could be monitored by continued Unlinked- 

Anonymous HIV serosurveillance of Guthrie samples with retention of information on 

hospital of birth.

Indirect identification

Indirect identification is defined as knowing so many pieces of "non-identifying" 

information that the blood sample could only have come from one individual.

"Selected non-identifying information (gender, age group, source laboratory/district, risk 

factors) will be collected. This will be done in such a way that it will not be possible to
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discover the identity of any individual by indirect linkage (deductive 

disclosure)"(Heptonsta!l & Gill, 1989). This quote is taken from Heptonstall and Gill's 

outline of Unlinked-Anonymous testing published in December 1989.

Appendix 9; is instruction on Guthrie card testing in the USA after Hoff(Hoff etal., 1988) 

published his study in March 1988. This document outlines the country-wide plan for 

HIV seroprevalence surveys on neonatal blood spots which commenced in 1989, co

ordinated by the Centers for Disease Control and Prevention, Atlanta, USA. These 

workers (Pappaioanou M. etal., 1990) recommended that: "To protect anonymity of 

mothers and infants, at least three births must occur per age (age-group)-racial/ethnic- 

county (zip code) frequency table cell in a given time period."

Gill reported later in 1989: "In the family of surveys co-ordinated by the Centers for 

Disease Control and Prevention in the United States, over 200,000 specimens have 

been tested in 31 states by using the Unlinked-Anonymous method by the end of 

September 1989 without a single report of results being indirectly linked to 

individuals"(Gill etal., 1989).

The study in New York State (Novick etal., 1989) collected demographic non

identifying information including: mother's age, zip code of residence (equivalent to first 

part of postcode), race, month and year of infant's birth. This is equivalent to the data 

retained in the Scottish Guthrie HIV serosurveillance study.

No official instruction has been sent to the Unlinked-Anonymous serosurveillance 

workers about indirect disclosure. It must be stressed that no direct identifiers are 

taken from the Guthrie card so direct disclosure is not possible. The data is 

administered and controlled by the Scottish Centre for Infection and Environmental 

Health who have systems in place that severely restrict access to the information.
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Those reporting results are responsible individuals who recognise the sensitive nature 

of the data.

Pin-pointing a small community

The Shetland Islands, with a very small close knit community, felt that one positive 

result would provoke a witch hunt. A decision was made to integrate all Island results 

with the larger mainland areas when results were collated.
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COMPARISON OF STUDIES USING INBORN ERRORS SCREENING CARDS

The pioneering study by Hoff in Massachusetts (Hoff eta!., 1988), USA reported in 

March 1988, showed that blood taken, onto absorbent paper cards(Guthrie cards), for 

routine neonatal screening for Inborn Errors of Metabolism, could be used to detect 

maternal antibodies to HIV, It has long been known that a mother's IgG antibodies 

cross the placenta and persist in her infant's blood for up to a year or more (Alford, 

1971). The study by Pappaioanou from Zaire, showed that the detection of HIV-1 

antibody passively acquired in the infant was a good predictor of seropositivity in the 

mother from which the infant came (Pappaioanou etal., 1993). In 1986-7, one in every 

476 (2.1 per 1000) women giving birth in Massachusetts was positive for HIV-antibody 

(Hoff et al., 1988). The figure was 8 per 1000 for inner city areas and 1 per 1000 in 

rural areas. Unlinked-Anonymous HIV-antibody testing of Guthrie card samples started 

in three London regions in 1989(Peckham etal., 1990). This is now being extended to 

the rest of the UK, co-ordinated by Dr Angus Nicoll, of the Communicable Disease 

Surveillance Centre, Colindale, London.
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Early Guthrie card data

Location Year Overall City 

per 1000

Suburbs

live-births

Rural

Massachusetts 1987 2.1 8.0 2.5 0.9

New York State 1988 6.6 12.5 - 1.6

1990 9.2 15.3 - 2.5

London 1989 0.24 0.49 0.44 0.04

1990 0.47 1.3 0.47 0.07

Quebec 1989 0.61 1.8 1.2

Sydney 1989 0 0 0 0

Scotland 1990 0.3 0.6 0.03

The Guthrie card data illustrated in the table refers to Massachusetts(Hoff etal., 1988), 

New York State(Novick etal., 1989, Gwinn etal., 1991), London(Peckham etal., 1990, 

Ades etal., 1991), Quebec(Hankins etal., 1990), Sydney, Australia(McLaws M. etal., 

1990) and Scotland(Tappin etal., 1991). As of September 1990 annual survey data 

were available, on newborns, from 43 US states and the District of Columbia(Gwinn et 

al., 1991).
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Comparison of the methodology used in these Guthrie studies

Ethics approval

The Massachusetts study did not mention ethics committee approval and so one would 

imagine that the local committee was satisfied. A similar study in three Thames regions 

of London was reported in March 1990 (Peckham etal., 1990). The jurisdiction of the 

ethics committee approval was challenged. To continue this study local ethics 

committees were consulted (Berry etal., 1990). Other studies, after this, in the UK, 

including the Scottish study, have sought local ethics committee approval as a 

condition of funding by the MRC.

Collection of samples

In the US most Guthrie blood samples were taken by hospital personnel as it was the 

responsibility of the hospital of birth to provide a specimen for testing to exclude certain 

inborn errors of metabolism. This was done between 3 and 5 days postnatally. In the 

UK most samples were taken outside hospital by district midwifes who looked after 

infants at home until 10 days of age. They handed over care to the Health Visitor who 

collected samples from any infants who had not had a Guthrie card sent. The heel of 

the infant was lanced with a stylet and blood dropped onto the absorbent paper card. 

The same absorbent paper (no. 903 Schleicher and Schuell, Keene, New Hampshire. 

USA.) was used in the US(Hoff etal., 1988), UK(Tappin etal., 1991) and Australian 

studies(McLaws M. etal., 1990). No mention was made in the other studies, but all 

Guthrie networks tend to use this paper. The card was then air dried and sent by post 

to a central testing laboratory. In New York State there was one laboratory for 270,000 

specimens in Albany, the State capital. In Scotland there was one laboratory for 

65,000 births. In England and Wales there would be 25 laboratories for 690,000 

babies, if future plans are implemented.
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Transportation of blood samples.

In the studies from North America(Hoff etal., 1988, Novick etal., 1989), 

Canada(Hankins etal., 1990) and Australia(McLaws M. etal., 1990) and Scotland 

(Tappin etal., 1991), HIV-antibody screening was performed in the same institution as 

Inborn Errors Screening. In the London Study(Peckham etal., 1990, Ades etal., 1991) 

transportation of punched discs was necessary from Inborn Errors Laboratories to a 

central virus reference laboratory for HIV-1 antibody testing. Further transportation was 

also involved in the Unlinked-Anonymous HIV prevalence monitoring programme in 

England and Wales, where rubella samples were transported every three months to a 

central HIV reference laboratory(Public Health Laboratory Service(AIDS), 1991).

Removing identifiers

Removal of direct identifiers information (maternal name and address, child's date of 

birth) initially involved a crude but very safe method (Hoff etal., 1988) in the 

Massachusetts study. The punched disc was placed without identifying information into 

a container with discs from other hospitals of similar geographic category. Categories 

were inner city, suburban or rural. After each 8 day period the discs in each category 

were tested. Not less than 200 discs were tested in each batch. Geographic category 

and 8 day period when samples arrived at the laboratory were pieces of "non- 

identifiable" information. A similar system was used in the London Guthrie studies 

(Peckham etal., 1990, Ades etal., 1991) which took in 3 of the four London Regions. 

The District Health Authority was used as geographic information. The study in 

Scotland converted the child's date-of-birth into month-of-birth, and this was retained. 

Studies in London and Massachusetts used time period of testing as a surrogate for 

period of birth of the infant.
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Size of blood sample

A 6.3mm diameter punched disc of dried blood was used by Hoff in Massachusetts, 

containing 10 microlitres of blood (5 microlitres of serum)(Hoff etal., 1988). Studies in 

Montreal, Quebec (Hankins etal., 1990) and Sydney, Australia (McLaws M. etal.,

1990) used exactly the same technique as Hoff with 6.3mm discs of dried blood 

containing 10 microlitres of blood. The London study of the three Thames regions used 

a punch giving a 5.5-6mm disc containing about 5 microlitres of blood(Ades etal.,

1991 ). The Scottish Guthrie study used a 3mm dried blood disc containing 1.2-1.6 

microlitres of serum(Tappin etal., 1991). The samples used in Unlinked-Anonymous 

studies of childbearing women using the rubella sample (Public Health Laboratory 

Service(AIDS), 1991) were 200 microlitres of serum.

Use of serum from dried blood discs

Elution of blood from spots is performed in the US by methods described for each 

ELISA assay in the manual "Serologic assays for human immunodeficiency virus 

antibody in dried-blood specimens collected on filter paper from neonates" (appendix 

9). Elution of blood in the UK has been performed as described in the study from 

London (Peckham etal., 1990).

Screening assays and products

A variety of methods and products were use to detect antibody to HIV. In general a 

screening test was first used which was then followed by one or two confirmatory tests. 

Initially in Massachusetts in 1987 an immunofluorescence assay was used for IgG 

antibody to HIV as a screening test. After April 1987 they substituted an ELISA test 

made by Genetic Systems Corporation. Novick (Novick etal., 1989) used an ELISA kit 

made by Electro-Nucleonics. Three other kits were recommended by the GDC for use 

with filter paper samples, Abbott HIV EIA, Du Pont HIV-1 ELISA and Organon 

Vironostika HIV Microelisa System (appendix 9). ELISA tests were and still are quite
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time consuming, expensive and require a plate reader. An alternative screening test 

was a particle agglutination assay, produced by Fujirebio Inc. A modification of thie 

standard assay (Barbara etal., 1989) was first used on a large scale on dried blood 

spots by Tedder in tlie London study (Peckham etal., 1990, Ades etal., 1991) and then 

in the Scottish Guthrie study(Tappin etal., 1991). Advantages of this test were, ease of 

testing and no reading apparatus.

Detecting HIV-2

One Guthrie sample with anti-HIV-2 was found in the Quebec study (Hankins etal.,

1990). This was not unexpected as previous samples from other individuals had tested 

positive for HIV-2 in Canada in 1989 (Neumann etal., 1989). 70-80% of HIV-2 positive 

eluates will cross react with HIV-1 ELISA tests giving either a weak positive or 

borderline pattern. The HIV-2 positive eiuate found in the Canadian programme was a 

borderline on HIV-1 ELISA and proved to be HIV-2 antibody positive when tested 

further. HIV-1 and 2 particle agglutination and ELISA tests may be used in the future 

for screening Guthrie cards in the US and UK. HIV-2 antibody positive dried blood spot 

quality control samples were not detected by the modified HiV-1 particle agglutination 

assay in Scotland (Parry etal., 1992).

Confirmatory testing

Confirmatory testing was usually performed by Western Blot as this was said to have 

good specificity. All the American Guthrie studies used the Immunetics Miniblotter 

apparatus (Hoff etal., 1988, Novick etal., 1989, Pappaioanou M. etal., 1990). This 

technology was also taken up in the UK studies (Peckham etal., 1990, Ades etal.,

1991, Tappin etal., 1991), because of the very small size of the sample available from 

dried blood spot specimens.

The CDC defined positive serostatus as those samples reactive to the screening assay 

which had on HIV Western Blot at least 2 of 3 key bands of proteins {p24gag, gp41 env,
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gp120/160env) (Centers for Disease Control, 1989). In the UK, positive Western Blots 

had to include one or more of the proteins representing gag{jp55, pi 7, p24) or po/(p66, 

p31, p51) genes and one of the proteins representing e/?v(gp120, gp160, gp41) genes 

(Peckham etal., 1990).

Quality control

Quality control was taken on world-wide by the CDC, Atlanta for all dried blood spot 

specimens (Ades etal., 1991, Tappin etal., 1991) and the Public Health Laboratory 

Service, Colindale (Parry etal., 1992). This was the only way to test the sensitivity of 

the screening programmes as only one test was performed on screen negative 

specimens (Hannon, 1989).

Estimating bias

Missed babies

Studies to find out how many infants are missed by Inborn Errors Screening have used 

missed cases of the index diseases as a method of assessing the proportion of babies 

not found by the screening programme (MRC Steering Committee for the MRC/ DHSS 

Phenylketonuria Register, 1981, Pitt etal., 1983 Holtzman etal., 1986, Fisher, 1987). 

Missed cases varied between one and three percent. The study reported in this thesis 

and one other study, took registered births and matched them with information from the 

screening programme. In the other study in New York State, with a sample of 1000 

births, 0.82% (95%CI 0.3-1.6) had no Guthrie card arrive at the laboratory (Pass etal.,

1991). The Scottish audit of 'unscreened' infants showed that 12 (0.14%) of 8,379 

registered infants had no Guthrie card arrive at the inborn errors screening laboratory 

(Tappin etal., 1995a).
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Duplicate cards

The Scottish National Neonatal Inborn Errors Laboratory tests about 1% more cards 

than babies are registered each year. This is less likely to happen in the USA where 

samples are taken in hospital. In the UK, most samples are taken at home. Repeats 

occur when a sample has been taken in hospital and at home. No mention is made of 

this in the UK Guthrie studies (Peckham etal., 1990, Ades etal., 1991, Tappin etal.,

1991 ). Information from this thesis shows that duplicate cards from the same baby 

have not affected the measurement of maternal HIV seroprevalence in Scotiand.
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APPLICATION OF HIV SEROPREVALENCE DATA FROM CHILDBEARING WOMEN IN SCOTLAND

The discussion has so far concluded that the data is internally valid and accurately 

reflects the HIV seroprevalence of childbearing women in Scotland from 1990 to 1994. 

The small number of HIV-infected mothers found in this study brings forward two points. 

Firstly with the small numbers, statistical significance if present may underestimate the 

significance of changes in epidemiology of HIV infection and in sen/ice requirements. 

Secondly if statistical significance cannot be demonstrated, this does not mean a 

significant epidemiological change is absent.

HIV seroprevalence and incidence

The seroprevalence of HIV infection in childbearing women whose infants survived to 7 

days in Scotland was static at 0.3 per thousand from 1990 to the end of 1994. A static 

prevalence is unlikely to mean a zero incidence, but probably indicates that HIV- 

infected women ending their childbearing years (out-migrants) were being replaced at 

the same rate by HIV-infected women commencing the years when they had children 

(in-migrants). There are many other reasons associated with in-migration of HIV- 

infected childbearing women including undergraduate and postgraduate study and 

work relocation associated with the oil industry of families from an area of high HIV 

endemicity. There are many situations associated with out-migration including death 

from AIDS and illness causing reduced fertility.

Women coming into their childbearing years may not reflect incident HIV infection. In 

Scotland most women may have been infected by intravenous drug use prior to their 

childbearing years, although an example of incident infection in a pregnant woman in 

Aberdeen was seen during this study (Berkeley etal., 1992).

In countries in sub-Saharan Africa, the high incidence of heterosexual HIV infection has 

been measured by testing early and late pregnancy samples (Plot & Laga, 1994). This
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high incidence has been accompanied by a rise in HiV seroprevalence in childbearing 

women. If the incidence of heterosexual transmission of HiV was high in Scotiand it 

would therefore probably be seen as an increasing HIV seroprevalence in childbearing 

women. Therefore the incidence of heterosexual HIV transmission is probably not high 

in Scotiand.

The HIV seroprevalence among women attending genitourinary medicine clinics who 

were not intravenous drug users has fallen slightly from 0.34% in 1991 to 0.19% in 

1994 in Edinburgh and Glasgow. This is an indication that heterosexual transmission 

to this relatively high risk group of women is not high and is consistent with a low or 

zero incidence of HIV infection in this group.

Geographic spread of Infection

Over the 5 year period of the study, January 1990 to December 1994, there has been 

spread of HIV-infected childbearing women from the four major cities Edinburgh, 

Glasgow, Aberdeen and Dundee. This is a significant change p<0.05 with a linear 

trend over the five year period (p<0.05). This change reflects spread of HIV from the 

city to rural areas. This study covered the whole of Scotland and monitored the 

geographic spread of HIV among a representative heterosexual population group with 

the minimum of participation bias.

Maternal age

Prior to a change in Guthrie cards which came into effect in mid-1993, only the age of 

'known' mothers could be collated. Therefore comparison between 1990 and 1994 may 

be appropriate as 15 of 19 maternal ages were 'known' in 1990 and 15 of 18 were 

taken from the Guthrie card in 1994, the other 3 were 'known' cases.

The rise in age of HiV-infected mothers from 24.6 years in 1990 to 27.6 years in 1994, 

did not reach statistical significance, p>0.05. A rise of this nature may therefore have
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been seen by chance alone. If this were a significant rise what would it mean? In 1979 

the mean age of all mothers in Scotland at infant birth was 25 years, this had increased 

to 27 years by 1989, but since then the mean maternal age has remained static at 27 

years (Registrar General Scotland, 1993). Therefore a rise in maternal age among 

HIV-infected mothers could not be explained by a general rise among all mothers in 

Scotland. A plausible reason for such a rise is that a cohort of women were infected 

with HIV some time ago by perhaps sharing contaminated needles. These women as a 

group were ageing and therefore the maternal age of HIV-infected mothers increased.
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WHEN AND WHERE IS NAMED ANTENATAL HIV TESTING APPROPRIATE IN SCOTLAND?

Less infants born to mothers known' by obstetricians to be infected with HiV

A reduction in infants born to 'known' HIV-infected mothers was seen from 28/38 (74%) 

in '90/'91 to 17/39 (44%) in '92/'93. This was a significant change p<0.05. This finding 

may be to a certain extent an artefact of stopping voluntary named testing in Dundee 

and Edinburgh (Goldberg D. J. etal., 1992). This study stopped in July 1990 when 

Unlinked-Anonymous surveys had just started. The influence of such a labour 

intensive study would not disappear overnight. The finding of at least 10 'known' of 18 

Guthrie HIV-infected mothers in 1994 may indicate that spread to 'unknown' mothers is 

as yet limited.

in the major cities extensive networks are in place to help intravenous drug users.

Many come for various forms of help and become 'known' to their obstetricians. These 

networks are not so well developed in suburban and rural areas, so high risk individuals 

may be less likely to be 'known' by their obstetrician. Therefore the significant reduction 

in 'known' HIV-infected mothers may also reflect the geographic spread of HIV among 

childbearing women and does not necessarily mean that low risk women are becoming 

infected.

Care of known' mothers and their families

Since 1990, the care of women 'known' to be HIV-infected during pregnancy has 

improved. A draft paper has been written by D. Dunn (Dunn etal., 1995), in which he 

estimates that 40% of the HIV infections in infants could be prevented by a named 

testing programme which detected 70% of infected women. In his calculations, no 

women opted for termination but all bottle-fed and received an intervention such as 

caesarean section and/or zidovudine (for mother and infant) which halved the risk of 

transmission. Approximately 1 or 2 paediatric HIV infections would be prevented 

annually in Scotland assuming a present transmission rate of 15%. 'Known' HIV-
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infected mothers can receive care and appropriate treatment to improve their health, 

such as timely use of prophylaxis againstPneumocysf/s ^ar/M Partners, if not 

infected, can be counselled and helped to protect themselves from HIV. Now that only 

1/3 to 1/2 of pregnancies to HIV-infected mothers are 'known' by their obstetrician 

during pregnancy, many infants, mothers and partners cannot receive this care. This 

study has shown that after 1991, only 1 of 27 (4%) 'known' HIV-infected mothers 

breast-fed their babies, whereas 30% (9/30) of 'unknown' mothers breast-fed their 

infants after 1991.

Hospital of birth

Although HIV-infected mothers have spread geographically, their obstetric care still 

generally comes within 5 maternity units. These maternity units took care of 91% of 

'known' HIV-infected mothers, as well as 76% of 'unknown' mothers. If the five 

maternity units instituted named testing strategies, then most HIV-infected families in 

Scotland would have the chance of intervention. Also HIV-infected women attending 

for termination could receive care as could their partners. Guthrie HIV serosurveillance 

showed that the previous named testing programme in Edinburgh and Dundee 

(Goldberg D. J. etal., 1992) identified nearly all HIV-infected mothers in 1990. By 

continuing to monitor 'hospital of birth' in the Guthrie study the efficacy of future named 

testing programmes could be assessed.

When to restart named testing programmes should be decided on cost-benefit analysis 

by health service managers. It may be that political pressures will force Health Boards 

to institute named antenatal testing which may be most cost-effective if used in the 5 

obstetric units where most HIV-infected mothers are cared for. Continued Guthrie 

surveillance would monitor the efficacy of such interventions.

287



INFORMATION ON RISK GROUP OF HIV-INFECTED MOTHERS 

Antibody to hepatitis B core antigen

Guthrie testing does not allow questions of drug use to be asked. Markers of maternal 

drug use in a blood sample from a baby would include antibodies to viral infections 

commonly associated with intravenous drug use. Possible surrogate markers for 

intravenous drug use may therefore include transplacental antibodies to hepatitis B and 

hepatitis 0. In the voluntary anonymous testing survey of injecting drug users in 

London and the South East of England using saliva samples, the presence of anti-HBc 

indicated previous infection with hepatitis B virus (Report from the Unlinked Anonymous 

HIV Surveys Steering Group, 1995). A similar study in Scotland has had some difficulty 

with the sensitivity of the anti-HBc assay on saliva samples (personal communication Dr 

S. Cameron, Hepatitis/HIV reference laboratory). This relates to the problem of using 

saliva in a competitive assay system designed for testing serum.

The pilot study of screening routine Guthrie card eluates with the Green Cross 

Haemagglutination Assay (GCHA) with confirmation by CORAB RIA ran into the same 

type of problem. Assessed by testing the quality control samples, GCHA screening 

identified 41/56 (73%) of true positive sera from dried blood spot eluates. CORAB RIA 

confirmation, (39/41, 95%) reduced the sensitivity of the whole assay system to 70% 

(39/56). In the pilot study of routine Guthrie cards, CORAB RIA confirmed 53 of 63 

(84%) screened positive eluates (GCHA titre 1/8 or greater). This is close to the 

confirmation fraction of screened positive samples from the quality assurance panel of 

100 consecutive intravenous drug users in Glasgow. Therefore, if the sensitivity of the 

whole assay system is 70% when applied to routine Guthrie samples, then the 53 

confirmed positive anti-HBc samples were part of 76 (95%CI 62, 90) true positive 

samples from the 13,858 consecutive Guthrie card eluates tested during 1992. The

288



positive predictive value of the GCHA screening assay used on routine Guthrie samples 

was true positives/(true positives +false positives) = 53/63 = 84%.

The negative predictive value was true negatives/(false negatives + true negatives). 

False negatives were estimated as 76-53 = 23. True negatives + false negatives were 

13858 - 63 = 13795. Therefore true negatives are 13772. The negative predictive 

value of the GCHA screening assay used on routine Guthrie card eluates was 

13772/13795 = 99.8%.

Risk group information

Why collect information on hepatitis B core antibody status of HIV-infected mothers in 

Scotland? The geographic distribution has been compared for HIV-infected mothers 

and for anti-HBc positive mothers in Figure 23 (next page). Many countries notably in 

the Far-East and in sub-Saharan Africa have high endemic levels of infection with 

hepatitis B. Indeed a small study of dried serum spots from Zambia showed an anti- 

HBc prevalence of 27% by GCHA alone (no confirmation was performed by CORAB 

RIA on these samples). Therefore the geographic distribution of mothers in figure 23, 

whose serum contains anti-HBc, may have been bom in hepatitis B endemic areas 

notably sub-Saharan Africa and the Far-East. The same is also potentially true for HIV- 

infected mothers who might have acquired the infection outside the UK.
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Figure 24 compares the distribution of births to HIV-infected mothers over the five years 

of the study with the home postcode of all 1991 mothers who themselves were born in 

sub-Saharan Africa (data supplied by the Registrar General for Scotland: AB, DD, EH 

and G postcodes only). Even without the information from the other postcode regions, 

it can be seen that sub-Saharan African born mothers could certainly account for 

'unknown' mothers in Scotland. Therefore without specific detailed Information about 

risk category is there a way to integrate all the available data to assess crudely risk 

category of 'unknown' HIV-infected mothers in Scotland?

Maternal country of birth from the Registrar General for Scotland

The first thing is to remove from each year those mothers who could be aligned by 

district postcode and quarter of birth with 'known' mothers where risk category was 

available. For 1990, 6 HIV-infected mothers could not be confidently aligned, for all 

others risk category information was available. For 1991,6 HIV-infected mothers could 

not be aligned, and risk category was undetermined for one other, making 7 HIV- 

infected mothers with no risk category information available. For 1992, no risk category 

information was available for 11 HIV-infected mothers. For 1993, no risk category 

information was available for 12 HIV-infected mothers. For 1994, no risk category 

information was available for 10 HIV-infected mothers. For these 'unknown risk' 

mothers month of infant birth and district postcode is available from Guthrie data.

The author received data from the Registrar General for Scotland on mother's country 

of birth, infant year of birth and district postcode for 1991. By matching Guthrie 

information on district postcode it was possible to be sure that four HIV-infected 

mothers who gave birth in Scotland during 1991 were not born in sub-Saharan Africa.

If the Registrar General had been asked to supply information on month of infant birth, 

it may have been possible to say that all "unknown risk category mothers" for 1991 

were probably not born in sub-Saharan Africa. This exercise could be carried out for all
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"unknown risk category HIV-infected mothers" who gave birth during this study and may 

conclude that ail HiV-infected mothers were born in the UK. in this situation the 

refinement of looking for a marker for past infection with Hepatitis B or C on dried blood 

eluates may be helpful.

Markers for past infection with hepatitis B or C

If HIV-infected mothers could be shown to have been born inside the UK, it could then 

be implied that past infection with hepatitis B or C was an indication of high risk activity. 

For past hepatitis C infection in Scotiand this may indicate past intravenous drug use. 

For past hepatitis B infection the implied high-risk activity may be more general 

including intravenous drug use, bisexual partner, sexual partner aboard, multiple sexual 

partners in the UK. The strength of this system would be in following trends over a 

number of years, if a reduction was seen in the prevalence of past infection with 

hepatitis among 'unknown risk' HiV-infected mothers, born in the UK, it may be implied 

that HiV infection was spreading to women of a lower risk category.
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RETROSPECTIVE GUTHRIE HIV SEROPREVALENCE SURVEY IN EDINBURGH AND DUNDEE

This survey was conducted In the authors absence and is yet to be published, but he 

has permission from those involved to outline the findings.

Names and a code for all 'known' HIV-infected, and equal numbers of HIV-uninfected, 

mothers from Edinburgh were sent to the Inbom Errors Screening laboratory. The 

cards were looked out and then coded. Identifiers were removed and eluates were 

tested for HIV-antibody using the MAT assay. Coded results were returned to the 

obstetricians who have looked after all 'known' HIV-infected mothers in Edinburgh.

The HIV assay system was not as robust with these older cards. MAT identified 56 

cards of 62 known HIV-infected mothers from Edinburgh back to 1984. Four cards 

were missing and 6 cards, from 'known' HIV-infected pregnancies, gave a negative 

Guthrie HIV-antibody result. Confirmation was possible by GACELISA, but Western 

Blot produced inadequate confirmatory results with many indeterminate patterns.

All stored Lothian and Dundee Guthrie cards from 1990 back were then tested for HIV- 

1 antibody using the MAT screening assay with confirmation by GACELISA and 

Western Blot. No positive results have been seen in cards before 1984. Lothian region 

Guthrie cards have been tested back to January 1982. Cards from Dundee are being 

tested at present. HIV-infected mothers started to give birth in 1984, which is in 

agreement with the suspected start of the HIV epidemic in Edinburgh intravenous drug 

users in late 1983 (Robertson etaL, 1986).
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A DIRECT ESTIMATE OF HIV-INFECTED INDIVIDUALS IN SCOTLAND 

Family of Unlinked-Anonymous studies

The study reported in this thesis is part of the Uniinked-Anonymous programme in 

Scotland, which produces HiV seroprevalence information from various low and high 

risk population groups, with the minimum of participation bias. High risk groups are 

represented by genitourinary medicine (GUM) clinic attenders in Glasgow and 

Edinburgh, with extensions to Aberdeen, Dundee, Stirling and Falkirk. Risk information 

is collected from all attende rs and, generally, routine syphilis testing is performed. 

Residual serum from these samples is sent for Uniinked-Anonymous testing with non

identifying data, including risk category. From January 1991 to June 1994, there has 

been a general decline in HiV seroprevalence among all risk groups attending GUM 

clinics in Edinburgh and Glasgow. The prevalence among homosexual and bisexual 

men has fallen from 6% to 4%, among heterosexual males from 0.3 to 0.15% and 

among heterosexual females from 0.6% to 0.3% in Edinburgh and from 0.1% to 0% in 

Glasgow. Unlinked-Anonymous antenatal HiV-antibody testing takes place in 

Edinburgh and Dundee. The advantage over Guthrie testing is the risk category 

information collected routinely in this study, as well as the HiV seroprevalence 

information from women who opt for a termination of pregnancy. Among ongoing 

pregnancies, the HiV seroprevalence between January 1993 and June 1994 was 

0.14% in Dundee and 0.08% in Edinburgh. For terminations of pregnancy the 

seroprevalence was 0.21 % for Dundee and 0.18% for Edinburgh. So the 

seroprevalence among women who opt for a termination of pregnancy is perhaps 

double that of those who go on to have a live birth, if this figure could be applied to the 

whole of Scotland, the HIV seroprevalence of those women who conceive (ail abortions 

~11,000 plus live births -65,000, ignoring perinatal deaths and spontaneous 

miscarriages) would be:
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0.3 X 65000 + 0.6x11.000 
76

0.34 per 1000 conceptions

Little information is, as yet, available from women who are sexually active but do not 

conceive. An Unlinked-Anonymous HIV seroprevalence study among women attending 

a family planning clinic in Glasgow from January 1992 to November 1994, would 

indicate that sexually active women, of whom 65% were non-conceivers, had the same 

order of magnitude of HIV infection (2 of 10,000 were HIV-infected, both not pregnant) 

as women in Glasgow who conceived and had a baby who lived to 7 days (8 of 75,000 

Guthrie data January 1990 to December 1994).

Voluntary anonymous studies

Studies of intravenous drug users, the '500' study in Glasgow (Frischer etal., 1993b) 

and a number of prison studies in Scotland (Taylor etal., 1995, Bird etal., 1992) have 

given useful information about HIV seroprevalence among intravenous drug users and 

estimates (Frischer et al., 1993b) of the size of the drug using population. How these 

groups overlap with attenders at GUM clinics and antenatal attenders is important when 

attempting to calculate the HIV-infected population from the seroprevalence in different 

at risk groups (Giesecke etal., 1994).

The denominator study in Scotland

This is a routine system for epidemiological surveillance of all voluntary HIV tests in 

Scotland (Goldberg etal., 1992) set-up in 1988. Risk category information is captured 

in a standardised way by using a single request form throughout Scotland. Computer 

links with all major laboratories with funded clerical assistance allows efficient reporting 

of nearly all HIV tests performed in Scotland. Generally, among homosexual males, the 

HIV prevalence has remained static between 1989 and 1993 at about 5%. Among
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male injecting drug users the seroprevalence has fallen slightly from 4.7% to 3.3%. 

The seroprevalence is static, for heterosexual males and heterosexual females, at 0.4 

and 0.7% respectively. No HIV-infected cases have been found during the period, for 

those few admitting to prostitution without being intravenous drug users .
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Direct projections of the HIV-infected population in Scotiand

In Scotland estimates of the HIV-infected population have been difficult because the 

number of AIDS cases was small and incubation distributions remain unclear, making 

back-projection to an HiV infection curve less reliable (Communicable 

Diseases(Scotland) Unit, 1993). The National Survey of Sexual Attitudes and Lifestyles 

(Johnson etal., 1994) undertook a random-sample survey of sexual attitudes and 

lifestyles among 18,876 men and women aged 16-59 living in England, Wales and 

Scotland between May 1990 and December 1991. This study gave up to date 

estimates of the number of individuals within risk groups. An estimate of the 

prevalence of HIV infection in England and Wales has been made using a combination 

of risk group size and Uniinked-Anonymous HIV prevalence data (Giesecke etal.,

1994). By using the Unlinked-Anonymous, voluntary anonymous and named testing 

data from Scotland (described above) and utilising the size of population subgroups 

(Johnson etal., 1994), it may be possible to make a similar direct estimate and 

confidence range of HIV-infected persons in Scotland.
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FUTURE DEVELOPMENT

Vertical transmission of HIV to infants has been estimated at 7.1% in Scotland by Mok 

(Mok et al., 1989). UK estimates were higher at 13.7% (Ades et a!., 1993), which 

agreed with other European data (Anon., 1991).

In 1992, Cassol (Cassol etal., 1992, Cassol etal., 1992) showed that blood collected 

on filter paper could accurately (18 of 19 HIV-infected infants) detect HIV from newborn 

screening cards using the polymerase chain reaction (PCR). Yourno (Yourno, 1993) in 

1993 showed that punched dried blood discs which had had antibody eluted, could still 

be used to detect HIV using PCR techniques. From the Massachusetts group 

(Comeau etal., 1993), HIV could be isolated by PGR from 52% of retrieved Guthrie 

cards of HIV-infected infants, who were born between 1986 and 1991.

If the vertical transmission rate of HIV in Scotland is about 10%, perhaps two infants 

born each year to HIV-infected mothers will also be infected. It may be useful to use 

the methods described above, utilising PCR techniques on already eluted HIV-antibody 

positive dried blood spots. Hospital of birth and district postcode of perhaps 1 of 2 

infected infants born in Scotland each year could be documented. As fewer HIV- 

infected mothers are 'known', this opportunity of alerting paediatricians that an HIV- 

infected child was bom in their area may become more worthwhile.
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REPORTING RESULTS

At the beginning of 1991 and 1992 all the ethics committees and each paediatric unit 

were given results in the form of a table (table 28). At that time results were sent to the 

Scottish Centre for Infection and Environmental Health and the Scottish Office. First 

year results were accepted for publication in the Lancet at the same time as a report on 

Guthrie HIV results from London. The Communicable Disease (Scotland) Unit and the 

Communicable Disease Surveillance Centre have reported all Unlinked-Anonymous 

survey results including Scottish Guthrie data in their own journals, ANSWER and 

Communicable Disease Report respectively. Updated HIV seroprevalence results and 

a paper describing the spread of maternal HIV Infection in Scotland have been 

published in the Scottish Medical Journal. The audit of Inborn Errors Screening cards 

has been published in the joumal 'Screening'. The Scottish Centre for Infection and 

Environmental Health now deal with the continuation of this study as routine HIV 

serosurveillance.
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EXAMINATION OF HYPOTHESES

Hypothesis 1: Local ethics committees will allow Unlinked-Anonymous HIV

testing of childbearing women in Scotland to take place.

The hypothesis was correct, and this success gives great credit to ethics committees in 

Scotland who dealt with a politically explosive subject in a uniformly sensible manner. 

The committee, which did not give approval, felt that women who tested positive should 

be told. During the debate in 1988 on Unlinked-Anonymous HIV testing this view was 

put forward by many eminent ethicists. Finally in June 1993, this ethics committee 

gave their approval.

