
The development and evaluation of dried 

blood spot technology for the study of 
blood borne infections

A thesis submitted for the degree of Doctor of Philosophy at the 

University of London, Faculty of Medicine

by

Simon Philip Parker 

BSc(Hons) FIMBS

Department of Virology,

Institute of Child Health, University College London,

London

2002



ProQuest Number: U643010

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest U643010

Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



Abstract

The use of capillary whole blood, blotted onto filter paper was introduced by Guthrie in 

1963 as an ideal means of screening for metabolic diseases in neonates. These ‘dried 

blood spot samples’ (DBS) contain IgG antibodies that are primarily of maternal origin 

and thus provide an ideal sample for prevalence studies in women. Studies using 

simulated DBS, showed that antibody could be retrieved from DBS adequately stored for 

long periods of time and that the elution of antibody from the filter paper matrix was 

reliable. It was then possible to develop and modify low cost immunoassays for the 

detection of antibodies to hepatitis C virus (HCV), human T cell lymphotropic virus 

(HTLV) and HIV-1. This was followed by the installation and maintenance of extensive 

anonymous epidemiological surveys using DBS taken from the Guthrie cards of neonates 

bom in south-east England. The anti-HIV-1 and HTLV screening assays were based on a 

modification of commercial agglutination assays whilst an ‘in house’ ELISA was 

developed for the detection of anti-HCV IgG. The presence of specific antibody was 

confirmed using selected commercial assays and an ‘in house’ anti-HIV-1 serotyping 

ELISA adapted for use with DBS.

Over a 15 month period, more than 120,000 DBS were collected and tested using the 

three serological algorithms. Screening and confirmation was possible using a single 

eluate derived from two DBS punched from each Guthrie card. Epidemiological data, 

including mother’s age and country of origin, was made available from a proportion of 

the DBS tested. Results confirmed a higher prevalence of HCV in women residing in 

Inner London and those bom in southem Europe or Asia. Other results confirmed that the 

highest prevalence of HIV-1 was in those women residing in Inner London and bom in 

sub-Saharan Africa and for HTLV-I in women bom in the Caribbean.

Low cost, long-range postal and shipping surveys for anti-HCV, HTLV and HIV-1 were 

implemented in South Africa, and Pakistan, countries with wide ranging epidemiological 

needs. The serological algorithms described and the renewed interests in the application 

of DBS for epidemiological study have led to studies in many other countries.
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Preface

The following chapters describe aspects of the use of the dried blood spot sample (DBS) 

as an alternative to serum for large-scale epidemiological studies, both in this country 

and abroad. The overall strategy of the project was to develop cheap, low technology, 

high throughput methods to carry out large-scale seroprevalence studies using Guthrie 

card samples from London and the south east of England. Once the effectiveness of the 

methodology was confirmed, it was intended to extend its use to studies abroad.

DBS, which in the UK are taken anonymously from Guthrie cards after routine metabolic 

screening, have proven to be a valuable research tool for the detection of passively 

acquired maternal antibodies within neonatal blood. A historical guide to the origin of 

these samples, how they first became of interest to the microbiologist and gained 

universal acceptance as a tool for serological analysis is described in Chapter 1.0. This 

chapter was adapted from an invited review (Parker and Cubitt, 1999, publications listed 

at back of thesis).

The use of DBS appears to have been widespread but our knowledge of the 

standardisation of the technology, in the context of the proposed seroprevalence studies, 

needed to be reviewed. Consequently, Chapter 2.0 describes in detail, preliminary work 

carried out to investigate the effect on antibody levels, of long-term storage, in 

favourable and unfavourable conditions. It was also important to look at the efficacy of 

eluting antibodies from different grades of filter paper with different reagents.

Chapters 3.0 and 4.0 describe the development and evaluation of algorithms for the 

detection and confirmation of specific antibody to HTLV-I and II, HIV-1 and HCV in 

DBS eluates. This includes newly developed ‘in house’ assays and modified commercial 

assays. Chapters 5.0, 6.0 and 7.0 describe the use of these algorithms for seroprevalence 

studies using neonatal DBS taken from Guthrie cards collected from babies bom in 

London and the south east of England. The study was carried out over a 15-month 

period, between 1997 and 1998. During previous surveys, the only information available 

from the Guthrie card was the district of residence. Novel computer programming 

developed by workers at the Department of Epidemiology and Biostatistics at ICH was 

used to provide additional epidemiological data, which was linked to the DBS result.

14



whilst still preserving anonymity. The seroprevalence results derived using this data are 

discussed.

These low technology methods are ideally suited for studies in other countries either by 

technology transfer or using DBS taken in remote areas and sent to laboratories 

elsewhere. Two seroprevalence studies were carried out in South Africa and in Pakistan. 

The methodology used and results of these studies are described in Chapter 8.0.

Finally the advantages of DBS, the acceptability of the algorithms for DBS testing, the 

impact of the seroprevalence studies in the UK and the potential for further testing in 

other countries are discussed in Chapter 9.0.
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Chapter 1.0 

An introduction to the use of the 

dried blood spot sample (DBS)/

 ̂ Published in part in Parker and Cubitt, 1999.
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1.1 Introduction

The Guthrie card consists of capillary whole blood obtained by heel or fingerprick 

blotted on to a filter paper. The Guthrie card sample has been shown to be a useful 

medium for the detection of the markers of phenylketonuria (PKU) in 2-9 day old 

babies (Guthrie and Susi, 1963). Since screening for PKU was extended to the whole 

of the UK in 1969/70, Guthrie card samples have been collected routinely from 

neonates in over 20 countries. More recently screening has been extended to identify 

markers of congenital hypothyroidism and sickle cell disorders (Levy 1984; 

Henderson et al., 1991; Smith et al., 1991). The use of DBS for the detection of 

markers of disease such as medium chain acyl CoA dehydrogenase (MCAD 

deficiency), human chorionic gonadotrophin in Down syndrome, glycated 

haemoglobin in insulin dependent diabetes, and the estimation of drug levels have also 

been investigated (Gay et al., 1992; Spencer et al., 1993; Henderson et al., 1997; 

Dezateux 1998) (Table 1.1). The limitations of sensitivity and specificity when 

screening such small volumes of blood (equivalent to 5-lOjU.l) restricted the use of 

dried blood spots (DBS) for many years. However, recent advances such as the 

production of monoclonal antibodies, expression of synthetic proteins and the 

introduction of PCR have overcome many of these problems allowing the potential of 

a vast bank of stored DBS to be realised by biochemists, geneticists and 

microbiologists.

Neonatal blood contains IgG antibodies primarily of maternal origin. This has enabled 

extensive studies to be performed on neonatal DBS to estimate the seroprevalence of 

infections in women of childbearing age (Table 1.2). Similarly, DBS obtained from 

children and adults have been used to carry out seroprevalence surveys in many parts 

of the world and for the diagnosis of infections (Tables 1.3 and 1.4).

1.2 The dried blood spot sample

Peripheral blood is blotted onto high quality filter paper, which is collected by piercing 

the skin of either a finger or heel with a sterilette™. The most common grades of 

paper used for blood collection are S&S 2992 or S&S 903, both manufactured by 

Schleicher&Scheull UK Ltd. S&S 903 formerly the USA standard has now become

17



the International standard for the production of Guthrie cards. The use of Whatman 

grades 1 and 3 filter paper has also been reported in the literature (Knudsen et al., 

1993; Williamson 1997). Once blotted, the DBS should be allowed to air dry and then 

stored at room temperature in a dry place. Ideally for long-term storage the samples are 

kept in low gas permeable bags that contain desiccant to reduce humidity. Samples can 

be tested immediately, stored at ambient temperature even under tropical conditions 

(Behets et a l ,  1992) or frozen at -20°C, where the level of IgG antibodies have been 

reported to remain stable for several years (Evengard et a l, 1989; Vandenakker et a l, 

1990; Hannon et a l ,  1993).

Table 1.1 Non microbiological assays associated with the use of DBS

Marker Methodology Country Reference
Metabolic
disorders
Phenylketonuria phenylalanine Bacterial inhibition assay UK (Smith et at., 1991)

Congenital
hypothyroidism

thyroid stimulating 
hormone TSH

RIA (Levy, 1984)

MCAD deficiency Acyl carnitine Tandem MS USA (Morton & Kelley, 1990)

Toxicology
Lead poisoning Lead Atomic absorption 

spectrometry
USA (Holtrop etal., 1998)

Cocaine abuse benzoylecgonine Mass Spectrometry USA (Henderson era/., 1997)

Misc.
Sickle cell 
anaemia

haemaglobin S Iso electric focusing UK (Henderson, et al., 1991)

Down syndrome beta-hcg UK (Spencer er a/., 1993)
Diabetes mellitus

Nucleic acid 
based

GH Ion exchange 
chromatography

USA (Gay etal., 1992)

Cystic fibrosis D508 mutation PCR USA (Ropfer et a l, 1995)
type-1 diabetes DQBl alleles Triple label hybridisation Finland (Sjoroos e ta l ,  1995)

alpha-
thalassaemia

SEA deletion Southem blot USA (Harada et a l ,  1994)
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Table 1.2 Anonymous surveys based on DBS testing

Agent Country Assay Reference
HIV USA ELISA & western Blot 

As above
(Gwinn et at., 1992) 
(Grady, 1994)

Scotland GPA & western blot (Tappin eta l., 1991)

England GPA & western Blot GACPAT & 
western blot

(Peckham et al., 1990) 
(Ades et al., 1991) 
(Dadswell et al., 1992)

Toxoplasma gondii England Latex agglutination test (Parker and Cubitt, 1992)

Denmark ELISA (Lebech & Petersen, 1995)

Eire Latex agglutination test (Cafferkey et al., 1997)

Table 1.3 DBS protocols and sentinel surveys based on the use of DBS collected 

on filter paper

Agent Study Assay
Type

Country o f survey Reference

Viral
HBV & HAV Prevalence of markers RIA

RPHA
Saudi Arabia (Farzadegan et al., 1978)

HBV Epidemiology RIA Italy (Villa al., 1981)
Rubella ELISA Denmark (Vejtorp and Leerhoy, 

1981)
H BV& HAV WHO field studies RIA Sao Tome (Zoulek et a/., 1985)
Measles Vaccine study HAI Guinea-Bissau (Jensen et al., 1994)

Vaccine study ELISA Italy (Grandolfo et al., 1998)
Measles, Mumps & 
Rubella

MMR vaccine study ELISA Italy (Condorelli etal., 1994) 
(Condorelli et a/., 1998)

HAV Prevalence study ELISA Spain (Navas etal., 1995)

Bacterial
Mycobacterium leprae Epidemiological study PA India (Sekar and Anandan, 

1992)
Diphtheria & Tetanus Immunity study and vaccine ELISA Australia (Nikoletti, 1994)
antitoxin monitoring ToBl Viernam (Hong etal., 1997)

Protozoan
Trypanosoma cruzii 

Helminth

Chagas IFAT, HA 
ELISA

Brazil (Zicker et aZ., 1990)

Echinococcus granulosus Hydatidiosis ELISA
ELISA

Argentina
Kenya

(Coltorti et al., 1988) 
(Kenny and MacCabe, 
1993)
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Table 1.4 DBS based protocols specific for the serodiagnosis of infection

Agent Disease Assay type Country Reference

Viral
Measles Measles HAI USA (Wassilak etal., 1984)
Dengue Dengue fever ELISA Brazil (Vazquez er a/., 1991)

ELISA Thailand (Ruangturakit et al., 1994)
Rubella Rubella HAI, spmrr Thailand (Punnarugsa and Mungmee,

1991)
Bacterial
Mycobacterium leprae Leprosy RIA India (Patil et al., 1990)

PA India (Sekar and Anandan, 1992)
Helicobacter pylori Dyspepsia ELISA Australia (Huang et a/., 1991)
Brucella sp. Human brucellosis IgM-ELISA Spain (Takkouche et al.,1995)
Treponema pallidum Syphilis GPA England (Coates et al., 1998)

Protozoan
Plasmodium falciparum Malaria ELISA Venezuela (Perez and Bolivar, 1989)
Toxoplasm gondii Congenital toxoplasmosis ELISA USA (Hsu eta l., 1992)

Dye test England (Patel and Holliman, 1994)
ELISA Denmark (Lebech and Petersen, 1995)

Giardia lamblia Giardia ELISA Saudi Arabia (Altukhi et a l, 1993)
Leishmania sp. Kala-azar Dot-ELISA India (Gupta e ta l ,  1993)

Leishmaniasis PA India (Addy and Nandy, 1995)
Trypanasoma cruzi Chagas IFAT, HAI, Brazil (Machadocoelho e ta l ,  1995)

ELISA
Helminths
Schistosoma haematobium Bilharzia ELISA Somalia (Evengard er a/., 1988)
Brugia malayi Filariasis IgG^-ELISA Indonesia (Terhell et a l ,  1996)

1.3 Advantages of DBS

a) Reduction of risks

The collection of capillary blood on filter paper has significant advantages over 

venepuncture particularly when bleeding neonates; it is simple to perform, requires 

minimal training and does not involve the risks associated with the use and disposal of 

needles and syringes.

The DBS represents a low infectious hazard as some viruses such as HIV-1&2, 

HTLV-I&n and HCV, known to be present in serum or plasma, lose infectivity due to 

envelope disruption on drying (Resnisk et al., 1986). However high concentrations of 

viral particles that are more resistant to desiccation, for example HBV, may remain 

viable for longer periods (Shikata et al, 1978).

Risks associated with shipping DBS are minimised as unlike sera or plasma, there is 

no risk of leaking or breakage in transit and there is no requirement for carriage on dry
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ice. The handling of potentially infected material is also reduced as the need to 

centrifuge and separate sera from blood clots is eliminated.

b) Economic advantages

Collection and processing of DBS is considerably cheaper than samples collected by 

venupuncture. Sterilettes^^ are available at a one third of the price of sterile 

disposable needles and syringes in the UK (Williamson, 1997). DBS can be readily 

shipped in sealed envelopes to reference centres whereas sera need to be packed in 

break-proof containers. The transport of frozen materials may require the use of dry 

ice, requiring further specialised handling, adding expense and considerable weight to 

the item.

c) Surveillance

Large-scale epidemiological surveys can be performed rapidly, enabling strategic 

decisions to be made about targeting ‘at risk’ populations. This may be particularly 

valuable for monitoring herd immunity and the extent of vaccine coverage at a time 

when the eradication of several viruses e.g. Polio, Measles, Mumps and Rubella, is in 

prospect in many parts of the world. The Guthrie card or neonatal DBS has the 

potential to provide information on the prevalence of antibody to a pathogen in 

pregnant women. This data can provide a more representative indication of the impact 

of blood borne diseases within a community compared to blood donor screening. 

Within the UK, nearly all neonates are included in the Guthrie card programme for 

metabolic screening (Smith et al., 1991). Thus with the exception of women who have 

terminations, a seroprevalence study using Guthrie card samples will include nearly all 

child bearing women.