Hypothesis 2: Screening residual dried blood on Guthrie cards taken from

neonates for Inborn Errors Screening will prove to be an 

efficient method to determine HIV seroprevalence of 

childbearing women in Scotland.

One screening centre in Scotland allowed efficient use of technicians and removed 

further transportation costs. The MAT assay was sufficiently sensitive for screening 

purposes and surprisingly specific, reducing confirmatory testing and therefore overall 

costs. Audit showed that 'unscreened' infants were unlikely to have significantly 

affected the results. Mothers who opted out were unlikely to have significantly affected 

the results.

Hypothesis 3: A rise in HIV seroprevalence in childbearing in Scotland will

indicate a significant heterosexual epidemic.

No change in HIV seroprevalence in childbearing women in Scotland occurred over a 

five year period. This concurs with Unlinked-Anonymous studies of high risk
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heterosexual women and with surveillance of named testing and implies that a 

heterosexual epidemic, if occurring, is in the early stages.

Hypothesis 4: District postcode information will allow easy comparison with

named seroprevalence surveys. It allows geographic spread 

of infection to be seen prior to the emergence of AIDS cases.

Alignment with named testing studies was helped by postcode information, but month 

of birth, hospital of birth and sex of the baby were useful to confirm that no extra, 

unknown babies had been born. District postcode was useful for observing geographic 

location and spread of HiV-infected mothers. Future named antenatal testing may find 

'unknown' mothers and their families so that prevention and treatment can be given. 

Hospital of birth may prove very useful to Guthrie HIV seroprevalence monitoring in 

Scotland, to indicate sites for named testing and to monitor efficacy.

Hypothesis 5: Age distribution of HIV-infected mothers will prove to be useful

demographic information.

Matemal age was expected to indicate which age group of mothers were becoming 

infected with HIV. The range in 1994, 20 to 34 years of age is slightly less than in 

1990,17 to 35 years. With the rise in mean age from 24.6 to 27.6 years, this may 

indicate that few new infections have taken place since 1990 and HIV-infected women 

are moving through their childbearing years.

Hypothesis 6: Health workers caring for children born to HIV-infected

mothers will find information from this study useful.

The Edinburgh Perinatal Transmission Study found the information from Guthrie 

reassuring to audit the follow-up of babies born to HIV-infected mothers. In particular 

the Guthrie study showed that the named testing programme, still operating in Dundee
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and Edinburgh during 1990 had been efficient in documenting and offering help to HIV- 

infected mothers. Alignment made possible by liaison with other workers will help to 

audit future named testing programmes.

Hypothesis 7: Hepatitis B core antibody measurement on the same Guthrie

sample will allow risk groups to be identified in HIV-infected 

mothers.

One major problem with using anti-HBc as a surrogate measure of risk group, is that it 

cannot discern between individuals from hepatitis B endemic countries, intravenous 

drug users and individuals infected by hepatitis B heterosexually. A steady reduction in 

the proportion of HIV-infected mothers who were also anti-HBc positive, may indicate 

spread from high risk groups (whatever those groups may be) to low risk groups, 

especially if mothers bom abroad in hepatitis B endemic countries can be excluded.
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CONCLUSIONS
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PREVALENCE OF HIV-1 IN CHILDBEARING WOMEN IN SCOTLAND: 1990 - 94

Throughout Scotland 0.3 per 1000 childbearing women are infected with HIV-1. 

Childbearing women are an important group who have had heterosexual experience 

and therefore would be involved in a large heterosexual HIV epidemic.

No increase has been observed over 5 years, probably indicating that a large 

heterosexual HIV epidemic has yet to occur in Scotland.

Edinburgh, Dundee, Glasgow and Aberdeen have all seen significant numbers with 

76% of infected women living in these cities.

Spread of HIV-infected mothers from the inner cities to rural and suburban areas has 

occurred from 1990 (5%) to 1994 (44%).

Ninety-one percent of 'known' HIV-infected mothers delivered in five maternity units in 

the four major Scottish cities, as were most 'unknown' mothers (76%), throughout the 

five year study.

ETHICS COMMITTEES

Gaining Ethics Committee approval for a national study was time consuming. National 

Ethics Committees have been mooted, but, in a sensitive area like HIV, local approval 

is likely to continue to be needed to allay local fears.

For 42 months 99.6% of Scottish infants were anonymously tested for HIV-1 antibody. 

This approached 100% once the final ethics committee granted permission in June 

1993.

THE POPULATION

Testing Guthrie cards for HIV-1 antibody has measured the seroprevalence of HIV-1 

infection in childbearing women throughout Scotland.
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Some selection bias would exist if childbearing women were used to represent all 

heterosexual women.

Audit showed that Guthrie cards tested were a true representation of childbearing 

women in Scotland.

Spontaneous objection occurred but probably did not significantly affect results.

LABORATORY TESTING AND DATA STORAGE

A single testing site has proved invaluable for this project.

The system of removing direct identifiers prior to HIV testing was foolproof.

The MAT assay was sensitive, specific, inexpensive and simple to use in a laboratory 

not previously experienced in antibody technology. It satisfied quality control from both 

the Centers for Disease Control and Prevention, Atlanta, USA, and the Public Health 

Laboratory Service, Colindale, London.

A problem of probable punch contamination highlighted in quality assurance samples is 

unlikely to have affected the results of this study.

An antibody capture ELISA and a Western Blot confirmatory system, to remove false 

positive samples, were both satisfactory using eluates from a 3mm dried blood disc 

punched from a filter paper card.

As yet HIV-2 has not been demonstrated in laboratory specimens in Scotland. 

Therefore Guthrie HIV serosurveillance using a MAT assay only sensitive to HIV-1 

antibody is probably adequate at present.

The Inborn Errors screening programme has not been damaged by Unlinked- 

Anonymous HIV testing.
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LIAISON WITH OTHER STUDIES

Close comparison is essential between studies to maximise information and avoid 

repetition. Formal co-operation has been cemented by the Scottish Centre for Infection 

and Environmental Health.

The voluntary named testing antenatal studies in Edinburgh and Dundee were 

successful in documenting the HIV seroprevalence in all pregnant women, while 

gaining at risk data.

The antenatal Unlinked-Anonymous HIV seroprevalence studies now running in 

Edinburgh and Dundee will give information on risk category for all HIV-infected 

pregnant women, including those who decide to have a termination of pregnancy.

More than half of HIV-infected mothers are now not 'known' to health care 

professionals. These HIV-infected mothers, their infants and their partners cannot 

therefore benefit from prevention and treatment strategies now available.

A universal (voluntary) named antenatal HIV testing programme in five maternity units 

in Scotland would give most 'unknown' HIV-infected mothers and their families the 

chance of help. Continued alignment with Guthrie data would measure the efficacy of 

this intervention.

By utilising information now available on HIV seroprevalence in different risk groups, it 

may be possible to calculate a direct estimate of the number of HIV-infected individuals 

in Scotland.

307



GLOSSARY AND ABBREVIATIONS

AIDS stands for acquired immune deficiency syndrome which is a disease caused by 

infection with HIV-1 and 2.

Anti-HBc is antibody to hepatitis B core antigen.

Anti-HIV-1 HIV-1 antibody.

ARV :AIDS related virus

Back projection or back-calculation is a method used to estimate present and future 

infections with HIV and future AIDS cases from present and past reported AIDS cases.

Bias or systematic error occurs in epidemiology when there is a tendency to produce 

results that differ in a systematic way from the true values.

CAMO : Chief Administrative Medical Officer, health board chief executive.

CD4 cells are the subset of circulating T lymphocytes with a CD4 marker on the 

surface. They make up the so-called helper T cells and are usually 60% of the 

circulating I  cell complement. Normal CD4 counts are greater than 500x10®/l and 

usually around 1000x10 ®/l

GDC : Centers for Disease Control and Prevention, Atlanta, Georgia, USA.

Childbearing women are those women who bear children during a period of time. 

During a calendar year, in Scotland, 65,000 women give birth(General Register Office, 

1989). These women are usually between ages 15 and 44 years. In Scotland there 

are 1.1 million women aged 15-44 years(General Register Office, 1989). Childbearing 

women therefore represent about 6% of all women aged 15-44 years.
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District postcode refers to the first section of the postcode e.g. G41 3RW. About 

20,000 individuais will live in a single district.

EIA.: Shortened ELISA, enzyme linked immunoassay.

ELISA stands for enzyme linked immunosorbent assay and is a standard procedure 

used for testing samples of body fluid for HIV-antibody.

env : The env gene is the part of the HiV viral genome which encodes for envelope 

glycoproteins. These are gp41, gp120, gp160.

External non-participation bias is defined in this thesis as a systematic error due to 

non-participation, outwith the Inborn Errors Screening programme, for instance caused 

by the 'opt-out' clause.

Extrinsic false positive and false negative results are due to problems outwith the 

inborn errors laboratory, such that the Guthrie cards which arrive at the laboratory for 

HIV antibody assay do not accurately represent childbearing women in Scotland. An 

example of extrinsic false positive would be a twin pregnancy to an HIV-infected 

mother. An example of an extrinsic false negative would be an infant of an HIV- 

infected mother 'unscreened' due to lack of Guthrie sample collection.

GACELISA is a form of ELISA test used in this study which is an antibody capture 

ELISA test using recombinant viral proteins.

gag : The gag gene is the area of the HIV viral genome which encodes for viral core 

proteins. These include p17, p24, and p55.

Guthrie card is a filter-paper card, made from a universal cotton fibre paper (no. 903 

Schleicher and Schuell), which is used to collect blood from all babies in Scotland at 

about 7 days of age.
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Heterosexual epidemic is an epidemic produced by heterosexual transmission.

Heterosexuai transmission refers to transmission of HIV from male to female or 

female to male during normal sexual relations.

HIV-1 stands for human immunodeficiency virus type 1. This name has superseded 

HTLV lll(human T cell lymphotropic virus, type III), LAV(lymphadenopathy-associated 

virus) and ARV(AIDS associated retroviruses) which are terms previously used for the 

same virus.

IgG : Immunoglobulin type G

Incidence is the number of new cases of a disease in a given time period divided by 

the total population at risk.

Indeterminate pattern describes a Western Blot which shows a band or bands which 

are not sufficient to describe the sample as positive.

Indirect identifiers refer to items of information which singly will not identify an 

individual, these include sex, age, month or quarter of birth, district postcode, risk 

information.

Internal non-participation bias is defined in this thesis as a systematic error due to 

non-participation in the Inborn Errors Screening programme.

Kaposi's sarcoma in its classic form is a disease which presents with a localised, 

nodular tumour, ranging in colour from blue to purple, on the lower extremities. The 

tumour is relatively sensitive to radiation or chemotherapy and survival is in the range of 

8 to 13 years.
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'Known' HIV-infected mothers are those represented by Guthrie samples which can be 

aligned with mothers known by their obstetrician to be infected with HiV during 

pregnancy.

Methodological false positive results are defined here as false positives caused 

within the inborn errors laboratory. These can be due to method errors such as splash 

contamination from a true positive sample or to assay errors such as a cross-reaction 

with non-HiV specific antibodies in a test sample.

Methodological false negative results are defined here as false negatives caused 

within the inborn errors laboratory. These can be due to method errors such as a card 

set aside awaiting a repeat routine inborn errors sample with neither card being tested 

for anti-HIV or to assay errors such as low sensitivity associated with the dilution 

inherent in dried blood spot eluates.

MRC :The Medical Research Council

Needle-exchange is a term used to describe facilities where intravenous drug users 

can acquire clean needles and syringes in exchange for used.

Non-eluting. Approximately 0.1% of dried blood discs did not elute meaning that no 

haemoglobin from the disc could be seen in the eiuate and the sample was termed 

'non-eluting'.

Opt-out refers to mothers who spontaneously forbid their child's blood from being 

tested for HiV-antibody.

Participation bias can occur when an individual is given the choice of having an HiV 

test or not.

PGP : Pneumocystis car/n/7 pneumonia
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Personal identifiers or direct identifiers are name, address, date of birth and refer to 

items of information describing an individual which would lead to direct discovery of 

who that person is.

PHLS : The Public Health Laboratory Services, Colindale, London.

pol : The pol gene is the part of the HIV viral genome encoding polymerase enzymes. 

Proteins made by this gene include p32, p51, and p66.

Prevalence is defined as the total number of existing cases of a disease in a 

population at a given point or period of time.

Recombinant proteins are made by recombinant DNA technology. The viral DMA is 

inserted into bacteria which then replicate the protein represented by that DNA. Large 

quantities of pure single proteins can be manufactured in this system.

RGO : The Office of the Registrar General, the General Register Office, Scotland,

Lady well House, Ladywell Road, Edinburgh.

Screening is the performance of a test on a population to identify individuals who may 

have a specific disease which has not yet presented clinically.

Sensitivity is the ability of an assay to pick up all true positive samples. So a highly 

sensitive assay has few false negative samples.

Seroconversion is the event occurring usually within 3 months of infection with HIV 

after which specific antibodies can be detected in the patients serum.

SHHD : The Scottish Home and Health Department.

Specificity is the ability of an assay to pin-point the true negative results. A highly 

specific assay has few false positive results.
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UKCC : United Kingdom Central Council for Nursing, Midwifery and Health Visiting, 

ul : microlitres

'Unknown* HIV-infected mothers are those represented by Guthrie samples which 

cannot be aligned with mothers known by their obstetrician to be infected with HIV 

during pregnancy.

Unlinked-Anonymous testing refers to the further sampling of sera from blood 

specimens (or urine) voluntarily collected from patients for necessary laboratory tests. 

Personal identifiers are irreversibly removed from the sample and it is then tested for 

HIV infection without the consent of the patient (Gill et ai, 1989).

'Unscreened* babies are babies who do not have a Guthrie card taken which arrives at 

the National Inborn Errors Screening laboratory at Stobhill hospital, Glasgow.

Vertical transmission of HIV refers to the transmission of the virus either in utero, 

during delivery or postnatally from mother to child.

Western Blot technique is used to describe the transfer of electrophoretically 

separated proteins from the semi-liquid gel phase involved in separation to a fixed solid 

phase of nitro-cellulose by an electric potential, so that the electrophoretic pattern is 

retained.

Window period is the time after infection prior to seroconversion when antibody to HIV 

cannot be detected.
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PROPOSED INVESTIGATION
1. Title of project
2. Purpose of proposed investigation
3. Background of the project

4. Plan of investigation
5. Detailed justification for support requested

It
ipns TITLE OF PROJECT

Assessing HIV infection in the Scottish heterosexual 
population by testing neonatal Guthrie cards for HIV 
antibody.
PURPOSE OF PROPOSED INVESTIGATION
1. To test all Scottish neonatal Guthrie cards for the

presence of HIV-1 antibody by using a particle 
agglutination test and confirming by mini-blotting.

2. To document anonymously, the seroprevalence of HIV-1
infection in childbearing women, and classify cases 
by district of residence in Scotland.

3. To follow the epidemic by documenting the changing
prevalence over 21 months in the first instance.

BACKGROUND OF THE PROJECT
The extent of infection with HIV-1 in the- heterosexual 
population of the United Kingdom is not known. Such data 
are urgently needed to monitor the acquired immunodeficiency 
syndrome (AIDS) epidemic, to plan and evaluate preventative 
strategies and to determine what health resources will be 
needed to care for those who contract the disease^-s.
Data from screening blood donors and military recruits (in 
the USA) have been used to estimate the prevalence of HIV 
infection in the general population® but the applicability 
of these estimates to the general population is questionable 
because of the self selection of blood donors. The use of 
anonymous surveys, in which data are not linked to 
individual subjects has recently been approved by the 
British government^. This has been suggested as a means of 
obtaining the least biased data on the prevalence of HIV 
infection without violating rights of confidentiality, 
informed consent and counselling that apply to individual 
testing®.
The incidence of HIV infection in women of reproductive age 
may be a sensitive measure of the course of the epidemic. 
These women become infected directly through intravenous 
drug abuse or indirectly through heterosexual contact with 
male intravenous drug users or bisexual men®.
In addition, the perinatal acquisition of HIV by the 
offspring of the affected mothers is associated with a high 
probability of morbidity and mortality in the infected 
childrenio.
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BACKGROUND OF THE PROJECT (CONTD.)
The seroprevalence of HIV infection in childbearing women 
can be assessed efficiently and ethically by an anonymous 
survey of neonatal dried blood samples which are already 
routinely collected as part of the newborn screening 
programme. Maternal IgG antibodies readily cross the 
placental barrier and are present in the neonate's blood in 
approximately the same concentration as in the mothers^^. 
Therefore the neonate's antibody serves as a surrogate 
measure of the antibody status of the mother with regard to 
HIV. Between December 1986 and June 1987 30,708 dried blood 
spots from newborn infants were tested for HIV-1 antibodies 
in the State of Massachusetts. One in every 478 (2.1 per 
1,000) women in this survey was positive for HIV antibody. 
The prevalence of HIV infection varied according to the type 
of location of the m a t e r n i t y  hospitals: rates of
seropositivity were highest in the inner city hospitals (8 
per 1,000) lower in the mixed urban and suburban hospitals 
(2.5 per 1,000) and lowest in the suburban and rural 
hospitals (0.9 per 1 ,0 0 0 ) .
The Cox report, on short term prediction of HIV infection 
and AIDS in England and Wales, which was published on the 
30th November 1988, explicitly recommends anonymous testing. 
This view was backed up by the statement in the House of 
Commons, by the Secretary of State for Health, on the 2nd 
December 1988^.
PLAN OF INVESTIGATION
The National Neonatal Inborn Errors Screening Laboratory, 
located in the Bacteriology Laboratory, Stobhill General 
Hospital, Glasgow, currently screens all babies born in 
S c o t l a n d  (67,204) for p h e n y l k e t o n u r i a ,  neonatal 
hypothyroidism and galactosaemia using Guthrie dried blood 
spot test cards. Staff in this laboratory have previous 
experience with elution and immunological techniques. There 
is adequate accommodation for performing this additional 
test. Working with dried blood spots for HIV testing
introduces no new biohazards to staff in neonatal screening
laboratories as the viability of HIV seems to be reduced in 
the dried blood state^^, i4 _ in any case appropriate 
precautions are taken in the laboratory when handling and 
disposing of all fluids associated with the dried blood 
spots. These precautions are described in Morbidity and 
Mortality Weekly Reports^^»is,i7^

1. There is sufficient dried blood on the Guthrie card 
to permit testing for HIV antibodies to be carried 
out. At present, as part of the routine screening 
procedure, the Guthrie cards are divided into 
districts before testing.

2. In the Screening Laboratory in Stobhill Hospital on
the day the cards are received in the laboratory 3 ram
diameter blood spots will be punched from Guthrie
cards into 96 well plastic trays along with positive 
and negative controls and the blood eluted overnight 
into phosphate buffered saline.
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PLAN OF INVESTIGATION (CONTD.)
3. The test will be carried out after overnight elution 

using a commercial particle agglutination kit 
(Fujirebio). The reagents will be diluted one in 
four for reasons of economy. The results of the test 
will be available within three hours.

4. All samples giving suspicious results will be 
retested by the Fujirebio test, using the original 
eiuate which has been stored frozen at -20°C. If 
this retest shows a positive or doubtful result the 
eiuate will be sent to the Regional Virus Laboratory 
to be tested for HIV antibodies using a commercially 
available miniblot method.

5. Examination of all referred samples for HIV-1 
antibody will be carried out by Western Blotting 
using the Immunetics Miniblotter apparatus. A 
minimum of 50 ul will be used but, in all cases, at 
least 10 ul will be retained and stored at -20°C for 
further reference, if necessary. The clear presence 
of at least 3 bands (one from each gene product) will 
be necessary to define any sample as positive for 
HIV-1 antibody.
All tests will be carried out in the Category 3 
facility at the Regional Virus Laboratory, Ruchill 
Hospital. Each run will contain controls, especially 
a low level positive control. No run will be 
considered valid unless this low level positive 
demonstrates at least 3 bands. All blots will be 
dried and stored for the duration of the programme. 
Without a preliminary study, it is difficult to 
estimate the number of samples which will be referred 
each week. It would be hoped that a figure of 1% or 
less for repeatedly reactive specimens could be 
achieved giving a total of 700 referrals/year. 
Allowing for controls for each run, it is estimated 
that at least 30 gels will have to be run/year.

6. To ensure that t e s t i n g  is anonymous, the 
identification of the eiuate will only be made by 
district and strict precautions will be taken, based 
on the present confidentiality procedures carried out 
in the screening laboratory and the documented 
•experience of the American Laboratories at present 
engaged in anonymous testing for HIV. It is proposed 
to investigate the estimated 12,000 cards received 
from the Greater Glasgow area in greater detail than 
the cards received from other districts in Scotland. 
Information on the age, marital status and post code 
will be made available to us from the records held by 
Greater Glasgow Health Board Information Services. 
In order to maintain anonymity only information on 
post code or district, marital status, age and result 
of test will be incorporated into the records held on 
computer. Patients name, the day number of test, or 
the batch number of test will not be held on record.
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JUSTIFICATION FOR SUPPORT REQUESTED
c, Technical/Other Assistance

One full time M.L.S.O. (Grade 1) is requested at the 
Inborn Errors Screening Laboratory, Stobhill, to 
perform the daily processing of the dried blood spots 
and to perform the particle agglutination test for 
HIV antibody on the eluates obtained therefrom. As 
200-300 tests per day will be carried out the 
M.L.S.O. will be fully employed. The M.L.S.O. will 
be .under the day-to-day supervision of Mr. R. 
Kennedy, Chief M.L.S.O. and Dr. R.W.A. Girdwood will 
be in overall charge.
Similarly it will be necessary to employ a full time 
typist/clerkess for the compilation of information on 
the Guthrie cards and for data processing. While the 
Inborn Errors Screening Laboratory is computerised, 
in o r d e r  to p r e s e r v e  c o n f i d e n t i a l i t y  the 
typist/clerkess will be the sole operator of the 
designated personal computer requested in this 
project. In addition, the typist/clerkess will be 
solely responsible for eliciting and processing the 
expanded data envisaged in the Greater Glasgow 
component of the project.

e. Material and Consumables
The moneys requested for the HIV antibody test
reagents (Fujirebio) take account of diluting the 
reagents 1 in 4 and company discounts. The 96 well 
plates, plate covers, pipettes and washing buffers 
are necessary for performing the screening tests.
The moneys requested for HIV pre-blotted membranes 
assume a 1% referral rate and allow for inclusion of 
positive and negative controls in each run of 25 
samples.
A miniblot apparatus is required to deal with
specimens of the volume and dilution provided in this
project. A freezer is required to store excess 
sample and pipettes for dispensing sample and
reagents.
The bulk of the confirmatory work will be carried out 
by Miss Lesley Wallace a Research Assistant at 
Glasgow University whose post is funded by a grant 
from SHHD for confirmatory work on HIV and related 
viruses.

h. The Tandon 386 16-40 computer and accessories are 
considered necessary to maintain the security and 
anonymity of this project. The computer will be 
sited in the Inborn Errors Screening Laboratory, 
Stobhill General Hospital. In-putting and accessing 
will be the sole prerogative of the clerkess/typist 
requested in (c) above.
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JUSTIFICATION FOR SUPPORT REQUESTED (CONTD.)
The multi-plate shaker and multi- and single chanell 
pipettes are required for performing the screening 
test.
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DETAILS OF GRANT REQUESTED (summarised in section 7 of application form) APPENDIX II page 1

(a) Personal support of applicant(s)

Name Grade
1st year £ 2nd year £ 3rd year £

Salary 26% Salary 26% Salary 26%

(b) Research staff (medical/scientific)

Name Grade
1st year £ 2nd year £ 3rd year £

Salary 26% Salary 26% Salary 26%

Totals

(c) Technical/other assistance

Staff category Age & Qualifications Grade
1st year £ 2nd9 months 

9.
3rd year £

Salary 26% Salary 26% Salary 26%

T e c h n ic a l

C le r ic a l

M .L .S .O .

W h it le y
C o u n c il

Grade 1

A u d io /
t y p i s t

9022

5059

2345

1315

7037

3960

1829

1026

Totals 14081 3660 10997 2855

(d) Visiting senior scientist

Name and country from 
which he/she would be 

coming to UK

Present position Period of 
visit

Salary 
subsistence 
Air fares 

£

Support available 
from other sources 

(e.g. scientist’s 
own institution)
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EXPENSES

No ‘inflation’ allowable for years 2/3

1st year £ 2nd 9^months 3rd year £

(e) Materials and consumables

Reagents f o r  80 ,000  te s t s  p e r  annum 

( R i j i r e b io  s u p p lie d  by M ast)

10,285 7 ,714

P la s t ic  96 w e l l  p la te s 250 200

P la te  co ve rs 200 150

P ip e t te  t i p s 180 140

Washing b u f fe r s 200 150

HIV p r e - b lo t te d  membranes 10,868 8,151

(f) Animals
Purchase: applicants should state for each species:
(i) the intended source o f supply
(ii) the microbiological quality required 

(where appropriate)
(iii) the number required
(iv) the price per animal.

Maintenance

(g) Other expenses

Total £ 38,^88 21,983 16,505
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APPARATUS £ (including VAT)* £ (excluding VAT*)

Tandon 386 l6-40 Computer
NEC P6+ Printer

Alloy FT40 Tape Back-up Unit
Dbase IV

Software

One multi plate shaker 

Two multi chanell pipettes 

Four single dose pipettes

Miniblot Apparatus

Freezer (-20®C)
Automatic pipettes (0-10 ul)

(10-100 ul)

21,133

TOTAL £

2,758

890

770

684

575

991

690

460

( 569 
(
( 276 
(
( 288

8,951

2,399
774

670

595
500

862

600

400

495 ) 
)

240 ) 
) 
)

2985

250 )

7,785

* use whichever column is applicable
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1. Surname COCKBTJRN Forename(s) FORRESTER Age 54 YEARS 
d.o.b. 13 . 10.34

2. Degrees, etc. (subject, class, university, and date) 
M .B .C h.B . (E d in b u rg h )
D .C .H . (G lasgow)
M .R .C .P . (E d in b u rg h )
M.D. (E d in b u rg h )
F .R .C .P . (E d in b u rg h )
F .R .C .P . (G lasgow)

1959
1961
1963
1966
1971
1979

3. Posts held (with dates). Where personal support is requested please identify tenure and source of 
funding of present post.
General professional and higher paediatric training Royal Infirmary 
and Royal Hospital for Sick Children, Edinburgh
Huntington-Hartford Research Fellow, University of Boston
Nuffield Senior Research Fellow in Neonatal and Foetal Physiology, 
Nuffield Institute for Medical Research, University of Oxford
Wellcome Senior Research Fellow in Neonatal and Paediatric 
Research, University of Edinburgh
Senior Lecturer, Department of Child Life and Health, University 
of Edinburgh
Samson Gemmell Professor, University Department of Child Health, 
Royal Hospital for Sick Children, Yorkhill, (3.asgow, G3 8SJ

1959-63

1963-65

1965-66

1966-71 

1971-77

1977 to 
present

4. Recent publications; also papers in press

Cockburn, F. (1987) "Perinatal mortality and morbidity in preterm and growth
retarded infants". Bulletin of the International Pediatric Association, 23-24 
June, 137-143.

Cockburn, F. (I987) "Practical intravenous feeding". Paediatric Re. Commun.,
2 j_ 347-372.

Cockburn, F. ( I 988 ) "Fetal and Neonatal Growth Volume 5". Wiley Series on
Perinatal Practice, John Wiley & Sons, Chichester.

Cockburn, F. and Evans, T.J. ( I 9 88 ) "Nutritional management of paediatric 
patients in nutritional support". Ed. H.T.G. Burns. Clinical Gastroenterology,^ ( 4), 887-904.
Turner, T.L., Douglas, J. and Cockburn, F. ( I 9 88 ) "Craig's Care of the Newly 
Born Infant 8th Edition". Churchill-Livingstone, Edinburgh.
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1. Surname FOLLETT Forcname(s) EDWARD ALEX. 4? q %cCAMERON d.o.b.
2. Degrees, etc. (subject, class. university, and date)

BSc (G lasgow) 1957
PhD (G lasgow) i 960
D ip  RMS (London) 1973
MRCPath (London) 1980

3. Posts held (with dates). Where personal support is requested please identify tenure and source of 
funding of present post.
Scientist, MRC Experimental Virus Research Unit, Glasgow 1965-68
Scientist (Tenured), MRC Virology Unit, Glasgow 1968-75
Top Grade Scientist (GGHB) in Charge of Hepatitis Reference Laboratory,
Regional Virus Laboratory, Ruchill Hospital, Glasgow 1975-82
Top Grade Scientist (with greater responsibility) (GGHB) in Charge of -1̂ 82 to
Hepatitis Reference Laboratory*, Regional Virus Laboratory, Ruchill present
Hospital, Glasgow
Honorary Lecturer, Glasgow University 1968 to

present

* From 1985 also in charge of West of Scotland HIV Reference Laboratory.

4. Recent publications; also papers in press
Follett, E.A.C., McIntyre, A., O'Donnell, B. et al. ( I 9 86 ) "HTLV-III
antibody in drug abusers in the West of Scotland: The Edinburgh connection".
Lancet, (ii), 446-447.
Follett, E.A.C., Wallace, L.A, and McCruden, E.A.B. (1987) "HIV and HBV
infection in drug abusers in Glasgow". Lancet, (i), 920.

Follett, E.A.C. (1987) "Virology of HIV testing". Scot. Med. J., 32, 113-114.
Kudesia, G. and Follett, E.A.C. ( I 988 ) "Hepatitis A in Scotland - is it a
continuing problem". Scot. Med. J., 33, 231-233-
Moore, J.P., Wallace, L.A., Follett, E.A.C. and McKeating, J.A. (in press)
"An ELISA for antibodies to the envelope glycoproteins of divergent strains of 
HIV-1". AIDS.



CURRICULUM VITAE OF APPUCANT APPENDIX IE page 1

1. Surname GIRDWOOD Forename(s) ROBERT WALTER 2 .
ANTHONY d.o.b. 21.3 .41

Degrees, etc. (subject, class, university, and date)

M .B .C h.B . (G lasgow) 1965
M .R .C .P ath (London) 1972
D .T .M . & H. (L iv e rp o o l) 1973
F .R .C .P a th (London) 1986

3. Posts held (with dates). Where personal support is requested please identify tenure and source of 
funding of present post.
Consultant Bacteriologist, Stobhill General Hospital, Glasgow - January 1974-

March 1980.
Consultant Bacteriologist in Administrative Charge, Stobhill General Hospital, 
Glasgow - April 1980-to present date.
Director, Scottish Salmonella Reference Laboratory - April 1980-to present date.
Director, Scottish Inborn Errors Screening Laboratory - April 1980-to present

date.
Honorary Clinical Teacher (Microbiology), Glasgow University - 198l-to present

date.
Director, Scottish Parasite Diagnostic Service - October 1983-to present date.

4. Recent publications; also papers in press

Ghafoor, S.Y.A., Smith, H.V., Lee, W.R., Quinn, R. and Girdwood, R.W.A.,(1984) 
"Experimental ocular toxocariasis: a mouse model". British Journal of
Ophthalmology, 89-96.

Girdwood, R.W.A., Fricker, C.R., hfcinro, D., Sheddon, C.B. and Monaghan, P., 
(1985) "The incidence of significance of salmonella carriage by gulls (Larus 
spp.) in Scotland". Journal of Hygiene, 95» 229-241.
Wallace, A.M., Beastall, G.H., Cook, B., Currie, A.J,, Ross, A.M., Kennedy, R. 
and Girdwood, R.W.A. (I986) "Neonatal Screening for congenital adrenal 
hyperplasia: a programme based on a novel direct radioimmunoassay for 17-
hydroxyprogesterone in' blood spots". Journal of Endocrinology, IO8 , 299-505.
Smart, L.E., Dougall, A.J. and Girdwood, R.W.A. (I987) "New 23-valent 
pneumococcal vaccine in relation to pneumococcal serotypes in systemic and 
non-systemic disease". Journal of Infection, 14, 209-215.
Whelan, C.D., Monaghan, P., Girdwood, R.W.A. and Fricker, C.R. (I988) "The 
significance of wild birds (Larus spp.) in the epidemiology of Campylobacter 
infections in humans". Epidemiology and Infection, 101, 259-269.
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Application for a project grant
Please type throughout and
return this form with nine photocopies

Applicant(s) Applicant I Applicant 2 Applicant 3

Surname GIHOVCCD FOLLETT TAPPIN
1 Forename^s; ! 3C2EPT W. A. EDWARD A. C. DA’fID  M.

 ̂ Age 19 'fEARS 55 'fEARS 37 YEARS
Tide ' n Q f ' m  Q Q DOCTOR DOCTOR

Post held CONSULTANT TOP GRADE SCIE>?TITr SENIOR REGISTRAR |

No. of hours p.w. on 
project

10 4 12

1, Institution/Authority (administering grant i f  approved)

U n iv e rs ity  o f Glasgow 
City or Town Glasgow

Department accommodating programme (and
instituuop i t  o;hcr than opposite)
S c o t t is n  in o o m  E rro rs  Screen ing  L a b .,
S to b h i l l  G eneral H o s p ita l,  Glasgow.

Title of project (leave one space between words)

iHfn II I i  In I k l e! 31 |A m lo In ly |m | o| u| s| |H |I |T | | I | | | | | 

lAlnl  t i i  | b | o | d | y |  ;T|e|  si t |  i | n |g |  | i  |n | j N| e| w|b |o | r  | nj s) !| 

i S j c j o l t l l l  ai ni dl  I !  I ! ! I I I I  M  I I I I  I I I I I I

4. Type of grant sought

E x ten s io n

s. AhKfTArf o f Since January 1990, over 67000 n eo n a ta l m e tab o lic  sc re e n in g
cards have been t es t ed  f o r  HIV a n tib o d y  in  S co tla n d . E th ic s  committee app ro va l 
a llo w s  te s t in g  o f 99.6 p ercen t o f  S c o t t is h  b i r t h s .  V ery few oases o f spontaneous 
re fu s a l have occurred  and no p u b lic  o u tc ry  has been seen. The F u jir e b io  
p a r t ic le  a g g lu t in a t io n  tech n iq ue  is , s e n s i t i v e , s p e c i f i c ,  cheap and r e l ia b le .
A l l  p o s it iv e  t e s t s  occured in  la rg e  m e tro p o lita n  areas on the  East Coast o f 
S co tla n d : Edinburgh p e r io d  p reva lence  3/1000 c h i ld b e a r ig  women. C om pletion o f 
3 years s tudy  is  im p o rta n t to  fo l lo w  geograph ic  spread o f HIV in  S co tla n d .

For Office use

Proposed siamng datê  O ctober I9 9 I Proposed duration (in months) 18

7. Summar; of support requested First
year
£

Second
xyeai
£ omths

Third
year
£

Total over period 
£

(̂a) Personal support of applicant

]{hj Research staff 
1 (medical/scientific)

Number of posts: 
Whole/part-time

|(c) Technical/other assistance Number of posts: 
Whole/part-time 2,5

9995
66ld
28t3

5196
5459
1469

I5 I8 9
10053 

4 ;02
Addition for superannuation and National Insurance 
calculated as 26°-o of salaries in (a), (b),,and (c) 5055 2626 7679 ,

(d' Visiting senior scientist (salary/subsistence, airfare)

(c), (C, (gl Expenses 17021 6015 25056

Total recurrent 41514 18745 6 0 ? ^

j(h .Apparatus TTG^O 1 11960 .!