1.4 The application of DBS technology

Following the historical use of DBS to study the prevalence of HBV (Farzadegan et 

a l, 1978), Measles (Wassilak et a l,  1984) and Rubella (Vejtorp and Leerhoy, 1981) 

the feasibility of using similar technology for sentinel surveillance of HTV in the 

developing world was evaluated (Farzadegan et al., 1987; Nielsen et al., 1987; Arya,
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1988). At the same time the need for an inexpensive and effective means of 

monitoring the extent of HTV in Europe (Vamier et a l ,  1988; Evengard et al., 1989) 

and the USA (Hoff et a l, 1988) was being increasingly recognised.

a) Surveillance of HIV

Initial doubts over the sensitivity and specificity of DBS-based serological assays were 

dispelled in studies that showed greater than 99% concordance in the parallel testing 

of DBS and sera (Fortes et at., 1989; Beebe et al., 1990; Hannon et al., 1993). 

Furthermore, studies demonstrated that concerns about the presence of haem in the 

eluate and adverse storage e.g. in tropical conditions, causing false reactions, were 

unfounded (Evengard et al., 1989; Behets et al., 1992; Arya 1993; Hannon et al.,

1993).

The prevalence of antibodies to HIV-1 in pregnant women, based on the testing of 

anonymous DBS obtained from neonates was first reported in the USA (Hoff et al., 

1988). Laboratories at CDC, Atlanta continue to perform anonymous anti-HTV-1 

neonatal testing. These laboratories also have an extensive newborn screening quality 

assurance program (NSQAP) that distributes test panels of anti-HTV positive and 

negative DBS throughout the USA and overseas (Hannon et al., 1989). In 1990, after 

a successful pilot study, anonymous neonatal testing was introduced in the UK 

(Peckham et al., 1990; Ades et al., 1991; Tappin et al., 1991; Dadswell et al., 1992). 

In addition, a quality assurance programme, similar to that developed in the USA was 

piloted by the CPHL in London (Parry et al., 1992).

b) Toxoplasma gondii

Toxoplasma gondii is recognised to be a major cause of congenital infection, which 

may result in mental retardation and late onset chorioretinitis. However, the 

prevalence of infection has been found to vary widely according to country of birth 

and ethnic group (Gilbert et al., 1993). Subsequently a modified latex test costing less 

than 5p/test was used in extensive surveys to determine the maternal prevalence of 

antibodies in London. The results of screening over 12,000 neonatal DBS showed the 

rate in UK bom women in Inner London was 12.5% (Parker and Cubitt, 1992). In

22



1995 this test was transferred to Eire, where over 16,000 neonatal DBS, representing 

33% of live births were screened for toxoplasma IgG. The results showed a prevalence 

ranging from 20.3% in urban Dublin to 45% in rural areas (Cafferkey et al., 1997).

c) Detection of nucleic acid in DBS

The use of DBS for the detection of nucleic acid was first realised in 1987, when DNA 

was released from the filter paper by micro-extraction for the purposes of newborn 

screening (Mccabe et al., 1987). The molecular analysis of DNA obtained from 

neonates has enabled the detection of genetic mutations responsible for conditions 

such as cystic fibrosis (Spence et al., 1991; Hopfer et al., 1995) oncogenesis (Fishbein 

and Kirsch, 1993) markers of type 1 diabetes (Sjoroos et a l,  1995) and alpha- 

thalassemia (Harada et al. 1994).

The stability of DNA within DBS has made it possible to apply PCR to detect proviral 

HTV DNA sequences several months after sample collection, even when DBS had 

been held at room temperature (Cassol et al., 1992b; Comeau et al., 1993). Recent 

studies have shown that HIV DNA and RNA can be recovered after 5 years without 

refrigeration (Cassol et al., 1997) which may provide the potential for retrospective 

surveys and the use of stored Guthrie cards as ‘DNA’ banks (McEwen and Reilly,

1994).

An unexpected benefit of storage is that inhibitors of PCR such as protein, 

haemoglobin and iron seem to become increasingly resistant to elution, whereas 

‘fixation’ of nucleic acid to the matrix of the filter paper seems to aid stability and 

does not impair elution (Makowski et al., 1996).

The ability to detect HTV proviral DNA in DBS obtained from neonates has been 

utilised in several retrospective studies to estimate rates of vertical transmission 

(Youmo 1993; Cassol et al., 1994; Kunisada et al., 1994; Nyambi et a l ,  1994; 

Comeau et al., 1996; Panteleeff et al. 1999). However it has been shown that there are 

some limitations to the use of Guthrie cards: proviral DNA could only be detected in 

50% of infected children aged less than 10 days, the time at which samples are 

generally collected from neonates in the UK. In contrast, virtually all infected children 

were identified when DBS obtained from infants aged 1 month were tested (Comeau
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et al., 1996). Amplification of DNA has enabled sequences encoding the gag and env 

regions to be studied, providing valuable epidemiological data about the geographical 

distribution of HTV subtypes (Cassol et al., 1996; Panteleeff et al. 1999). 

Quantification of HIV-1 RNA using kit based amplifieation teehnology in the form of 

NASBA and Amplicor-HTV has been described using dried plasma spots colleeted on 

filter paper (Cassol et al., 1997). PCR methods have also been developed to detect 

nucleotide sequences from DBS obtained from neonates infected with CMV (Shibata 

et al., 1994) and patients infected with HTLV-I (Noda et a l, 1993).

1.5 Concluding remarks

Significant increases in the sensitivity and specifieity of diagnostic tests have allowed 

the detection of minute quantities of antibody in DBS, saliva and urine. These samples 

herald a move away from invasive teehniques and the need to obtain large volumes of 

blood. The use of these non-invasive methods of eollection is mueh more convenient 

than venupuncture (Mortimer and Parry, 1991). The sensitivity of saliva testing is 

reliant on the presenee of immunoglobulin rich crevicular fluid, requiring specialised 

colleetion deviees. Urine has also proven to be a useful clinical specimen for 

surveillance studies but storage at -20°C reduees antibody levels, making prolonged 

storage problematic (Connell, et al., 1993). DBS have an advantage over saliva 

samples in that the quality of the sample is less variable and transport and storage are 

eomparatively simple.

The applieation of the DBS teehniques described is ideally suited to surveillance in 

eountries with limited resourees and in those participating in large anonymous 

epidemiological surveys. The ease of transport can ensure effeetive quality eontrol 

measures are put in plaee, highlighted by the suceess of the NSQAP, CDC, Atlanta in 

the shipment of anti-HTV-1 positive and negative DBS to international participants 

involved in newborn anonymous HTV sereening programs (Hannon, et a l,  1989).
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Chapter 2.0 

Efficacy of elution and antibody 

stability in DBS
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2.1 Introduction

Although DBS have been in used in serological studies for many years, the efficiency 

of antibody elution and the stability of antibody during prolonged storage are 

important issues. Reductions in antibody levels as a result of inappropriate or 

prolonged storage or due to inefficient elution invariably result in a loss of assay 

sensitivity. There are few available data on the storage, elution and quality control of 

DBS testing. Studies have been carried out at the Newborn Quality Screening 

Assurance Programme (NSQAP) on DBS stored at 4°C and -20°C as part of an HTV 

screening program, in the USA, but data analysis was restricted to inter laboratory 

anti-HIV-1 ELISA test results (Newborn Screening Quality Assurance Program, 

1998). Limited studies of storage conditions elsewhere, indicated that -20°C was the 

optimal temperature for prolonged storage of DBS (Fortes et al., 1989).

Three types of paper, S&S 2992 and S&S 293 (Schleicher and Scheull, UK Ltd) and 

Whatman BFC180 (Whatman International Ltd, UK) are widely available in the UK 

and are used specifically for the collection of blood from neonates for metabolic 

screening. In addition to these, other papers, for example Whatman grades 1 and 3, 

have been used in sentinel surveys carried out in other countries (Pannarugsa et ah, 

1991; Knudson et at., 1993; Williamson, 1997). Selection has often been based on 

availability or cost but each paper has physical characteristics e.g. quality, pore size 

and thickness that influence their suitability for serological studies. Data are available 

for those papers specifically designed for blood collection (Table 2.1). Estimates of 

the average volume of serum contained within DBS of different radii were calculated 

for three blood collection papers using values provided by the manufacturers (Table 

2.1). The estimated serum volume within 5.5mm diameter DBS was similar (3.80- 

3.92 /xl) in the papers included in this table.

At ICH, Guthrie cards are stored for up to three months at ambient temperature (18- 

22°C) prior to their availability for anonymous anti-HIV testing. The first aim of this 

section of the study was to optimise the efficiency of the elution process by 

investigating the effect of different buffers and incubation conditions. Secondly, the 

influence of prolonged storage, the effects of adverse conditions and the use of 

different types of filter paper, including those most available to laboratories outside of 

the UK were investigated.
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Table 2.1 Comparison of the serum capacity of different standards of blood collection 

papers.

Paper grade 

t'

Punch diameter 

(mm)

Radius ( r ) r ' Serum (jul)

S&S 903 3.0 1.5 2.25 1.13

t=0.160 4.9 2.45 6 . 0 0 3.02

5.5 2.75 7.56 3.80

6.3 (1/4 inch) 3.15 9.92 5.00^

S&S 2992 3.0 1.5 2.25 1.17^

t= 0.165 4.9 2.45 6 . 0 0 3.11

5.5 2.75 7.56 3.92

Whatman BFC180 3.2 (1/8 inch) 1.58 2.48 1.26"

t=0.162 5.5 2.75 7.56 3.85

t= thickness in mm

^Serum volume provided by National Committee for Clinical Laboratory Standards (USA) 

^Serum volume provided by Whatman International Ltd, UK

It was proposed to use the anti-c22 IgG HCV ELISA developed and optimised as part 

of the anti-HCV algorithm described in Chapter 4.0 to investigate the elution of 

specific anti-c22 from simulated anti-HCV positive DBS under different conditions. 

In order to investigate antibody stability within DBS, an anti-human IgG ELISA was 

developed to measure the quantity of IgG released from DBS, stored under different 

conditions and for increasing periods of time.

2,2 Materials and methods

2.2.1 Antibody elution

Preparation o f blood spots: To investigate the effect of different buffers and 

incubation conditions on the efficiency of elution, simulated high and low anti-HCV 

positive and anti-HCV negative DBS were prepared using the method of Hannon et al 

(1989) and HCV reference sera, (refer Section 4.2, page 72).
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Ejfect o f shaking during elution: Four 5.5 mm diameter DBS of each type were 

punched, using a commercially available hole punch (HMSO) into the wells of a flat- 

bottomed microtitre plate (Griener Labortechnik). DBS were eluted in 100 /xl of PBS 

(pH 7.4) or PBS containing either 0.05% Tween 20 (Sigma UK Ltd) or 0.05% Tween 

80 (Sigma). Plates were shaken for different time periods (0 to 360 min) sealed and 

held at 4°C overnight. Eluates were then tested for the presence of specific anti-c22 

IgG by ELISA.

Ejfect o f  the duration o f  elution at different temperatures: Sets of four 5.5 mm 

diameter DBS were punched into wells of flat-bottomed microtitre plates and eluted 

using 100 pi of PBS containing 0.05% Tween 80. Plates were shaken for 1 min, 

sealed and left to elute over a 24 h period either at 4°C, ambient temperature (18- 

22°C) or 37°C. At pre-selected time intervals, eluates was removed and tested 

immediately for the presence of anti-c22 IgG by ELISA.

Anti-c22 IgG ELISA: the optimisation of an anti-c22 ELISA is described in Section 

4.2. A positive anti-HCV eluate was used to produce a titration curve (four serial 

dilutions) of the optical density at A450 nm against anti-c22. The application of this 

ELISA to DBS eluates in this section of the study is outlined in Figure 2.1. Results 

were analysed using One-Way ANOVA and the Tukey-Kramer test (derivative of the 

former that allows multiple comparisons). Regression analysis and correlation tests 

were carried out and illustrated using PRISM 3 (GraphPad Software 1999).

2.2.2 Stability of antibody

Preparation o f blood spots: To investigate antibody stability in DBS, fresh whole 

venous blood was taken from a volunteer and placed in EDTA. Immediately, 100 p\ 

aliquots were spotted onto different types of filter paper, namely S&S 2992 (used in 

the UK Guthrie card at the time of project) and Whatman papers BFC180, N o.l and 

No.3. Each set of papers was suspended on racks and allowed to air dry for 48 h at 

ambient temperature (18-22°C) according to the method of Hannon et al (1989). Once 

dry, ten 5.5 mm diameter DBS were punched, as before into gas permeable bags for 

storage for a period of up to 250 days either at -20°C, 4°C, ambient temperature (daily 

range 18-22°C) or 37°C. A humidity indicator and desiccant pouches were included 

in each batch of DBS.
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Fig 2.1 In-house ELISA for the detection o f anti-c22 IgG in DBS eluates

I.

2 .

3. Wash

II .

oooooo
10.

c22-3 capture

o ooooooo

9. Wash
Details

1. Plates were coated with 100 pi of a 1:1000 dilution 
of c22-3 recombinant protein in PBS pH 7.4 overnight 
at4°C ,(2y

« 3. Wells washed twice with wash buffer (350 pl/well).

8 . f 4. 200 pi of blocking buffer (5% Goat serum/PBS) was
 ̂ added to each well and incubated for 2 ha t 37°C.

I I I Sample
eluate I I 5. Wash twice as before.

f Anti-IgG HRP 
conjugate

7. Wash 
- E T

4. 6.

I l l I I
5. Wash

6 . 100 pi of a 1:20 (5+9 5pl) dilution of eluate was 
added to each well and incubated for 2 hat 37°C.

7. Wells washed five times.

8 . 100 pi of rabbit anti-human IgG HRP conjugate at 
1:2000 (DAKO, P214) was added to each well and 
incubated for 1 h at 37°C.

9. Wells washed 5 times.

10.100 pi of TMB liquid substrate (Bionostics Ltd) 
was added to each well and incubated for 5 min at 
20°C. The reaction was then stopped with 25 pi H2 SO4 

and read at A450nm, (11).
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Elution o f DBS: At the preselected time periods, ten DBS from each batch, stored 

under different conditions, were eluted overnight at 4°C with 100 /xl of PBS 

containing 0.05% Tween 80 in wells of a flat-bottomed microtitre plate (Griener 

Labortechnik). Eluates were then analysed for the presence of human IgG using an 

anti-human IgG ELISA.

Anti-human IgG ELISA

i) Optimisation and calibration

The anti-human IgG ELISA was optimised using a chessboard of coating antibody 

(goat anti-human IgG, 1-9885 Sigma) against sample dilution, using a reference 

human IgG reagent (1-2511, Sigma).

ii) Application to DBS eluates

The reference IgG sample (I 25II Sigma UK Ltd) was used to produce a calibration 

curve, using 10-fold dilution steps from 1000 jLig/ml to 1 xlO’̂ /xg/ml, in duplicate, on 

every ELISA plate. The mean A450nm (minus the A450nm of the blank) of each set 

of DBS was used to calculate the quantity of human IgG in /rg and this was plotted 

against time. Positive control eluates were prepared in order to control for inter assay 

variation. These controls consisted of a set of 5 DBS, eluted immediately after 

punching. Eluates were then divided into 50 /xl aliquots and frozen at -20°C in small 

volume microtubes. A recently thawed positive control eluate was included in every 

assay run. Blank DBS that had been subjected to the same elution process were used 

as negative controls. Results were analysed using One-Way ANOVA and the Tukey- 

Kramer multiple comparison test.
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2.3 Results

2.3.1 Antibody elution

i. Anti-c22 IgG ELISA: Using a titration series of anti-HCV positive eluate, it was 

observed that the OD readings were approximately linear over a wide range of 

A450nm and eluate dilution (1:2000 to 1:40,000) (Figure 2.2).

Figure 2.2 Titration curve of anti-HCV 
positive DBS eluate 

(c22 recombinant coated at 1:1000)

2

S  1

0

1000 10000 100000

R eciprocal dilution o f  eluate

ii. Ejfect o f elution buffer and shaking

The effect of different elution buffers and shaking time on the elution of anti-c22 can 

be seen in Figure 2.3A. There was no significant difference (One-way ANOVA) 

observed in the antibody levels in DBS using the three buffers at varying shake times 

(p>0.05).

Hi. Effect o f time and temperature on elution

Results in Figure 2.3B indicate that anti-c22 elution from simulated DBS appeared to 

increase very gradually from 1 h to 12 h, but it was estimated that between 73.4 and 

93.8% of antibody had eluted after 1 h. There were no significant differences (One

way ANOVA) in elution at different temperatures (p=0.35).
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Figure 2.3 Efficiency of elution measured by anti-c22 IgG ELISA of 
simulated DBS eluted under different conditions
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2.3.2 Stability o f antibody

i. Optimisation and calibration o f  anti-human IgG ELISA

The optimal dilution of anti-IgG capture antibody was found to be 1/1000. Using this 

dilution in the ELISA and a titration series of the human IgG reference sample it was 

possible to identify a proportion of the curve between 0.01 and 1.0 pg/ml IgG that 

approached log-linearity. This indicated that the A450nm of eluates measured within 

this range would provide quantifiable results (Figure 2.4). Results of testing serial 

dilutions of the simulated DBS eluate by ELISA showed that a dilution of 1:800 was 

required to ensure the A450nm of DBS eluates were within the dynamic range. The 

final protocol for the anti-IgG ELISA is outlined in Figure 2.5 (page 34).

Figure 2.4 (Calibration curve o f  reference 
human (jug/ml) by ELISA
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Q
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Fig 2.5 In-house ELISA for the detection o f human IgG in DBS eluates 
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Details

1. Plates were coated with 100 pi of a 1:1000 dilution of 
goat anti-human IgG, (Sigma 1-9885) in Carbonate- 
Bicarbonate buffer (Sigma C-3041) overnight at 4°C,
(2 ).

3. Wells washed twice with PBS/Tween20 (0.05%) (350 
gl/well).

4. 200 |dl of blocking buffer (5% Goat serum/PBS) was 
added to each well and incubated for 2 hat 37°C.

5. Wash twice as before.

6 . 1 0 0  |il of a 1:800 dilution of eluate was added to each 
well and incubated for 2 h a t 37°C. A series of 10 fold 
dilutions of IgG standard was included on every plate.

7. Wells washed five times.

8 . 100 pi of rabbit anti-human IgG HRP conjugate 
(DAKO, P214) diluted 1:2000 in PBS was added to 
each well and incubated for 1 h at 37°C.

9. Wells washed 5 times.

10.100 pi of TMB liquid substrate was added to wells 
and incubated for 5 min at 2 0 °C. The reaction was then



ii. Application to DBS

The mean and SD of IgG (pg) obtained in eluates from each paper, at different 

temperatures is shown in Figure 2.6. Statistical analysis showed that IgG antibody 

levels decreased significantly in all the papers between 180 and 250 days (p<0.001) 

when stored at ambient temperature. This was not seen under the other storage 

conditions. Antibody levels from each filter paper source appeared to fluctuate over 

time with a similar pattern. Analysis showed these fluctuations to be significant 

(p<0.01) in DBS kept at 37°C, although when results from day 0 and day 250 were 

analysed, there was no significance difference (P>0.99). Antibody levels in DBS kept 

at -20°C appeared to increase over the period 63 to ISO days.

DBS derived from Whatman No 1, produced significantly lower results than that of 

the other papers after 250 days at ambient temperature (p<0.001 after 250 days) and 

37°C (p<0.05 after 250 days). DBS derived from Whatman No.3 paper produced 

significantly lower results (p<0.001) at 4°C, between 7 and 90 days of storage, but 

similar results to the other papers were seen at 0 days and 250 days.
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Figure 2.6 Effect o f  filter paper type and storage conditions on the elution o f IgG in eluates from
simulated DBS
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2.4 Discussion

Our studies demonstrated that the temperature used to elute antibodies was not 

critical, providing DBS were eluted for 12 h. For shorter elution times, it is 

recommended to elute DBS at 18°C-22°C. Shaking of plates had no detectable effect 

on the amount of antibody eluted into the buffer. An acceptable degree of elution was 

obtained even in the absence of detergents. The results showed that temperature did 

not have a significant effect on antibody elution. For the remainder of this study, it 

was resolved to elute DBS by shaking briefly after the addition of elution buffer (to 

immerse the DBS) and then to incubate plates for 12 h at 4°C.

The results show that antibodies remain stable over a wide range of temperatures for 

periods of up to 6  months. Continued storage of DBS at 18-22°C was not advisable as 

all the papers exhibited a similar rate of antibody decay after this time. This has 

important implications for epidemiological testing and it is recommended that DBS 

should be eluted within six months unless facilities are available for storage at 4°C or 

-20°C. Antibody in all four papers exhibited similar stability at 4°C and -20°C. As 

expected DBS derived from blood collected on filter papers specifically designed for 

this purpose were found to be most suitable. When stored at 18-22°C for up to six 

months it appeared that Whatman No.3, a cheaper paper, provided the most similar 

results to the specialised papers. Unexplained fluctuations in the IgG concentrations of 

some batches of eluates were probably as a result of the variation in sensitivity of the 

ELISA. The steep gradient of the calibration curve (Figure 2.4) may explain why 

relative small variations in A450nm can result in apparent large changes in IgG 

detected.
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Chapter 3,0 

The development and evaluation of 

serological algorithms for HIV and 

HTLV^ in DBS eluates for 

epidemiological study

 ̂Published in part in Parker et al ,  1995
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3.1 Further developm ent o f  an algorithm  for anti-H IV  

testing in DBS and the introduction o f a serotvping assay.

3.1.1 Introduction

The WHO have recently revised recommended strategies for HIV antibody testing, 

which were based on the objectives of testing, assay sensitivity and specificity, 

positive and negative predictive values and the prevalence of infection in the 

population studied (Figure 3.1 and Table 3.1).

Figure 3.1 UNAIDS and WHO recommendation for anti-HIV testing strategies 

according to test objective and prevalence of infection in the sample population 

(WHO, 1997a)

Strategy Strategy II

Key: A= assay

A1 A1

A1 -ve 
Negative

A1 +ve 
Positive

A1+ve A2+ve 
Positive

A1+V6 A2-V0 
Indeterminate

A1-ve A2-ve 
Negative

A1+ve
Positive

A1-ve
Negative

A1+ve A2-ve 
Repeat both tests

A1+ve A2 +ve 
Positive

Strategy

A3 test

A1+V0 A2-V0 A3+V0 
Indeterminate

A1+V0 A2+V0 A1+V0 A2-V0

A1+ve A2+V0 A3-ve  
indeterminate

A1+V0 A2-V0 A3-ve 
Indeterminate

A1-V0 A2 -ve 
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A1+V0 A2+V0 A3+V0 
Positive

A1+V0 A2+V0 A1+ve A2-V0 
Repeat both tests

High Risk 
Indetermiate 

Repeat after 14d

Low Risk 
Negative
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There are three main objectives in testing, which can be achieved using three testing 

strategies (Table 3.1). The choice of strategy is dependent on the prevalence of HIV 

infection so that accuracy is maximised and cost kept to a minimum. In low 

prevalence areas, additional testing is important in order to prevent an overestimate of 

seroprevalence.

Table 3.1 UNAIDS and WHO testing strategies (from WHO, 1997a)

Objective of testing Prevalence of HIV 

infection

Testing strategy

Safety of All I

transplantation

Surveillance > 1 0 % I

< 1 0 % n
Laboratory diagnosis Symptomatic >3091 I

<30% II

Asymptomatic > 1 0 % II

< 1 0 % III

3.1.1.1 The GPA test as a screening tool for anti-HIV-1

The effectiveness of the Serodia anti-HTV-1 GPA for the serological diagnosis of 

infection has already been established (Spielburg et al., 1989; Ismail et ah, 1989; 

Vercauteren et ah, 1989; Robertson, 1990). Gelatin particles have been coated with an 

HIV-1 lysate in order to detect HIV-1 specific antibodies. Assay sensitivity extends to 

antibodies derived from diverse HIV-1 strains because of the broad sensitivity of the 

m v  epitopes within the viral lysate (Simon et al., 1994). The Serodia anti-HIV-1 

GPA was identified as a potential screening tool for the testing of neonatal samples for 

anti-HIV-1 following the adaptation of ELISA technology for the anonymous 

screening of neonatal DBS in the USA (Hoff et ah, 1988). The Serodia anti-HIV-1 

GPA had already been modified for use with blood sample residues (Barbara et ah, 

1989) and was found to be suitable for the testing of UK neonatal DBS at UCMSM 

(Peckham et ah, 1990). Later, a pilot study at Reading Public Health Laboratory using
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a different modification of the same test led to the extension of neonatal DBS testing 

as part of an anonymous programme to the rest of England and Wales (Dadswell et 

a l, 1992).

The modified GPA used at UCMSM was based on the reactivity of a 1/10 dilution of 

suspended gelatin particles with specific antibody present in the eluted sample. 

Following a 15 min incubation the plates were spun at 200g and sloped at 70° on a 

light box. The absence of reaction was easily detectable as the particles formed a 

teardrop. The test was inexpensive, making it ideal for large-scale screening (personal 

communication, RS Tedder, April 1990). The original GPA was also modified for the 

cost-effective large scale screening of sera and saliva based on an anti-human IgG 

capture assay format (GACPAT). Specific HIV antibody was detected using a higher 

dilution of gelatin particles (either 1/35 or 1/50) in a second overnight incubation 

(Parry and Mortimer, 1989; Parry et a l,  1995). The sensitivity of GACPAT was 

comparable with the original test using neat particles, with a rate of false positivity of 

about 1/1000 (Parry and Mortimer, 1989). The assay has an added advantage in that a 

plate reader such as the MRX (Dynex) could be used to measure agglutination 

patterns.

3.1.1.2 Confirmatory tests for HIV

Western blot is the most popular method for the confirmation of HIV antibody in 

serum or plasma and is suitable for testing DBS eluates. However, the assay is 

relatively expensive, therefore in countries, where costs are prohibitive, another 

screening test such as the GPA or an alternative ELISA may often be used (WHO, 

1997a). CDC/APHL guidelines state antibody must be present to two of p24, gp41, 

and gpl20/gpl60 for a positive classification (Centers for Disease Control and 

Prevention, 1991). WHO guidelines state a minimum of two glycoprotein bands must 

be present (WHO, 1990). The American Red Cross requires at least one band from 

each of the gene groups, gag, pol and env, whereas the FDA requires reactivity to p24, 

p31 and a glycoprotein band (Dax, 1993). Samples that exhibit reactivity to one or 

more bands outside the guidelines chosen are termed indeterminate, whereas those 

failing to react with any bands are classed as negative. Occasional poor band quality 

can lead to inconsistent results with some sera, resulting in an unreasonable number of
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indeterminates and false positive results (Mortimer, 1991). In addition, antibodies to 

p24 and its precursor p55 may not be detected in samples from symptomatic patients 

as levels can decrease to low or undetectable levels.

3.1.1.3 Algorithm for anti-HIV-1 testing adopted in 1991

Initial screening of DBS eluates was by the modified GPA for HIY-1 with 

confirmation by Miniblot, an immunoassay that used membranes produced by a 

western blot of PAGE separated HIV-1 viral antigens (Organon Technika). This was a 

type n  testing strategy, where the seroprevalence of HIV-1 was expected to be less 

than 10% (WHO, 1997a). The summary protocol is shown in Figure 3.2.

The introduction of semi-automated equipment to dispense reagents and speed up the 

dilution process was a priority. Formally the filling of wells and the eluate dilution 

step were performed with a multi-channel pipette. The provision of semi-automated 

steps will provide better quality control and reduce the likelihood of repetitive stress 

injury. It was also intended to simplify the screening assay by allowing the particle 

and eluate mixture to react overnight in the V-well plates, rather than use a 

centrifugation step to pellet particles that had not agglutinated. This would allow a 

greater throughput of DBS and had the added advantage of reducing equipment costs 

and the risk of an accident during centrifugation. Other adjustments to the protocol 

had to be validated before being introduced (described in Figure 3.3). This included 

changes to the elution volume following the acquisition of a semi-automated machine 

(EEG Wallac Delfia 1296-071, Turku, Finland) which punched 4.9 mm diameter DBS 

rather than the 5.5 mm diameter spot used previously. Although a single 4.9mm punch 

size would provide a sufficient volume of eluate to perform anti-HIV-1 testing, in 

order to include testing for the presence of anti-HTLV-I and II and HCV, two 4.9 mm 

DBS were punched into a single well, and the volume of elution buffer increased 

accordingly. The feasibility of using reconstituted particles that had been stored at 4°C 

was investigated to ascertain whether or not the cost of reagents could be reduced. 

When Organon Technika withdrew the sale of its western blot membranes in 1999, it 

was necessary to replace the Miniblot assay). Therefore the NEW LAV-1 Western 

Blot (Sanofi-Pasteur Diagnostics) was evaluated for inclusion in the HIV algorithm as 

a confirmatory tool in this study.
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Figure 3.2 A nti-H IV -1 testing protocol for DBS, 1991-96

Sample
5.5 mm diameter DBS punched 
from Guthrie card and sorted 
into regional health districts.

Elution
DBS were placed into flat well 
microtitre plates using a needle, 
in ordered fashion across plate 
A to H and 1 to 12 and eluted 
overnight in lOOpl of 
PBS/Tween 80 (0.05%) at 4°C.

Screening
Using an automatic pipette, 5 pi of 
eluate was added to 20pl o f TPHA or 
TPPA* buffer in a V well plate. 
Gelatin particles were reconstituted 
for 30 min prior to use. Then 25 pi 
aliquots of a 1/10 suspension were 
added to each well. Plates were 
shaken for 30s and left on a vibration 
free surface for 15 min. Plates were 
then spun at 200g for 3 min before 
sloping at 70° for 5 min on a light

Repeat testing o f reactive eluates to 
obtain an end point titre and non
reactives discarded.

Confirmation of repeat reactives using 
Miniblot
19 eluates and 2 controls could be tested 
at a time using one nitrocellulose 
membrane western blotted with PAGE 
separated HIV-1 antigens.

lOpl of eluate was diluted in 40 pi o f 5% 
milk buffer in PBS and introduced into 
the Miniblot system, which was the 
rocked on a platform at 6 cycles/min for 
1 hour.
The membrane was removed from the 
Miniblot apparatus and washed 3 times in 
a reaction tray, rocked at 10 cycles/min. 
Antibody bands were detected using goat 
anti-human peroxidase ( 1 h) and 
BCIP/NBT substrate (5 min). The 
membrane was then washed with several 
changes of deionised water and allowed to 
dry.