Total support requested 15:474 ! 10715 ' (  7 P ' : 9



8. Do« the project require Local Ethical Committee approval? Yes/^^ A p p ro v a l has been g iv e n .

9. (a) Is your related research currently being supported by any outside body (other than the MRC)?
I f  so, please indicate the topic, supporting organisation, value and tenure

(b) Are you currently applying elsewhere for support for work relating to the present proposal? ifo
I f  so, please give details as for 9(a)

(c) Is this application currently being submitted elsewhere?
I f  so, to which organisation; and by what date is a decision expected?

(d) Has this application been submitted elsewhere over the past year?
I f  so to which organisation and what was the result?

No

No

(e) Is the proposed research likely to lead to patentable or otherwise commercially exploitable results? I f  so, please 
give brief details

10. Full ofBcial postal address of applicant
B a c te r io lo g y  Departm ent, S t o b h i l l  
G eneral H o s p ita l,  133» B a lo rn o c k  Hoad, 

lasgow G2I 3TJW.

Telephone number of applicant (please give STD code 
from London and extension)

041 558 G U I

Acceptance of regulations and conditions

I have read the conditions set out in the Council’s current Project Grants booklet and, i f  my application is 
successful, I agree to abide by^hem. I j ^ l l  be actively engaged in, and in day-to-day control of, the project.

re 01 'applicant(s); Date: I 5 / 2 / 9 I

~\2. ThiTâ pliapplication should be submitted by/through (i) the Head of Department and (ii) the officer who will be 
responsible for administering any grant that may be awarded. Each should sigh the following declaration:

• I confirm that I have read this application and that, if  granted, the work will be accommodated and 
administered in the Department/Institution in accordance with the conditions in the Council’s current Project 
Grants booklet. The staff gradings and salaries quoted are correct and in accordance with the normal 
practice of this Institution.

(i) Signattme of Head of Department

ro ie s s o r

(ii) Signature of Administrative .Authority

A
Finance OfEccr.Œursar/'Rcgistrar/Sccretary of Institution 

(delete as appropriate)

To be appended in typescript or block capitals 

Name and initials (of (ii) above)

To be appended in typescript or block capitals

Name and initials (of (i) above)

F o rre s te r  Cockburn

Institution U n iv e r s ity  D ep a rtm en t o f  C h ild  
H e a lth , R o y a l H o s p i t a l  f o r  S ic k  

Address (if dilTcrcnt from 10 above) C h ild r e n , Glasgow Address and telephone number
(including STD code from London and extension)

R oyal H o s p ita l  f o r  S ic k  C h ild re n ,
Y o r k h i l l ,  G lasgow, G5 8SJ.

339 8855

Date / ? ? / Date:

13. Name, address and telephone num ber (including STD  
code from London and extension) in typescript (or block 
capitals) o f the officer who should be-contacted regarding 
the administration o f the grant i f  awaracd, i f  different 
from (ii) above
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PROPOSED INVESTIGATION
1. Title of proicc:
2. Purpose of proposed investigation
3. Background of the project

4. Plan of investigation
5. Detailed justification for support requested

1. TITLE OF PROJECT

Unlinked anonymous testing for HIV antibody in newborns: Scotland.

2. PURPOSE OF PROPOSED INVESTIGATION

(1) To monitor the HIV seroprevalence in childbearing women in Scotland 
for a full three year period.

pi) To follov/ the spread of HIV infection by district of residence in Scotland.

pi!) To integrate with paediatric services in high prevalence areas.

pv) To integrate with other anonymous unlinked HIV testing studies in Scotland through close 
liaison with the Communicable Disease (Scotland) Centre, Ruchill Hospital, Glasgow.

3. BACKGROUND TO THE PROJECT 

Scientific Background

The extent of infection with HIV-1 in the heterosexual population of the United Kingdom is not 
known. Estimates of the number of infected people has relied on back projections from
reported AIDS cases"*. However, the form of the epidemic is changing as heterosexual 
contact accounts for an increasing proportion of new cases relative to homosexual/bisexual
men and injecting drug users^, The number of AIDS cases from heterosexual contact is too 
small for useful back projections to be made.

Population mass screening on an unlinked anonymous basis is therefore the best means of 
both estimating absolute numbers of infected individuals and providing a stable basis for
monitoring time trends^.
The programme for unlinked anonymous testing in Scotland includes as target populations, 
qenito-urinar/ clinic attenders. injecting drug users, hospital in-patient/outpatient/qeneral 
practice attenders. non-pregnant familv planning clinic attenders and pregnant women.

Pregnant women are considered to be a target population of particular importance since their 
numbers are large, they are sexually active, their infants are at risk of infection and they have 
blood and urine specimens taken during the course of their pregnancy. Throughout Scotland 
HIV testing of metabolic screening cards (Guthrie Cards) currently provides prevalence data 
on those whose outcome of pregnancy is an infant surviving the first week of life.

Attractions of this programme include :

a) All cards are sent routinely to one centre for the whole of Scotland (Department of
Bacteriology, Stobhill Hospital, Glasgow). Thus up to 70,000 cards can be processed with 
maximum cost effectiveness.
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b) Ethics Commitee approval allows testing of 99.6% of Scottish births.

c) District postcode data allows definition of high prevalence areas and early spread of 
infection.

d) No public outcry has been heard and few individuals are opting out with the programme 
running for over 12 months.

Drawbacks to this study include:
a) the inability to distinguish those HIV test results belonging to women at high risk of HIV frorn 

those at low risk.
b) ineligibility for study, of pregnant women who have therapeutic abortions, spontaneous 

abortions or perinatal deaths.

Guthrie testing is sufficient when low prevalence of HIV antibody is found. However in those 
areas where prevalence of HIV is appreciable, it is necessary for monitoring to be augmented.
In such areas it is desirable to conduct surveillance on all pregnant women whether or not the 
result is a live infant surviving for at least one week. We therefore support the proposed studies 
in Edinburgh and Dundee looking especially at termination of pregnancy and providing 
information on risk category for all pregnant women in these areas. We will rely on the staff of 
the Communicable Disease (Scotland) Centre, to integrate our results with those from other 
studies so that a full picture can be formed of HIV seroprevalence in Scotland.

Previous work leading to this proposal

The previous MRC grant for this project became active on the 15th of January 1990 and 
finishes in October 1991.
In January 1990 an unlinked anonymous neonatal HIV testing programme started in Scotland. 
Ethics committee approval allows us to test 99.6% of Scottish births.
Prior to testing, we record district postcode (eg EH9) and 3 month period during which the birth 
occured.
Screening is performed using the Fujirebio particle agglutination kit with confirmation by 
Gacelisa and miniblot, techniques established by Dr R. S. Tedder and Professor C. S.
Peckham^. Mr R Kennedy is the collaborator on technical aspects of the study. He initially 
acquired skills in the particle agglutination technique. He remains active in all technical aspects 
of the study especially the logistics of dealing with a large number of samples.

Results: During 1990, 66,765 babies in Scotland were screened for HIV antibody. Twenty 
one babies were confirmed antibody positive.
All positive results came from babies whose mothers lived in metropolitan cities on the East 
Coast of Scotland. Over a twelve month period, prevalence for Scotland as a whole was 
0,3/1000 childbearing women. Period prevalence for Edinburgh City was 3/1000, Dundee:
1.5/1000 and Aberdeen: 0.7/1000.

Quartile
1990

Edinburgh Dundee Aberdeen

1st 6
2nd 3
3rd 4 2
4th 2 1 2
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The neonatal testing programme was made more informative by combining information from 
Edinburgh paediatric services. They know about the birth of 7 HIV positive babies during the 
first six months of 1990. All had Guthrie cards received by Stobhill Hospital and all could be 
aligned with our positive test results. For the second six months of 1990 they know of five 
positive babies. Guthrie cards have been received on all five and again they can be aligned with 
our own positive results. This shows firstly that we are not missing high risk known pregnancies 
by either lack of sample or sensitivity of the test. Secondly the paediatric services will know if 
they are not following up babies.Thirdly, we can gain some risk category information from this 
collaboration.

Ethical approval and opting out

The study now covers 99.6% of Scottish births. Orkney , after two approaches, would not allow 
testing, they felt women who tested positive should be told.

Eight women chose to spontaneously opt out of having the HIV test performed on their baby's 
blood. The refusals occured sporadically throughout 1990. One lived on the outskirts of 
Dundee but the other 7 were not from major metropolitan cities. We feel that, so far, this refusal 
rate is unlikely to have affected our results.

4. PLAN OF INVESTIGATION 

Sample Collection

Throughout Scotland, heel prick blood specimens, applied to metabolic screening cards from 
all newborns, are taken by district midwives 7 days after birth. On each card, details concerning 
mother’s name, address and date of birth of the child are recorded. All Guthrie cards are sent to 
the National Neonatal Screening Laboratory, Stobhill General Hospital, Glasgow.
Routine metabolic screening tests are performed. During the processing of the Guthrie cards, 
repeat specimens are identified and eliminated.

In the Metabclic Screening Laboratory,Stobhill Hospital: Week 1
Following routine metabolic screening, Guthrie cards are read by the study clerical officer. 
Using postcode directories, she searches for the district postcode(first part) 
which corresponds to the mother’s address. The postcode is then marked on the Guthrie 
card. The Guthrie card is then passed to the study Computer Operator. She 
creates a record on the study computer by entering calender quarter of birth and 
district postcode. (If spontaneous refusal is indicated on the card this is recorded and the 
card Is removed from testing and mixed with previously processed cards). A random study 
number is generated by the computer. A 3mm disc of dried blood is then punched out and 
stored with it’s number. The Guthrie card itself does not have any record of the study 
number. At the end of a working week, the information from the computer is downloaded 
onto a floppy disc and taken to the Royal Hospital for Sick Children Yorkhill Glasgow.
This leaves no information on the study computer at Stobhill Hospital.

In the HIV laboratory Stobhill Hospital: Week 2
On Monday of the following week, samples are taken to the HIV laboratory at Stobhill 
Hospital and screened for HIV antibody. Positive samples are taken to the regional virus 
laboratory at Ruchill Hospital for confirmation testing.



APPENDIX I page 4

At the Royal Hospital for Sick Children, Yorkhill, Glasgow.
Positive results are taken by hand to the Royal Hospital for Sick Children and the random 
number is destroyed. All records with no positive or opting out result are marked negative 
and all random numbers are destroyed.

Laboratory Methods

The methods used have been described in our previous application. The Fujirebio particle 
agglutination test has proved reliable with few false positive results. To date 31 samples 
have been sent to to the regional virus laboratory for confirmation, of these 21 were confirmed 
positive by miniblot.
We are now part of the worldwide HIV dried bleed spot quality control, organised by the Centre 
for Disease Control, Atlanta. Specimens are sent to Stobhill HIV laboratory on a monthly basis. 
All quality control results to date have been correct.
We are confident that the miniblot technique used for confirmation is a method which reliably 
excludes false positive results.
The Fujirebio particle agglutination kit is not marketed to test for HIV 2 antibody. Developments, 
by the manufacturer are being made to produce a comcined test. We plan to introduce this 
modification when it becomes available. At present we have no significant population of 
travellers to or immigrants from West Africa.

Data Analvsis: Seroprevalence

Every six months seroprevalence is calculated. The number of positive results in, for instance, 
Edinburgh City (which has 17 districts) is e:<tracted from the computer as is the total number of 
tests performed. A block is present on the computer which stops release of information on 
positive results if cell size is below 10. The smailest cell size with a positive result in a single 
district has been 86.

Public Health implications

The Chief .Medical Officer for Scotland is sent the seroprevalence data every six months.
The study is useful in giving aim.ost com,plete(99.6%) coverage of Scotland. So far we have 
confirmed areas -where HIV was knovvn to be present (Edinburgh and Dundee). The recent 
finding of hvo positives in Aberdeen must raise the pcesibility of spread up the East Coast of 
Scotland. This should act as an early warning system to target further epidemiological 
and sen/ice spenaing.

5. DETAILED JUSTIFICATION FOR SUPPORT REQUESTED

Funds are sought for a further 18 month period from October 1991 until April 1993. Information 
will then be available for the whole of Scotland for a full three year period.
Three years is a realistic epidemiological timespan to observe changes in prevalence and 
geographical spread of HIV infection.
We are applying for grant extension in good time as we will lose our team of staff if we wait until 
nearer the end of our present grant.
Approximately 67,000 Guthrie cards will be tested each year.

Capital expenditure involves upgrading of the computer system to cope with storage of further 
information. A new micro plate centrifuge is also required.
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A further part-time clerkess is required to perform the initial postcoding of all Guthrie cards. At 
present this task is undertaken by staff from the Communicable Disease (Scotland) Centre, 
who are now needed elsewhere.

The balance is required for staff already employed by the present grant and consumables 
needed for the further period of testing.
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T h e  Q u e e n  M o t h e r ’s  H o s p i t a l

Our Ref: YO R K H I L L

fo ur Ref: G LA S G O W  G 3 8SJ

Enquiries to : Telephone: 0 4 1 -3 3 9  88 8 8

TLT/KB
8th April, 1992
Dr D Tappin,
Senior Reciistrar,
RHSC, Yorkhil]
Dear Dr Tappin,
A Pilot study to evaluate the use of a Haeinagalutination Test, 
produced bv Green Cross, to detect antibody to Hepatitis B core 
antigen in eluates from dried blood spots collected onto Guthrie 
cards
The Yorkhill Ethics Committee recently discussed and approved the 
contents of the above Protocol. We wish you every success with 
the study and hope that any publication emanating from It will be 
supplied to the Committee.

Yours sincerely,

T L Turner 
Secretary of the 
Yorkhill Ethics Committee
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PM/AR/EDM/RESEARCH SUPPORT GROUP
STRL\RSG.3 17 June 1992

Mr D M Tappin 
Department of Child Health 
Royal Hospital for Sick Children 
129 Drumchapel Road 
Glasgow G15 6PX

Dear Mr Tappin 

RESEARCH SUPPORT GROUP

Your application for financial support by the Research Support Group has now
been approved by the General Manager. Details of the project and funding
limit and source are as detailed below.

Any queries you may have regarding payment of accounts should be directed to 
your Unit Finance Manager. A copy of this letter has been sent to him for 
information.

Project : A pilot study to evaluate the use of a Haemogglutination Test,
produced by Green Cross, to detect antibody to Hepatitis B core 
antigen in Eluates from dried blood spots collected on to 
Guthrie Cards

Sum Recommended: £14,488.60

Cash Flow; 1992/93 - £14,488.60

Source ; Endowment Funds - Ref. No. RSG/END/9293/K 

Yours sincerely

P MERRYLEES
Principal Assistant Treasurer

c.c. Mr J Fairgrieve, Unit Finance Officer, RHSC Yorkhill Unit
Mr R McKenzie, Assistant Treasurer, Finance Office, Stobhill Unit

112 Ingram Street, Glasgow G1 1ET. 
Telephone: 041-552 6222. Fax: 041-552 0945



A pilot study to evaluate the use of a Haemagglutination Test, produced by 
Green Cross, to detect antibody to Hepatitis B core antigen in eluates from 

dried blood spots collected onto Guthrie cards.

SUMMARY

The overall pattern of hepatitis B virus infection in Scotland is poorly understood. 
Two significant reasons are the lack of proven, simple, inexpensive screening tests, 
and the problems of specimen collection, transportation and testing. Using Guthrie 
cards would solve the problem of transportation. The test we propose to use is the 

haemagglutination assay, produced by Green Cross Co. for detection of antibodies 
to Hepatitis B core antigen (anti-HBc). Anti-HBc is present in all persons who have 
had a hepatitis B infection, and persists, probably for life. This cheap (less than 50p) 
and easy to perform test has been validated for use on a large scale to detect anti- 
HBc in serum samples from blood donors (personal communication). We will 
evaluate whether this test can be adapted to detect anti-HBc in eluates from blood 
spots collected onto Guthrie cards. The application of this test to all Guthrie card 
samples from Scotland would allow mapping of high prevalence areas. A routine 
antenatal testing programme could then be organised for high prevalence areas.

INTRODUCTION

In Scotland all blood donations are tested for hepatitis B surface antigen to prevent 
virus transmission during transfusion. This will not show 95% of individuals who 
recover completely from acute hepatitis B infection and do not continue carriage of 
the virus. These individuals are much more likely to carry other viruses which are not 
routinely screened for but may cause significant disease after transfusion. To identify 
these high risk individuals on a large scale a cost effective test for the detection of 
anti-HBc is necessary. The cost per sample of the core antibody test is greater than 
£1 using conventional techniques. The test is therefore not routinely performed on 
each blood donation.

The epidemiology of hepatitis B infection in Scotland has not been well investigated. 
It is known that 70% of drug abusers in Glasgow are hepatitis B core antibody 
positive, ie they have been infected by the virus at some time in the past (personal 
communication Dr EAC Follett, Regional Virus Laboratory, Ruchill hospital). High risk 
women, which includes intravenous drug abusers, are screened antenatally for



hepatitis B. Once identified their babies can be protected from hepatitis B infection 
and its sequelae (1, 2) by vaccination just after birth(3). It is likely that a significant 
number of babies, born to mothers who are Hepatitis B surface antigen positive, are 
missed (4). In North America it has been shown to be cost effective to test all women 
antenatally (5). If we could find a simple, inexpensive screening test for the detection 
of antibody to Hepatitis B core antigen (anti-HBc), it would enable the screening of 
all pregnant women to be performed. Guthrie card testing would pinpoint areas in 
Scotland where the seroprevalence of Hepatitis B infection was high. These are 
areas where antenatal testing for Hepatitis B surface antigen would be most cost- 
effective.

The haemagglutination assay, produced by Green Cross company, has been 
validated for use in large scale blood transfusion laboratories to screen serum 
samples for anti-HBc (personal communication). The Guthrie card has been used to 
collect dried blood spot samples for a variety of tests since 1963. The Scottish 
National Neonatal Screening Laboratory in Stobhill Hospital, Glasgow handles 
approximately 300 Guthrie cards each day. The specimens are easy to transport and 
handle and constitute a low infection risk (6). The use of samples collected onto 
Guthrie cards would ease any proposed mass screening programme significantly. 
Help in development of the program and confirmation of positive results will be 
undertaken by the Regional Virus Laboratory at Ruchill hospital with whom we 
already have very close links.

Collection of samples onto absorbent cards would significantly ease the proposed 
mass screening programmes.



STUDY AIMS

1. To adapt the Green Cross test for anti-HBc to use with eluates from dried blood 
discs punched from Guthrie cards.

2. To evaluate the sensitivity and specificity of this modified test for detection of anti- 
HBc in dried blood spot eluates.
3. To assess the suitability of the test system to mass screening of dried blood spot 
specimens on Guthrie cards for detection of anti-HBc.

PLAN OF INVESTIGATIONS

Site
Suitable facilities are available for all work in connection with development and 
evaluation of this test in the Neonatal Screening Laboratory at Stobhill hospital, 
Glasgow. We plan to employ a suitably qualified person to carry out the work under 
the supervision of Mr R Kennedy.

Standards, quality control and confirmatory tests
Hepatitis B positive blood and serum specimens, spotted onto Guthrie cards, will be 
supplied by the Regional Virus Laboratory at Ruchill hospital, Glasgow. Standard, 
dried blood spot, quality control samples for anti-HBc will be supplied by the 
Centers for Disease Control, Atlanta, USA. All confirmatory tests will be carried out 
by staff at the Regional Virus Laboratory.

Tasks
Over the six month period of the grant, experiments will be carried out to find the 
most suitable method for using this test with eluates from dried blood spots in the 
following ways: We intend to look at a range of dilutions of the test reagents, a

wide variety of test incubation times and the most suitable way 
to produce and dilute the dried blood spot eluates. We will 

perform the test on 20,000 routine Guthrie card eluates. It is 
our intention to investigate the possibility of automating the 
reading of the plates and the recording of results using an 
ELISA plate reader.

Data

All data will be stored in a computer already available at Stobhill hospital. All tests 
will be carried out anonymously.



EXISTING FACILITIES AVAILABLE

The Scottish Neonatal Screening Laboratory at Stobhill hospital handles over 300 
dried blood spot samples daily and existing facilities available will be used to carry 
out this study. This laboratory has wide experience of similar technology, to that 
proposed in this application, through involvement with the anonymous unlinked HIV 
seroprevalence screening of childbearing women in Scotland. Specimens are 
already sent for confirmatory tests to the Regional Virus Laboratory at Ruchill 
hospital. The day to day supervision of the work will be carried out by Mr R 
Kennedy.

SUPPORT FROM OTHER SOURCES 
No support from other sources is available.

REQUIREMENTS
We propose to carry out this study over a six month period and we will require a 
suitably qualified person to carry out the work. Suitable equipment for diluting 
specimens, pipetting eluates, centrifuging plates and storage of data is available at 
Stobhill hospital. Plastic 96-well plates will be required to carry out the tests.
Facilities already exist at the Regional Virus Laboratory at Ruchill hospital to produce 
the necessary standards and carry out any confirmatory tests required.

PERSONNEL INVOLVED

Student MLSO.

Dr DM Tappin, Snr Registrar, Department of Child Health, Royal Hospital for Sick 
Children, Glasgow, G3 8SJ.

Mr R Kennedy, Chief MLSO, Scottish Neonatal Screening Laboratory,
Glasgow, G21 3UW.

Dr S Cameron, Principal Scientist, Ruchill Hospital, Glasgow, G20 9NB.

Dr EAC Follett, Head, Hepatitis/HIV Reference Laboratory, Ruchill Hospital, Glasgow, 
G20 9NB.

Dr RWA Girdwood, Director, Scottish Inborn Errors Screening Laboratory, Stobhill 
General Hospital, Glasgow G21 3UW.



FINANCIAL SUPPORT REQUESTED

1. Staff salary
One full-time Medical Laboratory Scientific Officer for period of six months

£5,593.5
National insurance etc (calculated at 26%) £1,454,1

Total £7,047.6

2. Non-recurring expenditure
Consumable plastic haemagglutination trays £ 500
Reagents 30 test kits (£250 per kit) £7500

Total £8,000

All consumables and reagents will be purchased at the commencement of the study. 

All prices are exclusive of VAT.

Grand Total £15,047.6
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Your reference
Our reference G 8908795 

MRC: IN CONFIDENCE

ttcCEIVED
DEPT. CHILD

HEALTH 
,18 AUG 1939

Medical Research Council
20 Park Crescent, London W1N 4AL

telephone 01-636 5422 
telex 24897 (Medresco London) 
fax 01-436 6179

16th August 1989

Dear Professor Cockburn tr

APPLICATION FOR SPECIAL PROJECT GRANT SUPPORT : ASSESSING HIV INFECTION IN THE 
SCOTTISH HETEROSEXUAL POPULATION BY TESTING NEONATAL GUTHRIE CARDS FOR HIV 
ANTIBODY"

I am writing to follow up our recent telephone conversations concerning the 
outcome of the systems Board's discussion of your application.

As I explained to you in my letter of 7th July, your application had been 
considered by the Committee on Epidemiological Studies of AIDS before the 
Beard meeting. The Committee agreed that anonymous testing without consent 
of blood samples provided for some other purpose has the most reliable 
method available for estimating prevalence of HIV infection. Your proposals 
were particularly important as you would test all new-born babies in 
Scotland. The Committee had a couple of concerns to which you kindly 
responded before the Board meeting. They also wished for furthe^r clarification 
cation of the diluted test method, and I believe that Dr Mortimer, one of 
the members, was going to discuss this with Dr Tedder and Dr Follett.

The Board agreed with the Committee's views of the importance and timeliness 
of the study and agreed that support should be provided for 21 months at the 
level requested. They noted that the SHHD would be likely to continue to 
fund the continued surveillance exercise after that time. Your application 
was the first of those within the Council's programme of studies of sero
prevalence involving anonymous testing without consent to be considered by 
the Board; they raised a number of issues concerning testing without consent 
generally and about your proposals in particular.

Firstly, in announcing, in November 1988, that the Department of Health was 
asking the MRC to bring forward proposals for a programme of anonymous test
ing, the Secretary of State had said that if any person specifically stated 
that they die? not wish their blood to be tested for HIV antibodies, that 
request would be honoured. Members noted that you had not explained in your 
proposals how that would be done. I am enclosing, for your information, a note 
prepared by Dr Noel Gill (Communicable Diseases Surveillance Centre, PHLS) 
cibout this. Please could you let me know whether you will be following the 
same procedure, or would some other be more appropriate in-Scotland?

Secondly, because of concerns about consent (or 
have discussed with various professional bodies 
the nurses and midwives, we have agreed that no 
should start until the general public have been 
programme of anonymous testing is to start. It 
be a Ministerial announcement later in the year.

rather lack of it), which we 
including those representing 
extensive (non-pilot) studies 
made aware that a widespread 
is expected that there will 

The Board therefore agreed

contin ...



c o n t i n

that your anonymous testing study should not start until about a month after 
the announcement.

t the Board considered that there would be great pressure to attempt 
to identify seropositive individuals. I am sure you are aware of this danger 
but I was asked to emphasise that you should make every effort to ensure 
anonymity and confidentiality. Could you clarify one particular point? - 
in your application (Appendix 1, page 3y final sentence) you state "Patient's 
name, ... will not be recorded". I would have thought that by this tine, 
the patient's name would not be known. Those undertaking this research 
project should not be provided with such information by those responsible for 
punching out the cards. Please could you confirm that this is the case? As I 
understand it, the punched out spots will have been transferred from Stobhill 
to Ruchill.

Fourthly, The Board commented about procedures concerning ethical committee 
approval. Since their meeting, we have had further discussions within the 
office. The Council's views are summarised in the enclosed document which I 
hope is clear and helpful. It is perhaps not quite as specific as I would 
have liked, since I have had great difficulty in discovering the 'structure' 
of Ethical committees in Scotland. I have asked Dr Rosalind Skinner (SHHD) 
to let me have more information. I may therefore be able to clarify this 
further in the next couple of weeks. This document also explains the funding 
arrangements for the study. It is not clear from the copy of ethical comm
ittee approval that you sent us (from the 'Queen Mother's Hospital, Yorkhill'
- 12th May 1989) what area this covers. Please could you provide more detail? 
Vvhen we have that, we should be able to issue an award letter to enable you 
to start the study (after the Ministerial announcement) in that area. However, 
it would probably be simpler, unless you need to make appointments urgently, 
to wait until you have received ethical committee approval for several other 
areas before we issue a formal letter.

Please do not hesitate to contact me if anything is unclear.

With best wishes.

Yours sincerely

A C Peatfield PhD

encs Professor F Cockburn
University Department of Chili 

Health
cc Dr R W A Girdwood, Bacteriology Laboratory, Stobhill General Hospital,

Glasgow G21 3UW
Dr E A C Follett, Regional Virus Laboratory, Ruchill HospitaJ, Glasgow 
G20 9NE
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M E D I C A L  R E S E A R C H  CO UNCIL

S 8 1 9 /2 3 0  I I

Anonymous testing for HIV antibodies without consent: Ethical Committee
approval for studies supported by the Medical Research Council

Information for applicants for research grants
1. General Policy
The Council's policy is that local ethical committee approval is required for 
research that includes clinical trials and/or involves human subjects (whether 
patients or healthy volunteers), and that appropriate evidence of such approval 
must be forwarded with applications for grant support. Such evidence should 
show that approval applies specifically to the research proposed in the 
application. The Council reserves the right to refuse, on ethical grounds 
alone, to make an award even if the agreement of the local ethical committee 
has been obtained.
2. Anonymous testing without consent
2.1 Background
In announcing, in November 1988, that the Department of Healtli was asking the 
Medical Research Council to bring forward proposals within three months for a 
programme of anonymous testing, the Secretary of State stated that "from the 
layman's point of view, the Government sees no ethical objection to the testing 
for scientific purposes of blood samples, taken properly in the first place for 
another purpose, from a patient no longer identifiable". He also said that if 
any person specifically stated that they did not wish their blood to be tested 
for HIV antibodies that request would be honoured. The Council believes that 
anonymous testing without consent is ethically justifiable on the following 
basis;

i) The importance of obtaining information on the prevalence of HIV
infection and AIDS for health service and health education planning.

ii) The fact that accurate data on prevalence and changes in prevalence over
time cannot be obtained by other means; "with consent" studies provide 
gross underestimates of prevalence (see eg N. Eng J Med (1988) 318: 85; 
JAMA (1988) 260: 935-8).

ill) Considerable benefit will accrue to the community, and through the
community the individual, fran the information generated.

iv) Blood tested for HIV antibodies will have been taken for some other
purpose for which informed consent will have been obtained. No extra 
blood will be taken. There will be no detriment to the individual.

v) The anonymous testing programme will not affect the ability of people to
be tested voluntarily (with appropriate counselling) for HIV antibodies.

vi) The general public will be informed that the anonymous testing programme 
is taking place. .A Ministerial launch Is expected later in the year ; 
this is likely to be covered by the national press. The Health 
Departments will arrange for posters and explanatory leaflets to be 
available in all hospital clinics and GP surgeries; that same 
information will be provided also for health service professionals.

3 6 w ( i i i / 1 5



2 .2  S u p p o r t in g  e v id e n c e

Applicants may envisage practical difficulties in consulting a large 
number of local ethical committees for multi-centre surveys, so possibly 
delaying the attainment of a canprehensive survey. In submitting
proposals to local ethical committees, applicants may wish to refer to
the points i) - vi) , above; they may also wish to draw the committees' 
attention to those parts of the protocol which explain how the samples 
will be anonymised (to ensure confidentiality) and how any spontaneous 
request from a patient that his should not be tested for HIV will be 
honoured. A description of the steps that have been taken locally to 
consult and seek the cooperation of representatives of the professions 
who will be involved might also be helpful. Finally, committees may 
wish to know that broad support for the programme (though not for any 
specific projects) has been provided by the General Medical Council, the 
British Medical Association, the Royal College of Obstetricians and 
Gynaecologists, and the Royal College of Physicians.

2.3 'Level' of ethical committee approval
As with any other study, ethical committee approval should be obtained
from committees that cover the institution where blood will be taken 
(or, in the case of Guthrie card testing, the hospitals/clinics where 
the midwives are based) . In England and Wales, the appropriate 
Committes are likely to be those of the District Health Authorities; in 
Scotland and Northern Ireland, they may be those of the Regional Health 
Boards (if they have ethical committees) or, if they do not, those of 
the Units/hospitals involved. Approval from the local committee 
covering only the laboratory where the samples will be tested will not 
be sufficient.

2.4 Funding arrangements
Before any study can begin in a particular centre, approval must be 
obtained from the ethical ccmnmittee in the District in which that centre 
is located. Where it is likely that it will take some months to obtain 
approval for all centres which are to participate in a given study, 
funding may be released, in whole or in part, before the process of 
obtaining approval is canplete, on the strict understanding that the 
study will proceed only in those centres where approval has been 
obtained. In these circumstances, and to avoid any possible 
misunderstanding, MRC Head Office will give written authorisation for 
the centres where work may be undertaken following receipt of a copy of 
the relevant ethical committee approval in each case.

August 1989



Arrangements fo r  patients who fo rb id  anonymous tes t in g

Department of Health legal advice (appendix 3) is tha t there is no need 
to t e l l  a pa tien t, e ith e r in d iv id u a l ly  or through public notice in a c l in ic ,  
that her blood w i l l  or might be tested in th is  way. Provided the blood is used 
fo r the tests fo r  which i t  was given, and fo r  which consent was obtained, there 
is no bar on using any residue fo r  unlinked anonymous tes ts . No fu r th e r  consent 
is required. The pa tien t does not re ta in  any proprie tary r ig h ts  over blood 
once taken, provided she does not indicate a contrary in ten tion .

A general public information campaign is planned to coincide with the 
s ta r t  of the prevalence monitoring programme. Should a pa tien t become 
concerned and spontaneously state to c l in ic a l  s ta f f  tha t her blood is  not to 
be tested in th is  way, then th is  wish must be respected. In such unusual 
circumstances the consultant responsible fo r  the case should be informed. I t  
is l e f t  to the c l in ic ia n  in charge to assess the reasons underlying an 
ind iv idua ls ' objection to inclusion in the unlinked anonymous tes t in g  programme 
and to consider the need fo r  fu r th e r  education and counselling.

The consultant w i l l  be responsible fo r  ensuring that the patients request 
form and specimen are c le a r ly  marked to show tha t the pa tien t refuses inclusion 
in the unlinked anonymous tes t ing  programme, or w i l l  l ia is e  d i re c t ly  w ith the 
consultant medical m icrob io log is t to ensure that the pa tien ts ' serum be
withdrawn from the study.
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(This prototype k i t  is  fo r  research 

use only and must not be used fo r  c l in ic a l  diagnosis)

Virus Reference Laboratory 

Central Public Health Laboratory 

61 Col indale Avenue 
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NW9 5HT



INTRODUCTION
Screening o f blood specimens fo r  anti-HIV has most commonly been by enzyme 
immunoassay in a competitive or in d ire c t  assay format. In 1985 a th i rd  assay 

format, IgG antibody capture RIA (GACRIA), was developed at the PHLS Virus 
Reference Laboratory, p r in c ip a l ly  to meet the need fo r  an independent 
methodology as part o f a confirmatory stra tegy^. This assay proved to be 

h igh ly  sp e c if ic  and more sens it ive  than the f i r s t  generation EIAs, though a 

l i t t l e  less sens it ive  than the second generation^.
A c h a ra c te r is t ic  o f GACRIA is i t s  s e n s i t iv i t y  when applied to high dilutions 
o f serum ( i . e .  to  low immunoglobulin concentrations)^. I t  can also be 
applied to other samples w ith  very low IgG concentrations, l ik e  sa liva , with 

an accuracy s im ila r  to  tha t obtained on serum specimens^'^. Recently IgG 

capture assays have successfu lly  been used to detect anti-HIV in urine^ and 
other body f lu id s .
An IgG capture EIA fo r  anti-HIV has now been developed by PHLS Virus Reference 

Laboratory in co llabo ra tion  w ith Wellcome Diagnostics ( f ig u re  1). The assay 
employs an antigen produced by expression of cloned HIV cDNA . Following 
p u r i f ic a t io n ,  th is  antigen is  d i r e c t ly  conjugated to a lka lin e  phosphatase.
An am p lif ica t io n  system is used to develop the te s t  s igna l. GACELISA has two 

advantages: f i r s t l y ,  i t s  s e n s i t iv i t y  is higher than th a t of the native 

virus-based GACRIA and, secondly, i t  can be completed w ith in  2 hours, instead 
o f overn ight. GACELISA w i l l  accurately detect anti-HIV in serum, plasma, 

f i l t e r  paper blood samples, sa liva  and urine.
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PROTOCOL FOR HIV GACELISA

1. Bring a l l  reagents to room temperature

2. Add specimen:
-  Serum or plasma: lOul sample + 90ul sample d i lu e n t

-  F i lte r  paper blood: lOul eluate + 90ul sample d i lu e n t (e lu te  sample

from f i l t e r  paper using PBS w ith  0.05% Tween 

20: 5mm disc to  be eluted in 200ul and place 
at overnight)

- Saliva: 50ul sample (und ilu ted)

-  Urine: 50ul sample (und ilu ted)

3. Add lOul o f the fo l lo w in g  con tro ls  and 90ul o f d i lu e n t:

- Negative control x 3

- HIV 1 positive serum (lOu) x 1

-  HIV 1 Weak positive serum x 1

- HIV 2 Weak positive serum x 1

4. Cover the w ells  w ith the l i d  provided or a disposable p la te  cover

5. Gently shake the p la te  before incubating at 37°C fo r  30 minutes in a 

water bath

6. Remove p la te  from water bath and wash 4 times using approximately 500ul 
wash bu ffe r each time, removing excess by top asp ira t io n . Between the 

3rd and 4th washes allow a 1 minute soak. Further guidance is given in 

the p la te  washing section
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7. Add 50u1 o f antigen conjugate to appropriate w e lls . Incubate at 37°C 
fo r  1 hour in a water bath

8 . Remove the p la te  and wash 6 times using 500ul of wash bu ffe r each 
time, removing excess by asp ira t ion . Between the 3rd and 4th washes 
allow a 1 minute soak. Further guidance is  given in the p la te  washing 

section

9. Add 50ul o f substrate to each well and incubate fo r  exac tly  20 minutes 

at 37°C in a water bath

10. Remove the p la te  and w ithout washing add IGOul of a m p li f ie r  avoiding 
splashing or bubbling and being carefu l not to  touch the wells or 

th e i r  contents w ith  the p ipe tte  t i p s . Incubate at room temperature for 

exac tly  10 minutes.

11. Stop reaction by adding 50ul of 2M H2SO4 to each well

12. Blank the p la te  reader on a i r  and measure the absorbances at 492nm.

PLATE WASHING (steps 6 and 8)

At the end o f each incubation period wash the p la te  using e i th e r :

a. A Manual Plate Washer as ou tlined above in the Protocol

OR

b. Wellcozyme 38/12 Washer. Perform 4 washes using the 
'Superwash 02' programme with a volume se tt in g  o f 500ul with 

a 60 second ' soak '.

OR

c. Other automated EIA washers programmed to mimic the manual wash 
as c lose ly  as possible.
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QUALITY ASSURANCE

Final c r i t e r i a  have not yet been determined, but we suggest the fo llow ing:

Negative Controls; Calculate the mean of the negative contro ls  (NCx).

Reject any value which is  > + /-  25% of NCx and 

reca lcu la te  the mean.
NCx should be < 0.300

P os it ive  Control (10 u n i ts ) :  The pos it ive  con tro l should be > 1.000

Weak P os it ive  Control (HIV 1 and 2): Both contro ls  should be greater than the
serum c u t -o f f

INTERPRETATION OF RESULTS

Calculate the c u t -o f f :  Serum: C ut-o ff = 3 x NCx
Saliva : C ut-o ff  = 3 x NCx

F i l t e r  paper e luates: C ut-o ff = 3 x NCx

Urine: C ut-o ff = 2 x NCx

Any sample g iv ing  an 0.D.492 greater than the c u t -o f f  is considered i n i t i a l l y  
reac tive . Any i n i t i a l  reac tive  sample should be retested in dup lica te . I f  the 
repeat tes ts  are negative the sample can be considered negative. I f  the repeat 

tes ts  are po s it ive  the sample should be considered anti-HIV reactive  and 
fu r th e r  steps should be taken to confirm the f in d in g .

I f  you have any problems or comments about th is  protocol please contact 

Dr John Parry or Mr J e f f  Connell (Telephone: 01-200-4400 ext 3090/3041;

Fax: 01-200-7874).
J e f f  Connell 
May 1990
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p  i  Scott ish Home and Health Department S t  A n , - ^ r - w  5 H o u s e
E H  1 3 D E

Telephone 0 3 1 -5 5 Ô  8 4 0 0

2192

General Managers of Health Boards
General Manager, Common Services Agency vour ref

Our ref

Oa,eNJD/94/17
29 December 1989

Dear General Manager
PÜBLICÏTY rvLATE'KiAL FOR ANONYMISED HIV TESTING
1. This letter provides information on arrangements for anonymised 
testing for HIV and associated publicity.
Background
2. It was announced on 24 November that the Government had agreed to 
fund a series of anonymised HIV surveys. These will begin, in England in 
mid-January 1990 and plans are in hand for similar surveys to be carried 
out in Scotland. The aim of the surveys, which are being steered by the 
Medical Resesirch Council on behalf of the Health Departments, is to 
obtain better epidemiological data about the level of HIV infection in the 
general population via a selected number of ante-natal clinics, 
ge ni to - urinary medicine (GUM) clinics and, later on, general hospitals. 
In participating units, the residual blood from patients who have had a 
blood sample taken for diagnostic or treatment purposes will be placed in 
anonymised containers and tested in batches for HIV antibodies. Because 
the results are truly anonymous, they cannot be traced back to specific 
individuals.
PubLicitV material
3. Although only a small number of units will he taking part in the
study initially, arrangements are being made to ensure that the general
population is made aware of the existence of the HIV seroprevalence 
surveys and that, if they have their blood taken for suiy reason, the 
residue may be tested anonymously for HIV infection. For this purpose 
supplies of explanatory material regarding the surveys is being sent to 
Health Boards under separate cover consisting of:-

an A5 information leaflet for patients;
a dispenser for the patients’ leaflets - each to hold 100 copies;
a poster in several languages conveying the main points of the
patients’ leaflets;
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a leafier for  s ta ff  contain ing more d eta iled  inform ation to enable 
them to deal with patien ts' q u estio n s; and

an order form for further supplies.
Action required
4. Health Boards are asked to arrange for the material to be widely 
distributed in NHS hospitals and clinics, to be displayed in suitable 
places and to send appropriate supplies of the material, as determined by 
Boards, to general practitioners and community pharmacists in their 
areas. Enclosed is a letter signed by the Chief Medical Officer which you 
may wish to use when distributing the publicity material to general 
practitioners. A  letter has been sent to aU Chief Administrative 
Pharmaceutical Officers asking them to arrange for a copy of the Chief 
Medical Officer's letter to be sent to each Community Pharmacist within 
their Health Board areas. A copy of that letter is also enclosed for your 
information.
5. Copies of the leaflet for patients and the poster should be displayed 
as scon as possible after receipt of this letter and staff should receive 
copies of the leaflet in advance in order that they may be fully prepared 
for any questions. If a patient asks whether or not a unit is 
participating in the survey, they should be given the appropriate 
information.
6. Protocols for the Scottish studies are being prepared for submission 
to the Medical Research Council and you will be informed well in advance 
if any surveys are to be carried out in your area.
Inquiries
7. Any inquiries about this letter should be addressed to:

AIDS Branch
Scottish Home and Health Department 
Room 8
St Andrew’s House 
EDINBURGH 
EHl 3DE
Tel: 031 244 2164/2770

Yours sincerely
C ^  A

C M  A  L U G T O N
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Çl N O f  t  6 M S ) Telephone 0 3 1 -5 5 6  S-iOC  

ext.

AU General Practitioners
Your ref

O u r ref

D a te

29 December 1989

Dear Doctor
PUBLICITY MATERIAL FOR A N O N Y M O U S  HIV TESTING 
S U M M A R Y
1. The purpose of this letter is to inform you about the publicity 
material for the forthcoming programme of unlinked anonymised HIV 
serosurveys. It also describes arrangements which have been made for 
publicity, gives some general information about the serosurveys and seeks 
your help and co-operation.
UNLINKED ANONYMISED HIV SEROSURVEYS
2. These surveys are being steered by the Medical Research Council on 
behalf of the U K  Health Departments. They are due to start in England 
in mid-January 1990 and plans are in hand for similar surveys to be 
carried out in Scotland. The aim is to obtain better epidemiological data 
about the level of HIV infection in the general population via a selected 
number of ante-natal clinics, G U M  clinics,, and, later on, general 
hospitals. Samples originating from general practice may also be 
included. In participating units, the residual blood from patients who 
have had a blood sample taken for diagnostic or treatment purposes will 
be placed in anonymised containers and tested in batches for HIV 
antibodies. Because the samples will be truly anonymous, it will not be 
possible for the results to be traced back to specific individuals.
THE PUBLICITY MATERIAL
3. Although only a small number of units will be taking part in the 
surveys initially, it has been agreed that the general population should 
be made aware of the existence of the HIV seropre valence surveys and of 
the fact that their blood may be tested for HIV infection. To achieve 
this, a national publicity campaign is being mounted and a range of 
publicity material has been developed.
4. The publicity material consists of:

an A5 information leaflet for patients;
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.1 dispenser  fo r  the patients'  leaf lets.  Th is  will hold 
I GO copies;

a p oster  in severa l languages con vey in g  the main points in the 
patients' leaflet;

a leaflet for s ta ff  contain ing more detailed  information to enable 
them to deal with patients' qu estion s.

The patients' leaflet outlines what is happening, and explains that the 
tests are anonym ous. It makes clear that the te s t  will have no e ffect on 
the patient's care , job, e tc , a sk s for the p atien t's  co-operation and 
explains that the patient can refu se  to allow his or her blood to be 
tested .

5. As the Government w ish the publicity  material to be as widely  
available as possib le it is b ein g  sen t to Health Boards for d istribution  
all general practition ers, NHS hosp itals and clin ics in  th e UK. It is a. 
being sen t to local libraries and pharm acists. A su p p ly  of material 
enclosed  and fu rther supplies can be obtained from you r Health Board.

6. Your help  and co-operation  in  th is m atter w ould be v e ry  much 
appreciated .

Yours sincerely

K C C A L M A N  
Ç [ Chief Medical Officer

FRP03111.129 2.



Scottish Home and Health Department

All Chief Administrative Pharmaceutical Officers

St A rc re w  5 Hci^s-e 
Ed inburgn  E H l  3D E

Telephone Direct Dialling 031-244 

Switchboard 031-556 8400 

G IN  2688 

Telex 72202

Your ref 

Our ref 

Date 29 December 1989

Dear Colleague
ANONYMISED HIV TESTING - PUBLICITY MATERIAL
I am enclosing for your infcrmati:n a copy of e latter \.hich is being sent 
by the Chief Medical Officer to all General Practitioners explaining the 
aims of the testing and the means by which it will be carried out.
Since it is desirable that Community Pharmacists should be made aware of 
the type of survey being undertaken, I should be grateful if you would 
kindly arrange for a copy of the attached letter to be sent to each 
Community Pharmacist within your Health Board area. Health Boards are 
being sent, under separate cover, a supply of information leaflets for 
patients and staff together with posters, for distribution as appropriate 
to Community Pharmacists. It would be appreciated if these leaflets are 
displayed in the same way as other health education Literature.
Yours sincerely •

J A Cl y d e
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IF YOU ARE HAVING A BLOOD TEST...

. m t  . . ....... ................... . .............

The Government is measuring the sprèdd of Hl^'^ 
infection (the virus which causes AIDS). The information j.: 
collected vvill help us to plan services for the future? We , 
hope you will be willing to participate.} -  ̂ '

If you are having blood token, a small drop of leftover 
blood m a y  be separately tested for HIV. This drop will 
not have your name on it. If your blood is tested for HIV 
it will be impossible to trace it back to you, and 
participation will not affect your core, treatment, job dr 
insurance.

If you have any questions, or object to your leftover 
blood being used for this, the doctor, nurse or midwife 
will be happy to speak to you in confidence. Your wishes 
will be respected.

If you are worried about HIV and want to have a personal 
HIV test, ask your doctor, or go to the nearest sexually 
transmitted disease (STD) clinic.

AHTl
Prepored by the Department of Heolth and the Central Office of Information 1989. Printed in the UK for 
HMSO. Dd8239813 J0851NJ(HSSH) lO.OOOM December 1989.



Availability of named test
If a patient wonts a named test, they should be advised to 
seek advice from their GP, or from a genito-urinory clinic 
physician, about having such a test.

Helping the patient to get more information 
There are National AIDS Helplines in various languages. The 
English language line is 0800 567 123. Information given is 
confidential.

Other possible points which may be raised

* the anonymity of the test means that neither the patient's 
care, treatment, job nor insurance will be affected;

* the patient's GP cannot be told anything about the test 
because the tests are anonymous;

* AIDS cannot be contracted from a blood test: in the UK, a 
new, sterile needle and syringe is used for each separate test 
and disposed of afterwards.

UNLINKED ANONYMOUS HIV SURVEYS

GUIDANCE FOR HEALTH SERVICE STAFF

For further copies o f this leaflet, please write to:

until 31 March 1990; AHT Survey, FREEPOST (1st), London SE5 7BP 
after 1 April 1990: Health Publications Unit, No 2 Site, Heywood Stores,

Manchester Road, Heywood, Lancs OLIO 2PZ

Prepared by the Department of Health and the Central Office of Information 1989. Printed in the UK for HMSO, 
Dd 8239812 J0853NJ (HSSH) 1.200M December 1989. AHT4



U N L IN K E D  A N O N Y M O U S  H IV

Surveys will start on 15 January 1990 In which some 
blood taken In some hospitals and clinics for other 
diagnostic purposes Is to be tested anonymously for 
HIV Infection. This leaflet explains what is happening 
and why, and gives Information which will help staff 
to deal with patients^ questions.

Why the surveys are needed
These surveys, which have been designed by the Medical 
Research Council at the request of the Health Departments, 
are intended to find out more about the prevalence of HIV  
infection in the general population. Present data, collected 
from people who come forward voluntarily for HIV tests, 
do not give a complete picture, and the actual number of 
infected people is thought to be higher than the number 
reported. M ore accurate data will assist the Health 
Departments in planning services for people with HIV  
infection and AIDS, and action to prevent the spread of HIV.

How they will be carried out
When patients have blood token in the normal course of 
treatment or investigation, a drop of leftover blood from some 
samples will be anonymised, and may be tested for HIV  
infection. No extra blood will be taken for this. The anonymising 
will be done by putting the sample into on unnamed container. 
The samples will be collected together and tested in large 
batches.

The patient's viewpoint
The patient will have come to the hospital (or clinic), probably 
expecting to have blood taken for diagnostic tests. A leaflet 
will be available (at the GP's surgery as well as the hospital), 
and a poster on display, explaining that anonymous HIV  
testing is being carried out. This leaflet advises the patient that

the anonym ous H IV  test will not a ffec t their care , treatm ent, 
job or insurance. Also that doctors, nurses and midwives can 
answer their questions in confidence, and that a personal or 
named HIV test can be arranged if wished. It also advises that 
if the patient objects to their blood being so used, this 
objection will be respected.

Safeguarding anonymity
Data to be kept with the blood samples will be limited, and 
will ensure each patient's anonymity. As another safeguard, 
the person who tests the batches of samples will not be the 
same as the person who ononymises them.

Counselling
Counselling is not needed for patients in these circumstances 
because:

* a separate leaflet tells patients that their leftover blood may 
be tested for the HIV surveys, and tells them they can object;

* their blood may not be tested;

* the result cannot be given to the patient because the sample 
is anonymous.

Confidentiality
The sample is truly anonymous. So there is no problem about 
keeping the result confidential as nobody will know whose 
result it is.

Consent
The leaflet for patients makes it clear that a patient can refuse 
to take part in the testing programme. Such a refusal must be 
respected. The request form must clearly state that the blood 
sample is not to be used for anonymous HIV testing. Apart 
from this, no record should be made.
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Your reference 

Our i-eference
G8908795 
S819/230 III

M edical Research Council
20 Park Crescent, London W 1N 4AL

telephone 01-636 5422 
telex 24897 (Medresco London) 
fax 01-436 6179

3 September 1990

IN CONFIDENCE

Dear Professor Cockburn,
Special Project Grant: '*Assessing HIV Infection in the Scottish
heterosexual population bv testing neonatal Guthrie Cards for HIV 
antibody"
I have recently received from Dr Tappin a copy of ethical approval 
from the Committee representing the Shetland Health Board.and have 
noted that the Committee representing the Orkney Health Board have 
declined to agree that the Guthrie cards of babies born in Orkney 
should be tested anonymously for HIV antibodies. The study may now 
proceed in Shetland but not, of course, in Orkney.
You may have heard that the United Kingdom Central Council for 
Nursing, Midwifrey and Health Visitors (UKCC) have some 
reservations about the Guthrie Card Studies (both in England and 
Scotland), which they have raised with the Department of Health and 
with us. 1 am enclosing a copy of Mr Pyne's recent letter to Dr 
Cope and her reply, for your information. Mrs Chris Staniland at 
the Department of Health is, 1 understand, trying to arrange a 
meeting and may be in touch with you to see if you will be 
available.
With best wishes.
Yours sincerely.

A C Peatfield PhD
Professor F Cockburn
University Department of Child Health 
Royal Hospital for Sick Children 
Yorkhill 
GLASGOW
G 3 8 S J  r ' • -, '

encs.
cc: Dr D M Tappin HZA.T--'



17 August 1990

Dear Mr Pyre,
Thank you for. your letter of 14 August. It is helpful to 
have notice of some of the issues you wish to discuss when 
we next meet. I shall be going on leave shortly and hope 
that it will be possible for the meeting to take place after 
my return on 10 September.
Yours sincerely.

Jane Cope
Mr R Pyre 
UKCC
23 Portland Place
LONDON
WIN 3AF



RHP/CS

U n itü d  K in g d o m  
Central Council 
for Nursing, 
M idw ifery and 
Healtfi Visiting 
23 Portland Place 
London Wirt 3af 
Tel 071 637 7181 
Fax 071 436 292a

14 August 1990

Ur Jane Cope
Medical Research Counc il 
20 Park Crescent 
London 
WIN 4AL

^ '  • !

Dear Ur Cope

UNLINKED ANONYMOUS HIV SERO SURVEYS

Thank you fo r  your l e t t e r  o f  31 J u ly  1990 and the e n c lo s u re s .

These documents have now been sub jec ted  to d e ta i le d  s c r u t in y  by some 
members o f  C o u nc il ,  the a v a i la b le  members o f  the Standards and E th ics  
Committee, the C o u n c i l 's  M id w i fe ry  O f f i c e r  and m y s e l f .  We have a lso  
had the o p p o r tu n i ty  o f  s tu d y in g  the t e x t  o f  the in tended rev ised  
p os te r  and l e a f l e t  fo r  the in fo rm a t io n  o f  p a t ie n ts  and the p u b l ic  and 
the l e a f l e t  prepared fo r  the in fo r m a t io n  o f  h e a l th  care s t a f f ,  a l l  o f  
which were rece ived  from the AIDS U n it  a t  the Department o f  Health in  
response to my re q u e s t .

I  have to place on reco rd  th a t  we have a number o f  concerns about the 
two research p ro je c ts  fo r  u n l in ke d  anonymous t e s t in g  o f  newborns in  
England and Scotland r e s p e c t iv e ly ,  p a r t i c u l a r l y  when read in 
a s s o c ia t io n  w ith  the in fo rm a t io n  fo r  p a t ie n t s .

I  r e a l is e  th a t  the s t a f f  o f  the AIDS U n it  a t  the Department o f  hea lth  
are id e n t i f y in g  dates fo r  a meeting to  d iscuss  the survey programme 
and th is  C o u n c i l 's  c u r re n t  concerns w ith  your U n i t ,  the Department o f  
Health AIDS Unit and the P ub l ic  Hea lth  L ab o ra to ry  S e rv ice .

I fe e l  i t  im p o r ta n t ,  however, g iven  th a t  many midwives on t h is  
C o u n c i l 's  r e g is t e r  are in v o lv e d  and more w i l l  be in vo lved  in  the 
c o l l e c t i o n  o f  the samples to be used in  the su rvey ,  to  i d e n t i f y  fo r  
you in  advance the passages in  the documents which g ive  r is e  to the 
g re a te s t  concern.

In the proposal in  the names o f  P ro fe sso r  Peckham, Dr Ades and Dr 
C u b i t t  we w i l l  wish to d iscuss

( i )  the l in ka ge  to o th e r r e p o r t in g  schemes (Appenoix 1, pages 1 and
2 );

( i i )  the second and t h i r d  paragraphs o f  the s e c t io n  'E tn i c a l  
Approval & Opting Out' (Appendix 1, page 3 ) ;  and

cont ' d / — .2



United Kingdom 
Centrai Council 
fur Nursing, 
Midwlleryand 
Healtti Visiting

( i i i )  paragraphs (a )  and (b ) o f  the s e c t io n  'Comparison o f  R esu lts  
w i th  Cither R e p o r t in g  S ys tem s '.

In the p ro po sa l in  the names o f  P ro fe sso r  Cockburn, Cr Girdwood and
Dr F o l l e t t ,  we w i l l  wish to  d iscuss

( i )  the fa c t  t h a t  i t  would appear t h a t  the s tu d y  in  Sco t land  has
a p p a re n t ly  s t a r t e d  when no in fo r m a t io n  fo r  p a t ie n ts  i s  in  p lace 
to in fo rm  them o f  i t s  e x is te n c e  and a l lo w  f o r  the p o s s i b i l i t y  
o f  o p t in g  o u t ;

( i i )  t h a t  no a l low ance  appears to  have been made f o r  the p o s s i b i l i t y  
o f  o p t in g  ou t (see 'Purpose o f  Proposed I n v e s t ig a t io n  1 in  
Appendix 1, page 1 ) ;

( i i i )  the o m iss ion  o f  a re fe re n c e  f o r  the Cox Report from which much 
su pp o r t  i s  c la im e d ;  and

( i v )  the 'g r e a te r  d e t a i l '  i n v e s t i g a t i o n  o f  G reate r Glasgow samples 
(Appendix 1, page 3, paragraph 6 ) .  We f in d  i t  d i f f i c u l t  to
accept the  assurances in  the Department o f  Hea lth  l i t e r a t u r e  
t h a t  i t  w i l l  be im p o s s ib le  to  t ra c e  the sample back to  any
g ive n  p a t i e n t  when the se t  o f  samples w i l l  be assembled by
p la ce  o f  d e l i v e r y  and week batches and the age, m a r i t a l  s ta tu s  
and postcode w i l l  be made a v a i l a b le .

I  emphasise th a t  these are some but no t  a l l  o f  our conce rns . I  hope 
th a t  i t  may prove  p o s s ib le  f o r  the necessary group o f  people to  be
assembled to d is c u s s  them soon. We w i l l ,  a t  t h a t  t im e ,  wish to  be
reassured  th a t  no G u th r ie  t e s t  samples o b ta in e d  be fo re  the 
in fo r m a t io n  l i t e r a t u r e  i s  in  p lace  w i l l  be in c lu d e d  in  the su rve y .

I  am copying t h i s  l e t t e r  to  the AIDS U n it  a t  the Department o f  Health  
in  London. I f  th e re  i s  a p a r t i c u l a r  person in  Sco t land  to whom I 
shou ld  send a copy I  would be g r a t e f u l  f o r  t h e i r  d e t a i l s .

Yours s in c e r e l y

R H Pyne 
A s s is ta n t  R e g is t ra r  
S tandards and E th ic s
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PREFACE

For 20 years, state laboratories have screened newborns for metabolic disorders by 
testing blood specimens collected on absorbent paper. Recently, the Massachusetts 
State Laboratory Institute has shown that antibodies to the human immunodeficiency 
virus (HIV) can be detected in these newborn blood specimens and, because maternal 
IgG antibodies are transferred to the fetus, the newborn blood specimens can be used 
to study the prevalence of H IV infection in women bearing liveborn infants.

Collection of blood samples on absorbent paper has unique advantages for 
large-scale screening programs and epidemiologic surveys. Sufficient blood to satu
rate the collection paper can be obtained easily by sticking the heel, finger, or ear, 
thereby eliminating the need for venipuncture. The dried-blood spots do not require 
refrigeration, and they can be mailed conveniently and inexpensively to a central 
laboratory for analysis. Specially formulated absorbent paper for blood collection is 
commercially available and is registered as an in vitro medical device subject to 
Federal Food and Drug Administration regulations.

This manual was prepared to guide laboratorians in screening neonatal blood 
specimens collected on filter paper (to be referred to as blood spots) for H l\' antibody 
using commercially available enzyme immunoassay (EIA) and immunoblot proce
dures. Since these procedures were developed for clear, non-hemolyzod serum or 
plasma samples, testing the hemolyzed specimens obtained by eluting dried-blood 
spots requires considerable modification of existing assay procedures. Methods for 
eluting the blood from the paper and for testing microvolumes of serum by EIA and 
Miniblot are described in this manual. In addition, a quality assurance program to 
ensure reliable results when testing this type of specimen is described.

The information contained herein represents the combined efforts of the Centers for 
Disease Control, the Massachusetts Department of Public Health, the New York State 
Department of Public Health, and the National Institutes of Health.



HOW TO USE THIS MANUAL

This manual provides the iaboratorian with information necessary to test neonatal 
blood-spot specimens for human immunodeficiency virus (HIV) antibody by enzyme 
immunoassay (EIA) and immunoblot assay. The immunoblot assay described is the 
Miniblotter* modification developed in the Massachusetts Department of Public 
Health Laboratories. The Miniblotter system permits maximum use of the small 
volume of serum (5 (xl) contained in a 1/4-incb circle punched from the dried-blood 
spot.

Read all sections of the manual before performing any of the laboratory procedures. 
Pay special attention to the sections on specimen storage, specimen processing, and 
quality control, since these procedures differ from those recommended by the 
manufacturers for the routine analysis of serum and plasma specimens.

This manual complements the instructions provided by manufacturers of HIV-EIA  
antibody kits. The standard assays for serum and plasma specimens were changed as 
little as possible, and these changes are noted.
*M in ib lo tte r and M in ib lo t are tradem arks of Im m unetics. Inc. (Cam bridge. M A ).

V ll



SAFETY

Working with dried-blood spots for human immunodeficiency virus (HIV) testing 
introduces no new biohazards to laboratorians working in either neonatal screening 
or HIV testing laboratories. In fact, the viability of H IV  seems to be reduced in the 
dried state (1,2). Despite these findings, universal blood and body fluid precautions 
should be observed for ALL blood-spot specimens. These precautions are described 
in the August 21. 1987, supplement to the M orbidity and Mortality W eekly Report (3) 
and amplified in the April 1, 1988, supplement and June 24, 1988, issue of the same 
publication (4,5). Every laboratory should have a copy of these guidelines and observe 
the recommendations.

Guidelines to Prevent Transmission of HIV in the Laboratory (6)

1. Employ appropriate barrier precautions to prevent skin and mucous membrane 
exposure when contact with blood or other body fluids of any person is antici
pated:
•  Wear gloves when performing venipuncture and other vascular access proce

dures.
•  Wear gloves when performing finger and/or heel sticks on infants and children 

(5).
•  Change gloves and wash hands after contact with each patient.
•  Place all specimens of blood and body fluids in containers that w ill prevent 

leakage during transport. Avoid contaminating the outside of the container and 
the laboratory form accompanying the specimen.

NOTE: Neonatal screening forms have not been shown to present a hazard when 
mailed in paper envelopes. See the Specimen Collection and Storage 
section for more information.

•  Wear gloves when processing blood and body fluid specimens. Remove gloves 
and wash hands with soap and water upon completion of specimen processing.

2. If hands or other skin surfaces become contaminated with blood or other body 
fluids, wash them immediately and thoroughly with soap and water.

3. Employ a biological safety cabinet for procedures that have a high potential for 
generating droplets (blending, sonicating, vigorous mixing).

4. Use mechanical pipetting devices to manipulate all liquids in the laboratory. DO 
NOT PIPETTE BY MOUTH.

5. Take precautions to prevent injuries caused by needles, scalpels, and other sharp 
instruments.
•  Do not recap needles, bend or break needles by hand, or remove needles from 

disposable syringes.
•  Discard all sharp instruments in puncture-resistant containers located close to 

work area.
•  Limit use of needles and syringes to situations in which there is no alternative.



B. Decontaminate laboratory work surfaces at least daily with a freshly prepared
chemical germicide such as 1% household bleach (0.05% sodium hypochlorite].

7. To decontaminate equipment that may come in contact with blood or body fluids:
•  Disinfect refrigerators by cleaning thoroughly and then by wiping with 1% 

household bleach.
•  Disinfect centrifuge components by swabbing head, bowl trunion. and carriers 

with 80% ethanol.
•  Autoclave or soak specimen racks in 1% household bleach for 5 minutes and 

then rinse thoroughly with water.
•  Discard as hazardous waste any disposable components of instrument systems 

that come in contact with patient specimens. Clean nondisposable components 
with 80% ethanol.

•  Allow disinfectant to remain in contact with surfaces for at least 5 minutes at 
ambient temperature for optimal effectiveness against dried blood or serum.

•  If  equipment needs maintenance, clean and decontaminate it in the laboratory 
before transporting it to the manufacturer for repair.

8. Use special precautions in handling microbiology laboratory waste, pathology
waste, and blood specimens or blood products.
•  Incinerate or autoclave all waste before disposal in a sanitary landfill. Solutions 

containing bleach may corrode the autoclave; therefore, these solutions may be 
poured down a drain connected to a sanitary sewer.

•  Carefully pour down a drain connected to a sanitary sewer bulk blood, suctioned 
fluids, excretions, and secretions.

9. Wash hands thoroughly after completing laboratory activities. Remove protective
clothing before leaving the laboratorv.

In Case of a Spill

Decontaminate spills of blood and body fluids:
•  Wear disposable gloves.
•  Cover visible blood or body fluids with paper towels and soak with 10% 

household bleach (0.5% sodium hypochlorite). Allow to stand for at least 5 
minutes.

•  Discard contaminated towels in infective waste containers.
•  Wipe down the area with clean towels soaked in 10% household bleach.
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SPECIMEN COLLECTION AND STORAGE

The accuracy of any laboratory procedure used to detect H IV antibody in dried- 
blood spots on filter paper depends on the manner in which the specimen is obtained 
and handled. Although states have used dried-blood-spot specimens to screen 
newborns for congenital metabolic diseases for many years, using them to assess the 
prevalence of H IV  infection in childbearing women is relatively new. The following 
recommendations reflect recently completed studies on stability and optimal storage 
conditions.

NOTE: THE H IV  SURVEILLANCE PROGRAM MUST NOT INTERFERE W ITH  
EXISTING NEONATAL SCREENING PROGRAMS MANDATED IN MOST 
STATE LABORATORIES.

All specimens are received by the neonatal screening laboratory, and all required 
testing must be completed before samples are released for H IV  testing. Neonatal and 
HIV testing laboratories should cooperate in developing a processing protocol that 
ensures timely transfer of these specimens. Once specimens have been received by the 
HIV testing laboratory, avoid unnecessary delays in performing the assays. Best test 
results are obtained when the blood spots have not been stored for prolonged periods 
at room temperature or exposed to conditions of high humidity.

Sample Collection

The National Committee for Clinical Laboratory Standards (NCCLS) has published 
a standard for collecting samples entitled “Blood Collection on Filter Paper for 
Neonatal Screening Programs” (LA4-A; 1988). Follow the NCCLS recommendations 
when collecting samples for the H IV  screening program.

Avoid using capillary tubes to collect blood specimens. Considerable danger of 
infection exists from puncture wounds resulting from accidental breakage of the 
capillary tubes.

Use only No. 903, Schleicher and Schuell cotton-fiber-based paper product de
signed and nationally used for the collection of body fluids. Verify with Schleicher 
and Schuell that the lot number of the paper has been evaluated by the Centers for 
Disease Control.

Dry all specimens at least 3 hours in a suspended horizontal position before placing 
them in the shipping envelope for mailing to the testing laboratory. Alternate the 
direction of forms stacked in an envelope so that blood spots of different patients are 
not touching each other.

Mail specimens to the testing facility within 24 hours of collection.

Storage of Specimens

Anticipate the delays that might occur between receipt and testing of samples in the 
HIV laboratory. If  delays are expected, do not elute the blood spots.

Blood spots dried on filter paper can be stored at room temperature without special 
precautions to control humidity for up to 30 days from the time of collection. Samples 
should be tested as promptly as possible upon receipt.



If storage time cannot be estimated accurately, place the dried-blood spots in a 
"zip-lock" bag with desiccant and store at 4 C. To keep specimens over 90 days, store 
the dried-blood spots in a zip-lock bag with desiccant at -20 C. Do not seal forms in 
bags without sufficient desiccant: this practice is deleterious to the samples.

NOTE: Plastic bags used for storage must be gas-impermeable. Bags available in 
grocery stores are inadequate. Use bags such as Bitran Saranex Series S 
multipurpose bags available from American Scientific Products.

Specimens older than, or stored differently from, those just described are considered 
compromised and should not be tested. It is better to reject such specimens than to 
include potentially unreliable results that might bias the survey data.

Shipping Stored Specimens to Another Site

Use special care when shipping to another location any dried-blood spots that have 
been stored at 4 C or -20 C. Remove the bagged samples from the refrigerator and 
allow them to reach room temperature before opening the bag. Once the sealed bag 
has equilibrated, open it and remove the old desiccant. Add fresh desiccant and reseal 
the bag. Ship the bag by the fastest means, such as next day air. Upon receiving such 
specimens, store them immediately at -20 C if testing w ill be delayed.

Punching Disks From Specimens for Testing

Dried-blood-spot specimens or controls must be at room temperature before 
punching disks. If they have been stored in sealed bags with desiccant at 4 C or 
-20 °C, allow the sealed bags to reach room temperature before opening them. 

Examine blood spots before testing. Do not test spots that:
•  Are obviously contaminated by some foreign substance
•  Contain blood clots
•  Are not saturated with blood or appear spotted
•  For any other reason appear to be of poor quality

In general, these guidelines for rejecting specimens are the same as those used in all 
newborn screening programs.

For seroprevalence surveys, only one 1/4-inch (6.3 mm) disk is punched from the 
blood spot for elution. The eluate is used for both EIA and immunoblot analysis.

Punch the disk in an area that is saturated with blood. Do not take the punch from 
the edge of the circle where the degree of saturation may be uneven. Avoid blood 
clots.

NOTE: Disks may be punched directly into elution plates. See the next section for 
details.

Whether using an automated punching machine or a manual punch, remove paper 
fiber residue as it accumulates on the instruments. Although no cases of false-positive 
results have been associated with transfer of paper dust, periodic cleaning reduces 
this possibility.



ENZYME IMMUNOASSAY MODIFICATIONS FOR 
BLOOD-SPOT ANALYSIS

Eluting Filter Paper Blood Specimens

The procedure for eluting filter paper specimens is dependent upon the dilution 
required by the EIA kit used to test for H IV  antibody. Use an EIA kit licensed by the 
Food and Drug Administration to detect H IV  antibody. Since these H IV  kits were 
licensed to detect H IV antibody in serum or plasma, it is important that the 
performance of the kit for detecting HIV antibody in serum eluted from dried-blood 
spots has been evaluated and that adequate specificity and sensitivity studies have 
been conducted. This section contains elution procedures to be used with kits for 
which the manufacturers have completed such studies. For more information on these 
kits and protocols, contact:

J. Richard George, Ph.D.
Laboratory Investigations Branch
AIDS Progr,am
Center for Infectious Diseases
(404) 639-3647

Elution yields a lower dilution than is required for performing either the EIA or the 
immunoblot assay. This lower dilution allows further dilution of the eluate in (a) the 
specimen diluent for the commercial EIA and (b) the milk diluent for the immunoblot 
assay. Prepare the eluates and perform the tests exactly as directed to obtain consistent 
and reliable results.