1r Band reactivity could be identified by 
the formation of an insoluble deep blue 
band. Interpretation was according to 
APHL guidelines with reactivity to at 
least two o f p24, gp41, gpl20/gpl60.

Negative samples formed a 
teardrop. Reactive samples 
were distinguishable by a 
distinct agglutination pattern.

^TPPA buffer (Fujirebio Inc.) produced to replace TPHA buffer in GPA assays
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F igure  3.3 P roposed  a n ti-H IV -1 testing  algorithm

A. Two 4.9 mm 
DBS eluted in 
buffer overnight 
at 4°C.

E. Samples that 
fail to confirm 
repeated by GPA 
and by western 
blot if necessary.

B. DBS eluates screened using the modified 
gelatin particle test (mod-GFA) for antibodies to 
HIV-1 overnight at room temperature.

C. Reactive samples I Negative: ;
repeat tested to Discarded. ;
obtain an end point — ' !
titre.

1 :

Confirmed samples 
reported for data 
analysis.

D. Repeat reactives F. HIV-1 A-F
subjected to western subtyping using in
blot analysis. house serotyping

ELISA.

Finally, HIV-1 V3 consensus peptides were used to evaluate the use of a serotyping 

assay for testing anti-HIV-1 confirmed DBS eluates. Preliminary studies had shown 

that peptide based serotyping was possible, using V3 consensus sequences in sera 

from the WHO vaccine trial centres in Thailand, Brazil, Rwanda and Uganda 

(Cheinsong-Popov et al., 1994). Subsequently trial studies using different ELISA 

based methodologies using similar peptides showed that serotyping was possible in 

large banks o f sera and although not capable o f distinguishing between all genetic 

subtypes, it is capable of predicting the distribution o f serotypes in a geographic 

location. (Cheinsong-Popov et a l, 1994; Barin et a i, 1997; Irwin et a l, 1997). The 

serotyping ELISA used here was an adaptation of a protocol developed at ICSM
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(Cheinsong-Popov et al., 1994) using V3 consensus peptides supplied by the WHO 

and the AIDS reagent project at NIBSC. A pilot study of 125 anti-HIV positive sera 

revealed a sensitivity of 51-96% for types A to E and specificity of 88-98% 

(Cheinsong-Popov et al., 1998). Whilst relatively specific, the positive predictive 

values for the type C peptide were very low because of cross reactivity with type A 

sera. However type C sera rarely cross react with the type A peptide. It was proposed 

to develop an ‘in house’ ELISA based on the same peptides, for use with anti-HIV 

positive eluates identified during Guthrie card DBS screening. This would require our 

own reagents but rely on V3 specific positive control samples to be supplied by 

ICSM.

3.1.2 Materials and methods

Samples: High and low positive and negative anti-HIV sera were obtained from 

patients whose antibody status had been confirmed at GOSH. Simulated DBS were 

made from these sera using the method already described (Hannon et al., 1989).

Introduction o f semi-automation to mod-HIV-1 GPA: The filling of wells with buffers 

or diluted particles was performed using a dispensing machine (Wellfill 5, Denley 

Instruments) (Plate I). The sample dilution step was performed using a replicator 

machine that had 96 individually calibrated pins (Wellrepp, Denley Instruments) 

(Plate II). Each pin allowed the transfer of a 5jLtl aliquot of eluate from each flat- 

bottomed plate to that of the corresponding well in a V bottomed plate (Griener 

Labortechnik).

In order to re-use the replicator pins in a high throughput process, a system was 

devised that washed the pins quickly in-between each eluate transfer. A length of 

rubber tubing was run from a de-ionised water outlet to a plastic container. Holes were 

cut at the opposite end of the container so that water could flow over the pins whilst 

held suspended. Initially an indicator dye was used to follow the water flow to ensure 

efficient washing. Waste water was collected in a reservoir for decontamination prior 

to disposal.

Anti-HIV-1 neonatal screening was monitored for one month for evidence of non

specific reactivity.
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Plate I: Denley Wellfill

Tf’t e —

Plate II: Denley Wellrepp
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Stability o f gelatin particles over time: Frozen aliquots of two low positive anti-HTV-1 

samples, one provided by the manufacturers and the other a serum positive from an 

HIV-1 positive patient were thawed and titrated out from a dilution of 1/5 across a V- 

well microtitre plate. The mod-HIV-1 GPA was performed as described in Figure 3.2. 

Reconstituted particles that had been stored at 4°C were used to retest freshly thawed 

samples over a period of 28 days.

Simplification o f 15-minute incubation and centrifugation step to an overnight 

incubation: Duplicate V well plates were prepared for screening as before. Once the 

particles were added the plates were shaken and either incubated for 15 min at 

ambient temperature and spun at 2 0 0  g or left to settle overnight at ambient 

temperature. A set of 22 in house anti-HIV-1 positive eluates were titrated out from 

1/5 to 1/10,240 in TPHA buffer and tested using both incubation methods for 

comparison.

Change o f DBS punch diameter: The volume of elution buffer required to elute two 

4.9 mm diameter DBS was calculated to be 159/xl (a 5.5 mm DBS is normally eluted 

in lOOjLil of buffer). This accuracy of this volume was examined using a sample of 20 

high anti-HTV-1 positive and low anti-HIV-1 DBS. DBS were punched and eluted 

overnight in lOpl incremental volumes of PBS/TweenSO (0.05%) buffer from 150 to 

200/xl. Eluates were screened and titrated using the mod-HIV GPA using an overnight 

incubation of particles.

Validation o f a new western blot, NEW  LAV Blot 1, Sanofi Diagnostics Pasteur: 18 

anti-HIV-1 positive eluates from NSQAP were tested in parallel using the Miniblot 

assay and the NEW LAV Blot 1.

The Miniblot protocol (Figure 3.2) was adapted from that described in Guidelines for 

anonymous HIV-1 testing of newborns, GDC, Atlanta. A volume of 10pi of eluate 

was diluted 1/5 in PBS containing 5% skimmed milk (Marvel) and introduced to the 

Miniblot apparatus. This consisted of the pre-wetted (PBS/5% milk for 20 min) 

nitrocellulose membrane sandwiched between two perspex plates, designed for 2 1  

sample channels. Samples were added within 5 min of the set up of the Miniblot
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apparatus to prevent drying of the membrane. The addition of each diluted sample to a 

channel was carried out by pressing a pipette tip firmly into the sample hole and 

gently introducing the whole sample in a smooth action. This avoided the formation of 

bubbles, in the channel. If bubbles appeared, the sample was slowly drawn up and 

then expelled several times into the chamber until the air bubbles disappeared. 

Alternatively the sample was completely removed and the procedure repeated. 

Positive and negative eluate controls were added and any unused, empty channels 

filled with milk buffer. The channel ends of the Miniblot apparatus were sealed with 

plate sealer to prevent evaporation. The apparatus was then placed on a rocker 

platform set at 5-6 tilt cycles for one hour.

The presence of a deep purple band was indicative of a positive reaction. A sample 

was considered positive if antibody was present to two of p24, gp41 and gpl20/gpl60, 

in accordance to CDC/APHL criteria. Samples with bands that did not satisfy the 

above criteria were termed indeterminate.

The NEW LAV 1 protocol is described in the final anti-HIV-1 algorithm described in 

Figure 3.5 (page 53).

Introduction and validation o f an ‘in house’ anti-HIV-1 V3 serotyping ELISA: 

Simulated anti-HTV DBS positive eluates were made from 11 sera representing the 

m v  subtypes to be used as described previously (Hannon et al., 1989). Serum 

samples were made available from ICSM, the MRC AIDS reagent project at NIBSC, 

UK and the GOSH serum bank. Only one anti-subtype F was available (from ICSM). 

A selection of 500 anti-fflV-1 negative eluates from the anonymous fflV study was 

used to assess the specificity and background A450nm of the assay.

Anti-HTV-1 positive sera (diluted 1/100) and eluates (diluted 1/5) were tested 

alongside each other using an otherwise identical protocol. Eluates were prepared 

from two 4.9 mm diameter DBS using llO pl of PBS/Tween 80 elution buffer 

incubated overnight at 4°C.

Anti-fflV-1 V3 serotyping ELISA: Six 14- or 15-mer V3 consensus synthetic peptides 

of fflV-1 types A to F, were provided by the MRC AIDS reagent project. The 

peptides were supplied lyophilised. On arrival, they were reconstituted to 1 mg/ml in 

PBS. Microtitre ELISA plates (Maxisorp, Nunc) were coated overnight at 4°C with
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lOfig peptide/ml coating buffer (20mM carbonate buffer. Sigma UK Ltd). Plates were 

washed three times with PBS containing 0.05% Tween20, using an automated plate 

washer, Wellwash4 (Dynex). Wells were blocked with 200/xl per well of PBS 

containing 5% goat serum, (Globepharm Ltd) and 0.04% Meggablock 3, (Bionostics 

Ltd) for 2h at 37°C. Wells were washed 3 times. A 100/xl aliquot of a 1/5 dilution of 

eluate (or 1 / 1 0 0  of serum) was added to each well, which had been coated with each 

subtype peptide and the plate was again incubated for 2 h at 37°C. Wells were washed 

5 times. The presence of HTV-l subtype specific antibody was determined using a 

1/2000 dilution of goat anti-human IgG HRP conjugate (Dako Ltd) in PBS containing 

1% goat serum, 1% rabbit serum (Sigma UK Ltd) and 0.01% Meggablock 3. Wells 

were washed 5 times, before the addition of 100/x 1/well of liquid TMB substrate 

(Bionostics Ltd). The reaction was stopped after five min using 50/xl of 2N H2 SO 4 . 

Plates were read using an MRX spectrophotometer (Dynex). A cut off was calculated 

according to standard ELISA protocol using the mean of three negative controls 4- 

3SD. An A450nm greater of this was considered to be reactive to that peptide but 

subtype was assigned on the basis of the highest ratio of antibody binding that was 

ascribed to a particular peptide. If reactivity to two or more peptides was within 90%, 

the assay was repeated using DBS eluates at an increased dilution of 1/20, if sufficient 

sample remained.

3.1.3 Results

There was no evidence of well-to-well contamination of anti-HIV-1 resulting from 

poorly washed pins. After one month, during which time 12 anti-HTV-1 eluates had 

been identified, there was no evidence of any adverse affect on screening as a result of 

using the Denley instruments.

Results from comparative testing of the anti-HTV-1 positive samples using particles 

stored at 4°C are shown in Table 3.2. Statistical analysis using the One way ANOVA 

test showed there was no significant difference in mean titre over time between the 

stored suspensions
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Table 3.2 Duration of storage o f sensitised anti-HIV gelatin particles at 4°C.

Duration o f storage Anti-HIV-1 Anti-HIV-1

of gelatin particles positive control positive serum (in

(days) (manufacturer) house)

Mean titre

0 1/80 1/80

7 1/80 1/80

14 1/80 H80

21 1/80 1/80

28 1/80 1/133

Observation o f duplicate V well test plates revealed that the agglutination patterns o f 

the 22 anti-HIV-1 positive eluates tested by each method were identical. (Plate III for 

overnight incubation). Overnight incubation increased the anti-HIV endpoint titre 

approximately four-fold. Removal o f the centrifuge step made the screening process 

simpler to perform. There was no evidence of non-specific agglutination in the eluates 

that were left overnight.

Plate III Typical mod-GPA result in a plate containing eluates and sensitised 

particles, incubated overnight at 18-22°C

Quality Control
DBS eluates

N = Negative
L = low positive
H = high positive

Agglutination can
be observed in

I N wells C4 and BIO
of test eluates and

1 L f in wells G12 and
H 12 of the
controls

—
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The end point titres by mod-GPA of samples eluted using different volumes of buffer 

were analysed. Equivalenee o f endpoint titre was achieved using 170pl of buffer. 

Comparison o f western blot band profiles o f the Miniblot and NEW EAV BEOT 1 

showed that the two western blot assays had identical sensitivity (data not included). 

Plate IV shows the manufacturer’s illustration of expected western blot profiles.

Plate IV Visual aid for interpretation o f western blot (NEW EAV BLOT 1)

Protein Genome
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Anti HIV-1 V3 serotyping ELISA produced results of similar A450nm for sera and 

eluates (Figure 3.4). Mean A450nm of the 500 anti-HIV-1 negative eluates was 0.19, 

SD = 0.07 (mean + 3SD= 0.40).
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Figure 3.4 Scatterplot o f  eluate against 
serum in anti-HIV-1 V3 serotyping 

ELISA

Q

M

IIT)
<
ccd
0>

J

3

2

0
0 1 7 3

HIV-1 V3 subtype

■ A (n = 2 )

B (n = 2 )  

'  C (n = 2 )
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Serum (m ean A450nm)

Eluates tested at 1/5, sera tested at 1/100 (page 48)

3.1.4 Discussion

It was considered acceptable to introduce the Denley machines into the neonatal 

screening programme methodology. Particles eould be kept safely for at least 28 days 

at 4°C without a detectable reduction in sensitivity.

The use o f an overnight method of incubation resulted in a substantial increase in end 

point titre (see also Figure 7.1, page 145 and results on page 146) and did not reduce 

specificity. Simplification o f the mod-GPA by the removal o f the centrifugation 

process was a significant advantage by improving the speed o f the assay and safety. 

The replacement of a single 5.5mm to two 4.9mm diameter DBS in the anti-HIV-1 

protocol and the NEW LAV Blot 1 for the Miniblot assay did not reduce the 

effectiveness o f the screening programme. The serotyping ELISA test results for DBS 

and sera were very similar. This suggested that the methodology used for eluates was 

comparable to that o f the serum assay and eould be used to anti-HIV-1 V3 subtype the 

DBS eluates confirmed as anti-HIV-1 positive by western blot in the seroprevalence 

study. The final algorithm for anti-HIV-1 testing is described in Figure 3.5 (page 53).
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Figure 3.5 The finalised anti-H IV -1 algorithm for DBS testing

Elution
DBS eluted overnight in 
80 gl or 170 gl o f  elution 
buffer, overnight at 4°C.

Samples
Two 4.9 mm DBS were 
machine punched from 
Guthrie cards into flat well 
plate. Data retained relates to 
well position and plate ID.

Screening
5 gl o f  eluate was added to 20 
gl o f  TPHA or TPPA buffer 
in a V well plate. 25 gl o f  a 
1:10 suspension o f  sensitised 
particles were added to each 
well. Plates were shaken and 
left on a vibration free surface 
overnight
Plates were observed on a 
light box for evidence o f 
agglutination.

Negative Eluates 
formed a button at 
the base o f the V 
well

Reactive 
eluates were 
distinguishable 
by a distinct 
agglutination 
pattern

Repeat testing o f  eluates by mod-GPA 
to obtain an end point titre.