General Instructions for Preparation of Eluates
1. Elute specimens in a “blank,” 96-well, flat-bottomed microplate. (The top well 

diameter must be 7 mm.) Users of Abbott kits should use new Abbott plates for 
elutions. Arrange samples in the elution plates in a way that leaves room for the 
appropriate serum and filter paper controls. Leave empty the wells designated for 
serum controls. By configuring the elution plate exactly like the test plate, you can 
transfer eluates easily to the test plate with a multichannel pipetter. Each elution 
and test plate (except Abbott) contains duplicate determinations for high-positive, 
low-positive, and negative blood-spot controls.

NOTE TO ABBOTT USERS: Include the kit serum controls and duplicate blood- 
spot controls in each 100 tests. See the chapter on quality control for more 
information.

2. Record the placement of each control and specimen disk before punching the 
disks. Place filter paper disks (controls and samples) in their designated microplate 
wells.

NOTE: If disks are punched into plates in the neonatal laboratory and then 
transported to the H IV  laboratory, cover each plate with a low evaporation lid. 
Standard microtiter plate lids would not prevent disks from falling out of their wells 
if the plate is inverted, resulting in sample mixup. Adhesive plate sealers would 
retain unknown amounts of fiber from the disks, adversely affecting elution and 
subsequent dilution of samples.



A 1/4-inch (6.3 mm) disk collected as prescribed is estimated to contain 10 pi 
of blood or approximately 5 pi of serum. Subsequent dilutions are made on 
the assumption that complete elution of the specimen yields 5 pi of serum.

3. Elute the disks as directed by the HIV EIA kit manufacturer. Check each well to 
ensure the disk is completely submerged in the diluent and not floating on top. If 
necessary, use a separate applicator stick to submerge each disk.

4. Make the appropriate dilution of the eluates according to the protocol modifica
tions recommended by the H IV  EIA kit manufacturer, then proceed with the EIA 
test procedure.

5. DO NOT store eluted specimens for longer than 5 days at 4 C. The specimen 
diluents, with few exceptions, do not contain bacteriostatic agents. Since blood 
spots are nonsterile specimens, bacterial contamination of stored eluates is possi
ble.

CAUTION: Bacterial growth can destroy antibody, producing false-negative re
sults. or introduce bacterial metabolites that may give false-positive results.

6. DO NOT elute specimens for longer times than the manufacturer recommends.

7. As soon as the test results from the initial screening are known, remove the eluates 
of H IV  antibody positive specimens and the low- and high-positive dried-blood 
spot controls. (ABBOTT users: refer to the Abbott elution protocol that follows for 
specific instructions on handling Abbott eluates.) Transfer eluates to labeled, 
screw-cap microvolume tubes (e.g., 1.5-mI screw cap polypropylene tubes with 
“o” ring seals). Store these eluates at 4 C and repeat the EIA in duplicate.

NOTE: Clearly label all tubes to indicate the linkage between reactive eluates and 
controls from the same elution plate. See the chapter on quality control for a 
complete discussion of this linkage for repeat ElAs and immunoblotting.

8. Avoid freezing eluates whenever possible. However, if eluates cannot be tested 
within 5 days, freeze them at -20 C. A single freeze-thaw cycle w ill have little effect 
on assays currently in use.

9. If  repeatedly reactive eluates must be shipped to another site for immunoblotting or 
further testing, freeze them at -20 C. At the same time, freeze the high-positive 
dried-blood-spot control eluates from the same elution plate(s) as the samples. Ship 
the frozen eluates on dry ice by the fastest available means. The receiving 
laboratory must be able to match sample eluates with the high-positive controls 
from the same elution plate. See the chapter on quality control for a complete 
discussion of the monitoring process.

Manufacturers’ Instructions for Preparation of Eluates

Procedures for elution of dried-blood spots have been developed and evaluated by 
the kit manufacturers. They have been reproduced here in alphabetical order by 
manufacturer. Follow the procedure exactly for consistent and reliable results.



Abbott Laboratories, Abbott Park, IL 60064
Abbott H IV EIA

Abbott’s HIV Antibody assay modification for dried-blood spots requires 210 }xl of
a 1:800 dilution of serum. Elution yields a 1:40 dilution and requires a special Elution
Buffer provided by Abbott as a separate reagent.

In itia l EIA
1. Prepare Elution Buffer by mixing Elution Diluent A with Elution Powder B. Mix for 

2 hours at room temperature. Store prepared Elution Buffer at 2-8 C for up to 5 
days.

2. Add 200 |xl of well-mixed Elution Buffer to each well of the Abbott reaction tray 
containing a filter paper disk. Assure that all disks are submerged in Elution Buffer, 
not floating on top.

3. Cover the tray and place it on a rotator for 1-2 hours at room temperature. (The 
2-hour elution yields better results.)

4. Add 200 [jlI of specimen diluent (diluent supplied in the EIA kit) to each well in a 
new test tray that corresponds to a well in the elution tray containing a blood-spot 
control or sample. Add 200 pi of specimen diluent to the wells designated for 
serum controls.

5. Add 10 pi of each eluate to its respective well in the test tray. This results in a 1:800 
dilution of serum. Cover the elution tray with a clean sealer and freeze immediately 
to stop the elution process while the EIA is completed.

6. Add 10 pi of appropriate Abbott serum controls to the designated wells.
PROCEED TO STEP 3 (FIRST INCUBATION) OF THE ABBOTT PRODUCT 
INSERT TO CONTINUE THE ASSAY.

R epeat E IA
1. Immediately before performing the repeat EIA. remove trays containing reactive 

eluates from the freezer to thaw.
2. Perform the repeat EIA on reactive eluates in duplicate and on both low-positive 

blood-spot controls from each plate.
3. After you have removed sufficient eluate for each repeat EIA, place the trays on the 

shaker for overnight elution. (Immunoblots are performed on the overnight eluates 
of repeatedly reactive specimens.)



Du Pont Company. Wilmington. DE
Du Pont HIV-1 ELISA

Du Font's HIV-1 antibody assay modification for dried-blood spots requires 100 |xl
of a 1:200 diluton of serum. Elution yields a 1:40 dilution and requires a special
Diluent for Filter Paper Samples provided by Du Pont as a separate reagent.

1. Add 200 pi of Diluent for Filter Paper Samples to each well containing a filter 
paper disk. Assure that the disks are submerged in Diluent, not floating on top.

2. Cover plate with a clean plate sealer.
3. Elute overnight (16-22 hours) at 4 C.
4. Remove an antigen-coated Du Pont plate (at room temperature) from its protective 

wrapper. If  less than a full plate is needed to test all samples and controls, return 
unused wells to the wrapper and reseal with desiccant.

5. Prepare four reactive and two nonreactive serum controls in separate tubes by 
adding 15 pi of each control to 300 pi of Diluent for Filter Paper Samples. (The 
final dilution is 1:20.*)

6. Add 200 pi of Diluent for Filter Paper Samples alone to wells in the test plate 
designated for two diluent blanks.

7. Add 80 pi of Diluent for Filter Paper Samples to each well in the test plate that 
corresponds to a well in the elution plate containing a blood-spot control or 
sample. Do not add this diluent to the wells designated for  serum controls.

8. M ix eluates thoroughly by stirring them gently with clean tips on a multichannel 
pipetter. Change tips, then transfer 20 pi of each eluate to its respective well in the 
test plate. This results in a 1:200 dilution of serum. Cover the elution plate with a 
clean plate sealer and return it to 4 C pending the results of screening.

9. Add 200 pi of each diluted serum control to its respective well in the test plate.
10. Cover the plate with a clean plate sealer.

PROCEED TO STEP 5 OF THE DU PONT PRODUCT INSERT TO CONTINUE THE
ASSAY. TEST ALL SAMPLES BY PROCEDURE 1 (ROOM TEMPERATURE.
3.5-HOUR ASSAY) AS DESCRIBED IN THE PRODUCT INSERT.

NOTE: Prepare working conjugate solution with the Diluent for Sample and Conju
gate in the Du Pont kit.

CALCULATE THE REACTIVE THRESHOLD VALUE BY M ULTIPLYING THE MEAN
OF THE POSTIVE CONTROL BY 0.1.

'R un serum controls as described in the product insert. They serve as controls tor kit perform ance and for establishing 
a cutoff value. These controls are run at a 1:20 dilution instead of the 1:200 dilution used for blood spots. For the lest 
resul's to he valid. I he serum control values must meet the re(|uirem ents described in the product insert for scrum and 
plasma samples.

Take special note of the \ 'E C . \ ' f l \ 'E  CÜX'TRÜL: at least one of the two negative serum control wells must have an 
ab.sorbaiK.e ' 0.0 and 0 .2 ,j0 after the blank is subtracted. The value tor the negative control inav be greater than the 
cutoff value calculaterl for blood spots. .\S  L U \G  .\S  THE . \E G .\T IV E  SERL'M C Ü .X TR Ü L \'A L L 'E  IS BETW EEN 0.0 
A N D  0.250. T H E  RESl. LTS ARE \  A L ID .

See the Du Punt prodin.t insert for the complete description of (juality control.
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Electro-Nucleonics, Inc., (ENT), Columbia, MD 21046
Virgo HTLV III ELISA

The EXI HIV antibody assay requires 100 |jl1 of a 1:100 dilution of serum. Elution
yields a 1:40 dilution and requires a special Elution Buffer provided by EXT as a
separate reagent.

1. Add 200 |xl of EXT Elution Buffer to each well containing a filter paper disk. Assure 
that the disks are submerged in Elution Buffer, not floating on top.

2. Cover plate with a clean plate sealer.
3. Elute overnight (14-18 hours) at 4 C
4. Remove an antigen-coated EXT plate (at room temperature) from its protective 

wrapper. If  less than a full plate is needed to test all samples and controls, return 
unused wells to the wrapper and reseal with desiccant.

5. Add 60 |xl of specimen diluent to each well in the test plate that corresponds to a 
well in the elution plate containing a blood-spot control or sample. Do not add 
diluent to the wells designated for serum controls.

6. M ix eluates thoroughly by stirring them gently with clean tips on a multichannel 
pipetter. Change tips, then transfer 40 g.1 of each eluate to its respective well in the 
test plate. This results in a 1:100 dilution of serum. Cover the elution plate with a 
clean plate sealer and return it to 4 C pending the results of screening.

7. Prepare ENl serum controls as directed by the product insert and add them to the 
designated wells. Cover the plate with a clean plate sealer.

PROCEED TO STEP 5 (INCUBATION) OF THE ENl PRODUCT INSERT TO
CONTINUE THE ASSAY.
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Genetic Systems Corporation. Seattle VVA 98121
LAV E IA '

Genetic Systems' H IV antibody assay requires 100 pi of a 1:400 dilution of serum.
Elution yields a 1:40 dilution.

1. Add 200 pi of specimen diluent to each well containing a filter paper disk.
2. Cover plate with a clean plate sealer.
3. Elute overnight (14-18 hours) at 4 C.
4. Remove an antigen-coated Genetic Systems plate (at room temperature) from its 

protective wrapper. If less than a full plate is needed to test all controls and 
samples, return the unused wells to the wrapper and reseal with desiccant.

5. Add 90 pi of specimen diluent to each well in the test plate that corresponds to a 
well in the elution plate containing a blood-spot sample or control. Do not add 
diluent to the wells designated for serum controls.

6. Mix eluates thoroughly by stirring them gently with clean tips on a multichannel 
pipetter. Change tips, then transfer 10 pi of each eluate to its respective well in the 
test plate. This results in a 1:400 final dilution of sample. Cover the elution plate 
with a clean plate sealer and return it to 4 C pending the results of screening.

7. Prepare Genetic Systems serum controls as directed in the product insert and add 
them to the designated wells.

8. Cover the test plate with a clean plate sealer.

PROCEED TO STEP 7 (INCUBATION) IN  THE GENETIC SYSTEMS PRODUCT
INSERT TO CONTINUE THE ASSAY.

NOTE: ADD ONE EXTRA WASH CYCLE (FOR A TOTAL OF FOUR) TO THE WASH 
PROCEDURE AFTER EACH INCUBATION.
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Organon Teknika, Inc.. Durham NC 27713
Vironostika HIV Microelisa System

Organon's HIV antibody assay modified for dried-blood spots requires 150 |j,l of a
1:180 dilution of serum. Elution yields a 1:30 dilution.

1. Add 150 }jl1 of DILSLVI to each microtiter well containing a filter paper disk.
2. Cover plate with a clean plate sealer.
3. Elute overnight (14-18 hours] at 4 C.
4. Remove a Vironostika HIV antigen-coated plate (at room temperature) from its 

protective wrapper. If less than a full plate is needed to test all samples and 
controls, return unused strips to the wrapper and reseal with desiccant.

5. Add 125 |ol1 of DILSIM to each well of the test plate that corresponds to a well in the 
elution plate containing a blood-spot sample or control. Do not add diluent to the 
wells designated for serum controls.

6. M ix eluates thoroughly by stirring them gently with clean tips on a multichannel 
pipetter. Change tips, then transfer 25 fil of each eluate to its respective well in the 
test plate. Cover the elution plate with a clean plate sealer and return it to 4 C 
pending the results of screening.

7. Prepare Vironostika serum controls as directed in the product insert and add them 
to the designated wells.

8. Cover the test plate with a clean plate sealer.

PROCEED TO STEP 3 (INCUBATION] IN THE VIRONOSTIKA PRODUCT INSERT
TO CONTINUE THE ASSAY.

NOTE: Modify the microtiter plate WASH PROCEDURE (page 10 in the product 
insert) as follows:

a. Aspirate the well contents.
b. Dispense wash buffer and soak wells for 10 seconds.
c. Repeat steps a. and b. for a total of four wash cycles.

Failure to incorporate these soak periods into the wash procedure may result 
in increased numbers of falsely reactive samples.
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Classification of Results

The prcsfMice or absence ot' H I \ '  ant ihodv is determined by relating the absorbance 
value of til. ' specimen to the cutotT value calculated from the serum contro ls as 
prescribed ny the licensed enz\ me immunoassay (EIA) kit being used. Each EIA kit 
has its own parameters for ca lcu lating the cu to ff value. The detection o f H I \ '  an t ibody 
in serum eluted from dr ied-b lood  spots is also determined by relating the absorbance 
value o f the specimens to the kit serum cu to ff value.

\o te :  Some EIA kit manufacturers may recommend a cu to ff  value for d r ied-b lood- 
spot specimens that is d iffe rent from the serum calculated cu to ff value. Consult 
the manufacturer's supp lem enta l instructions for calculating the cu to f f  value 
for d r ied-b lood-spot specimens.

Specimens are classified as reactive or nonreactive by comparing them to the cu to ff  
value.

XO XREACTIVE SPECIMENS have absorbance values less than the cu to f f  value. 
Nonreactive specimens do not require further testing.

REACTIVE SPECIMENS have absorbance values equal to or greater than the cu to f f  
value for the particu la r EIA. Reactive specimens should  be retested in duplicate in 
the EIA. I f  one or both repeat EIAs are reactive, the soecimen is repeatedly reactive. 
I f  both repeat tests are nonreactive, the specimen is declared nonreactive.

REPEATEDLY REACTIVE SPECIMENS are tested bv the im m unob lo t assav.
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MINIBLOT IMMUNOBLOT ASSAY FOR HIV ANTIBODY

This procedure; describes tw o  m od if ied  H IV Western b lot ;issays. Both assays use an 
Immunetics M in ih lo tte r apparatus (Immunetics. Inc., Cambridge, .VLV) that enables 
testing of up to 24 samples on a preblotted n itrocellulose membrane. Method 1 was 
developed by the Massachusetts State Laboratory Institute in collaboration w ith  
Immunetics. Method 2 includes a modified conjugate incubation step and wash 
procedures. Either method may be used, but the steps must NOT be interchanged 
between methods because the d i lu t ions  and wash steps are s ligh tly  different.

Read the entire  procedure before  beg in n in g . See A p p e n d ix  A  for reagent p repara
tion  and  A p p e n d ix  B for sources o f supplies. Both m ethods use the same d ilu tions  of 
eluates and controls. F u rth e rm o re , p reparation  and lo ad in g  o f the M in ib lo tte r  are 
id en tica l for the tw o m ethods. S ubsequent steps d iffe r b etw een  the m ethods and must 
not be interchanged.

Preparation of Immunoblot Samples From Eluate Dilutions 
Prepared for Enzyme Immunoassays

Bring eluates to room temperature before making dilutions for the immunoblot 
assay. Use the filter paper eluates prepared for EIA, including one high-positive 
blood-spot control from the oldest elution plate represented by the samples loaded on 
each membrane. Dilute the eluates in milk buffer to yield a 1:100 dilution of serum. 
Dilute high-positive, low-positive, and negative serum controls 1:100 in milk buffer. 
Prepare at least 75 |xl of each control or sample to be tested.
Abbott

AS DIRECTED IN THE ABBOTT EIA MODIFICATION, ELUTION MUST PROCEED 
OVERNIGHT BEFORE PREPARING THE DILUTION FOR IMMUNOBLOTTING. 
M ix 60 jjul of ABBOTT eluate (1:40 dilution) with 90 fjil of milk buffer containing 
3.0% Tween 20.

Du Pont
M ix 60 fxl of DU PONT eluate (1:40 dilution) with 90 p.1 of milk buffer, 

Electro-Nucleonics, Inc
M ix 60 |j l 1 of the ENl eluate (1:40 dilution) with 90 jjlI of milk buffer.

Genetic Systems
M ix 60 |xl of GENETIC SYSTEMS eluate (1:40 dilution) with 90 pi of milk buffer. 

Organon Teknika
M ix 30 pi of ORGANON TEKNIKA eluate (1:30 dilution) with 70 pi of milk buffer.

Preparation of the Miniblotter

B ring  all m ateria ls  except the conjugate  to room  tem p eratu re  before  use. Store the 
con jugate  at -20  C in a n on-frostfree  freezer. A vo id  lo w e r tem peratures. T h e  conjugate  
contains 50"o g lycero l and  w il l  not freeze. (O n receip t, d iv id e  the con jugate  into sm all 
a liq u o ts  for storage. Each a liq u o t should  be su ffic ien tly  sm all that a v ia l w o u ld  be 
taken from  the freezer o n ly  a few  tim es.)
'M in ib lo ttiT  ,iiul \ l i i i i l) lo t  arr traih in ia iks ol Im m unrtics . Inc.
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1. Lay the top plate of the Miniblotter face down on the work surface.

2. Wet the nitrocellulose membrane in a tray of milk buffer for 5 minutes at room 
temperature. Place the membrane face down on the underside of the top plate. The 
line on the membrane should be facing the narrow channels, slightly above the 
numbered sample holes. Hold the plate up to a light to assure that the edges of the 
nitrocellulose extend past the channels needed for samples.

NOTE: Intact nitrocellulose membranes usually cover 23-24 channels. If fewer 
than 20 samples are to be tested, use a plastic ruler and sharp clean scalpel 
on a clean, firm surface to cut the membrane to the required width.
DO NOT CUT MEMBRANES DIRECTLY ON THE MINIBLOTTER.

3. Place a dry plastic cushion over the membrane. Put the back plate of the 
Miniblotter on, then turn the apparatus face up. Tighten all the screws firmly by 
hand.

4. Aspirate residual milk buffer from all channels by using a plastic micropipette tip 
attached to a vacuum source. Add samples to channels within 5 minutes of 
aspirating residual buffer.

Loading the Miniblotter

When using the Miniblotter for the first time, practice loading milk buffer several 
times until you can avoid introducing bubbles. If  possible, practice with a scrap piece 
of premoistened nitrocellulose in the Miniblotter to simulate a preblotted membrane.

1. Use a micropipette to add approximately 50 pi of sample or control (diluted in milk 
buffer) to the appropriate channel. Be very careful to touch the pipette tip only to 
the desired sample hole. This reduces the chance of contaminating adjacent lanes.

NOTE: Different Miniblotters vary slightly in channel volume from unit to unit, so 
optimal volumes for each unit should be determined before use. The 
horizontal section of each channel (directly contacting the membrane) 
should be at least 95% full.

2. Load one eluate (diluted 1:100 in milk buffer) of a high-positive blood-spot control 
from the elution plate represented by samples on the membrane. This control 
verifies the stability of the oldest eluates.

3. Load a low-positive, a high-positive, and a negative serum control (each diluted 
1:100 in milk buffer) to monitor the immunoblot reagents.

4. Fill with milk buffer any empty channels that lie over the nitrocellulose.

5. Technical notes:
a. Push the pipette tip firmly into the sample hole. Expel the sample smoothly until 

it fills the length of the channel.
b. A few snaall bubbles may form during the incubation, but they w ill not affect the 

assay. If  there are many bubbles and they do not move when the Miniblotter is 
tilted, use a micropipette to remove the specimen com pletely  and add it again.
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6. Place the M in ib lo tte r  on a rocker p la tfo rm  for 1 hour. Rock at 5 to 6 t ilt  cycles per 
m inute. Check that the sam ple vo lum e is not great enough to cause sam ples to sp ill 
out o f the channels w h ile  rocking .

7. Proceed to the steps for e ith er M eth o d  1 or M ethod  2 to con tin u e  the assay.

Method 1: Original Procedure
1. Prepare fixing solution during the last few minutes of sample incubation.*

2. After 1 hour of sample incubation, use the washing manifold to flush the 
Miniblotter channels with 300 ml of milk buffer.

3. After i hour, use the washing manifold to flush Miniblotter channels with 300 ml 
of milk buffer.

NOTE: Take care in all subsequent steps to keep the nitrocellulose from drying 
out. Be sure it moves freely in the tray at each step that follows.

4. Open the Miniblotter and carefully remove the membrane. Place the membrane in 
a tray containing 30 ml of fixing solution. Place on a rocker or orbital shaker for 
5 minutes. Set the rocker at 15 to 20 tilt cycles per minute for this and all 
subsequent steps. If an orbital shaker is used, set it at 135-145 rpm for this and all 
subsequent steps. Vigorous washing helps to reduce background staining.

NOTE: Rinse the Miniblotter and washing manifold in distilled water at this time. 
If possible, place them in a warm 1% solution of 7X detergent to soak. See 
the cleaning and sterilization instructions at the end of this procedure for 
more details.

5. Aspirate fixing solution. Add 30 ml of milk buffer to the tray and mix by hand for 
5 to 10 seconds. Remove milk buffer and repeat for a second rinse.

6. Place membrane in a clean tray with 30 ml of milk buffer. Rock or shake the tray 
for 5 minutes.

NOTE: Prepare the secondary antibody-conjugate during this step. The conjugate 
concentration must be optimized for each lot of conjugate and substrate. 
For some lots of Tago conjugate, a dilution of 1:2000 (7.5 p.1 in 15 ml milk 
buffer] is satisfactory.

7. Aspirate milk buffer, then add 15 ml of diluted conjugate. Agitate for 15 minutes.

NOTE: Low concentrations of conjugate may need to be incubated longer, up to 
1 hour.

8. Aspirate conjugate thoroughly. Add 30 ml of milk buffer and agitate for 3 
minutes. Aspirate milk buffer and repeat for a second 3-minute wash.

9. Aspirate milk buffer. Add 30 ml of PBS-Tween and agitate for 3 minutes. Aspirate 
PBS-Tween and repeat for a second 3-minute wash.

NOTE: Prepare the 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tétra
zolium (BCIP/NBT) substrate solution needed in step 10 during this step.

The fixation procedure in steps 3. 4. and 5 of this m ethod is patent pending by Im m unetics. Inc.
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10. Aspirate PBS-Tween. Add 30 ml of deionized water and mix by hand for 10 
seconds, then remove water. Repeat the water rinse twice more for a total of three 
rinses. This step removes residual phosphate ions that would inhibit the enzyme 
reaction in the next step.

11. Add 15 ml of freshly prepared BCIP/NBT substrate solution. Agitate for about 10 
minutes.

NOTE: Staining time may vary a few minutes from day to day. Watch the paper 
and stop the reaction when the p24 and gpl60 are clearly visible in the 
low-positive serum control (p51 and p65 may be faintly visible). If the 
staining reaction takes longer than 15 minutes, increase the conjugate 
concentration to 1:1500 or 1:1000 in subsequent experiments.

12. Stop the staining reaction by rinsing three times in deionized water. Place 
membrane face up on a paper towel to dry before making interpretations. 
Background staining will fade upon drying.

Method 2: Modified Procedure

NOTE: This method eliminates the formalin fixation step and uses a different 
conjugate dilution and incubation than Method 1.

1. After 1 hour of sample incubation, use the manifold to flush the Miniblotter with 
300 ml of PBS-Tween.

2. Fill the lanes with PBS-Tween and rock the Miniblotter for 5 minutes.

NOTE: Prepare the secondary antibody-conjugate during this step. The conjugate 
needed for this procedure can be obtained from the GDC (see Appendix 
B). The optimal dilution of the current lot of conjugate has been deter
mined to be 1:300 or 1:350. Each laboratory must ensure that this dilution 
is optimal for their assay conditions.

3. Aspirate the PBS-Tween, then add 50-60 |xl of conjugate diluted in milk buffer to 
each lane.

4. Place the Miniblotter on the rocker and rock it at room temperature for 15-20 
minutes (as determined by conjugate titration).

NOTE: During the last few minutes of the conjugate incubation,prepare the 
5-bromo-4-chloro-3-indolyl phospate and nitroblue tétrazolium (BCIP/ 
NBT) substrate solution needed in step 9. Substrate must be at room 
temperature.

5. Use the manifold to wash the lanes with 300 ml of PBS-Tween. Repeat the wash 
step with another 300 ml of PBS-Tween.

6. Remove the membrane from the Miniblotter and place in a clean tray containing 
about 30 ml of PBS-Tween. Agitate the tray briefly and aspirate the wash buffer.

7. Add 30 ml of deionized water to the tray. Agitate vigorously by hand for 15 
seconds, then aspirate the water. Repeat the water rinse twice more for a total of 
three rinses.
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3. Add 30 mi of deionized water and agitate the tray for 5 minutes.

9. Add 15 mi of freshly prepared BCIP/NBT substrate solution. Agitate the tray at 
room temperature for about 10 minutes.

NOTE: Staining time may vary a few minutes from day to day. Watch the paper 
and stop the reaction when the p24 and gpl60 are clearly visible in the 
low positive serum control (p51 and p65 may be faintly visible]. Avoid 
over-developing the membrane. If the staining reaction takes longer than 
15 minutes, re-titrate the conjugate.
Both conjugate concentration and incubation time can be varied. Conju
gate incubation times and dilutions should stain the viral bands present in 
the high- and low-positive serum controls to an intensity easily visible and 
comparable to that observed in previous assay runs.

10. Stop the staining reaction by aspirating the substrate and adding 30 ml of 
deionized water. Agitate a few seconds and aspirate. Repeat the wash with an 
additional 30 ml of deionized water.

11. Place the membrane face up on a paper towel, protected from direct light, and 
allow it to dry before interpreting the results. Background staining will fade upon 
drving.

Interpretation of Immunoblot Results for Surveillance

Record the identity of each specimen on a data sheet (Appendix C) next to the
corresponding channel number.

1. Compare the stained bands of the tested samples with the position of bands from 
the serum high-positive control and the blood-spot control. Record the presence of 
a stained band by placing a check in the appropriate box of the data sheet. Record 
all bands on the survey data forms as required (Appendix D).

2. Occasional specimens with very strong antibodies (usually to p24) w ill cause 
streaking on the nitrocellulose paper. This is detectable as the presence of staining 
between the sample lanes. Retest any specimens for which streaking causes 
problems in interpretation. If  streaking is a frequent problem, it can be eliminated 
by using the modified immunoblot procedure, Method 2.

3. Two laboratorians should read each blot independently and then compare results.

Troubleshooting Guide

If positive controls develop slow ly or fail to develop:

1. Ensure that the dilution of the positive control is correct.

2. Ensure that the dilution of the secondary antibody (conjugate) is correct. Increase
the conjugate concentration so that the color develops within 10 to 15 minutes.

3. Ensure that the deionized water rinse in step 9 of Method 1, or steps 7 and 8 of
Method 2, is sufficient to remove residual phosphate. If the water rinse is omitted
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accidentally , the blot can be developed by repeating steps 9-11 of Method 1 (steps 
7-11 of Method 2) and using freshly prepared substrate solution.

If bands appear in the negative control lane:

1. The reactivity may be due to cross-contamination of lanes. Review the instructions 
on loading the Miniblotter.

2. Antibodies from previous use may remain if Miniblotter has not been washed 
properly. See cleaning instructions in the next section of this procedure.

If strong background appears on the membrane:

1. Allow the membrane to dry before reading. Background fades considerably upon 
drying.

2. The membrane is overdeveloped. Slightly reduce the concentration of conjugate or 
the duration of color development.

Staining of strongly reactive band(s) m ay  extend into the region between sample 
lanes.

1. Fill any unused channels that lie over the membrane with milk buffer. Dry areas of 
the membrane act as wicks for fluid from adjacent areas.

2. Occasional specimens with very strong antibodies (usually to p24) w ill produce 
streaking, detectable as staining between sample lanes when Method 1 is used. If  
streaking causes problems in interpreting adjacent samples, retest these samples. 
Streaking is eliminated when Method 2 is used.

Bubbles m ay become trapped in the Miniblotter channels.

A  few small bubbles w ill not affect the assay. If  there are large bubbles or many 
bubbles, remove sample com pletely  and add the same sample again. To avoid 
bubbles:

1. Aspirate residual liquid from channels before loading samples.

2. Bring solutions to room temperature before loading in Miniblotter.

3. Adjust the speed of pipetting to minimize bubbles.

4. Review instructions on loading the Miniblotter for more suggestions.

If the washing manifold is difficult to insert:

Remove the manifold 0-rings carefully with tip of spatula, grease them lightly with 
silicone grease, and reinstall them.

Cleaning and Sterilizing the Miniblotter
1. Cleaning the Miniblotter

a. Rinse miniblotter and washing manifold in distilled water within a few minutes 
of use.
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b. Make a 1% solution of 7X Cleaning Solution (50 ml of concentrate in 5 liters of 
warm water). Immerse the Miniblotter and washing manifold. Brush channels 
gently with a soft brush. Be careful not to scratch the interior surfaces. Allow to 
soak for 1 hour or. if desired, overnight.

c. Rinse Miniblotter and washing manifold thoroughly with tap water, then with 
distilled water. To rinse the small numbered holes easily, assemble the Miniblot
ter and manifold without paper or plastic cushions and flush with distilled 
water.

d. Avoid exposing the Miniblotter to alcohols or other organic solvents.

2. Sterilizing the Miniblotter (Optional)

If desired, sterilize the Miniblotter by immersing it for 1 hour in a 1:10 dilution of 
household bleach in water. Wash thoroughly as described above.

Note: DO NOT AUTOCLAVE the Miniblotter.

3. Lubricate the manifold gasket with silicon grease as instructed by the manufac
turer. Improperly lubricated gasket causes uneven washing.
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APPENDIX A: Reagent Preparation

I. Phosphate-Buffered Saline + 0.05% Tween 20 (PBS-Tween), Working Solution 

Solution A:

Solution B:

0.01 M Na.HP0y7H:0 8.04 gm
(MW 268)

0.85% NaCl 25.5 gm
Sterile, distilled H^O 3.000 ml

0.01 M NaH.PO^ H.O 1.38 gm
(MW 138)

0.85% NaCl 8.5 gm
Sterile, distilled H-,0 1.000 ml

Add Solution B to Solution A to reach pH 7.2. 
Add 0.5 ml of Tween 20 per liter.
Add 0.1 g of thimerosal per liter.
Sterilize by filtration through a 0.45 micron filter. 
Store at room temperature for up to 30 days.

2. M ilk  Buffer (5% dry milk in PBS + 0.3% Tween 20) 

For 1 L; 1.000 ml of PBS-0.05% Tween (pH 7.2)
2.5 ml of Tween 20*
50 g of nonfat dry milk

For 500 ml: 500 ml of PBS-0.05% Tween (pH 7.2)
1.25 ml of Tween 20 
25 g of nonfat dry milk

Add dry milk and additional Tween 20 to PBS-Tween. 
Stir for 1 hour. Make fresh milk buffer daily.

3. Fixing Buffer (Method 1 ONLY)

22.5 ml of PBS-Tween
7.5 ml of 37% formaldehyde (use a fume hood 

when measuring concentrated formaldehyde)

Add formaldehyde to PBS-Tween. Prepare 5 to 10 minutes before use.

‘ A B B O TT users only: The final concentration o f Tw een must be 3% . Use 29.5 m l o f Tw een 20 in the recipe for 1 L of 
m ilk  buffer: use 14.75 m l of Tw een 20 in the recipe for 500 m l o f m ilk  buffer.
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4. A lk a lin e  Phosphatase-C onjugated A n ti-H u m a n  IgG

For M e th o d  1: Prepare 5 to 10 m inutes before use. D ilu te  con jugate  into 15 m l of
m ilk  buffer. D ilu t io n  shou ld  be o p tim ize d  to m in im iz e  b ack 
g round. yet p ro v id e  for co lo r d eve lo p m en t in  10 to 15 m inutes. 
D ilu tio n  m ay vary  s lig h tly  w ith  the lo t n u m b e r o f the conjugate  
and should  be d e te rm in ed  by the user.

Dilution Conjugate M ilk Buffer
:2000 7.5 fxl 15 ml
:1500 10 fxl 15 ml
:1000 15 fJLl 15 ml

For Method 2: Prepare 5 to 10 minutes before use. Dilute conjugate into 1.5-2 ml
of milk buffer. Dilution should be optimized to minimize back
ground, yet provide for color development in 10 to 15 minutes. 
Dilution may vary slightly with the lot number of the conjugate 
and should be determined by the user.

Dilution Conjugate M ilk  Buffer
1:300 10 fxl T m \

1:350 10 |jl1 3.5 ml

5. BCIP/NBT Substrate (5-bromo-4-chloro-3-indolyl phosphate and nitroblue 
tétrazolium).
Method: Prepare BCIP/NBT solution 5 to 10 minutes before use. For each blot, mix:

12.0 ml of Tris buffer
1.2 ml of BCIP stock solution
1.2 ml of NBT stock solution

23



w *  « r,' ! «  W i t f ,

APPENDIX B: Supply Sources for Immunoblot Assay

Item Catalog # Supplier Address/Phone
M iniblotter 28*^
& Washing M anifold

M N 100-28 Immunetics 380 Green Street 
Cambridge. M A  02139 
800-227-4765 or 
617-492-5416

HIV-Antigen  
Preblotted Membranes*

59092 Organon Teknika 1800 Capitola Drive 
Durham . NC 27713 
800-682-2666

Tween 20 P-1379 Sigma Chemical P.O. Box 14508 
St. Louis, M O  63178 
800-325-3010 or 
314-771-5750

N a ..H P 0 y 7 H ,0 -  
and NaHzPOyH.QZ

S-9390
S-9638

Sigma Chemical 
Sigma Chemical

see above 
see above

NaCl- S-9625 Sigma Chemical see above

Thimerosal" T-5125 Sigma Chemical see above

37% Formaldehyde^ 
Instant Nonfat Dry M ilk

F-1635 Sigma Chemical 
Carnation brand

see above

Conjugate for 
Western Blot*^

CDC Biological Products Program  
Centers for Disease Control 
Atlanta, GA 30333

Alkaline Phosphatase 
Substrate Kit

50-81-00 Kierkegaard 
& Perry Labs

2 Cessna Court 
Gaithersburg, M D 20879 
800-638-3167 or 
301-948-7755

Rocker Platform 7740-10010  
or 7740-20020

Bellco Glass P.O. Box B 
Vineland. NJ 08360 
800-257-7043 or 
609-691-1075

Rocker Platform, 
adjustable 
tilt angle

RP-S Immunetics see above

7X Cleaning Solution 76-670-94 Flow Labs 7655 Old Springhouse Rd. 
Mclean, VA  22102 
800-368-3569 or 
703-893-5925

Incubation Tray Trays are nonwettable, polypropylene lids from 96-tip racks of 
disposable micropipet tips. These are available from numerous 
manufacturers.

‘ For purposes of standardization, these items must be obtained from these suppliers. Other sources are listed as 
examples only and do not constitute endorsement by the Public Health Service or by the U.S. Department o f Health  
and Hum an Services.

'M in ib lo tte r is a registered tradem ark o f Im m unetics. Inc.
^Reagent grade from  any reputable supplier may be used. Sigm a ordering in form ation is included for convenience. 
^Only one vial (1 m l) m ay be ordered at one tim e. This volum e o f high-titer conjugate should be sufficient for testing 
100 membranes. There is no charge.
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APPENDIX C: Data Sheet for Miniblot H IV  Antibody Assay

Dace :

HIV Membrane Loc No, 
Dace received: 

Expiraclon dace;

2216 20Scr.

-o

160
120
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APPENDIX D: Survev Data Forms

U S  GO V ER N M E NT PRINTING OFFICE ’ 9 8 8 - 5 3 4 - ^ ;

NEWBORN INFANT SEROPREVALENCE SURVEY
S U R V E Y  N U M B E R

P R O JE C T D A TE H O S P IT A L  L O C A T IO N

AREA MONTH YEAR STATE COUNTY ZIP CODE 7 0 0 2 9 5 8 0  1 3— ; 1 1 ' 1 ' : 1 i ! 1 i 1 ; 1 ' ! 1
X  0.

_L J
Ï  jAN 

2. FEB

•32
S

X X ■0 'O' T X  X  X  X X U se
F E D E R A L

DO N O T  M A R K  
IN  T H IS  A R E A

— Û I X  mar a ■X X  X X  'X  '.X X IN F O R M A T IO N • e * X
— 3 1 .4; APR Ï  X .X X  X X' X  X  X  X P R O C E S S IN G Œ (X  X r
— £  MAY s i  4 4 .4. 4' T  X ' X  4. X C O D E S X Œ) X .D
— 5 5 5  JUN Xî •5 ' Î X  X  .£' X  ' f  ' ' I  X X fo r  c o d in g e X T
— 6 ^ j. JLY s X  X ■ £  X  X ' X  X  X  X X S ta te s # Œ  'X #
_ ■ Ù  ' r 1 ' AUG 1 T. .Û X ' ,7 r an d # X  # Î
— 3. 8 €  SEP X  X X  X  X X  X  X  X X C o u n tie s X X  't' •
— 9 i #  OCT I -  .X: X  X, X X  X  X  X 1 œ X  X 'E

— .IT NOV # X  X 'X
— S  DEC X '.X  X #

RAC E

□
j .  W H ITE  

L BLACK

1  ASIA N /P A C IF IC  ISLNDR  

4 A M ERICA N IN D IA N /  
ALA SKA N NATIVE

$ OTHER

9 UNDETERM INED

S P A N IS H /H IS P A N IC  
O R IG IN ? Q

0 NO

1 YES

IF YES, S P E C IFY ; [ 1
I 'M E X IC A N /M E X . AMER.

2 PUERTO RICAN

3 CUBAN  

8, OTHER

M O T H E R 'S  R E S ID E N C E

S T A T E C O U N T Y Z IP  C O D E

1 1 1  1 M  1 1 1 1 1 ! 1
.0. .£ Q. q; 0  , o '  X  0  'P ,  0 .

X  X X  1  X Ù X  X  X  X .
X X X  . 1  .3 X  X  X, X  .!■
€  <X 4 ■4 '  X "£■ 4 , . l " I .  •■£

1: X .X :£ ■£■ X X X' 1  I
6. ,6 6 8, 'X . £  .6  .6 6 6

r  X X  I  X .7 J. f i x
X ' 'X E X  X .X X  X  X  8.
J  X à 1  X X  X  X  .£  £

M O T H E R 'S  AG E

□
X  UNDER 15  

I  15 - 19 

X  2 0  - 24  

T  2 5  - 29  

3 : 3 0  - 3 4  

C 3 5  - 3 9  

T  4 0  - 4 4  

X  4 5  A N D  OVER

LA B O R A TO R Y  RES U LTS L O C A L  USE O NLY

— E U S A W E S T E R N  B LO T □ □ □ □ □ □ □ □ □ □
— 0 □ 0: p; . 4 X ' :x A. p. X .9 4

— p NEGATIVE • 3 p 1 7 Ü i. X X x > J '
— I  REPEATEDLY REACTIVE X  p2 4 2 1 £ X X ' £ X X ■ f 1

— 2 NO T DONE 'X p 3 1 1- 'X X ) X X I X X X
— p51 4., .4 .4 :4: 4) .4." t ' i .4', 4

— IFA (O P T IO N A L ) ._ p55 £ 5, :X ■5/ X' ■X X X
— □ C  p 66 X X X X ■ X X X X i. X
— P NEGATIVE X  gp41 ' . r D 2 1 J.' œ T J. .7

— 1 POSITIVE _  g p 1 20 X :X € X> .X X X X X .8.

— 2 INCONCLUSIVE _ g p l6 0 X.' T ' '.X X X X £ X

Î  NOT DONE

C D C  5 0 .1 0 4  
8 /8 8

_ NO BAN DS  

'  NOT DONE
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APPENDIX D: Survey Data Forms [Cont inued]

NEW BORN INFANT SEROPREVALENCE SURVEY
SURVEY NUMBER

7 0 0 2 9 5 8 0  18

LAB
RESULTS DO NOT MARK 

IN THIS AREA
— e •  e X

ELISA CD GD (D X
— □ Œ (D  Œ) X
— '6 NEG ATIVE CD •  Œ) X
— t REPEATEDLY e CD GD #
— REACTIVE e CD e X
— 2 NO T DONE CD CD C3) e
— CD Œ» X
— IFA (OPTIONAL) # CD æ X
— □ œ CD GD #
— 0 NEG ATIVE

— 1 POSITIVE

2 INCO NCLUSIVE

3 NOT DONE
LOCAL USE ONLY

—
— WESTERN BLOT 1 I 1 1 1 1 I
— □ Q. à X X  X' S' X .S' T s.
— pl7 'V; L X  T , X s  r  r  n: J .
— p24 .T X r T  ' J  Œ. X  X  X
— p31 j .  )) 1' r  X  X  X ■}. h }.
— p51 a vi- X i '  X  X  X  X  .1' X
— p55 r  <■£ X ex X  X  X  X  X ' £■
— p66 £• 6. X X  X  X  £ £  £ 6
— gp41 '.V X X X  X  X  T  7- T I
— gpl20 1. X X X  X  X  X  X  (3 £
— gplG O X  X X X  X  X  X  X  .1) •£

REPORT
FORM

PLEASE 
REMOVE BOTTOM 

SECTION AT 
PERFORATION 

BEFORE 
PROCESSING 

THROUGH 
SCANNER

NO B AN DS  

NOT DONE

C D C  5 0 .1 0 4 A
6 /8 8

7 0 0 2 9 5 8 0 1 8  7 0 0 2 9 5 8 0 1 8

7 0 0 2 9 5 8 0 1 8  7 0 0 2 9 5 8 0 1 8

7 0 0 2 9 5 8 0 1 8  7 0 0 2 9 5 8 0 1 8
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QUALITY CONTROL OF 
DRIED-BLOOD-SPOT SPECIMENS 

FOR ENZYME IMMUNOASSAY  
AND IMMUNOBLOT ASSAY

Quality assurance is the dynamic and ongoing process of monitoring a system for 
reproducibility and reliability that permits corrective action when established criteria 
are not met. Maintaining these acceptable lei'els of performance is quality control. 
Laboratory aspects of quality assurance include the numerous steps from specimen 
collection through confirmation of positive specimens. Good laboratory practice for 
repeat and confirmatory testing requires that the original specimen, not an interme
diate dilution, be used as the sample source. For the H IV  Seroprevalence Survey of 
Childbearing Women, a dried-blood spot, prepared from blood collected from the 
neonate, represents the original specimen. The use of one elution sample from this 
single dried-blood-spot specimen has been agreed upon as a satisfactory technique for 
obtaining anonymous epidemiologic seroprevalence data.

The overall quality control scheme allows serum controls to monitor the effective
ness of each commercial k it’s reagents throughout the analysis and permits linkage of 
the dried-blood-spot controls throughout the system, thus controlling the elution 
process, the storage of the eluate, and the effectiveness of each analytical system.

The criteria for accepting or rejecting an analysis are based on the performance of 
the quality control materials (serum and dried-blood spots) and must be predeter
mined as part of the laboratory protocol. Quality assurance and quality control steps 
must be outlined in writing in the laboratory operations manual. Quality control 
specimens must be handled in a manner identical to the manner in which unknown 
specimens are handled. A ll quality control events must be documented, from 
specimen processing to reporting. Good quality assurance for the H IV screening 
laboratory involves setting criteria of performance for all steps in the specimen 
logistics, from collecting specimens to reporting data.

Each enzyme immunoassay (EIA) plate (or for Abbott, 100 tests) is considered a 
separate run and must have its own serum and dried-blood-spot controls. Runs or 
plates and the immunoblot assays are accepted or rejected on the basis of the 
performance of the serum controls supplied in the kits and on the blood-spot controls 
in an interactive process. The analytical system (see Figure 1) assumes that a 
blood-spot elution is followed by an initial EIA, repeat duplicate EIAs, and an 
immunoblot assay.

The serum kit controls (negative and positive) verify that the kit reagents are 
performing correctly and are used to calculate the positive and negative cutoff. The 
dried-blood-spot controls (low-positive, high-positive, and negative) monitor the 
stability of the eluted dried-blood-spot specimens over the duration of the testing 
process. The eluates of the low-positive dried-blood-spot controls are carried into the 
repeat EIA, while the eluates of the high positive dried-blood-spot controls are carried 
into the immunoblot assav.
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^  :p ^ _ r::. "'ti'iir - ' ' '  ' -  '

Blank wells for serum controls (must 
fo llow  configuration of olata as 
directed by E!A kit)

96-Wall Elution Plate

INITIAL EIA
Driad-blcod-spot (DBS) controls V /
In duplicate: high positive (HPC)

low positive (LPC) jjp---------- 1 •
negative (NC) 9 •

I If spots are not white after alutlon, [ 
Insufficient elution may nava 

I occurred. Record observations.
i in in j j iw m e m i— rtniBMwa "

Elution Plate with Initially 
REACTIVE EIA Samples

Retrieve eluates of each DBS L X : W Retrieve reactive eluates
control from each plats if) —

~  g  from each plate

Transfer eluates to m icrotubes; store at 4°C

Repeat EIA In duplicate on all reactive 
samples and on DBS LPC In tandem

If EIA plate consists only of repeat 
DBS samples, a set of new DBS controls 
Is not required; load serum controls 
as directed by kIL

REPEAT EIA

Both DBS LPCs reactive, both 
sample replicates nonreactlve

Both DBS LPCs reactive, one 
or both replicates from same 
elution plate reactive

One or both DBS LPCs from 
original elution plats 
nonreactlve; results of eluates 
from  this elution plats may be 
unreliable

INTERPRETATION AND ACTION

Reportas NEGATIVE

I  IMMUNOBLOT

Repeatably reactive — JË ALL repeatably reactive eluates

Suspect repeat EIA
ANY eluates w ith  suspect repeat 
EIA results

CONTROLS

DBS HPC eluate from  oldest 
elution plate

Serum HPC, LPC and NC on 
each membrane

FIGURE 1. Dried-blood-spot quality control (EIA = enzyme immunoassay)
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Quality Control for Elution Procedure

Establish the placement of the dried-blood-spot disks in the elution plate so that the 
blank wells for the kit serum controls follow the configuration of the plate as directed 
by the manufacturer’s protocol. Dried-blood spots of all specimens and controls must 
be at room temperature before they are punched. Specimens or controls stored cold or 
frozen in sealed bags with desiccant must be allowed to equilibrate at room 
temperature before the bags are opened. See the chapter on specimen collection and 
storage for details. Duplicate dried-blood-spot control disks (low-positive, high- 
positive. and negative] are eluted along with the dried-blood-spot specimens.

Before performing the initial EIA, examine the eluted dried-blood spots to visually 
ensure complete elution. Abbott users: see the note below. The filter paper punch 
should be white. If  it is not, complete elution has not occurred. Continue incubation 
and do not analyze the specimen until elution is effective. If complete elution is not 
accomplished within 24 hours, discontinue the analysis of these specimens and 
document the observation. Several factors, such as specimen age and heat exposure, 
w ill affect the elution of blood dried on filter paper.

NOTE TO ABBOTT USERS: Blood spots eluted in Abbott’s Elution Buffer may still
contain hemoglobin because of the nature of the buffer 
and the 1-hour elution period. Therefore, the require
ment for the spots to be white after elution is waived for 
the Abbott EIA only. Elution studies have shown that 
immunoglobulin G and hemoglobin do not elute in 
parallel. Sufficient antibody is eluted in Abbott’s Elu
tion Buffer for satisfactory EIA analysis by their modi
fied protocol.

Quality Control for Initial and Repeat Enzyme Immunoassays 

In itial EIA
Examine the results of serum controls as described in the manufacturer’s product 

insert. Accept or reject assay results on the basis of the performance criteria for the 
serum controls as described by each manufacturer. Reject any analytical run (mi
croplate] that violates these standards, regardless of results obtained for other control 
materials.

If  the serum controls are within specifications, examine the blood-spot controls. 
Accept the assay results if all blood-spot controls are correctly classified as positive or 
negative. If any blood-spot control is incorrectly classified “out of control,” reject the 
run and repeat the EIA on the eluates with freshly eluted blood-spot controls. If 
blood-spot controls are still incorrectly classified, freeze the eluates and troubleshoot 
the method before proceeding.

Separate all reactive eluates from the filter paper disks. For any elution plate 
containing a reactive sample, separate the eluates of the low- and high-positive 
blood-spot controls from the disks. Store each eluate in a microvolume tube (e.g.. 
1.5-ml screw-cap polypropylene tubes with “o” ring seals] at 4 C. Use these eluates 
for all future testing (repeat EIA and immunoblot]. assuring that samples and controls 
from the same elution plate are tested in tandem.
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Record in the quality control log the absorbance values-of the dried-blood-spot 
controls, along with the calculated serum kit cutoff for each run. Plot these values as 
quality control charts, to identify trends in data and single control values that differ 
significantly from previous observations.

Repeat EIA
Initially reactive specimens are repeated in duplicate, in tandem with both of the 

low-positive blood-spot control eluates brought forward from each elution plate 
containing a reactive specimen. The repeat assays should be performed in the next 
day's run. If a plate contains both repeats and specimens being tested for the first time, 
it w ill contain the following controls: serum controls (as recommended by the 
manufacturer), blood-spot controls freshly eluted in duplicate (as in the initial EIA). 
and the low-positive eluates collected and brought forward with the reactive speci
mens. Plates containing only repeat specimens do not require freshly eluted blood- 
spot controls.

Serum controls must be within the manufacturer's specifications. If they are not, 
reject and repeat the run. If  the control values are unacceptable on the repeat run. 
freeze the eluates and troubleshoot the procedure. If the serum controls are within the 
manufacturer's specification, examine the blood-spot controls.

If the plate consists of both initial and repeat EIAs, all freshly eluted blood-spot 
controls must be correctly classified as positive or negative for the run to be valid. If  
any are incorrectly classified, reject the run and repeat with another set of freshly 
eluted blood-spot controls. If  the blood-spot controls still are incorrectly classified, 
freeze the eluates and troubleshoot the procedure before performing further testing.

The low-positive controls brought forward from each elution plate verify the 
stability of any reactive eluate removed from that plate.
1. If the low-positive dried-blood-spot controls are reactive and the retest of BOTH 

replicates is nonreactive, original results are considered to be a non-repeatable 
reactive, and negative for H IV  antibody.

2. If  the low-positive dried-blood-spot controls are reactive and the retest of one or 
both replicates is reactive for H IV  antibody, test the sample by the immunoblot 
assay.

3. If  one or both of the low-positive controls from the original elution plate is not 
correctly classified by the repeat EIA results, the stability of the eluates of that plate 
is in question. Any sample with a suspect EIA should be tested by the immunoblot 
assay to resolve any question of reactivity. A negative status may not be confirmed 
by this process because the blood-spot controls are “out of control.”

Quality Control for the Immunoblot Assay

The immunoblot assay also employs both serum and dried-blood-spot control 
material. The serum controls may be purchased separately* and should consist of a
'A va ilab le  from  BioRad and Epitope: 

Im m unoblot Control Sera. Cat. No. 197-1002. 
set of 3 .1  ml each:

BioRad. Inc.
2200 W right .Avenue 
Richm ond. CA 94804 
(800) 227-1600

EpiControl H IV , Cat. No. 4001-1 . set of 3. 1 ml each: 
Epitope. Inc.
15425 SW  Koll Pkw y  
Beaverton. OR 97006  
(800) 234-3786
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high-positive serum, displaying all of the significant viral bands: a low-positive serum 
of defined reactivity: and a negative serum. The stability of eluted antibodies is 
monitored by analyzing one of the high-positive blood-spot controls saved from the 
original elution plates containing reactive specimens. If the eluates from more than 
one EIA plate are being analyzed, the high-positive blood-spot control should be 
taken from the oldest elution plate.

If particular bands are missing from the high-positive blood-spot control, a stability 
or elution problem must be considered in the interpretation of the specimens.

Interpretation of Quality Control Results

Examine the serum controls first. The high-positive serum control must consistently 
demonstrate all significant viral specific protein bands (i.e., gpl60, gpl20, p66, p55, 
p51, gp41. p31, p24, p l7) at an intensity equal to that usually observed in the test 
system. These bands are identified, numbered, and used as a reference for identifying 
bands present in the unknown specimens. If  bands usually present in the high- 
positive control are absent in a particular run, the run must be rejected. The system 
should be examined to determine the source of the performance problem before 
repeating the assay (see Miniblotter Troubleshooting Guide).

The low-positive serum control is used as a control for assay sensitivity. The serum 
selection for this purpose should have all the viral specific protein bands critical in 
identifying a positive specimen. The intensity of these bands should make them 
definitely visible but weak in comparison to the high-positive control. If a serum 
having these properties is not available, a serum containing only key viral protein 
bands (p24, gp41) can be substituted. Again, the bands present in a particular run 
must always be of the intensity usually observed for that control specimen. To 
compensate for run-to-run variations in the assay conditions, the low-positive serum 
control is used to adjust the substrate incubation period to ensure a specified reactivity 
for each run. The test is incubated until a selected band (or bands) present in the 
low-positive control reach an expected intensity, based on previous experience. If the 
expected intensity is not achieved within a 30-minute incubation with substrate, the 
run should be rejected and the method should be examined for the source of the 
malfunction (see Miniblotter Troubleshooting Guide).

The negative serum control should not demonstrate any viral protein bands.
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Prevalence of maternal H IV infection in 
Scotland based on unlinked anonymous testing  

of newborn babies

D a v id  M . T a p p in  R o b e r t  W . A . G ir d w o o d  
E d w a r d  A . C. F o l l e t t  R o b e r t  K e n n e d y  A r l e n e  J. B r o w n  

F o r r e s t e r  C o c k b u r n

Dried blood spot samples from newborn babies have 
been successfully tested for HIV-1 antibody by the 
particle agglutination method to assess the 
prevalence of infection in the mothers. In January, 
1990, unlinked anonymous testing of Guthrie cards 
for HIV antibody was begun in Scotland. 99 6% of 
Scottish births were tested. 9 mothers spontaneously 
refused to allow testing of their baby's blood. 
Samples were coded by district postcodes. Eluates of 
65 773 dried blood spots were initially tested for 
HIV-1 antibody with the Fujirebio technique. Of the 
31 positive samples 19 were confirmed to be positive 
by enzyme-linked radioimmunoassay and western 
blot (seroprevaience 0 29 per 1000). All these 
samples came from large metropolitan areas on the 
east coast. Prevalences were 2 5 per 1000 for 
Edinburgh city, 1 4 per 1000for Dundee, and 0 7 per 
1000 for Aberdeen. We identified as HIV-positive all 
babies known to be so in named testing 
programmes. HIV testing of Guthrie cards can be 
used to monitor HIV status in mothers who have just 
given birth. The use of district postcode data in 
sample identification will allow accurate targetting of 
prevention strategies and early detection of spread of 
infection by geographic area.

Lancet 1991 ; 3 3 7 :1 5 6 5 -6 7 .

Introduction
In the U K  and USA the prevalence of H IV  infection in 

women at the time of delivery has been assessed by

anonymous antibody testing of blood samples that have 
been obtained routinely from newborn b a b i e s . T h e  
particle agglutination method of testing for HIV-1 antibody 
on eluted dried blood spot samples has been successfully 
used in a large study.^ In the U K  a series of large multicentre 
surveys of unlinked anonymous testing that include 
newborn babies have begun. H IV  antibody in serum from 
these babies reflects maternal antibody status at delivery and 
does not record infant infection. We report the first year’s 
results of a definitive continuing seroprevaience survey of 
childbearing women in Scotland, using district postcode 
information to define geographic location and spread of 
HIV-1 infection.

Subjects and methods
Collection of samples and data— Blood samples, taken 

routinely by heel prick from babies around the 7th day of life, were 
spotted onto filter paper (Guthrie cards) and air dried. The nurse 
who took the sample entered information on the card, which 
included the baby’s date of birth and the mother’s address. A ll cards 
for Scotland were then sent to the Scottish Inborn Errors Screening 
Laboratory at Stobhill Hospital, Glasgow.

Ethical approval—W e approached twenty ethics committees in 
the fifteen health board areas in Scotland. Our study included cards

ADDRESSES: D ep artm ent o f Child Health , Royal Hospital fo r  
Sick Children, G lasgow, UK (Prof F. Cockburn, FRCP, D. M. Tappin, 
M R CP); Scottish Inborn Errors Screening Laboratory, Stobhill 
General Hospital, G lasgow  (R. W. A. Girdwood, FRCPath, R. Kennedy, 
FI MLS, A. J. Brown, BA Biol); Regional Virus Laboratory, Ruchill 
Hospital, G lasgow  (E. A. C. Follett, MRCPath). Correspondence to 
Dr D. M. Tappin, Department of Child Health, Royal Hospital for Sick 
Children, Yorkhill, Glasgow G3 8SJ, UK.
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Aberdeen the 2 HIV-antibody-positive babies we identified 
had not been detected by virological, obstetric, or paediatric 
services (Regional Virus Laboratory, unpublished data).

Discussion
The prevalence of HIV-1 antibody was more than eight 

times the average for Scotland in Edinburgh, nearly five 
times the average in Dundee, and more than twice the 
average in Aberdeen. The use of district postcodes allowed 
accurate localisation of high prevalence areas for targeting of 
prevention strategy. All but 1 of the HIV-positive mothers 
resided in these three large cities, and the other lived in a 
substantial town, all on the east coast of Scotland. Accurate 
geographic location of present prevalence has several 
advantages. Spread of infection to a new area can be 
identified at an early stage, and this has happened in 
Aberdeen during our study. Two further HIV-antibody- 
positive births were found in Aberdeen during the first 
quarter of 1991. The progress of the epidemic in specific 
areas can be monitored yearly, and comparison between 
population groups would be much easier if geographic 
location is well defined, but each study, we emphasise, 
should use the same system—ie, postcode district. We feel 
that the gradient of prevalence referred to in earlier 
reports^" '̂  ̂merely reflects poor discrimination of small high 
prevalence areas.

We estimated that we tested 99 6% of Scottish births. 
This figure has been confirmed by provisional figures from 
the Registrar General, Scotland (Annual report, 1990). An 
important advantage of anonymous testing over named 
testing is that patients who refuse testing are much less likely 
to bias the data. Even if all 9 refusers in our study were HIV 
positive, prevalence rates would be little altered and only 
two vertical transmissions would be expected.® Refusals 
were sporadic throughout the year—one was in Edinburgh 
and the others in low prevalence areas. Our results have 
shown that concern that babies bom  to mothers at high risk 
of H IV  infection would be missed by the Guthrie card 
system is ill-foimded. All babies known to be HIV-positive 
were identified by such testing. We are confident that we can 
monitor fully H IV  status in childbearing women in 
Scotland.

The modified Fujirebio kit we used was highly sensitive 
and satisfies the CDC quality control criteria for 
monitoring. Specificity was also high, with only 12 o f65 7 7 3  
samples showing reactivity that could not be confirmed by 
western blot. T he cost of the complete system including all 
reagents, staff, and equipment was only £0-70 per sample. 
At present this test only screens for HIV-1 antibody. A 
combined test incorporating HIV-2 antibody is being 
investigated in Japan. This should be available for use at the 
end of 1991. So far no HIV-2 antibody-positive individuals 
have been identified in Scotland.

All Guthrie cards for Scotland are received in one 
laboratory. However, we could not include women who had 
spontaneous or therapeutic abortions, stillbirths, or 
perinatal deaths. When our results were compared with 
those of the antenatal study in Dundee,® which included 
therapeutic abortions, we identified 3  HIV-antibody- 
positive births—2 were expected from HIV-antibody- 
positive pregnancies in the Dundee study. However, our 
investigation could take no account of the number of 
HIV-positive women who decided not to continue their 
pregnancy. 8 HIV-positive women had terminations in 
Dundee during a comparable period. (Therapeutic

termination of pregnancy is done at about 12 weeks’ 
gestation. Therefore, births from January, 1990, to January, 
1991, are comparable with terminations from July, 1989, to 
July, 1990.) I f  we extrapolated our results to all heterosexual 
women we would have a large error from terminations, 
without consideration of other factors. Future unlinked 
anonymous testing to cover therapeutic abortion, when 
coupled with information from continued Guthrie-testing 
will provide a more complete picture.

Since our data relating to Edinburgh and Dundee showed 
only 1 case of HIV  that had not been identified by the named 
testing programmes we believe that antenatal patients 
opting out of named testing and proceeding to term do not 
form a high-risk group. Furthermore, information from the 
Edinburgh paediatric services shows that almost all the 
HIV-antibody-positive babies were bom  to high-risk 
mothers. 80% of HIV-positive pregnancies in Dundee were 
in high-risk women. This information is encouraging and 
shows that little spread of H IV  infection has occurred to the 
presumed low-risk general population in Edinburgh or 
Dundee and that none has happened in Glasgow. This 
emphasises the importance of prevention of spread of 
infection in drug abusers. In Glasgow, H IV  prevalence in 
anonymous and voluntary testing of drug addicts remains 
below T 5 %  (J. Emslie, S. Haw, personal communication) 
whereas in Edinburgh and Dundee it is 38%*° and 40%,** 
respectively.
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PLACE OF BIRTH OF HIV-ANTIBODY-POSITIVE BABIES DURING  
1990

Location No of tests

No of positive results in 
1990 quartiles Prevalence 

per 1000  
births1st 2nd 3rd 4th

Glasgow 16 308 0 0 0 0 000
Edinburgh 5276 6 1 4 2 246
Dundee 2130 0 0 2 1 1 41
Aberdeen 2850 0 0 0 2 070
Others 39 209 1 0 0 0 003

Glasgow =  all mothers living in Glasgow postcode districts G 1-84; 
Edinburgh =  Edinburgh city, EH1-17; Dundee= DD 1-5; Aberdeen =  AB1, 2.

from 99-6% of babies bom in Scotland during 1990. Births from  
Orkney island (0 4% ) were not included because the island’s ethics 
committee felt that women whose babies tested positive should be 
told, which was not our study design. Posters informing patients 
that residual blood samples may be anonymously tested for H IV  
antibody had been widely distributed in Scotland.

Postcoding of cards and recording of data— Since our main 
concern was maintenance of the metabolic screening programme, 
samples were only taken for H IV -1  antibody testing after all tests 
and re-tests for metabolic disorders had been done. During this 
process all duplicate cards were so marked. Cards were kept at room 
temperature without desiccation. W ith the use of postcode 
directories, the first three digits of the mother’s district postcode 
were recorded on the card. Duplicate cards were not included. The  
calendar quarter of birth and the district postcode were then 
recorded on computer, apart from records for Orkney and for 
babies whose mothers spontaneously opted out. The computer then 
produced a random number for each batch. A  3 mm diameter disc 
was punched out o f one of the blood spots on the Guthrie card into a 
96-well microtitre (Sterilin, Feltham, U K ) plate which was marked 
with the random number. Computer information was stored at the 
Royal Hospital for Sick Children, Glasgow, and the microtitre 
plates were tested at Stobhill Hospital.

Elution of serum— Dried blood discs were eluted in flat- 
bottomed 96-well microtitre master plates in 100 pi elution buffer 
(phosphate-buffered saline, p H  7 2, containing 0 05 %  “Tween 20” 
and 0 005%  sodium azide). The plates were shaken at 200 cycles per 
min for 30 min at room temperature and left overnight at 4°C, 
following which they were shaken for 3 m in at 500 cycles per min. 
Controls were dried blood spots— high positive, low positive, and 
negative— from the Centers for Disease Control (C D C ), Atlanta; a 
serum sample supplied with the Fujirebio H IV -antibody assay 
which was used at dilutions o f 1 in 4 and I  in 32; and in-house 
positive-control blood spots from the regional virus laboratory, 
Ruchill Hospital.

H IV -1 antibody assay—A  modified gelatin particle assay (G PA, 
Fujirebio) was used.^ "* 30 pi o f a 1 in 5 dilution was made of every 
eluate in v-welled microtitre plates with a multicharmel pipette. 
25 pi o f a 1 in 5 dilution o f antigen-coated gelatin particles was added 
to every well. The plates were left at room temperature for 15 min, 
centrifuged at 260^ for 2 min, and placed at an angle of 70° on a light 
box. The reactions were read after 10 min: the particles mixed with 
the eluate containing H IV  antibody remained as a discrete tight 
button, whereas those not containing H IV  antibody became an 
elongated “tear drop” . Reactive eluates were titrated across the 
endpoint and aspirated from the master plate for storage at — 20°C.

Confirmatory tests— A t the regional virus laboratory enzyme- 
linked immunosorbent assay (E L IS A ) and western blot tests were 
used to confirm the presence of H IV -1  and H IV -2  antibody in all 
samples reactive in the screening test. W e used an Ig G  antibody 
capture E L IS A  for H IV -1  and H IV -2  antibody (G A C E L IS A ), 
developed at the virus reference laboratory. Central Public Health 
Laboratory, London.®* 10 pi samples of the repeatedly reactive 
eluates were diluted in 90 pi of diluent and incubated for 30 min at 
37°C in microtitre wells coated with rabbit antibody to human IgG . 
After incubation and washing, an enzyme-conjugated recombinant

antigen was added and incubation continued for 60 min. Further 
washing was followed by incubation with substrate (20 min at 37°C) 
and amplifier (10 min at 37°C). The reaction was stopped by 
addition of 50 pi of 2 mol/1 sulphuric acid, and absorbance at 492 nm 
was measured. The cut-off was set at three times the negative mean. 
Complete western blots for H IV -1  were done in all repeatedly 
reactive eluates that were also reactive in the G A C E L IS A  system or 
within 10% of the cutoff. 25 pi of eluate was diluted in 50 pi o f milk 
buffer and run on a preblotted membrane (Organon Teknika, 
Cambridge) in a ‘M iniblotter’ aparatus^ (Biometra, Manchester). 
The blots were developed with conjugates supplied by Dupont in 
their H IV -1  western blot kit. The conditions for positivity were the 
same as those used by Peckam et al®— ie, samples were judged 
positive if  bands were seen representing reactivity against one or 
more of the G A G  or P O L  genes and one of the E N V  genes.

Quality control— From M ay, 1990, controls were supplied by 
C D C  every month. Each batch consisted of 12 unknown dried 
blood spot samples. W e found no false-positive or false-negative 
results with our system in 5 o f these batches. This is part o f the 
worldwide H IV  dried blood spot quality control and provides a 
check on the sensitivity of the Fujirebio kit screening test.

Effects of storage on stability of dried blood spot sample— A  
batch of C D C  quality control dried blood spots was stored at room 
temperature without desiccant and at 4°C and — 20°C with 
dessicant. A t 1 ,2 ,3 ,4 , and 5 weeks after receipt, the batch o f spots 
was repunched, eluted, and retested, and no change in antibody titre 
was seen.

Collaboration with Edinburgh Perinatbl Transmission 
Study— The Edinburgh collaborators provided us with 
information for all known HIV-positive births during 1990 in 
Edinburgh, and with risk category data for these births.

Results
323 cards were excluded since their origin was either 

Orkney (259) or outside Scotland (64), and 9 cards were not 
tested because of parental refusal. 65 781 dried blood discs 
were punched from Guthrie cards, 5 of which contained 
insufficient blood and 3 did not elute from the blood spots. 
The remaining 65 773 (99 6%) were tested. A total of 31 
eluates was reactive in the screening test. Of the 31 eluates, 
19 had titres greater than 100 and 20 were positive in the 
GACELISA test, including the 19 with high titre. These 19 
eluates showed antibody to env glycoproteins and to at least 
one of the two groups of structural proteins on western blot, 
and were therefore regarded as true positives. I sample that 
was positive in the GACELISA and another within 10% of 
the cutoff value could not be confirmed as positive by 
western blot. The prevalence of HIV antibody was thus 0 29 
per 1000 childbearing women for Scotland as a whole.

All affected mothers lived in metropolitan areas on the 
east coast of Scotland. IS of the 19 mothers lived in three 
large cities, Edinburgh, Dundee, and Aberdeen. Period 
prevalence for mothers of infants who survived the first 
week of life, from these cities, was 2 5 per 1000,1 4 per 1000, 
and 0 7 per 1000, respectively. We emphasise that no 
antibody-positive babies were bom from 16 308 deliveries 
in greater Glasgow (west Scotland) (table).