Western blotting: Confirmation of 
repeat reactives using the NEW LAV 
BLOT 1 assay

Individual strips supplied, for testing 
within individual reagent troughs

25 gl o f each eluate was diluted into 2 
ml o f sample diluent, which was the 
rocked at 6-7 cycles/min for 2 h. The 
contents o f each trough were then 
aspirated and the strips washed three 
times for 5 min. —
2 ml o f conjugate was added to each 
trough and incubated for 1 hour at 10 
cycles/min.
Following 3 washes, substrate solution 
was added to each trough for 5 min, 
before washing with deionised water. 
Strips were allowed to dry face up on 
paper towels.

T
Reactivity was identified by the 
formation o f an insoluble deep blue 
band. Interpretation was according to 
APHL guidelines i.e. reactivity to 2 o f 
p24, gp41. gp l20 /gp l60 .

C o n fir m e d

I

HIV-1 V3 serotyping ELISA
Confirmed anti-H IV -1 eluates 
were reacted against peptides 
representing types A to F
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3.2 The provision of an algorithm for anti-HTLV testing of 

DBS eluates

3.2.1 Introduction

The first serological tests for HTLV-I were based on IFA using infected MT-1 cells 

derived from the peripheral blood of a patient with ATL (Hinuma et al., 1981). Other 

assays that used virus or purified p24 antigen from infected T cell lines, used radio- 

immunoprecipitation procedures (Kalyanaraman et ah, 1981; Kanner et al., 1986). 

The first ELISA was developed using purified unfractionated HTLV-I (Saxinger et 

ah, 1984). The test was found to be highly sensitive but exhibited low specificity, 

particularly with sera from African patients (Weiss et al., 1986). Lack of specificity in 

the first generation of commercially available antibody tests meant that it was vital for 

supplementary tests to be undertaken. The low PPV of such tests used in the screening 

of whole blood and cellular products in countries such as the USA where testing was 

mandatory after 1988 meant that all donations identified as HTLV antibody positive 

were destroyed even though less than 15% were genuine positives, (Public Health 

Service Working Group, 1988).

Serological assays, typically in the ELISA format, based on purified viral lysate 

derived from cell lines such as HUT 102, were licensed for use in the USA in 1988 

(Public Health Service Working group, 1988). Assays based on whole viral lysate 

were relatively insensitive due to a lack of env proteins, which are degraded or lost 

during virus purification. The specificity of these assays was not sufficient to provide 

unequivocal serodiagnosis or accurate serosurveillance, therefore confirmatory testing 

was important (Karapoulos et al., 1993). The sensitivity and specificity of anti-HTLV 

assays have been improved, since this time, mainly due to the use of a recombinant 

transmembrane protein rgp21, common to HTLV-I and HTLV-II (Lai et ah, 1992). 

Second and third generation ELISA that incorporated type specific peptides from 

pI9^^ of HTLV-I and gp52^"^ of HTLV-II within a single well, allowed the 

differentiation of antibodies to HTLV-I and II (Lai et ah, 1991; Roberts et al., 1992; 

Tosswill et al., 1992).

The most conunon methods for the confirmation of antibodies to HTLV were western 

blot or radio-immunoprecipitation (RIPA) (Beilke, 1992). RIPA testing, which relied
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on the reactivity of antibody to radiolabeled HTLV infected cells, disrupted and 

separated by PAGE, is unpopular due to the labour intensive nature of the technique 

and the hazards associated with the use of radioactive isotopes. The majority of 

western blot assays make use of purified cell lysate from cell lines such as MT-2 or 

HUT 102, blotted onto nitrocellulose membranes (Gallo, et al., 1990; Lai et al., 1992). 

Early assays were highly sensitive for detecting antibodies to gag p24 and p l9  of 

HTLV-I and HTLV-II respectively, but often failed to detect antibody to the env 

glycoproteins (Anderson et a l ,  1989). HTLV typing by western blot was subjective, 

based on the strength of reactivity of the patient sample to these gag proteins. When 

reactivity to pl9>p24 the sample was considered anti-HTLV-I positive and vice versa 

for HTLV-II (Lillehoj et a l ,  1990; Botha et a l,  1985). Differentiation of antibodies to 

HTLV-I and II is now most commonly based on western blot/immunoblots that 

include the type specific recombinant proteins rgp46-I and rgp46-II (Gallo et a l,  

1994).

3.2.1.1 The Serodia HTLV GPA

An agglutination test developed using gelatin particles coated with detergent disrupted 

viral antigen (Ikeda et a l,  1984) was found to be a sensitive test for anti-HTLV but of 

low specificity (Kobayashi et a l,  1988; White 1988; Catalan et a l ,  1990; Verdier et 

a l,  1990; Tosswill et a l ,  1992; Brennan et a l, 1993). In comparison, a competitive 

RIA in combination with IFA was shown to have better specificity (Tedder et a l, 

1984). It was concluded that assays using cell lysate could give false positive results 

due to serum reactivity to human lymphocyte antigens inherent in the cell lines used 

(Tosswill et a l,  1992). The generation GPA was later improved by increasing the 

relative proportion of env to gag proteins (Fujino et a l,  1991). Subsequent evaluations 

of the assay showed it to have better specificity (97-98%) and excellent sensitivity 

(100%) in comparison with other commercial tests (Kline et a l, 1991; Karapoulos et 

a l,  1993). The improved GPA has been used extensively for epidemiological surveys 

to estimate the seroprevalence of HTLV-I in blood donors in the United Kingdom 

(Brennan et a l, 1993), France (Courouce et a l, 1993), Japan (Yamaguchi, 1994) and 

Australia (Bastian et a l, 1995). This test does not differentiate between antibodies to 

HTLV-I and HTLV-II (Brennan et a l, 1993). Moreover, the sensitivity of the GPA
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test for detecting antibodies to HTLV-II has been questioned. However, tests carried 

out on samples from West African patients and Swedish IDU, indicated that the GPA 

had a sensitivity of 100% and a specificity of 98-100% (Andersson, 1997b).

In view of the excellent sensitivity of the anti-HTLV GPA in serum studies and the 

successful introduction of a modified version of the anti-HIV-1 GPA for the 

anonymous unlinked anti-HIV neonatal screening program, the former was chosen as 

a potential screening tool for neonatal seroprevalence studies.

The sensitivity of the modified test version for antibodies to HTLV-I and II was 

assessed using reference samples obtained from the UK, Italy, Japan and the Republic 

of South Africa (RSA).

Several supplementary assays were considered for inclusion in the algorithm for anti- 

HTLV testing in eluates. The Murex HTLV-I+II GE80 ELISA (Murex Diagnostics 

Ltd) is reported to be sensitive and specific for antibodies to HTLV-I and II but does 

not differentiate between them (Vrielink et aL, 1995; Courouce et al., 1998). 

Sensitivity was based on the use of synthetic peptides representing the 

immunodominant regions of HTLV-I and II env regions and recombinant proteins 

derived from the transmembrane regions of HTLV-I and II in combination with viral 

lysate. The differentiation of antibodies to HTLV-I and II was carried out using a 

commercially available ELISA (Select-HTLV El A, IFCI Clonesystems) and an 

immunoblot assay (HTLV BLOT 2.3, Diagnostic Biotechnologies, Genelabs). The 

Select-HTLV EIA kit differentiates between antibodies to HTLV-I and II using type- 

specific epitopes derived from p i 9̂ ^̂  and gp52^°^ respectively (Lai et aL, 1991). The 

HTLV BLOT 2.3 assay is based on the reactivity of antibody to HTLV-I viral lysate 

incorporated onto a nitrocellulose strip spiked with the type specific recombinant 

proteins rgp-46 and rgp 46-11 described earlier (Gallo et aL, 1994). The feasibility of 

these supplementary tests in detecting antibodies in DBS eluates was assessed using 

simulated anti-HTLV positive DBS.
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3.2.2 Materials and methods; assessment of assays using reference 

panel samples

Reference sera and simulated DBS: Reference sera were obtained from 26 patients 

from RSA and the UK with TSP and seven plasma samples from Japanese patients 

with ATL. All samples had been confirmed as anti-HTLV-I positive by 2°^ or 

generation western blot. In addition, nine anti-HTLV-II confirmed positive sera were 

obtained from blood donor screening laboratories in Italy. Simulated HTLV-1 positive 

DBS were prepared from these samples using S&S 2992 filter paper as described 

earlier (Hannon et al., 1989). Cards were allowed to air dry at 18-21°C, overnight 

before storage at 4°C in low gas permeable bags containing sachets of silica gel.

Serum sample testing using the Serodia HTLV assay (Fujirehio Inc, Japan) fo r  the 

detection o f HTLV-1 antibody in serum samples: Sera and plasma were tested 

according to the manufacturer's instructions. End point titres were obtained by diluting 

samples in a series of doubling dilutions from 1/16 to endpoint in a U well microtitre 

plate (Griener Labortechnik).

DBS eluate testing using a modification o f the Serodia HTLV assay fo r  the detection 

o f anti-HTLV in DBS: A 5.5 mm diameter DBS was punched out of each Guthrie card 

into a single well of a flat bottomed plate and eluted as described previously in 1 0 0 /xl 

of PBS, containing 0.05% Tween 80 and held at 4°C overnight. A 1/5 dilution of each 

eluate was made in TPHA buffer (Fujirebio Inc, Japan), in a corresponding V well 

plate using an automatic replicator with 96 pins calibrated to transfer 5p\ aliquots 

from each well (Wellrepp, Denley Instruments, Plate II, page 46). Antigen coated 

gelatin particles were reconstituted according to the manufacturer's instructions and 

then diluted 1/10 in TPHA buffer immediately before use. A 2 5 aliquot of diluted 

particles was added to each well using an automated programmable dispenser, 

(Wellfill, Denley Instruments, Plate I, page 46). Following a 15 min incubation at 

room temperature on a flat vibration free surface, the plates were centrifuged for three 

min at 200 g, sloped on a light box at an angle of 70° and the results read after 10 min. 

A positive result was distinguished by a tight discrete agglutination pattern whereas 

negative samples formed a teardrop.
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All eluates found to be reactive in the initial screen were titrated to an end point based 

on particle agglutination in a series of doubling dilutions from 1/5 to 1/10240 or 1/4 to 

1/16384 in TPHA buffer. Eluates were reacted against both antigen coated particles 

and unsensitised control particles.

Confirmation o f anti-HTLV in DBS eluates using the Murex HTLV 1+11GE80 ELISA: 

Simulated DBS were prepared using an anti-HTLV-I and an anti-HTLV-II positive 

serum, diluted from 1/2 to 1/64 in negative serum, spotted out onto S&S 2992 paper to 

create a range of simulated DBS positive samples. DBS were eluted and tested neat or 

at 1/2 in the ELISA. A 100/xl aliquot of each eluate was added to paired wells of the 

ELISA plate. Otherwise the assay was performed according to the manufacturer’s 

instructions. The cut off for the ELISA was calculated from the mean of three 

negative controls 4- BSD.

Confirmation and differentiation o f HTLV-1 and 11 antibody using the Select-HTLV 

EIA, (IFCl Clonesystems, Spain): A 1/50 dilution of serum (5jnl in 250/xl: 

manufacturer’s instruction) or a 1/12.5 dilution of DBS eluate (20/xl in 250/xl: 

maximum volume available) was made in specimen buffer before use. Otherwise the 

assay was performed according to the manufacturer’s instructions. Wells were washed 

using an automated well washer (Wellwash4, Dynex). Samples with an A450nm 

greater than the cut off (mean of three negative serum controls (supplied) + 0.15) were 

considered positive. When the cut off was exceeded in both the HTLV-I and HTLV-II 

plates, a binding ratio (A450nm HTLV-II/HTLV-I) was calculated and a ratio <0.5 

was considered indicative of reactivity to HTLV-I. A binding ratio >2.0 was indicative 

of the presence of antibody to HTLV-II, whereas a ratio between the two limits and an 

OD > 2.0 indicate the possibility of co-infection.

Confirmation and differentiation o f HTLV antibodies using the HTLV BLOT 2.3 or 

2.4, (Diagnostic Biotechnologies, Genelabs, Singapore): Samples were tested 

according to the manufacturer’s instructions for serum samples except a volume of 

40/tl of DBS eluate rather than 50/xl of serum was added to each strip. The pattern of 

HTLV reactive bands was interpreted according to stricter consensus guidelines based
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on numerous European prevalence studies (The HTLV European Research Network, 

1996) (Figure 3.6, page 63) rather than the manufacturer’s guidelines. These 

guidelines stipulate that a sample must be reactive to at least one of p l9  or p24 in 

addition to GD21 and rgp46-I in order for confirmation as anti-HTLV-I positive. The 

most recent version of this assay is he HTLV BLOT 2.4. In this assay the recombinant 

env protein (GD21) has replaced the 3rd generation env recombinant protein (rgp21). 

Otherwise the assays were identical.

3.2.3 Results

Sensitivity o f  mod-GPA and use o f  Select HTLV-I and HTLV BLOT 2.3 as 

supplementary tests: All simulated DBS derived from sera from patients with TSP or 

ATL were correctly identified by mod-GPA and 24/26 (92%) confirmed as reactive by 

either or both confirmatory tests (Table 3.3). Sera and eluates from patients with ATL 

had significantly lower titres in the mod-GPA test than those with TSP (p=0.00057) 

(One way ANOVA). Analysis of the Select ELISA results showed a similar but less 

significant trend (p=O.OI). HTLV BLOT 2.3 testing of eluates produced two anti- 

HTLV-I indeterminates (IDs 20 & 25). The mean and median A450nm of anti-HTLV 

negative control eluates (mod-GPA<l/5) in the Select ELISA was <0.03.

Sensitivity o f mod-GPA and Murex GE80 ELISA to anti-HTLV-I and II: The results of 

comparative testing of sera and simulated anti-HTLV-II positive DBS eluates by the 

standard and modified assays respectively are summarised in Table 3.4. Mod-GPA 

and the Murex ELISA failed to detect antibody in one DBS eluate derived from one 

anti-HTLV-II immunoblot confirmed positive serum sample (Italy 1). This serum 

sample had the lowest end point titre by GPA and lowest Murex GE80 ELISA result 

of the six confirmed samples.