We identified 13 HIV-antibody-positive babies in 
Edinburgh, and 13 such babies bom in 1990 were known to 
the Edinburgh Perinatal Transmission Study (N. Croft, 
personal communication); Guthrie cards had been received 
at Stobhill hospital for all 13 babies. 7 mothers were 
intravenous drug users (IVDUs), 5 were parmers of 
IVDUs, and I had no high risk associations. In Dundee a 
study of antenatal HIV antibody testing was ended in July, 
1990,® and 2 HIV-antibody-positive babies were expected. 
Both mothers were at low risk for HIV  infection. In
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S H O R T REPORTS

Rapid diagnosis of 
meningococcal m eningitis by 

polymerase chain reaction

Bj o r n -E r ik  K r is t ia n s e n  E i r i k  A s k  
A n d r e w  Je n k in s  C h r i  s t ia n  F e r m e r  

Pe t e r  RAd s t r o m  O l a  Sk o l d

Rapid diagnosis of meningococcal disease followed 
by early treatment is essential. However, culture of 
blood or cerebrospinal fluid (CSF) may be 
unsuccessful because antibiotic treatment is often 
started before adequate specimens are collected, and 
because bacteria may die during transportation to the 
laboratory. We have used the polymerase chain 
reaction (PCR) to detect meningococcal DNA in a 
culture-negative CSF of a 15-year-old girl with 
meningococcal disease. Two oligonucleotides 
flanking the dihydropteroate synthase gene {dhps) 
of Neisseria meningitidis were used as primers. The 
PCR reaction is a rapid technique for the early 
detection of meningococcal meningitis, and also 
when culture is negative.

Lancet 1991 ; 3 3 7 :1 5 6 8 -6 9 .

From the early symptoms of fever and sore throat, 
meningococcal disease may develop within hours to 
meningitis or septicaemia, leading to disseminated 
intravascular coagglutination, shock, and death.* Therefore, 
rapid and accurate diagnosis followed by early and adequate 
treatment is essential. In a study from Norway,^ 
meningococci were detected in the blood and/or 
cerebrospinal fluid (CSF) of 71 (62%) out of 115 probable 
cases of meningococcal disease. The reason for the low 
percentage of culture-confirmed cases may be that antibiotic 
treatment is often started before adequate specimens are 
collected (the National Institute of Public Health, Norway, 
recommends that treatment of suspected cases should be 
started before transportation to hospital if the travelling time 
exceeds 30 min). Another reason is that bacteria may die 
during transportation (often by post) from the local hospital 
to the laboratory. Diagnosis of meningococcal disease is 
usually based on culture of bacteria from the blood or CSF, 
which takes at least 24 hours. Although there are tests for 
direct detection of meningococcal antigens in CSF, blood, 
or urine, the sensitivity is low and false-positive results may 
occur.^ Since the introduction of the polymerase chain 
reaction (PCR) technique'* to amplify specific areas of DNA, 
the procedure has been applied for detection of several viral 
and bacterial diseases, including detection of herpes DNA in 
CSF.* We have already cloned and characterised the gene 
coding for dihydropteroate synthase (dhps) in 
sulphonamide-resistant and sulphonamide-susceptible 
strains of Neisseria meningitidis From the sequences of the 
dhps genes from both susceptible and resistant strains of 
serogroup A and B meningococci (unpublished), two

A m p lified  D N A  frag m ents  o f 0 95 kb

Serogroup B meningococcus from blood (lane 2) and culture-negative 
CSF (lane 3) of a 15-year old-girl, and from a sulphonamide-resistant 
group B meningococcus (M 0 0 3 5 ) from which the primers were 
constructed (lane 4). Size marker lambda DNA cleaved with Psfl (lane 1 ). 
Negative control yielded no bands (not shown).

primers—namely, N M l (5-G G G T  CGACGGTTT -
CAGACGGCATATAA-3) and NM2 (5-AAGGT- 
ACCGCCCCGTCCTTTTCAGACG-'3y-have been 
constructed. N M l and NM2 amplify a 0 95 kb DNA 
fragment containing the dhps gene in sulphonamide- 
susceptible and resistant strains of group A and B 
meningococci, and in sulphonamide-susceptible strains of 
group C meningococci (unpublished).

On February 21, 1991, a 15-year-old girl was admitted to 
Telemark Central hospital with fever, neck stiffiress, and petecchiai 
bleeding. She was drowsy. C S F  was collected 30 m in after an 
intravenous bolus dose o f benzylpenicillin (5 million units) was 
given. Upon arrival at the laboratory 3 hours later, the C S F  
specimen was processed by standard microscopy and culture. N o  
bacteria were detected by gram-stain or acridine orange stain, and 
culture yielded no bacterial growth. Th e C S F  contained 48 000 
polymorphonuclear leucocytes/pi. Blood cultures were taken before 
penicillin was given, but they arrived at the laboratory the day after 
the patient was admitted to hospital. Sulphonamide-resistant group 
B meningococci were isolated from 2 of the 3 bloodculture sets. W e  
decided to see whether N M l  and N M 2  could be used to detect 
meningococcal D N A  in the C S F  of this patient.

250 pi of C S F  was mixed with 750 pi o f T E  buffer (10 mmol/1 
“Tris” -H C l, mmol/1 edetic acid [E D T A ], pH  8 0) and centrifuged, 
and the pellet was resuspended in 15 pi o f T E  buffer. 2 pi o f 10%  
sodium dodecyl sulphate and 3 pi o f proteinase K  (10 m g/ml) were 
added, and the suspension was incubated at 55°C for 30 min and 
then boiled for 5 min. 10 pi o f the mixture was used for PCR. 
Amplification was done with Taq polymerase (Promega Madison, 
Wisconsin) and buffer supplied from the manufacturer, 
supplemented with 0 2 nmol/1 d N T P  and 500 ng of each o f the 
primers. 1 unit of Taq polymerase was added after boiling for 7 min. 
PCR amplification (40 cycles) was done on a thermocycler (Hybaid, 
Teddington, U K ). Each cycle consisted of 60 s dénaturation at 
94°C, 60 s annealing at 55°C, and 120 s extension at 72°C. 10 pi of 
each sample was applied to a 2%  agarose gel and after 
electrophoresis bands were visualised with ultraviolet light after 
ethidium bromide staining. A  negative control was the PC R  
reagents without added D N A . Positive controls were the group B 
meningococcus isolate from the patient’s blood and a group B 
sulphonamide-resistant isolate from which the primers were 
constructed.

With N M l and NM2 as primers, we amplified a DNA 
fragment in the CSF sample which, as judged by agarose gel 
electrophoresis, was shown to be of the expected size of 
0 95 kb (figure). The results were confirmed by 
hybridisation with an oligonucleotide probe specific for
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At the coalface

Ethics and ethics committees: 
HIV serosurveillance in Scotland
D M Tappin and F Cockburn Royal Hospital for Sick Children, Glasgow

Authors’ abstract
Knowledge of the heterosexual spread o f H IV  is needed to 
plan future health-care needs. In December 1989 we 
gained approval and finance for unlinked anonymous 
testing of neonatal Guthrie card samples in Scotland. 
Local ethics committee approval was required before 
testing could start. Twenty ethics committees were 
approached in the 15 Scottish health board areas. Nineteen 
of the committees have agreed, representing 99.6 per cent of 
births in Scotland. Our method of contacting ethics 
committees is discussed, as are the points raised.
Introduction
On the 24th of November 1989, a government 
announcement by Virginia Bottomley cleared the way 
for anonymous unlinked testing for Human 
Immunodeficiency Virus (HIV) (1). This information 
is urgently required to allow health-care planning for 
future patients with Acquired Immune Deficiency 
Syndrome (AIDS). The pioneering study in 
Massachusetts USA (2), led to my (Tappin) 
preparation, in April 1988, of a protocol for 
anonymous unlinked HIV testing of the childbearing 
Scottish population using the Guthrie card blood 
sample. The project was discussed with the National 
Neonatal Screening Laboratory at Stobhill, Glasgow. 
Ethics committee approval was granted by the 
Committee of the Royal Hospital for Sick Children and 
the Queen Mother’s Maternity Hospital, Glasgow in 
May 1989. A grant application was made to the 
Medical Research Council (MRC) and funding given 
for an initial 21-month period. The MRC stipulated 
that individual area ethics committees were to be 
approached to give approval prior to the study starting 
in that health board area. My aim was to gain this 
approval.

Methods
POPULATION, H E A LTH  BOARDS A N D  ETHICS  
COMMITTEES

Scotland, with a population of approximately five 
million, is divided into 15 health board areas (see

Key words
Research ethics committees; H IV  serosurveillance.

figure). Most of the population reside in the middle of 
the country, with sparse numbers to the North and 
South.

Each health board does not necessarily have a single 
ethics committee and up to three had to be approached 
in a single health board area. Twenty ethics 
committees were approached in the 15 Scottish health 
board areas.

Contacting ethics committees

There was no recognised system for contacting all the 
relevant ethics committees. We decided to use our 
close liaison with paediatricians in Scotland. A letter 
was drafted and sent to all consultant paediatricians by 
Cockburn on 22/9/89 asking them to discuss our study 
with their nursing and obstetric colleagues and then to 
present the project to their local ethics committee. A 
number of problems occurred with this method of 
contacting ethics committees.

After one month those ethics committees who had 
not responded were contacted by Tappin and sent a 
more detailed protocol. Tappin became the contact for 
all ethics committees and fielded many of their 
questions.

Results
The table shows the dates of ethics committee 
approval, with the cumulative percentage of all 
Scottish births covered (based on births in Scotland in 
1988). Testing started on the 15/1/90 in those areas 
with ethics committee approval. By this time, areas in 
which half of all Scottish births took place had given 
approval. Orkney, representing only 250 births per 
annum, would not give approval for the study. All 
other areas have subsequently given approval. Thus we 
are testing cards covering 99.6 per cent of Scottish 
births.

Discussion
To plan for the care of future AIDS patients we need to 
estimate the number of individuals who are HIV- 
positive. At present at-risk groups, such as homosexual 
men and intravenous drug abusers will make up the 
majority of HIV-positive individuals (3). In the future, 
spread in the heterosexual non-drug-abusing 
population is likely to increase. A government
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Figure 
Health board areas in Scotland

estimated population at 30th June 1987

Orkney 19,338

Western Isles 31,048

Argyll & Clyde 443,118

Greater Glasgow 951,219 
Lanarkshire 563,448 

Ayrshire & Arran 374,752
Dumfries & Galloway 147,036

Shetland 22,429

Highland 200,608 

Grampian 502,863

Tayside 393,792
Fife 344,590 
Forth Valley 272,077 
Lothian 743,700 
Borders 102,141

The distribution of the Scottish population

announcement by the health minister in November 
1989 (1) cleared the way for unlinked anonymous 
testing for HIV in the United Kingdom.

Relatively unbiased estimates of the incidence of 
HIV infection in the heterosexual population can be 
produced by unlinked anonymous testing of 
childbearing women. Two blood samples are available.

firstly that taken for testing all pregnant women for 
rubella and secondly the Guthrie card sample taken 
from all newborn babies, which gives the mother’s 
HIV-antibody status. Both methods are being used, 
the Guthrie test in Scotland, London and most of the 
United States of America and the rubella test in certain 
parts of England and Wales. Each has its own

Table
Dates of individual ethics committee approval

Health board area Date of ethics committee Cumulative % total
approval Scottish births covered

Greater Glasgow 11 May 1989 20%
Perth and Kinross 10 November 1989 22%
Lothian 23 November 1989 36%
Borders 5 December 1989 38%
Fife 5 December 1989 44%
Highland 15 December 1989 48%
Paisley and Renfrew 1 February 1990 54%
Grampian 7 February 1990 64%
Ayr and Arran 20 February 1990 71%
Forth Valley 27 February 1990 76%
Vale of Leven 28 February 1990 78%
Dumfries and Galloway 6 March 1990 81%
Western Isles 15 March 1990 82%
Angus 28 March 1990 83%
Dundee 23 April 1990 87%
Shetland 14 May 1990 88%
Lanarkshire 14 June 1990 98%
Argyll 11 July 1990 99.6%
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drawbacks but both methods give similar information.
A protocol for a study in Scotland, similar to the 

Massachusetts study (2), was submitted for local 
ethical approval and for funding. All Guthrie cards 
from the 65,000 births in Scotland are sent to the 
National Neonatal Screening Laboratory at Stobhill 
Hospital in Glasgow. This central collection and 
testing made the Guthrie method more attractive than 
the rubella test in Scotland. The MRC funded our 
study but ethics committee approval was required 
from each health board area in Scotland.

The major initial dilemma was which ethics 
committees should be contacted to request approval 
for a national study. One approach would have been to 
send the protocol directly to each health board Chief 
Administrative Medical Officer (CAMO). After much 
discussion we felt this would not be the most 
expedient way and would place an additional burden 
on the CAMOs. Consultant paediatricians have a 
responsibility for dealing with Guthrie card results for 
phenylketonuria, galactosaemia and hypothyroidism 
and it was felt that an approach to local ethics 
committees through the local paediatrician, after 
discussion with his obstetric and health-visiting 
colleagues, would be the most appropriate method. 
Although there were some complaints about this 
approach, we were able to obtain approval from 
Glasgow, Lothian, Highland, Fife, Perth and Kinross 
(part of Tayside) and Borders without too much 
opposition. These boards cover half the population of 
Scotland (see figure). The other ethics committees 
were informed of those who had already agreed and 
after considerable further discussion and deliberation 
slowly, one by one, they gave their approval.

A problem arose with this method of contacting all 
relevant ethics committees in that the Hebridean 
Island health boards do not have separate 
paediatricians and were not contacted until February 
1990, which obviously delayed approval. Due to a 
misunderstanding with an Argyll and Clyde health 
board administrator, the existence of a separate ethics 
committee for Argyll was not known to us. Only by 
asking the secretary to another ethics committee in the 
area was I (Tappin) able to find out about Argyll. Once 
identified, the committee was helpful and expeditious.

The jurisdiction of a single ethics committee is not 
well defined, but in a single city the unwritten 
arrangement is that if a well respected ethics committee 
passes a protocol then other committees in the city will 
accept its judgement and further formal application is 
not needed. In Glasgow the jurisdiction of the initial 
ethics committee approval was challenged. The project 
was presented to a further ethics committee covering 
the southern half of the city and passed without 
problems. Dealing with small health board areas was in 
general simpler. Ethics committees run in close liaison 
with health boards and contact is straightforward. 
Lanarkshire had no ethics committee and this meant a 
six-month wait until a committee was appointed.

Ethics committees raised a number of important

questions. Government information on anonymous 
HIV testing (4) outlining procedure in the case of 
spontaneous refusal was not appropriate to neonatal 
Guthrie card testing. The government document 
advised counseUing of all individuals who 
spontaneously refused testing. These 
recommendations were presented to one ethics 
committee which was initially surprised and not in 
agreement with the instruction. They were then 
outraged when it was decided this recommendation 
should not apply to Guthrie card testing. I (Tappin) 
learnt the lesson of being very careful about the 
information I sent to ethics committees. No 
instructions were available to health care workers 
taking the Guthrie card samples with specific reference 
to spontaneous refusal; instructions were drafted and, 
with slight alterations, became part of the guidelines 
from the Scottish Office (5).

The government announcement of 24/11/89 (2) did 
not specifically state that Guthrie card testing would 
start on the 15/1/90. This caused some disquiet among 
a number of ethics committees and others, notably 
individuals representing health care workers taking the 
blood samples. Both problems were later resolved by a 
Scottish Home and Health Department circular (5).

Worry was expressed as to indirect identification of 
individuals and explanation and reassurance was 
given. The Shetland Islands, with a very small close- 
knit community, felt that one positive result would 
provoke a witch-hunt. We therefore decided to 
integrate all island results with a larger mainland area.

The only refusal was from the Island of Orkney. 
After two approaches its committee felt that the 
women whose babies were tested HIV-positive should 
be informed. We could not comply with this request, 
as our study was specifically designed to avoid 
identification of affected individuals.

Significant underestimates of seroprevaience occur 
in attributable studies where informed consent of the 
tested individuals is required, even if only a few of the 
population opt out (6). Ethics committee approval 
allows us to test 99.6 per cent of Scottish babies, which 
reflects the seroprevaience in childbearing women in 
Scotland. The island of Orkney has only 250 births per 
annum, which is the remaining 0.4 per cent, and is 
unlikely to affect the validity of our results.

An anonymous unlinked HIV-serosurveillance 
study is being set up in London using maternal blood 
samples obtained for rubella-antibody testing. The 
organiser has approached 30 ethics committees and 
problems gaining approval have been similar to our 
own.

Gaining ethics committee approval for a national 
study is time-consuming. Our liaison with local 
paediatricians was on the whole successful but did 
meet with some disapproval from non-paediatricians. 
National ethics committees have been mooted, but in a 
sensitive area like HIV, local approval is likely to 
continue to be needed to allay local fears.
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PREVALENCE OF HIV SEROPOSITIVITY - CONFIDENTIALITY AND 
ETHICAL PROBLEMS

D.MTappin^, R.W.A.Girdwood^, E.A.C.Folletf , R. Kennedy^» AJ.Brown^, J. 
Taylor ,̂ F.Cockbum

;  ̂ Department of Child Health, University of Glasgow, Royal Hospital for Sick
Children, Yorkhill, Glasgow, G3 8SJ, Scotland

b Scottish Inborn Errors Screening Laboratory, Stobhill General Hospital, Glasgow.

c Regional Virus Laboratory, Ruchill Hospicol, Glasgow.

INTRODUCTION

In Scotland unlinked anonymous testing of Guthrie Cards has since January, 
1990 documented human immunodeficiency virus (HTV - 1) antibody in neonatal 
blood as a surrogate measure of HIV - 1 infection in childbearing women. 
Scotland has a population of approximately 5.3 million. Health needs are met by 
15 local area Health Boards and there is a single national neonatal screening 
laboratory based in Glasgow. Using data obtained from the HIV serosurveillance 
programme in Scotland I shall illustrate some of the ethical problems and dilemmas 
which have arisen.

Setting up the programme

An announcement by the Minister of Health in November, 1989 cleared the 
way for anonymous unlinked testing for HIV in order to provide information urgently 
required to plan future health care for patients with acquired immune deficiency 
syndrome (AIDS). The Medical Research Council (MRC) provided funds to set-up 
the initial study and stipulated that individual area ethics committees must give 
approval. As there is no recognised mechanism for contacting all the relevant ethics 
committees we wrote to all consultant paediatricians in Scotland asking them to 
discuss the study proposals with their nursing and obstetric colleagues and then to 
contact their local ethics committees. Twenty ethics committees in the 15 Health 
Boards were contacted and ethical permission was granted finally after 18 months of 
hard work by DMT to offer testing to 99.6% of the total Scottish births. One small 
island (the 0.4%) Health Board ethics committee felt that it would be unethical not to 
inform women whose infants tested HTV positive. ̂  In 1993 this ethics committee 
reversed their decision so that data from 1993 will be complete. Specific 
instructions for health care workers involved in obtaining the Guthrie card blood 
from infants, together with explanatory leaflets and posters for use in maternity units 
and surgeries were produced in the appropriate languages and with an explanatory 
letter from the Scottish Chief Medical Officer,^

i *

\

fv.



49

During the 18 month period from January, 1990 to June, 1991 HIV infected 
childbearing women lived in 11 postal districts, 10 inner city and 1 suburban. 
During the subsequent 18 month period they lived in 26 districts which included 3 
suburban and 5 rural districts. Table 2 compares the neonatal anonymous data for 
the three years with births to known HIV antibody positive mothers, reported by 
obstetricians during the same period.

TABLE 2
COMPARISON OF GUTHRIE TESTING AND BIRTHS TO KNOWN HIV 
ANTIBODY POSITIVE MOTHERS

1990 1991 1992

Guthrie Known Guthrie Known Guthrie Known

Edinburgh 13 13 9 7 6 3

Glasgow 0 0 5 5 1 1

Dundee 3 1 0 0 6 3

Aberdeen 2 0 2 0 3 0

Others 1 0 3 0 5 0

Total 19 14 19 12 21 7

Discussion

The constant prevalence of HTV-l antibodies in the Scottish childbearing 
women of 0.3/1,000 during the three years is at first sight reassuring. However, 
during the first 18 months the affected women were confined to Edinburgh, Dundee 
and Aberdeen inner city districts whereas during the second 18 months there had 
been considerable spread to other parts of Scotland. During 1990 most mothers, 14 
of 19 (74%) could receive counselling and care for their infants. All of the mothers 
known to the obstetricians were either intravenous drug users or partners of 
intravenous drug users. In 1992 only 7 of 21 (33%) mothers were known to the 
obstetricians who deliverd them. This reduction in recognised HTV positive 
pregnancies from 74% to 33% reflects spread of infection from known high risk 
women to others not known to be at high risk. The two thirds of mothers and their 
infants are now not known to the health care systems and therefore cannot receive 
counselling, advice and prophylactic care.
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Methods

The method of screening was based on the Massachusetts, USA study 3 and 
used the Fujirebio particle agglutination assay to screen for HIV-1 antibody on serum 
eluted from 3 mm diameter dried blood discs punched from Guthrie cards. Positive 
screening is confirmed by enzyme linked immunosorbent assay (ELISA) and full 
western blotting. The only linked information available is the District postal code 
and the quarter year of birth.

Results

From the Guthrie cards of babies bom in Scotland during the three year 
period 1990-1992, 722 were excluded because the babies were bom in the small 
island which did not participate in the study and 169 because they were bom out with 
Scotland. Thirty-nine cards were not tested because of parental refusal (10 from 
1990, 12 from 1991 and 17 from 1992). Of the 198,075 samples remaining 12 
contained insufficient blood and 13 did not elute from blood spots. The final 
number of infants tested was 198,050 (99.6%). A total of 72 eluates was reactive 
on the screening test and 59 were confirmed positive with ELISA and westem blot. 
Table 1 shows the 'home' postal district location of HTV infected mothers from 1990 
to 1992.

Table 1
"HOME " LOCATION OF HIV ANTIBODY POSITIVE MOTHERS: 
SCOTLAND 1990-92

Location Number of tests Positive results: year Prevalence*

1990 1991 1992 1990 1991 1992 1990 1991 1992

Glasgow 16308 16781 16237 0 5 1 0.0 0.3 0.1
Edinburgh 5276 5471 5237 13 9 6 2.4 1.6 1.1
Dundee 2130 2210 2118 3 0 6 1.4 0.0 2.8
Aberdeen 2850 2891 2834 2 2 2 0.7 0.7 1.1
Others 39209 39405 39093 1 3 5 0.03 0.08 0.12
Scotland 65773 66758 65519 19 19 21 0.29 0.29 0.32

Glasgow refers to all mothers living in Glasgow postcode districts: G1-84. 
Edinburgh refers to Edinburgh City: EHl-17 
Dundee refers to postcode districts: DDl-5 
Aberdeen refers to postcode districts: ABl and 2.

♦Prevalence per 1000 live births surviving to 7 days of age.



51

TABLE 3
AIDS Cases by Country - Cumulative totals and numbers for 1990,1991 and 1992

COUNTRY CUMULATIVE TOTALS REPORTED IN;
to 31/12/92 1990 1991 1992

N RATE* N N N

AUSTRIA 901 114.1 133 182 217
BELGIUM 1297 129.7 228 222 251
DENMARK 1120 215.4 200 207 195
FRANCE 22939 403.1 4262 4691 5103
GERMANY (FR) 9205 114.2 1287 1921 1672
ITALY 15780 272.1 2920 3382 4171
NETHERLANDS 2478 163.0 457 419 528
SPAIN 17029 441.2 2856 4066 5474
SWITZERLAND 2879 417.2 456 613 651
UNITED KINGDOM 6929 119.9 1268 1353 1478

*Rates per million population

Abstract from Quarterly Report No.36 of the European Centre for the 
Epidemiological Monitoring of AIDS, Saint-Maurice, France.

Some questions of ethics

(1) Do infants have the right to know their mother's HTV status where that 
maternal condition can pose a threat to the infant's health?

(2) Does the infant have the right to expect their mother to ensure that she is free 
from HIV infection?

(3) In population subgroup screening for HTV antibody status what right has the 
individual to opt out?

(4) Should routine attributable antenatal screening for HIV antibody status be 
introduced as for other sexually transmitted diseases?

(5) Is unatüibutable screening ethical?
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The European context

In the UK about 13% of all patients reported to be HTV antibody positive 
have injecting drug use (IDU) identified as a risk activity whereas in Scotland 50% 
are associated with IDU. In Edinburgh it is estimated that 1 in 100 men aged 15-44 
years and 1 in 250 women of childbearing age are HTV infected. This means that in 
Scotland we have relatively more heterosexual transmission between men and women 
as well as vertical transmission from mother to child.

Not all antibody positive children of HTV infected mothers are HTV infected, 
since in a number of children under 18 months presence of HTV antibody may simply 
reflect passively acquired maternal antibodies.  ̂ By the end of January, 1992 444 
children bom to HTV infected mothers had been notified to the European 
Collaborative study from the UK and Eire. Of these 133 are known to be infected 
and 137 are presumed unaffected. The HIV infection status is indeterminate for 174 
antibody positive children who are younger than 18 months.

Vertical transmission of HIV infection from mother to infant can occur 
before, during or after birth but because of the difficulty in making an early diagnosis 
the relative contribution of each route is unknown. Virus has been detected in fetal 
tissue as early as 15 weeks gestation. It is becoming apparent that there is a 
significant risk of transmission at delivery but prospective studies to date do not 
suggest a difference in risk of infection accortüng to whether the delivery is by 
Caesarian section or vaginal routes.̂ *̂  Posmatal transmission of HIV by breast 
feeding has been reported  ̂ and a review of prospective studies suggest that breast 
feeding increases the risk of transmission over and above the risks of prenatal or 
intranatal transmission by 14%.^

Table 3 gives the cumulative totals of AIDS cases by country in Europe to the 
31st December, 1992 together with the numbers reported for these same selected 
countries in the years 1990, 91 and 92.  ̂ Among cases diagnosed in Europe in 
1992, 17.5% were female and 86% were aged between 20 and 49 years. In the 
European region as a whole the incidence of AIDS continued to increase and the 
largest percentage increase occurred in the heterosexual transmission group with an 
estimated increase between 1991 and 1992 of 25%. A cumulative total of 3,834 
paediatric cases (children under 13 years of age) have been reported. Excluding 
those reported from Romania (due mainly to blood-bome transmission), 78.4% 
(1358/1733) of these cases are related to motiier-to-child transmission.
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These are questions which society must come to grips with and answer in the 
very near future. My own (FC) view is that we should have routine antenatal 
screening with adequate counselling services for those who are found to be HIV 
positive. It is clear that the heterosexual population is at risk and normal public 
health measures to control the spread of the human immunodeficiency virus infection 
should be instituted as for other infectious agents.

There has in the past been considerable resistance to this view and I shall be 
interested to join the debate on the issue.
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Abstract

Introduction: The aim of this study was to assess the number of infants born in Scotland 
from whom a newborn screening specimen did not arrive at the screening laboratory. Methods: 
In a systematic 1 in 8 sample, records on 8379 babies registered as bom during 1991, were 
supphed by the Office of the Registrar General (Scotland). These were matched with records 
from the neonatal screening laboratory database. For all unmatched records, local health 
board offices were phoned for evidence of a negative result. Results: Specimens from 8324 of 
these babies were received and tested by the screening laboratory. Of the remaining 55 babies, 
34 had died within 24 h of birth, five had returned home (three to England and Wales and 
two to outside the United Kingdom), four refused for parental objection (three were Jehovah’s 
Witnesses), and 12 were unscreened. Thus, only 0.14% (12 of 8379 of registered infants (95% 
Confidence Interval 0.22, 0.06)) were unscreened by the Inborn Errors Screening Program in 
Scotland during 1991. Discussion: From this study, an estimated 96 infants were unscreened 
for newborn screening (95% Confidence Interval 39, 143) of 67 032 infants registered as bom 
in Scotland during 1991. At this rate, a case of congenital hypothyroidism or phenylketonuria 
would be missed only every 47 and 78 years, respectively, as a result of having been unscreened 
by the program. Improvement is expected from regular audit now underway. The rate of 
0.14% for Scotland is much lower than the rate of 0.82% estimated for unscreened infants in 
the New York State Newbom Screening Program.

Keywords: Newbom; Screening; Phenylketonuria; Congenital hypothyroidism

1. Introduction

In 1965 Stevenson and Kennedy, at Stobhill Hospital in Glasgow, Scotland, 
pioneered the use of the Guthrie test, in the United Kingdom (U K ), for neonatal
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phenylketonuria (PK U) screening [1]. In 1968, this method was adopted by the 
remaining neonatal screening laboratories in the UK. In 1979, a further screening 
test was added to the neonatal blood sample, to detect excess thyroid stimulating 
hormone (TSH) for the diagnosis of congenital hypothyroidism [2].

In the UK, the neonatal blood sample is taken by a midwife either in the hospital 
or, more commonly, after hospital discharge, usually between postnatal days 4 and
7. Blood from a heel prick is impregnated into absorbent paper cards. In Scotland 
all samples are sent by post to a single laboratory located at Stobhill General 
Hospital in Glasgow.

One reason for missed cases of congenital hypothyroidism and PKU has been 
lack of a neonatal specimen arriving at the screening laboratory and, therefore, not 
tested [3-6]. This can be due to death before 7 days of age when the sample is often 
taken, unwillingness o f parents to allow their infant to have a blood specimen taken, 
perhaps for religious reasons, or because the parents have not been approached for 
a specimen. The last reason would constitute an unscreened infant. To track those 
who might be unscreened in Scotland, a list of negative screening results is routinely 
sent from the screening laboratory to all health boards. There the list of babies bom  
(from SM R2 discharge notifications from obstetric units in a health board area), can 
be compared with negative results from the screening laboratory so that unscreened 
babies can be uncovered. Once pinpointed, unscreened infants can have a neonatal 
sample collected and submitted.

Despite similar and other back-up systems, neonatal screening programs have 
missed cases of hypothyroidism and PKU because of non-receipt of specimens [3]. 
Previous audit studies have used missed cases of the disorder screened, who later 
presented clinically, as a measure of completeness of the screening programs. In 
such studies the frequency of missed cases among all cases identified by neonatal 
screening was between 0.2% and 3% [3-6]. A study of unscreened infants from the 
New York State Newbom Screening Program used another approach. These investi
gators randomly selected a sample of 1000 records of live births during 1988 and 
matched these with newbom screening records. Of the total sample, a screening 
specimen was not received from 0.82% (95% Cl 1.36, 0.26) of infants [7].

All births in Scotland, about 65 000 per year, are registered by parents at the local 
office of Births, Deaths and Marriages. Registration information is collated and 
stored at the Office of the Registrar General in Edinburgh. If all registered births 
could be matched with newbom specimen cards arriving at the Scottish screening 
laboratory in Glasgow, cases of congenital hypothyroidism and PKU would not be 
missed due to non-receipt of a specimen.

2. Methods

A systematic 1 in 8 sample of records (total 8379) of neonates registered in 
Scotland as having been born during 1991 was provided by the Registrar General’s 
Office (RGO). This sample size was selected so that with an unscreened rate of 2%, 
95% confidence intervals would be 1.7% and 2.3%. Each record included father’s
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surname, mother’s surname, address, the date of birth of the infant, and the hospital 
code of birth. Records were imported into DataBase (DataBase UK Limited, 1 
Coventry Road, Ilford, Bssex, IG l 4QR), a database management software package.

Data on all infants screened since 1985 by the Scottish National Inborn Brrors 
Screening Laboratory (Guthrie) at Stobhill Hospital, Glasgow have been recorded 
on a computer, in Fortran language without standard database punctuation. 81485 
records from babies screened between December 1990 and March 1992 were exported 
in ASC II format and imported into a second DataBase database. This transfer of 
information was not perfect and 367 (0,5%) of these records were unrecognizably 
corrupted. Another 3507 (4.3%) records were partially corrupted.

RGO records were matched with newbom screening records by mother’s surname 
and infant date of birth using an automated technique. Paired records were checked 
by hand. Unmatched and incorrectly matched RGO records were then searched for 
individually. This search started with incorrect spelling o f the surname (e.g., 
M cDonald instead of M acDonald). Father’s surname was then substituted for the 
mother’s surname. If address and mother’s or father’s surname matched and the 
date of birth was absent or incorrect by a few days, a match was still made. In 
addition, a match was accepted if the hospital of birth, date of birth and address 
were the same, even if the father or the mother’s surname was corrupted. Pairings 
with the same date of birth and hospital of birth alone were not accepted.

RGO records which were still unmatched were investigated individually by a clerk 
at the Inborn Brrors Screening Laboratory. The office of the health board Regional 
Medical Officer was telephoned to see whether a negative newbom screening notifi
cation had been received. A second check was made by searching the stored hard 
copy, produced by data entry from the newborn screening cards.

Relative risk (RR) estimations and chi-square analyses were performed by stan
dard statistical techniques using the data presented in this paper and data from the 
New York State Newbom Screening Program [7].

3. Results

Initial automated matching by date of birth and mother’s sumame allowed 6700 
of 8379 records to be paired. However, 264 of these RGO records were incorrectly 
matched, usually due to common sumames such as McDonald and Smith, leaving 
6436 (76%) correctly matched by computer. These mismatches were easily recognized 
as they often lived in separate parts of Scotland and were bom in different hospitals. 
The 1679 unmatched and the above 264 mismatched RGO records, totalling 24% 
of the original sample, were individually searched for by DMT in the newbom 
screening database. All but 235 (2.8%) RGO records could be matched confidently 
with a record in the newborn screening database (Table 1). The reasons for 
unmatched and inappropriately matched records by computer were minor errors in 
spelling o f the sumame (44%), father’s sumame instead of mother’s (23%), mistakes 
or corrupted date of birth (21%) and no recognizable record (12%).

Table 2 shows the outcome of telephoning the office o f the Regional Medical
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Table 1
Matching R G O  with newbom screening records: automated and individual

Automated 6436 264
correct incorrect

Reason for no automated match
Individual Father’s sumame 454

Corrupted date o f birth 399
Spelling errors 855
N o  matching newbom screening record found 235

Total R G O  records 8379

Table 2
Outcome o f telephoning the ofi&ce o f the Regional Medical Officer (R M O ) for infants where no matching 
newbom screening record was found

Outcome N ewbom  Screening Laboratory

Negative result at R M O  
Baby died within 24 h o f birth  
Baby retumed home outside Scotland 
R G O  record incorrect; wrong year 
Refusal for religious reasons 
Refusal for other reasons 
‘Unscreened’ (including lost in the post) 
Total

Negative result found 178
34

5
2
3
1

12
235

OflScer (RMO) for the 235 RGO records not matched. This includes two infants 
for whom the Office o f the Registrar General sent a record which could only be 
matched with an infant bom at the same address with the same sumame on the 
same day and month but in a different year. This was uncovered by the RMO and 
probably indicates a mistake in data entry at the RGO.

In the final analysis, excluding infants whose parents refused neonatal screening, 
12 (0.14%) of 8379 registered infants were unscreened by the Inbom Errors Screening 
Program in Scotland during 1991, according to our computer matching and follow- 
up of unmatched cases (Table 2). RMOs reported that samples had been sent for 
5 of these 12 unscreened infants. There was no evident geographical focus of 
unscreened infants. Thus, the coverage of newbom screening by the Inbom Errors 
Screening Program in Scotland was 99.86% (95% Cl 99.78, 99.94).

4. Discussion

The National Inbom Errors program in Scotland started to screen for PKU on 
blood taken in the neonatal period during 1965 [1]. Since then, a number of other



D.M . Tappin et al./Screening 3 (1995) 201-207 205

diseases have also been examined and, at present, routine screening also includes 
tests for congenital hypothyroidism and galactosemia. To date, in Scotland, the 
Inborn Errors Screening laboratory has succeeded in picking up all known cases of 
PKU, congenital hypothyroidism and galactosemia bom after the screening 
commenced.

Once assay techniques were sufficiently sensitive and specific, the main concern 
was babies for whom a newbom specimen did not arrive at the laboratory. This 
study has shown that very few infants (0.14%, 96 infants per year; 95% Cl 39, 143) 
are unscreened by the Inbom Errors Screening Program in Scotland. It would take 
47 years and 78 years, respectively, to miss a case of congenital hypothyroidism 
(incidence 1 in 4500 births) or PKU (incidence 1 in 7500 births) because of an infant 
being unscreened by the neonatal screening system in Scotland. This is a significantly 
better (chi-square, 15.3, P <  0.0001) rate than the 0.82% unscreened infants estimated 
in the only other study of this kind performed, the New York study of 1988 [7]. In 
that study, the risk of being unscreened in New York was over 5-times greater (RR  
5.6, 95% Cl 2.3, 13.3) than being unscreened by the Scottish Inborn Errors Screening 
Program.

The design of systematically sampling 1 in 8 RGO records allowed close confidence 
intervals to be obtained with the suspected 2% ‘missed’ cases reported in other 
studies [3-6]. With only 12 infants unscreened (0.14%), an even smaller sample 
would have given adequate confidence intervals. The Scottish Inbom Errors 
Screening Laboratory has continued a regular audit program with smaller systematic 
samples of 1500 infant records from the Registrar General’s Office each quarter 
year. This analysis of the first quarter in 1992 indicated that 2 of 1500 infants had 
been unscreened (0.13%).

A major problem encountered was to transfer records from Fortran format to a 
database which could be easily searched. This required an initial step where each 
record was delimited so that the recipient database could recognize the beginning 
and end of each field of information and each record. It was impossible to perform 
this step without corruption of data as records and fields were not of uniform length. 
Some cOrmptions allowed matching of records but others could not be matched. 
This included the 178 babies who had negative results at the Office of the Regional 
Medical Officer and on hard copy at the neonatal screening laboratory. Minor 
spelling mistakes accounted for the major workload (44%) of records which were 
not matched by computer. Especially comipon in Scotland are the prefixes M ac and 
Me. Use of the wrong prefix is difficult to eradicate and may be a transposition 
error in the Inbom Errors Laboratory or a mistake made by the midwife who took 
the blood sample. In addition, the data are handwritten on the screening cards. 
After reading addresses directly from 15000 Guthrie cards, one o f the authors 
(DM T) was surprised that more transcription errors did not occur. Simple spelling 
mistakes in transcription could be improved by an automated spell-check dictionary 
of surnames. Mistakes in the date of birth could be reduced by improved computer 
software. A limit to digits o f 01 to 31 for day, 01 to 12 for month and present and 
previous year for year of birth would eradicate most transcription errors. The 
Scottish Inbom Errors Screening Laboratory is at present having a major computer
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upgrade. This will facilitate record entry reducing false data and will allow audit to 
be performed directly with the newbom screening database. The other common 
reason for manual data matching was a change of sumame. If parents are unmarried, 
accounting for 27% in Scotland during 1991 [8], the district midwife who collects 
the neonatal sample in the mother’s home may use either the mother’s or the father’s 
sumame on the card. The Registrar General sent records with both mother’s and 
father’s sumames. Initial automated matching was performed using mother’s sur
name, so if parents were unmarried and father’s sumame was used, an automatic 
match was not made by computer.

In Scotland, for every baby whose specimen card arrives at the Inbom Errors 
Screening Laboratory at Stobhill Hospital in Glasgow, a result is sent out to the 
local Health Board. There the list of babies bom (from SMR2 discharge notifications 
from obstetric units in a health board area) can be compared with negative results 
from the screening laboratory so that unscreened babies can be detected. These 
negative reports are not sent out immediately, and it is a labor intensive job to 
match the two sets of data one by one. A fear has always existed at the screening 
laboratory that babies are left unscreened. For this reason and in line with general 
audit, this study aimed to determine how many babies were left unscreened by the 
program.

This study has sparked great interest from Health Boards. We found no geographi
cal focus of unscreened infants. In the main, extremely good systems are in place to 
make sure that each infant bom in a health board area in Scotland has a newbom 
screening result. Five of the 12 unscreened cases seem to have had samples sent. We 
conclude that these five samples were lost in transit to the Inbom Errors Screening 
Laboratory. These five specimens should have been discovered by the negative 
reporting system and are still, therefore, classed as unscreened. The low number of 
unscreened infants is a credit to midwives, health visitors, the neonatal screening 
laboratory and health board clerical staff. Continued cooperation with future audit 
should allow this good performance to continue.
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Storable: Unlike other methods, S&S 903 Specimen 
Collection Paper can be stored at room temperature 
indefinitely. This matrix provides compact storage of 
samples for immediate or future assays.

Call 1-800-437-7003 or your local S&S representative 
today. Learn about our wide range of capabilities, and 
ask about customized forms, samples and educational 
materials for your screening project.

At S&S, w e’ve been screening births since the birth of 
screening and we see new uses being born everyday.
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PREVALENCE OF MATERNAL H IV  INFECTION IN  SCOTLAND BASED ON UNLINKED ANONYMOUS 
TESTING OF NEWBORN BABIES. UPDATE.

D M . Tappin, *R.WA. GirdwoodJ^EA.C. Follett, *R. Kennedy, *AJ. Brown, F. Cockburn.
Department of Child Health, Royal Hospital for Sick Children, Glasgow, *Scottish Inbom Errors Screening Laboratory, Stobhill 

General Hospital, Glasgow, #Regional Virus Laboratory, Ruchül Hospital, Glasgow.

Abstract: In  January 1990, unlinked anonymous testing of Guthrie cards for H IV  antibody commenced in Scotland. 
Ethics Committee approval allowed testing of 99.6% of Scottish births. Twenty-one mothers spontaneously refused to 
allow testing o f their baby's blood. Samples were coded by district postcodes. For 1990 through 1991, eluates of132,531 
dried blood spots were initially testedfor HIV-1 antibody with, the Fujirebio technique. O f the 49 positive samples 38 
were confirmed, to be positive by enzyme-linkedimmunosorbent assay and western blot (seroprevalence 0 3  per1000). 
Thirty-five of38 samples came from large metropolitan areas in Scotland. Prevalences were 2.0 p e r i000for Edinburgh 
city, 0.7 p e r1000fo r  Dundee and Aberdeen, 0.15 p e r1000fo r Glasgow and0.05 per thousand fo r  all other areas in 
Scotland. Recent spread of H IV  irfection to Aberdeen may have occurred. Thesefigures do not support an overall increase 
of H IV  infection in childbearing womenin Scotland.

Key words: HIV seropositivity, mothers, Scotland, Metabolism, inbom errors, infant, newbom, agglutination tests.

Introduction
TTnthe UK,^’̂ USA, *̂'  ̂Canada  ̂and Australia  ̂the prevalence of 
XJHV infection in women at the time of delivery has been 
assessed by anonymous antibody testing o f  blood samples that 
have already been collected routinely ftom newbom babies. The 
particle agglutination method of testing forHIV-I antibody on 
eluted dried blood spot samples has been successfully used in two 
large studies. 1,3 HIV antibody in newbom semm reflects mater
nal antibody status at delivery and does not record infant 
infection. We previously reported the first year’s results of a 
definitive continuing seroprevalence survey of childbearing 
women in Scotlandl using district postcode information to define 
geographic location and spread of HIV-1 infection. The results 
for the second year of testing are now available for comparison.

Subjects and methods
Blood samples, taken for screening for inborn errors of 
metabolism, routinely by heel prick from babies around the 
seventh day of life, were spotted onto filler p i^ r  (Guthrie cards) 
and air dried. The nurse who took the sample entered information 
on the card, which included the baby’s dara o f birth and the 
mother’s address. All cards for Scotland were then sent to the 
Scottish Inbom Errors Screening Laboratory at Stobhill Hospital, 
Glasgow.
We approached 20 Ethics Committees, in the 15 Health Board 

areas in Scotland. Our study included cards from 99.6% of babies 
bom in Scotland during 1990 and 1991. Births from Orkney 
(0.4%) were not included as the Island’s Ethics Committee felt 
that women whose babies tested positive should be told, which 
was not our study design..
With the use of postcode directories, the first three or four digits . 

corresponding to the mother’s districtpostcode, were recorded on 
the card. Duplicate cards were not included. The calendar quarter 
of birth and the districtpostcode were then recorded on computer.

CoiTCspondence and requests for reprints to: Dr D .M . Tappin, Department of 
Child Health, Royal Hospital for Sick Children, Yorkhill, Glasgow G3 8SJ.

A 3mm diameter disc was punched out of one of the spots on the 
Guthrie card into a 96-well microtitre plate, apart from cards for 
Orkney, or for babies whose mothers spontaneously opted out 
After this point it was impossible to retum to the Guthrie card 
from which the disc was punched.
Dried blood discs were eluted in flat-bottomed 96-well 

microtitre master plates. A modified gelatin particle assay (GPS, 
Fujirebio) was usedl to test for HIV-1 antibody. At the Regional 
Virus Laboratory, Ruchill Hospital, enzyme-linked  
immunosorbent assay (ELISA) and westem blot tests were used 
to confirm the presence of HIV antibody in all samples reactive 
in the screening tesLl
From May 1990, once every calendar month, and then quarterly 

after three months trial, control samples were sent to Stobhill and 
Ruchill Hospitals from the Centers for Disease Control (GDC) in 
Atlanta, USA. Each batch consisted of 12 unknown dried blood 
spot samples. This is part of the worldwide HIV dried blood spot 
quality control and provides a check on the sensitivity of the 
Fujirebio kit screening test.

Results
Six hundred and twelve cards were excluded since their origin 
was cither Orkney (497) or outside Scotland (115) and 21 cards 
were not tested because of parental refusal. Of 132,545 dried 
blood discs punched from Guthrie cards, six contained 
insufficient blood and eight did not elute from the blood spots. 
The remaining 132,531 (99.6%) were tested. A total of 49 eluates 
was reactive in the screening test, 38 were confirmed positive by 
ELISA and westem blot.
During 1990, all affected mothers lived in metropolitan areas, in 

1991 three lived outside major cities, in Perthshire, Lanarkshire 
and Highlands and Islands. During the study, unexpected positive 
results emerged from Aberdeen. Comparison of babies bom and 
positive results with period prevalence is shown in Table I. HIV-1 
seroprevalence of childbearing women in the major S cottish cities 
is illustrated in Figure 1.
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Table I
Place of birth of HIV-antibody-positive babies during 

1990 and 1991

?  »
Number of 

tests
Number of 

positive results 
in each half year

Prevalence 
per 1000 

births

1990 1991
16308 16781
5276 5471
2130 2210
2850 2891
39209 39405

6STiy 66758

1990 1991 1990 1991
0 0 0 5 0.0 03
8 5 7 2 2.4 1.6
0 3 0 0 1.4 0.0
0 2 2 0 0.7 0.7
1 0 0 3 0.03 0.08

19 19 03 OJ

Location

Glasgow
Edinburgh

Dundee
Aberdeen

O then

Scotland.

Glasgow =all mothers living in Glasgow postcode districts G l-84  
Edinburgh =r Edinburgh city, EH 1-I7;
Dtmdee =^DDI-5 
Aberdeen =r A 3 1,2-

Sensitivity o f the Fujirebio screening assay was 99.1% (95%CI 
97.2-99.7) and specificity was 99.992% (95%CI 99.988-99.997).,

Discussion
Tlie prevalance of HIV-1 antibody was more than six times the 
average for Scotland in Edinburgh, more than twice the average 
in Aberdeen and Dundee and half the average in Glasgow. The 
use of district postcodes allowed accurate localisation o f high 
prevalence areas for targeting of prevention strategy. During 
1990 all but one of the HIV-positive mothers resided in large 
cities whereas three were outside cities in 1992. Accurate 
geographic location of HIV-1 seroprevalence has several 
advantages. Spread of infection to a new area can be identified at 
an early stage. This has happened in Aberdeen and services in the 
area will now need to be alert for infected mothers and babies.^ 
The progress of the epidemic in specific areas can be monitored 
yearly, and comparison between population groups will be much 
easier when all studies use district postcode to define geographic 
location. The emergence of positive tests in Glasgow is not new 
as two previous births in 1988 and 1989 were to HIV positive 
mothers.
We estimated that we tested 99.6% of Scottish births. If all 

spontaneous refusers were positive the prevalence of HIV-1 
infection in childbearing women in Scotland would increase from 
0.3 to 0.5 per thousand.
The modified Fujirebio kit was sensitive and satisfied the CDC 

criteria for monitoring. Each test cost £0.12. Specificity was high, 
so cost of confirmatory testing was low. The results do not support 
a large increase in HIV-1 seroprevalance among childbearing 
women in Scotland from 1990 to 1991.
The Medical Research Council is supporting all aspects of 

this study. (MRC Grant NO.8908795C)

-Aberdeen
0 .7 /10 00
0 .7 /1 0 0 0

■“Dundee
1 .4 /1000
0.0/1000

Edinburgh
2 .5 /10 00
1.6/1000

Glasgow ‘ 
0.0 /1000  
0 .3 /1 0 0 0

FIg.l HtV-1 seroprevalence of childbearing womenin Scotland 1990and 1991. 
The prevalence rates marked are per1000 childbearing women.
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The retrospective analysis of operative findings could well reveal 
how many of these patients could have been managed by LG . The  
accumulation of such data for excluded panents would mean that a 
substantial number of cholelithiasis patients were denied the benefit 
of L G , mainly because of a lack of more specific preoperative 
screening.

Hence, despite the inherent limitatons of sample size, Barkun’s 
trial may still have the potential of becoming the harbinger of a new 
controversial trend— namely, routine versus selective E RG P/PTG  
in patients with cholelithiasis opting for LG.

Department of Surgery,
All-India Institute of fyiedical Sciences.
New Delhi 110029. India L . R. M U R M U

I . Qiedm an M L , WiDc P J. T he present status of biliary tract surgery. In: Nyhus LM , ed. 
Surgery annual, vol 17. Norwalk, Connecticut; Appleton-Century-Crofts, 1985: 
69-124.

monitoring method that is independent of food intake. In  the 
meantime possible effects of postprandial rises in triglycerides on 
platelet aggregability in vivo^^ still need to be considered.

Wilhelm Auerswald Atherosclerosis Research Group. 
University of Vienna.
Vienna 1090. Austria;
Department of Internal Medicine.
Policlinic, Vienna;

and Department of Pharmacology.
University of Vienna. Austria
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Enhanced in-vitro platelet aggregability 
during postprandial hyperlipidaemia

S ir ,— D r Yasuda and colleagues (Oct 3, p 852) discuss the 
suitability of postprandial (post breakfast) blood samples for 
assessing in-vitro-induced platelet aggregability in monitoring the 
activity of antiplatelet drugs. They show that blood sampling 
shortly after meals does not necessarily affect the aggregation 
response as measured in platelet-rich plasma (PRP).

In  an earlier study,' later extended, we evaluated the effect of a 
standard breakfast, consisting of 2 bread rolls (80 g, 210 kcal, 1-4 g 
fat) and 40 g butter (310 kcal, 33 3 g fat, 96 mg cholesterol) in 15 
male volunteers aged 20-44 years. W e examined the aggregation 
of platelets with both PRP and washed platelets (W P), to separate 
the behaviour of the platelets themselves from the influence of 
plasma components, including lipids. ADP-induced and collagen- 
induced platelet aggregation was tested at 30 min, 1 h, and 2 h after 
breakfast. Aggregation response was measured after the addition of 
1 and 5 pmol A D P  or 1 and 2 pg collagen to determine the 
maximum response and the threshold dose. Analysis of variance 
and Student's t test for non-paired data were used to assess 
statistical significance (p <  0 05). The aggregation response in PRP 
was slightly depressed (not significandy) 30 min after breakfast and 
there was a significant reduction after 1 h and 2 h (figure). W P  
showed the opposite response, with increased aggregability starting 
to appear at 30 min (not significant), becoming significant at 1 h and 
2h .

Our findings indicate how the behaviour of platelets may be 
determined by changes in plasma components and add to the 
difficulty in interpretation of platelet aggregation as a predictor of 
in-vivo behaviour or the effect of antiplatelet drugs. The doses of 
aspirin commonly used in antithrombotic treatment are now 
decreasing to below 100 mg daily. These factors may make 
determination of thromboxane Bj in serum and urine* a preferred
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Does drug interaction cause failure of PCP 
prophylaxis w ith  dapsone?

S ir ,— Dapsone has been used as prophylaxis against 
Pneumocystis carimi pneumonia (PGP) in HIV-irifected patients.'"* 
However, there is concern about failure of dapsone prophylaxis 
because of drug interaction. Didanosine"* and rifampicin* interact 
with dapsone, which is rendered insoluble at neutral gastric pH .

We use dapsone as second-line PGP prophylaxis. Between April, 
1990, and October, 1992, 6 patients on dapsone prophylaxis 
developed PGP 1-25 (mean 8-1) months later, whereas another 19 
patients used dapsone for at least 3 months (3-25, mean 10 7) and 
have not developed PGP. W e found no difference in drug intake 
between the two groups (prophylaxis failure/success: didanosine, 
1/4; antacids, 1/2; H , antagonists [cimetidine, ranitidine, 
omeprazole]), 0/5; kaolin and morphine, 0/1; and rifampicin 0/0). In  
addition, there was no difference between the groups in dapsone 
dosage: 100 mg per day, 4/5; 50 mg per day, 1/12; 50 mg on alternate 
days, 1/1; and 100 mg per week, 0/1.

The small sample size o f our retrospective study makes 
meaningful statistical comparison difficult. However, we cannot 
confirm a correlation between dapsone’s failure as a prophylactic 
agent and co-medication that increases gastric pH . N or did we find 
a relation between dosage of dapsone and prophylaxis failure.

M ia  H u e n g s b e r g  
Sh e e n a  G a s t e l in o  
JACKIE Sh ERRARD
N ig e l  O ’F a r r e l l  
Ja m e s  B in g h a m

Department of Genitourinary Medicine, 
St Thomas' Hospital.
London SE1 7EH. UK

A ggrega tion  response in postprand ial hyperlip idaem ia .

Vertical bars =  SD. Mean values also shown.

1. Lucas CR, Sandland .AM, .Mijch A, Simpson JM. Primary dapsone
chemoprophylaxis for Pneumocystis carin ii pneumonia in immunocompromised 
patients infected with the human immunodeficiency virus. Med J  Aust 1989; 151: 
30-33.

2. Hughes W T, Kennedy W, Dugdale M , et al. Prevention of Pneumocystis carimi
pneumonia in A ID S patients with weekly dapsone. Lancet 1990; 336: 1066.

3. Lee BL, Medina 1, Benowitz N L .e ta l. Dapsone, trimethoprim, and sulfamethoxazole
plasma levels during treatment of Pneumocystis pneumonia in patients with the 
acquired immunodeficiencv' svndrome. Ann Intern Med  1989; 110:606-11.

4. Horowitz HW , Jorde UP, Wormser GP. Drug interactions in use of dapsone for
Pneumocystis carinii prophylaxis. Lancet 1992; 339: 747.

5. Metroka CE, .McMechan M F, Andrada R, et al. Failure of prophylaxis with dapsone
in patients taking dideoxyinosine. N  E ng lJ  M ed  1991; 325: 737.

Transportation of dried serum spots for HIV 
antibody testing

S ir ,— We have reported surrogate anonymous unlinked H lV -1  
antibody testing of childbearing women in Scotland by using 99 6%  
of Guthrie card dried-blood spots from inbom errors' screening.' 
In  parts of Africa where H IV  is prevalent, H IV  antibody testing is 
routinely done on blood for transfusion. As a diagnostic test to 
explore causes of disease (eg, cachexia), resources are not available. 
Workers are also concerned about possible false-positive reactions 
from assay kits. A  presumptive diagnosis of A ID S  is made on
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symptoms and physical signs. Early in 1992 investigators in an area 
of sub-Saharan Africa were interested in the cause of extreme 
cachexia in antenatal patients. Was H IV  or simply malnutrition the 
major cause?

During the 3 months May to July, 1992, 109 antenatal women 
who consecutively satisfied the definition for malnutrition (triceps 
skin-fold thickness of <  10 mm)* were tested in Africa for H IV  with 
the H IV  Chek (Dupont) and the Wellcozyme Rec H IV -1 /2  kits. 16 
samples (14 7%) were positive for H IV -1  antibody in both assays. 
Sera from the 109 samples were spotted on Guthrie cards, left to 
dry, and transported to Scotland. After elution,* the modified 
Fujirebio particle agglutination technique was used to screen the 
samples for H IV -1  antibody. IgG capture enzyme-linked 
immunosorbent assay (ELISA) and western blotting were done to 
confirm screened positive samples.

The same 16 samples that were positive in Africa had a positive 
reaction in the screening test. No further samples screened positive, 
indicating that the sensitivity of the African tests was 100%. Only 1 
screened positive could not be confirmed as positive by IgG capture 
E LISA  and westem blot. The sample showed a neat reaction only 
on the screening test. Previous experience suggests that antibodies 
in this sample may have been at low titre.

Some workers in Africa are excluded from regular quality control 
because of poor communications and inadequate transport facilities 
for blood and serum. By using dried serum samples transported on 
filter paper cards, we were able to give reassurance, to isolated 
workers, that their H IV  assays were accurate.

The Medical Research Council is supporting all aspects of this study. 
(MRC No. SPG 8908795C).
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Campylobacter infection and hepatocellular 
injury

S ir,— In 19911 saw two male students with similar complaints. 
The first case was a 22-year-old white with a temperature of 38-9°C 
and cramping diarrhoea 5-6 times per day for 7 days. He had been 
seen in an emergency department 2 days previously and treated with 
paropectolin and diet limitations, but had worsened. He had a 
tender liver spanning 10 5 cm; liver enzymes were raised (table). 
After his stool culture grew Campylobacter jejuni, erythromycin 2 g 
per day was begun, but was changed to ciprofloxacin because of 
gastrointestinal intolerance. 24 h after the change to ciprofloxacin, 
the diarrhoea had stopped and the cramping greatly decreased. The 
liver spanned 9 5 cm and was not tender.

The second case was a 26-year-old white -man who had had 
dark-red diarrhoea for 8 days. His liver was then at the right costal 
margin, and non-tender on palpation. Full blood count and liver 
function tests were ordered. 2 days later my examinadon revealed an 
enlarged non-tender liver 4 cm, below the right costal margin. Liver 
funcnon tests before I  saw the padent showed A S T 48 U/1 and 
A L T  of 130 U/1. A hepadds screen showed evidence of remote 
infecdon with hepadds B. Stool was cultured and grew C jejuni. 
Treatment was started with erythromycin 1 g per day for 10 days. 
After 2 days the padent had improved. The liver edge was now only 
2 cm, below the right costal margin. 1 week later the padent felt 
normal. The liver edge was now at the costal margin. Liver funcdon 
tests were repeated: AST was 30 U/1 and A L T  102 U/1. This padent 
was lost to follow-up.

There is only one report of acute hepadds associated with Cjejuni 
in man.* This inpadent developed hepatocellular dysfuncdon at the

Day from onset of illness

— 7 10 14 24 34

LDH(U/1) 579 278 231 167 160
AP(U/1) 177 175 148 94 87
AST (U/1) 625 295 75 42 23
A L T  (U/1) 830 815 380 108 52
y-GT (U/1) 163 238 209 92 56
Total bilirubin (mg/dl) 05 06 08 08 0 6

W hite cells were 3 1 and 3 4 x 10’ / l  on days 5 and 7. Stool was negative for ova, 
cysts, and parasites, and hepatitis screen and monospot test were negative on day 7. 
L O H «  lactate dehydrogenase, A P -a lka lin e  phosphatase, AST =  aspartate 
aminotransferase, ALT=alanine aminotransferase, y-G T«y-g lu tam yl transferase.

same time as a Campylobacter infecdon. Liver biopsy revealed 
non-specific reacdve hepadds with focal necrosis. The padent’s 
liver dysfuncdon resolved after treatment with andbiodcs directed 
against Campylobacter. Other known causes of hepadtis were 
excluded. K ita et al* reported that mice orally infected with certain 
strains of C  jejuni developed focal infiltradve necrodc lesions of the 
liver and had liver funcdon test results. The same group* also 
isolated hepatotoxic factors from whole-cell lysates o f C jejuni 
G IF U  8734. A single intravenous injecdon of this factor produced 
hepadds in mice.

There is evidence that some Campylobacters may make a 
hepatotoxin. The findings of chemical hepadds of unkown cause 
might indicate Campylobacter infecdon.

I  thank Dr Donald Rawson, Dr Beverly Drottar, Nurse Paula Stallings, 
and Henri Farhi for help in writing. K. S. H. is partly sponsored by Abbott 
Laboratories, Boots Phaimaceticals, and O’Classen Riarmaceudcals.
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Post-marketing experience w ith  live oral 
Ty21 a vaccine

S ir ,— Several issues about the best use of live oral T y21 a typhoid 
vaccine have arisen.*-* We can now provide addidonal guidance.

Potency depends on each capsule containing 2 x 10’ or more 
viable Ty21a, and exposure to ambient temperatures decreases 
viability. Nearly half the compliance errors are due to improper 
storage.* After storage for 7 days at 20-25'C, all 10 lots evaluated 
met potency requirements. 3 lots stored at 37°C for 12 h also 
maintained potency.

As regards the vaccinadon schedule, in a Chilean field trial, 
efficacy was 67% (95% C l 47-79%) after administradon on 
alternate days, but dropped to 49% (24-66) on a 21 day schedule.* 
The vaccine also gave significant protecdon with a 7 day schedule in 
Indonesia'* (efficacy 42% [23-57%]).

Because antimalarials have andbacterial acdvity, their use with 
Ty21a could adversely affect vaccine potency. Simultaneous 
administradon of chloroquine plus pyrimethamine-sulphadoxine 
docs not diminish the immune response to Ty21 a.* Mefloquine was 
acdve in vitro against Ty21a (minimum inhibitory concentradon 10 
pg/ml). Given the recommended schedule for mefloquine and its 
rapid absorpdon (tj 0-36-2 h), subinhibitory concentradons would 
be expected 8 h postingesdon, at which time Ty21a could be taken.

Commercial immunoglobulins may contain low quanddes of 
Salmonella typhi andbodies. Increased serum 5  typhi andbodies do 
not diminish immunogenicity.* The administradon of a small 
quandty of immune globulin would therefore not be expected to 
interfere with Ty21a vaccine.

H. Steinberger (Insdtute for Tropical Medicine, Vienna) found 
that Ty21a can elicit a local gut interferon response which, in 
theory, could interfere with the “take” of oral polio vaccine. The 
Centers for Disease Control (Dec 13, 1990) stated that there is
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Abstract: In Scotland since January 1990, unlinked anonymous testing o f  Guthrie cards has documented maternal 
HIV-1 antibody in neonatal blood. Districtpostcode and quarter year o f birth determined prevalence and spread o f  
infection. The Fujirebio particle agglutination assay screenedfor HIV-1 antibody, with confirmation by ELISA and 
fu ll western blotting. Births to known HIV infected women were reported to the Royal College o f  Obstetricians and 
Gynaecologists. 0.3/1000 childbearing women were infected with HIV-1 with no significant increase from 1990 to 
1992. Spread o f  infection from 11 to 26 districts has occurred. In 1990, 74%(14/19) ofHIV positive deliveries were 
known to obstetricians falling to 33%(7/21) in 1992. Spread o f HIV-1 infection has occurred to mothers who live 
outside closely defined areas and who do not belong to recognised high risk groups. In Scotland, two thirds o f  
mothers and their infants will not receive early prophylactic care fo r  their HIV disease.

Key words: HIV seropositivity; Scotland; metabolism, inbom errors; mothers; infant; newbom; epidemiology; 
agglutination tests.

Introduction

W e have previously reported, for 1990 and 1991, the 
prevalence of matemal HIV infection in Scotland based 

on anonymous unlinked HIV testing of newbom babies.'-  ̂ Since 
1989, pregnancies and births to known HIV infected women 
have been reported by obstetricians throughout the UK to the 
Royal College of Obstetricians and Gynaecologists.^ Together, 
these two surveillance systems demonstrate spread of matemal 
HIV infection.

Subjects and methods
The HIV-1 antibody(anti-H lV-l) status o f 99.6% of 
childbearing women in Scotland has been continually assessed 
since January 1990.* Matemal anti-HIV-1 has been detected 
using residual routine neonatal Guthrie samples. All samples 
were screened using a modified gelatin particle agglutination 
assay (GPA, Fujirebio). Reactive samples were confirmed by

Correspondence to and reprints from D r  D . M . Tappin, Department o f  
Child Health, Royal Hospital for Sick Children, Yorkhill, Glasgow, 0 3  
8SJ.

Table 1

“Home” location of HIV antibody positive mothers; 
Scotland 1990-92.

Location Number of tests 
1990 1991 1992

Positive results: year 
1990 1991 1992

Prevalence 
1990 1991 1992

Glasgow 16308 16781 16237 0 5 1 0.0 0.3 0.1

Edinburgh 5276 5471 5237 13 9 6 2.4 1.6 1.1

Dundee 2130 2210 2118 3 0 6 1.4 0.0 2.8

Aberdeen 2850 2891 2834 2 2 3 0.7 0.7 1.1

Others 39209 39405 39093 1 3 5 0.03 0.08 0.12

Scotland 65773 66758 65519 19 19 21 0.3 0.3 0.3

Glasgow refers to all mothers living in Glasgow postcode districts; Gl-84. 
Edinburgh refers to Edinburgh City: EH 1-17.
Dundee refers to postcode districts: DDl-5.
Aberdeen refers to postcode districts: ABl and 2.
♦Prevalence per 1000 live births surviving to 7 days of age.
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Table II

Comparison of Guthrie Testing with 
births to known I I I V  infected mothers

1990 1991 1992
Guthrie Known Guthrie 1Known Guthrie Known

Edinburgh 13 13 9 7 6 3
Glasgow 0 0 5 5 I 1
Dundee 3 1 0 0 6 3
Aberdeen 2 0 2 0 3 0
Others 1 0 3 0 5 0

Total 19 14 19 12 21 7

January 1990 to June 1991 July 1991 to December 1992

‘Guthrie’ refers to babies who were found to be anti-HIV-1 positive by 
unlinked anonymous testing of neonatal Inbom Errors screening cards. 
‘Known’ refers to babies in Scotland bom to mothers who were known by 
their obstetricians, to be infected with HIV.

both enzyme linked immunosorbent assay and full Westem blot.̂  
Results were anonymous and unlinked from identifying 
information. District postcode and quarter year of birth were 
retained to assess HIV spread in Scotland.

Since 1989, pregnancies and births to known HIV infected 
women have been reported by obstetricians throughout the UK 
to the Royal College of Obstetricians and Gynaecologists.^

It was possible to cross-check HIV positive births from both 
surveillance systems with reference to postcode district and 
quarter year of birth. For Edinburgh and Dundee, DMT also 
made direct contact with obstetricians FDJ and RS to obtain 
information.

Results
Guthrie HIV- 1 antibody testing: Eight hundred and ninety- 
one cards were excluded because their origin was either Orkney 
(722) or outside Scotland (169) and 39 cards were not tested 
because of parental refusal (10 from 1990, 12 from 1991 and
17 from 1992). Of 198,075 dried blood discs punched from 
Guthrie cards, 12 contained insufficient blood and 13 did not 
elute from blood spots. The remaining 198,050 (99.6%) .were 
tested.

Seventy-two eluates were reactive in the screening test and 
59 were confirmed positive by ELISA and westem blot. Table 
I shows the geographic “home” location of HIV infected mothers 
from 1990 to 1992. Figure I illustrates the change in distribution 
of HIV-1 antibody positive childbearing women from the first
18 months to the second 18 months of testing. During the 18 
month period from January 1990 to June 1991 HIV infected 
childbearing women lived in 11 districts, 10 inner city and one 
suburban. Over the next 18 months, July 1991 to December 
1992, they lived in 26 districts, which included three suburban 
and five rural districts.
Known HIV-1 antibody positive births: Table 2 compares 
neonatal anonymous data for babies born in 1990, 1991 and 
1992 with births to known HIV antibody positive mothers, 
reported by obstetricians, over the same period. It can be seen 
that known cases have diminished while neonatal totals have 
increased.

In Edinburgh City in 1990, the same number of HIV antibody 
positive cases were known as those found on, neonatal 
anonymous testing. In 1992, only half the births were to known 
HIV antibody positive mothers.

Discussion
At first sight the static prevalence o f HIV-1 antibodies in

ABERDEEN

DUNDEE
iSGOW

EDINBURGH

Fig. 1 Geographic location of mother's home for babies born in the 18 
month period January 1990 to June 1991 compared with a similar time 
period July 1991 to December 1992
Each filled square represents a single postcode district in which mothers 
lived who gave birth to anti-HIV-1 positive babies

childbearing women in Scotland, 0.3/1000, for three years is 
reassuring.
Geographic spread from 1990 to 1992: Childbearing women 
were confined to 10 inner city and one suburban district during 
the first 18 months of testing. Spread is seen to many more (26) 
districts during the next 18 months with HIV antibody positive 
mothers living in three suburban and five rural districts.

In Edinburgh itself, during the first period of testing 20 HIV 
antibody positive mothers lived in six inner city districts. During 
the second period eight HIV positive mothers lived in eight 
inner city(EHl-I7) districts with three others living in three 
suburban districts surrounding Edinburgh. The decrease in new 
mothers known to be HIV antibody positive who lived in 
Edinburgh (Table II), may result from early infection by 
injection drug use in 1983-1985. This group have now largely 
completed child-bearing (personal communication Dr F. D. 
Johnstone) .
Spread from known high risk mothers to unknown mothers
During 1990 most mothers were known to health care workers, 
14 of 19 (74%), and could receive counselling, and care for 
their infants. All known mothers were from high risk groups 
being either intravenous drug users or partners of intravenous 
drug users. It is very disturbing that in 1992 only seven of 21 
(33%) mothers were known to health care workers in Scotland 
(Table II). The reduction in recognised HIV positive 
pregnancies, from 74% to 33%, may reflect spread of infection 
from high risk women to other groups.

The prevalence of HIV infection in childbearing women in 
Scotland has not increased over a three year period but spread 
has occurred both geographically and from known high risk 
mothers to unknown mothers. Two thirds of mothers aqd their 
infants are now not known to health care workers at delivery 
and therefore cannot receive counselling, advice and the 
opportunity of prophylactic treatment.
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