The results of parallel testing of simulated anti-HTLV-I and HTLV-II DBS eluates by 

mod-GPA and ELISA are shown in Table 3.5. From the table it appeared that the 

assays had comparable sensitivity. Eluates with an endpoint titre of 1/5 to I/IO by 

mod-GPA had Murex ELISA results close to or below the assay cut off (OD/CO 1.0).
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Table 3.3 HTLV screening and confirmatory results of 26 reference samples and 

eluates derived from simulated DBS

Clinical
Disease

Reference sera or plasma Simulated DBS Eluate

GPA
TITRE

HTLV 
BLOT 2.3

SELECT
HTLV-I
A450nm

mod-GPA
TITRE

HTLV 
BLOT 2.3

SELECT
HTLV-I
A450nm

1 TSP 80000 + >3.0 16384 + 2.84
2 TSP 80000 + 2 . 8 8 8192 + 2.84
3 TSP 80000 + 2.84 8192 + 2.91
4 TSP 64000 + 2.79 8192 + 2.84
5 TSP 64000 + 2.84 4096 + 2.77
6 TSP 64000 + >3.0 2048 + 2.84
7 TSP 64000 + >3.0 1024 + 2.24
8 TSP 32000 + 2.59 4096 + 1.38
9 TSP 32000 + 2.69 2048 4- 2.44
1 0 TSP 32000 + 2.89 2048 + 2.15
1 1 TSP 32000 + 2.74 1024 + 2.06
1 2 TSP 32000 + 2.77 512 + 1.78
13 TSP 16000 + >3.0 512 + 2.70
14 ATL 16000 + >3.0 160 + 1.72
15 TSP 8000 + 2.52 256 4- 0.39
16 TSP 8000 + >3.0 32 4- 0 . 6 8

17 TSP 2 0 0 0 + 2.23 128 4- 0.32
18 TSP 2 0 0 0 + 2.80 64 4- 0.93
19 ATL 2 0 0 0 + 2 . 8 8 80 4- 0.83
2 0 ATL 1 0 0 0 + 1.90 64 p24,rgp21 0.17*
2 1 ATL 1 0 0 0 + 2.58 80 4- 0.74
2 2 ATL 1 0 0 0 + 2.82 40 4- 0.47
23 ATL 500 + 2.67 2 0 4- 0.65
24 ATL 400 + 2.44 80 4- 0.47
25 ATL 2 0 0 + 1.65 16 p24,rgp21 0.19*
26 ATL 1 0 0 + 1.50 1 0 4- 0.17*

Footnote : * = equivocal by ELISA, + = anti-HTLV-I positive
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Table 3.4 Comparative anti-HTLV testing of anti-HTLV-II positive sera and
simulated DBS eluates

S erum  ID 
and origin

Serum testing DBS eluate testing
GPA
titre

Murex ̂ 
A450nm/CO

Immunoblot
result^

mod-GPA
titre

Murex ̂
A450nm/
CO

Italy 1 80 10.4 HTLV-II <5 -ve
Italy 2 2560 13.2 HTLV-II 40 1.7
Italy 3 640 1 2 . 8 HTLV-II 2 0 1.7
Italy 4 5120 13.8 HTLV-II 160 10.4
Italy 5 640 12.4 HTLV-n 2 0 3.3
Italy 6 640 12.9 HTLV-II 2 0 4.7
Italy 7 1 0 4.6 -ve <5 -ve
Italy 8 5 2.2 -ve <5 -ve
Italy 9 1 0 2.5 -ve <5 -ve

008; A450nin/CO equivocal range 0.

Table 3.5 Comparison of mod-GPA and Murex GE80 results in simulated anti- 
HTLV positive eluates of decreasing reactivity.

DBS Mod-GPA
(endpoint

titre)

Murex ELISA (A450nm/Cut off)

Eluate at 1:2 Neat eluate

DBS simulatec from anti-HT ^V-I serum

Neat serum 10,240 12.9 13.9

1 : 2 320 7.9 13.9

1:4 80 3.1 9.4
1 : 8 40 1.7 6 . 0

1:16 2 0 1 . 2 2 . 6

1:32 1 0 0.7 1.4

1:64 5 0 . 6 1 . 0

DBS simulatec from an anti-HTLV-II serum

Neat serum 5,120 12.9 13.9

1 : 2 80 3.0 4.9

1:4 2 0 1 . 6 2 . 8

1 : 8 1 0 1 . 2 1.7
1:16 5 0.7 0.9

1:32 <5 0 . 6 0.7

1:64 <5 0.3 0.4
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3.2.4 Discussion

The mod-GPA was found to be a sensitive tool for the detection of anti-HTLV-I when 

used to test simulated DBS from reference samples from Japan, Africa and the UK. 

Comparison of the results of tests on serum, plasma and eluates showed that the mod- 

GPA was more sensitive than the supplementary assays when testing eluates. Two 

eluates lacked reactivity to the rgp21 band in HTLV BLOT 2.3 and were therefore 

scored as indeterminate. Both eluates gave equivocal results in the Select ELISA. The 

results of testing anti-HTLV-II positive eluates by mod-GPA and Murex ELISA show 

that both assays have good sensitivity to anti-HTLV-II. However the results from an 

eluate derived from a low positive serum sample from Italy suggest that the detection 

of anti-HTLV-II in DBS with low levels of antibody may be problematic.

Reference panel testing also showed that sera from TSP patients produced higher 

mod-GPA antibody titres than those diagnosed with ATL. Similar results have been 

reported in ATL and asymptomatic patients (Cruikshank, et aL, 1989; Kaplan et aL, 

1996).

It was concluded that mod-GPA was the best available method for the screening of 

anti-HTLV in DBS eluates. The assay has excellent sensitivity to anti-HTLV-I and 

good sensitivity to HTLV-II. Confirmation of antibody specific to HTLV-I and II can 

be performed satisfactorily using the HTLV BLOT 2.3 or 2.4. The Murex GE80 

ELISA had highest sensitivity when using neat eluate. However the use of a large 

proportion of eluate (lOOjul of IVOjul) makes the testing of neat eluate impractical at 

the present time.

Figure 3.6 describes the final algorithm for the screening and confirmation of anti- 

HTLV-I an II in DBS eluates in this preliminary evaluation.
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Figure 3 .6  Final algorithm for anti-HTLV testing o f  D B S

Elution
One 5.5 mm diam eter 
DBS eluted overnight at 
4°C in lOOgl o f  elution 
buffer (or two 4.9mm  
diam eter DBS in 170 gl)

Additional testing if 
sufficient volume of eluate 
available
M urex H TLV -l/lI GE80 
ELISA
Eluates were tested at a 1:2 
dilution; otherw ise the 
protocol was according to the 
m anufacturers’ guidelines.

Screening: modified-HTLY GPA
A 1:5 dilution o f  eluate was m ixed 
with a 1:10 dilution o f  sensitised 
anti-H TLV  gelatin particles, shaken 
and left on a vibration free surface, 
for 15 min at room  tem perature. 
Plates were then spun at 200 g for 3 
min before sloping at 70° for 5 min 
on a light box. Reactive samples 
were titrated out to end point using 
the m od-G PA  to confirm  initial 
reactivity.

N egative samples 
discarded.

Confirmatory immunoblot analysis:
using the HTLV BLOT 2.4 im m unoblot 
using a 1:50 dilution o f  sample. Band 
patterns interpreted using the 1996 
HERN guidelines as shown.

Indeterminate
HTEV-I

G D 21& rgp46-I

HTLV 
G D 2 1 & only 1 gag 

protein

HTLV-I HTLV-II HTLV
pl9+p24 p24 p l9 jNegative i

GD21 GD21 p24 |No bands present |
rgp46-I rgp46-II GD21 jthat fit criteria :
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Chapter 4.0 

The development, evaluation and 

application of an ‘in house’ ELISA 

for the detection of antibodies to 

HCV in DBS"

" Published in part in Parker et aL, 1997
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4.1 Introduction
Surrogate testing using elevated alanine-amino transferase activity (ALT) and 

hepatitis C core antibody tests as markers of non-A, non-B hepatitis (NANBH) 

infection became mandatory in the USA in 1986. However these tests were not 

introduced in the UK due to a relatively low incidence of post transfusion hepatitis 

and the expense in terms of the loss of donor blood (Tobler and Busch, 1997). 

Hepatitis C virus (HCV) was cloned in 1989 (Choo et ah, 1989). The subsequent 

development of the first antibody assay led to the identification of HCV as a major 

aetiological agent of post-transfusion and community acquired NANBH (Kuo et a l,  

1989; Choo et a l,  1991). The first reactive clone was derived from non structural gene 

4 (NS4) designated 5-1-1 (Figure 4.1). Later a larger clone c-100-3 was synthesised 

using three overlapping clones and 5-1-1 as a hybridisation probe and subsequently 

expressed in yeast. These two “recombinant “ proteins formed the basis for the 1st 

generation of HCV immunoassays in the USA and anti-HCV screening of blood, 

plasma and blood products such as factor VIII products began in 1990. A year later 

screening was introduced in the UK. Antibody to c-100-3 was shown to be a good 

predictor of infection in chronic HCV infection. However anti-c 100-3 reactivity 

declines in patients with acute resolving infections and the window between primary 

infection and seroconversion was considerable (range two to nine months, average 

five to six months) (Alter et a l ,  1989; Chiba et a l,  1991). Retrospective analysis 

showed that generation assays were not sufficiently sensitive to completely 

eliminate the risk of HCV transmission being transmitted in blood (Esteban et a l,  

1989; Japanese Red Cross., 1991). In addition, assays based on c l00-3 had a low 

predictive value in populations with low seroprevalence e.g. asymptomatic volunteer 

blood donors in the USA. This placed a strain on transfusion services, highlighting the 

need for an improved assay (Alter et a l,  1997). The non-specificity of the assay was 

in part attributable to reactivity to the superoxide dismutase protein that was expressed 

in the yeast vector during the production of c-100-3.
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Non-Specificity as a result of cross reactivity to antibodies against other endemic 

pathogens could not be attributed to malaria or cross reactivity to flaviviruses, 

pestiviruses or Dengue virus (Wong et aL, 1990; Tibbs et aL, 1991; Hyams et aL, 

1993). However, samples containing high levels of immunoglobulins and circulating 

immune-complexes were implicated as the cause in false positive results in a study in 

the Solomon Islands (Wong et aL, 1990) and rural communities in Zaire, Kiribati in 

the Central Pacific and Vanuatu in the West Pacific (Tibbs et aL, 1991). In addition, 

results of several studies investigating HCV seroprevalence in samples that had been 

stored for several years raise the possibility of non-specific binding in certain assays 

due to the effects of long term storage of samples at -20°C or -70°C ( Ellis et aL, 

1990; Wong et aL, 1990; Nicholson et aL, 1991; Hyams et aL, 1993; Hall, 1996 

personal communication). Sera from patients with hypogammaglobulinaemia, 

rheumatoid factor-positive sera and persons recently vaccinated for influenza were 

also reported to produce false reactivity (Mackenzie et aL, 1992).

Improvements in sensitivity and specificity were seen in 2"  ̂ generation assays. 

Antibody to c22, a new recombinant protein derived from the core region of HCV, 

that appears earlier in infection, was found in 92-95% of patients with chronic HCV 

(Yuki et aL, 1992; Hoofnagle, 1997). Second generation assays were able to 

substantially reduce the window of detection in US blood donors such that 41% of 

séroconversions could be detected within 1 0  weeks of exposure, 80% within 15 weeks 

and 100% in 6  months (Lelie et aL, 1992; McGuiness et aL, 1993; Alter, 1996). In 

addition c200, a new recombinant protein that bridged NS3 and NS4 was used in 

place of c-100-3 to broaden the immunogenicity of the test and reduce non-specificity 

(Figure 4.1). In another attempt to improve sensitivity a recombinant protein NS5 was 

added in 3̂^̂ generation assays. Screening of haemodialysis patients showed that 3̂  ̂

generation assays had a sensitivity between 90-97% (Coffin et aL, 1994; Dentico et 

aL, 1995; Gretch, 1997), whilst a study of blood donors in the Netherlands reported 

greatly enhanced specificity of up to 99.9% (Vrielink et aL, 1995b). The frequency of 

antibody reactivity to the HCV proteins in selected anti-HCV positive groups in the 

US is reported to be E1/E2 > c22-3> c33c > c l00-3 > 5-1-1 > NS5 with reactivity
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decreasing from 90% down to 70% ( Chaudhary and Jacobsen, 1994; Schacker et a l,  

1995; Alter, 1996). Antibodies to c22-3 and c33c (recombinant protein from NS3 used 

in RIBA testing) rarely disappear in acute or chronically infected individuals. The 

envelope proteins designated E l and E2 are highly antigenic but the sensitivity of 

these proteins to antibodies derived from all viral HCV genotypes requires further 

investigation (Alter et a l, 1996).

The most popular confirmatory test for anti-HCV is the immunoblot. Assay sensitivity 

is based on antibody reactivity to synthetic or recombinant HCV proteins spotted out 

onto a nitrocellulose membrane. The first HCV immunoblot assay using 2°*̂  

generation proteins was the 4-RIBA or RIBA 2.0 (Chiron Corporation) that included 

the recombinant proteins c l00, c33, c22 and 5-1-1. Confirmation of the presence of 

specific antibodies to HCV was based on reactivity to two or more HCV epitopes. 

The use of this assay significantly reduced the rate of false positives generated by C* 

and 2°  ̂generation screening assays. In the 3"̂  ̂ generation RIBA 3.0, the recombinant 

cIOO and c22 proteins were replaced by the corresponding synthetic peptides cIOOp 

and c22-3 and a new recombinant protein to NS5 was added. Testing of sera using this 

assay significantly reduced the number of indeterminate results obtained during RIBA 

2.0 testing (Buffet et a l ,  1994; Pawlotsky et a l,  1994; Vemelen et a l, 1994; 

Almeshari et a l, 1995; Damen et a l,  1995; Berger et a l, 1996b). Studies showed that 

the improved sensitivity was attributable to reactivity to c22-3 and clOOp (Vemelen et 

a l,  1994; Damen et a l, 1995) and not NS5 (Buffet et a l,  1994). Furthermore non

specific reactivity to NS5 was observed in some population studies inferring that the 

inclusion of an NS5 recombinant may not be as useful as had been predicted (Goffin 

et a l ,  1994; Vemelen et a l,  1994; Damen et a l,  1995). Non-specificity to the NS5 

recombinant component of the RIBA 3.0 has been seen in sera from African patients. 

This may reflect higher levels of immunoglobulin in semm and plasma due to 

parasitic infections (Pike, 1996, personal communication). Blood donor studies in the 

UK have reported NS5 indeterminate samples that were HCV RNA negative by PGR 

(Dow et a l,  1996).

68



There is evidence that levels of anti-HCV reactivity in EIA and RIBA relate to the 

immune-status of the patient, disease progression and virus type. Quantitative 

antibody studies revealed 10 fold antibody increases by 3̂  ̂ generation EIA and 

significantly increased reactivity in RIBA in samples from patients who were viraemic 

(Schacker et a l, 1995; Mendel et a l,  1995; Dhaliwal et a l ,  1996; Pawlotsky et a l,  

1996). In a study of ELISA reactive samples identified in a Scottish blood donor 

study, 84% of the RIBA 3.0 confirmed samples reactive to all 4 RIBA 3.0 bands were 

RT-PCR positive. This compared to 74% with three bands and 34% with two bands 

(Dow et a l,  1996). In contrast samples from patients with chronic hepatitis identified 

as RIBA 3.0 indeterminate were far more likely (43-83%) to be RT-PCR positive. 

Additionally samples that exhibited strong reactivity to the c22 or c33 band were more 

likely to be RT-PCR positive than those reactive to clOO or NS5 (Buffet et a l ,  1994; 

Dussaix et a l,  1994; Pawlotsky et a l,  1994; Mendel et a l ,  1995; Pawlotsky et a l ,  

1996). Elsewhere studies in Japan showed 100% antibody reactivity to proteins 

representing c22, c25 and c33, 90% to NS5 and 80% to clOO in HCV infected patients 

with chronic hepatitis. By comparison, among the immunocompromised group, 65- 

90% reacted to c25 and c22 but only 12% reacted to clOO (Lok et a l,  1993).

HCV has been classified on a molecular basis into 6  major genotypes using a 

consensus system based on sequence homology and phylogenetic tree analysis in at 

least two of the three main regions of divergence (Simmonds et a l, 1993a; Simmonds 

et a l, 1993b). Genotypes 1, 2 and 3 predominate in Western Europe (Mcomish et a l, 

1994; Mendel et a l,  1995; Dhaliwal et a l,  1996; Dow et a l,  1996; Pawlotsky et a l,  

1996). In India and Pakistan, genotype 3 is more common (Panigrahi et a l,  1996; 

Tong et a l,  1996 and genotype 5 is more common in South Africa (Smuts et a l, 1995; 

Tobler et a l, 1997). Although 2°^ and 3̂  ̂generation HCV screening assays contain a 

wider range of antigens the frequency and strength of antibody response to each 

component has been shown to vary between genotypes. This is thought to occur 

because the original clone of HCV used in genetic engineering was derived from HCV 

type 1 and therefore a substantial proportion of the epitopes of proteins used in these 

assays will have type 1 specificity. Strain specificity in screening assays first became
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apparent in the UK in 1991 in comparative studies of anti-HCV reactive samples from 

Scottish blood donors identified using and 2°  ̂ generation ELISA. Over 60% of 

donors found to be infected with HCV type 2 or 3 (typed using restriction fragment 

length polymorphism to identify differences in an area of the HCV genome) failed to 

be detected by generation c-100 ELISA (McOmish et aL, 1993). Further semi- 

quantitative antibody studies in Scottish blood donors revealed the antibody response, 

as calculated from the OD, in HCV type 1 infected patients to be 4-4.5 fold greater 

than those with types 2 and 3 (Dhaliwal et al., 1996).

Type specificity has also been reported in some of the serological studies of French 

patients with chronic HCV (Pawlotsky et a l,  1995). Reactivity to clOO and 5-1-1 was 

shown to be more type-1 specific than reactivity to c22 and c33. RIBA 3.0 testing of 

genotyped samples showed that antibody reactivity to c2 2  was similar in type 1 , 2  and 

3 infected patient samples. However, among HCV type 1 samples, antibody reactivity 

to c33 and clOO was significantly higher than in HCV type 2 and 3 samples (Dow et 

aL, 1996). This evidence highlights the importance of utilising assays with proteins 

derived from virus circulating specifically within the population studied and raises 

some concerns over the validity of results when testing in countries with a significant 

proportion of non-type-1 HCV infection.

The objective of the present study was to develop an ‘in-house’ screening test for the 

detection of anti-HCV IgG based on an indirect ELISA. Conunercial anti-HCV 

screening tests are too expensive for large-scale epidemiological studies. It was 

therefore necessary to minimise costs by securing a supply of 3̂^̂  generation proteins 

that would make large scale testing feasible. Initially a baculovirus recombinant 

consisting of a tripartite fusion of NS5, NS3 and core, designated BHC29 (Murex, 

UK) was chosen. This protein had already been successfully incorporated into a 3"̂  ̂

generation ELISA (VK48) developed by Murex. Following initial success in using 

BHC29 as the coating antigen for an ‘in house’ ELISA for DBS eluates, the assay was 

optimised and a preliminary validation was carried out using blinded anti-HCV 

positive samples from the GOSH serum bank. However following a legal challenge 

over the patent for anti-HCV testing in the UK, BHC29 was withdrawn from
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circulation. As a result of discussions with the patent holders, Chiron, it was decided 

to switch to the recombinant proteins utilised in their 3̂^̂  generation ELISA, c22, c200 

and NS5.

In order to maximise the sensitivity and specificity of the assay the concentration of 

each reagent, the conditions used in each reagent step and the ease and economics of 

the process were investigated using samples selected from a large panel of reference 

sera. There were 4 objectives in the optimisation of the ELISA. Firstly coating of the 

recombinant proteins, the chessboarding of coating recombinant proteins against 

sample antibody dilution, the reduction of non-specific background and an 

investigation of the performance of antibody detection using an enzyme linked anti

species antibody and TMB substrate. Finally the optimised assay was evaluated using 

the reference panel of sera and eluates derived from simulated anti-HCV positive and 

negative DBS.

The evaluation of the screening assay was best carried out using samples closely 

resembling those from the target population. The assay must be able to detect the low 

levels of antibody that may be present, in particular in the premature neonate and 

immune suppressed patients. Different HCV types predominate in different parts of 

the world and the ability of an assay to detect all strains that might be present within a 

community is important particularly in epidemiological studies. The impact of non

specific results is greater or more noticeable when the prevalence is low for example 

when generation assays were used for blood bank screening (Alter et a l, 1997). 

Non-specific results or a lack of adequate confirmatory testing can lead to an over

estimate of HCV seroprevalence. A large representative panel of samples from 

patients with different genotypes was used to fully evaluate the sensitivity and 

specificity of the proposed test.

RIBA 3.0 is generally considered the ‘gold standard’ for confirmatory testing and was 

evaluated for use with DBS eluates. However, this confirmatory assay is expensive to 

perform. It was therefore proposed to carry out additional testing using a serological 

algorithm (Figure 4.2) that included ELISA testing using plates singly coated with 

each recombinant protein and also a modified version of the Serodia-HCV GPA test.
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The sensitivity and specificity o f the Serodia-HCV assay for sera had not been fully 

evaluated in the UK, although its use has been reported in South east Asia (Ooi et al., 

1996). The RIBA 3.0 and Serodia HCV GPA tests required modification and 

evaluation for use with DBS eluates as each had only been designed for use with 

serum samples.

Once the screening ELISA had been developed and each supplementary test modified 

for use with DBS eluates, the completed anti-HCV algorithm was evaluated using a 

larger reference panel o f anti-HCV positive and negative sera and eluates. This panel 

included blood donors, adults with chronic hepatitis and serial samples taken from 

HCV infected haemophiliac children.

Figure 4.2 Proposed algorithm  for anti-H CV testing and confirm ation o f  

eluates

No bands or 
single band 
indeterminate

Two bands or 
more
indicative of 
anti-HCV

C. Confirmation 
by the immunoblot 
RIBA 3.0

Eluates 
negative on 
repeat 
screening 
are
discarded.

D. Additional testing 
if sufficient volume of 
sample using the 
Serodia HCV GPA

B. Repeat testing by ELISA: 
Eluate tested in screening 
ELISA and wells of an 
ELISA coated with each 
individual recombinant HCV.

A. Initial screening test using 
an in -  house’ ELISA that 
includes the recombinant 
proteins representing the core 
(c22), NS3&4 (c200) and 
NS5 (NS5).

4.2 Materials and methods

Reference panel: 193 anti-HCV positive sera were obtained from five sources within 

the UK: King's College Hospital Liver Unit (KCH), (19), Royal Free Hospital (RFH),

72



(25), North London Blood Transfusion Service (NLBTS), (19), GOSH, (76), and the 

National External Quality Assurance Scheme, (NEQAS), (40). Anti-HCV positive 

sera from GOSH included serial samples taken from haemophiliac patients. Fourteen 

RIBA 2.0 positive samples were obtained from the Department of Medical Virology, 

University of Pretoria, Republic of South Africa. The majority of samples came from 

asymptomatic patients. All patients had sera that had been confirmed as HCV 

antibody positive by immunoblot; 33% samples had been serotyped or genotyped as; 

type 1, (29), type 2, (2), type 3, (9), type 4, (4), type 5, (8 ) and two sera from patients 

with apparent mixed infections; types 1&2 and 1&6. Of these, 27 sera were typed 

using the Murex HCV Serotyping 1-6 Assay, during this study and similarly 14 were 

serotyped in RSA. The remainder were genotyped at the Department of Medical 

Microbiology, University of Edinburgh Medical School. A total of 52 anti-HCV 

negative sera were obtained from NEQAS and GOSH.

In addition 448 presumed anti-HCV negative newborn DBS samples from the 

Unlinked anonymous prevalence monitoring programme (London and the south-east) 

were included to control for specificity. Also 569 DBS from neonates in RSA (358 of 

black ethnic origin, 105 coloured, 77 white and 29 unspecified) were included to 

assess the rate of false positives that might be observed in an international field study. 

Furthermore, 25 neonatal DBS with antibodies to HlV-1 and a collection of DBS 

derived from African and Japanese adult sera, 10 of which had antibodies to HTV-2 

and 28 containing antibodies to HTLV-1, were included to assess test specificity.

Simulated DBS were made from 80 of the anti-HCV positive serum panel (all of 

which had been previously confirmed by RIBA 3.0) and from 52 anti-HCV negative 

sera as described by Hannon et aL, (1989). DBS were stored at 4°C in low gas- 

permeable zip-lock bags. 5.5 mm punches were placed into the wells of a flat- 

bottomed microtitre plate. Antibodies were eluted into 100 jLtl of PBS/Tween 80 

overnight at 4°C.

Optimisation o f the screening ELISA fo r  the detection o f anti-HCV IgG: Initially, a 

method was chosen that was adaptable to a daily routine and an economical use of
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reagents was used to produce a predetermined protocol (Figure 4.3) according to 

previous experiences with other recombinant protein based assays (Parker et aL, 

1993). The assay was assessed on the ability to clearly distinguish between negative 

and positive, measurable by the test sample A450nm divided by the negative control 

A450nm (T/N ratio). The cut off was set using the mean A450nm o f a set o f negative 

control samples + 3SD.

Figure 4.3 Outline o f  the predeterm ined anti-HCV IgG ELISA  protocol

anti-HCV IgG in
sample

Coated
ELISA plate

Signal

Rabbit anti-human IgG 
HRP-conjugate

c22protein

c200

NS5 protein

1. Coating overnight 4°C......................................  wash x3

2. Blocking at 37°C 1-2 h......................................  wash x3

3. Sample incubation at 37°C for 2 h .................... wash x5

4. Conjugate incubation at 37°C for I h...............  wash x5

5. Substrate incubation at room temperature for 10 min

Wells were washed with 300 pi of PBS/Tween 20 (0.05%). Wash steps were carried 

out using an automatic strip washer, Wellwash 4 (Denley Instruments) later replaced 

by an automatic plate washer, MultiWash (DYNEX). Absorbance was read at 450nm 

using an MRX plate reader (Dynatech).
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Coating and chessboard o f antigen: The Chiron Corporation, (USA) supplied the 

HCV yeast recombinant proteins at the following concentrations, c22 0.74 mg/ml, 

NS5 0.88 mg/ml and c200 0.75 mg/ml. Each recombinant protein was titrated out in 

three buffers with different pH characteristics to find the optimal conditions for 

coating (Table 1, Appendix I, page 185). The coating buffers were PBS, pH 7.4 

(Oxoid) sodium bicarbonate/carbonate buffer, pH 9.6 (Sigma) and 

triethylamine/sodium dodecyl sulphate, pH 8.0 (Sigma). Four anti-HCV positive and 

11 anti-HCV negative samples were chosen from the reference panel. Coat 

recombinant proteins were diluted from 1/500 to 1/4000 and pooled for evaluation 

using the control samples (Table 2, Appendix 1, page 185). The best five combinations 

were selected on the basis of optimal values of A450nm and T/N obtained (Table 3, 

Appendix I, page 186). The properties of each combination were further investigated 

using different types of microtitre ELISA plates with different hydrophilic and 

hydrophobic properties. The ELISA plates used were Polysorb and Maxisorb (Nunc), 

Greiner high, medium and low binding ELISA plates (Greiner Laborteknic) and 

Immulon I, II and 111 (DYNEX).

Sample and antibody chessboard: Polysorp plates were coated overnight at 4°C with 

the best combination of recombinants. Captured human IgG was detected using a 

rabbit-anti human IgG horseradish peroxidase (DAKO Ltd). Sample and conjugate 

were titrated against each other in a chessboard (Table 4, Appendix I, page 186).

Blocking: Three anti-HCV positive and an anti-HCV negative serum were used to 

assess the efficiency of six different blocking agents (Table 5, Appendix I, page 186). 

Reagents included in blocking steps included goat serum (Biopharm Ltd), fetal calf 

serum (Tissue Culture Services), dry skimmed milk (Marvel), Soya protein (Whysoy), 

rabbit serum (Sigma UK Ltd) and Triton-X (BDH). After coating overnight, wells 

were washed 3 times and 200/xl of blocking buffer was added to each well and the 

plates were incubated for 2 h at 37°C.
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Signal: The HRP conjugate was visualised using a TMB substrate used at a 

concentration of 0.1 mg/ml in phosphate citrate buffer (Sigma UK Ltd). The substrate 

reaction was stopped using 2N sulphuric acid. However, a new liquid substrate (K- 

Blue TMB, Bionostics Ltd) became available, which produced significantly higher 

reactivity at the same concentrations of sample and conjugate. A supplementary 

blocking agent was also added to the assay at this stage. Megablock III (Bionostics 

Ltd) is a complex protein solution, which reduces the background reactivity in ELISA, 

enhancing sensitivity.

In order to assess the performance of the new substrate, 44 anti-HCV IgG negative 

serum samples were chosen at random together with 67 anti-HCV positive sera from 

the reference panel for comparative testing. After the conjugate step, plates were 

washed 5 times and excess buffer tapped out. 100 /xl of K-Blue substrate was added to 

each well and the reaction stopped after 5 min by the addition of 50 /xl 2N sulphuric 

acid. The use of K-blue was further evaluated in a timed assay, where the TMB 

reaction was allowed to proceed for 6  different incubation times up to a maximum of 

20 min. The manufacturer’s of K-blue TMB recommended the use of a specialised 

stopping solution. Red Stop. To investigate this reagent, the two stopping agents were 

compared, in their ability to stabilise the TMB reaction. After the addition of stop 

solution, the A450nm was measured immediately and again after 10 min and 30 

minutes

RIBA 3.0 testing: A representative sample of 58 simulated DBS were made from sera 

from the reference panel. Of these, 30 were low positives derived from a dilution 

series of six anti-HCV positive sera. The immunoblot RIBA 3.0 (Ortho Diagnostics) 

contained HCV antigen/peptide coated strips. Each strip was cut lengthways using a 

clean pair of scissors. This allowed twice as many tests from each kit. Positive and 

negative sera were included as controls. The immunoblot assay was performed 

according to the manufacturer’s instructions, with the modification that eluates were 

tested at a dilution of 1:20 (50/xl of eluate in 1ml of buffer) (Figure 4.4). The first 

incubation was performed on a rocker platform. Subsequent steps took place on a
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rotary shaker. The interpretation of a positive result was based on the presence of two 

or more specific bands (Figure 4.5). In the case of a negative or indeterminate eluate 

result, the test was repeated using 1 0 0  /xl of sample when available.
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Figure 4.4 RIBA 3.0 testing o f  eluates oo

[1 ] Rocker Platform

I

[9] [7] [5]

[10] ■ ■■■ ■ ■

Example of a fully positive RIBA 3.0 strip, defined as 4+,4+,4+,4+

Details
1. Strips were cut into two and labelled.

2. Each strip was placed into a sample tube and 
1ml sample diluent added.

3. 20 pi of serum or 50-100 pi o f eluate was added 
to each tube and incubated at 18-22°C for 4.5 h on 
a rocker platform at 15 cycles/min.

4. Fluid was aspirated from tube, and replaced with 
1 ml of sample diluent for 30 min.

5. Diluent was replaced with 1 ml wash buffer and 
the contents o f tube then poured into a wash vessel 
for remainder of assay.

6. Buffer was decanted and 30 ml o f fresh wash 
buffer added, contents were swirled and discarded. 
Repeat x2.

7. 1 ml working strength conjugate/strip was added 
to vessel, (min 10 ml) and incubated for 10 min on 
a rotator.

8. The strips were then wash x3 as before.

9. An identical volume of working strength 
substrate buffer was added to vessel and incubated 
for 20 min.

10. Strips were subjected to two more washes in 
deionised water and allowed to dry in dark before 
interpretation.



Figure 4.5 Common examples o f result pattern in RIBA 3.0 and their interpretation
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Mod-GPA for HCV: Kits were donated by Bayer Inc. (Colombia). The assay was 

modified for use with DBS eluates in exactly the same way as for the GPA assays for 

the detection o f antibody to HIV-1 and HTLV. Lyophilised gelatin particles, Serodia- 

HCV (Fujirebio Inc.) sensitised with recombinant HCV antigens c22-3 and c200 were 

reconstituted before use to make a 1% suspension of particles. This was further diluted 

1/10 in TPHA buffer (Fujirebio Inc.) as described previously for modified HIV-I and 

HTLV GPA. Gelatin particles form a distinct agglutination pattern in the presence of 

HCV specific antibody, which can be clearly identified using an illuminated light box. 

In the absence o f specific antibody, particles settled to form a uniform button at the 

base o f the V well.
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4.3 Results

Optimisation o f anti-HCV IgG ELISA:

The results of coating recombinant proteins using different buffers showed that 

although the A450nm of the anti-HCV positive samples were highest using sodium 

bicarbonate/carbonate buffer, T/N values were higher with PBS and TEA/SDS buffers 

(Table 1, Appendix I, page 185). PBS as a coating buffer provided the best balance 

between A450nm and T/N. The optical densities at A450nm of the anti-HCV positive 

samples using recombinant cocktails were within the range 0.5 to 2.2 (Table 2, 

Appendix I, page 185). Samples tested in wells coated with cocktail B had the lowest 

background reactivity. The T/N values of anti-HCV positive samples tested using the 

coating cocktails B, C, D, K and I gave the highest T/N ranges. Re-testing using the 

best five cocktails showed that the best T/N values were observed using Polysorp and 

Immulon III plates that had been coated using cocktail B (Table 3, Appendix I, page 

186). Polysorp were preferred as the moulding of the plates allows channels between 

the wells, reducing the possibility of well-to-well contamination. A chessboard of 

sample and enzyme labelled anti-human IgG conjugate showed that an eluate dilution 

of 1/20 produced the optimum T/N values and an A450nm > 2.0, with a 1/2000 

dilution of conjugate (Table 4, Appendix I, page 186).

Among the blocking agents evaluated, skimmed milk buffer was least useful. A high 

degree of non-specific reactivity was observed presumably due to an interaction 

between the milk proteins and the recombinant proteins (Table 5, Appendix I, page 

186). Of the remaining buffers, results based on the A450nm of anti-HCV positive 

samples were similar, however the A450nm of anti-HCV negative samples varied 

depending on the blocking capacity of the agent used. PBS alone or 5% goat serum 

provided the best T/N values. Using PBS buffer with no added blocking agents 

resulted in a higher background A450nm in the blank wells, therefore 5% goat serum 

was chosen as the preferred blocking agent in this ELISA.

The introduction of a new liquid TMB system in the ELISA produced a significant 

increase in the A450nm of anti-HCV positive samples without an increase in 

background A450nm (Table 4.1, page 82). The substrate reaction appeared complete
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in 10 min. Comparison of A450nm in the two systems revealed a near 2-fold increase 

with the liquid TMB system (Figure 4.6). Subsequent analysis of the T/N values 

showed a 2.4-fold increase using the liquid TMB substrate.

Figure 4.6 Comparison of Signa TMB 
system with liquid TMB in 67 anti-HCV 

positi\€ sera by ELISA

lOOn
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■:=r
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10 100

T/N (Sigma TMB)

Illustrated using PRISM 3 (GraphPad software 1999).
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Table 4.1 Comparison of TMB substrate systems

Sample Sigma TMB system 

Blocked with 5% goat

Liquid TMB system 

Blocked with 5% goat 

and 0.1% Megablock IB

A450nm

Range mean Range mean

Blank 0.11-0.15 0.124 0.042-0.076 0.056

Negative n=44 0.068-0.192 0.144 0.054-0.183 0.098

Positive n=67 0.22-1.81 1.26 0.20-3.50 2.36

T/N 1.53-12.57 8.75 2.04-35.71 20.78

Titration curves produced by an anti-HCV positive eluate using liquid substrate for 

increasing lengths of time showed that after only a 5 min incubation a near log-linear 

relationship could be observed between A450nm and sample dilution over a range of 

0.2 to 2.0 (Figure 4.7). Comparison of both stopping reagents showed that each 

adequately stabilise the colour reaction for at least 1 0  min at room temperature 

(Figures 4.8 and 4.9). However the A450nm produced by the combination of 2N 

H2SO4 and TMB was far higher to that of the Red Stop at A630nm. The final protocol 

for the optimised version of the screening ELISA for anti-HCV IgG (screen-HCV) is 

illustrated in Figure 4.10.
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Figjre 4.7 Titration cir\es o f an anti-HCV 
positi\e eluate usirgK-Hue substrate 

incubated for increasing le n ^  o f time
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Figure 4.8 Stability over time of K-blue 
TMB after addition of sulphuric acid stop 

solution

4
0 min 
10 min 
30 min

high anti-HCV +ve
3

2
low anti-HCV +ve

1

anti-HCV -ve

0
10 100 1000 10000

loglO (reciprocal dilution)

Figure 4.9 Stability over time o f  K-blue
TMB after addition o f  Red stop TM
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Figure 4.10 Final version of the anti-HCV IgG screening ELISA (Screen-HCV)
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Détails
1&2. A polysorp ELISA plate (Nunc) was coated with 
100 pi o f a 1/2000 dilution o f c22 and c200 and 1/4000 

! of NS5 proteins in PBS overnight at 4°C. Plates were 
used the following day.

3. Wells were washed x2 with PBS/Tween20 prior to 
, the addition o f 200 pl/well o f blocking buffer (5% goat 

serum and 0.4% Meggablock 111, Bionostics Ltd) for 2 h 
at 37°C (4)

5. Wells were washed twice as before, then lOOpl o f a 
1/20 ( 5 4 - 9 5 )  dilution (PBS with 1% goat, 1% triton-X) 
o f eluate were added and incubated for 2h at 37°C (6). 
Simulated anti-HCV +ve and -v e  DBS were eluted at 
the same time as the test DBS and used as controls.

7. Wells were washed 5 times before (8) 100 pi o f rabbit 
anti-human IgG HRP conjugate (Dako p2l4), 1/2000 
(PBS with 1% rabbit serum/1 %goat serum) was added 
to each well and left for 1 h at 37°C.

9. Wells were washed a further 5 times, before the 
addition o f (10) 100 pi o f TMB liquid substrate 
(Bionostics Ltd) to each well for 5 min at 20°C. The 
reaction was stopped using 50 pi H2SO4 and read within 

; 10 min at 45Qnm (^11)._____________



Results of reference panel

Screen-HCV ELISA result o f sera and simulated eluates in relation to RIBA result: 

Summary results of testing the anti-HCV positive reference panel of sera and eluates 

using the final anti-HCV IgG assay (Screen-HCV ELISA) in relation to the RIBA 

result (original laboratory) are shown in Figures 4.11 and 4.12 respectively. The 

ELISA detected antibodies to HCV in all 193 anti-HCV positive reference sera, Table

4.2 (A450nm in the range 0.21 to 2.07 and T/N 3.5 to 20.3). The mean A450nm of 80 

anti-HCV positive eluates was 1.15 (95%CI 0.92-1.38). The mean A450nm of the 

anti-HCV negative eluates was 0.11 (95%CI 0.08-0.14). Using the SD of each group, 

the difference between the two means was significant (p<0.0001), (unpaired T test). 

The Ô values were calculated for positive and negative values to give a measurement 

of the likelihood of false positives (high 5 value low probability of false positive) and 

false negatives (high -5 value, low probability of false negative). The ô value for the 

positive eluates was only 1.1, although the Ô value for negatives was -3.7.

Reactivity o f reference panel samples to the recombinant proteins c22, c200 and NS5: 

Antibody to all 3 recombinant proteins could be identified by ELISA. Among the 

samples tested the c22 recombinant protein appeared to be the most sensitive (97.3%) 

and NS5 (57.7%) the least.

Use o f the mod-GPAfor anti-HCV:

The mod-GPA detected anti-HCV in 147/149 (98.7% of the samples tested). Each 

sample was repeatedly reactive by the screen-HCV ELISA (A450nm 1.0-1.3) but only 

exhibited reactivity to the recombinant protein c22.
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Table 4.2 Summary of anti-HCV positive reference panel results

Source No. Screen-HCV

1

l l

Anti-c22
ELISA

Anti-c200
ELISA

Anti-NS5
ELISA

mod-GPA

Ser/
DBS

T/N
range

A450nm
Range

4-ve % 4-ve % 4-ve % 4-ve %

GOS S76 3.5-15.8 0.21-1.67 34 31 91.2 26 76.5 16 47.1 32/34 94.1
D14 2.8-28.0 0.27-1.66

NEQAS S40 8.3-17.0 0.85-1.73 38 38 100 29 76.3 21 55.3 17/17 100
DIO 6.5-29.6 0.37-1.66

KCH S19 9.4-20.0 0.96-2.04 19 19 100 15 78.9 8 42.1 13/13 100
D12 12.3-27.4 0.89-1.51

RFH S25 9.7-20.3 1.00-2.07 25 24 96.0 24 96.0 15 60.0 24/24 100
D25 4.0-28.8 0.50-1.65

NLBTC S19 8.4-17.8 1.23-1.81 19 19 100 19 100 12 63.2 19 100
D19 7.2-31.1 0.40-1.74

RSA S14 9.4-18.2 0.99-1.91 14 14 100 14 100 14 100.0 14 100

Total S193 3.5-20.3 0.21-2.07 149 145 97.3 127 85.2 86 57.7 147/149 98.7
D80 2.8-31.1 0.27-1.74
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Figure 4.11 T/N range o f  193 
anti-HCV +ve and 52 anti-HCV -ve 

sera tested in the screen-HCV ELISA
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Figure 4.12 T/N range o f  80 anti-HCV 
+ve simulated DBS and 448 anti-HCV 
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Figure 4.13 Comparative sensitivity o f  
RIBA 3.0 in 58 eluates arranged 

aceording to inereasing T/N by ELISA

20n
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T/N range by screen-H C V  ELISA

Results for anti-HCV positive simulated DBS were similar to that of the original sera 

with all 80 reactive by ELISA (A450nm in the range 0.27 to 1.74 and T/N of 2.8 to 

31.1). T/N values for anti-HCV positive DBS appeared higher than those of the sera 

due to the low value o f the anti-HCV negative control. Only 2 samples (2.5%) had 

T/N values under 5.0 and only 13.8% of samples with T/N values under 10.0 (Figure 

4.11).

Comparative sensitivity o f RIBA 3.0 with eluates from simulated DBS:

Among the 58 simulated DBS derived from sera and dilutions of sera from the HCV 

panel (page 75) RIBA 3.0 confirmed the presence of anti-HCV in 29/29 eluates with 

T/N values above 5.0 and in 10/11 with T/N values below 5.0. Six of these 40 samples 

were initially indeterminate but only one remained unconfirmed after re-testing with 

double the volume (lOOpl) o f eluate. Eighteen eluates gave A450nm below the eut off
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of 0.2. None of these eluates produced detectable bands in RIBA 3.0 (Figure 4.13). 

The screening ELISA showed broad reactivity to the serotypes tested (A450nm range 

1.44 to 2.34).

ELISA reactivity to eluates from simulated DBS derived from  individuals infected with 

a confirmed serotype o f HCV:

The reactivity of eluates derived from these samples to each recombinant protein 

showed that c22 was broadly reactive to the serotypes tested. The recombinant 

proteins c200 and NS5 showed sub optimal reactivity to antibody from serotype 4 and 

5 samples (Table 4.3).

Table 4.3 Reactivity of serotyped samples with the HCV recombinant proteins c22, 

c200 and NS5 in Screen-HCV ELISA

GT Screen -HCV 
(A450nm)

Anti-c22 Anti-c200 Anti-NS5

S' Range mean % mean % mean % mean

1 32 0.66-2.57 1.88 96.9 1.39 81.3 1.39 71.9 1.40
2 2 2.19-2.48 2.34 100.0 1.75 100.0 2.26 100.0 2.58
3 10 0.38-2.28 1.76 100.0 1.33 90.0 1.17 60.0 1.86
4 6 1.15-2.20 1.79 100.0 1.41 100.0 0.83 60.0 0.46
5 8 0.59-1.96 1.44 100.0 1.20 62.5 0.70 62.5 0.80

GT= HCV genotype

Specificity o f screen-HCV ELISA with DBS from  RSA and patients infected with HIV  

or HTLV:

Among the DBS eluates from RSA 28/569 (4.9%) were screen-HCV ELISA reactive. 

The majority 18/28 (64%) of these initial reactives were from neonates of African 

ethnic origin. These eluates were repeatedly reactive by screen-HCV ELISA (A450nm 

0.51, 0.79) (T/N 10.2, 15.8). Subsequent RIBA 3.0 testing confirmed both as positive. 

Anti-HCV reactivity was not detected in the anti-HIV and anti-HTLV DBS.
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4.4 Discussion

The ‘in house’ ELISA (screen-HCV) that incorporates the recombinant proteins c22- 

3, c200 and NS5 (Chiron Corporation) is a highly sensitive assay for the detection of 

antibody to HCV in DBS and sera. The distribution of T/N values of DBS and sera 

(Figures 4.11 and 4.12) show a wide range of reactivity, with the majority of reactive 

samples producing T/N values greater than 5.0 (97.5% and 95.3% respectively).

There was no false reactivity in the UK negative field DBS. However, 4.9% of the 

African field DBS were false reactive by screen-HCV ELISA. Two of these samples 

were repeatedly reactive to the recombinant protein c22 by ELISA and both were 

confirmed by RIBA 3.0 testing. False anti-HCV reactivity by ELISA has been 

reported elsewhere (Tibbs et al., 1991 and highlights the importance of confirmatory 

testing.

RIBA 3.0 of simulated DBS eluates proved highly successful with only one eluate of 

low reactivity unconfirmed (Figure 4.13). Using the distribution of T/N values by 

ELISA in eluates (Figure 4.12) it was possible to predict the comparative sensitivity of 

the RIBA 3.0 assay with DBS. This was done by extrapolating the RIBA 3.0 results of 

eluates of increasing T/N by ELISA shown in Figure 4.13 into the results in Figure 

4.12. When results were combined RIBA 3.0 would be expected to confirm 

{(2.5x10/11=2.3%, i.e. the proportion with a T/N of 2.0-5.0 in Figure 4.12) + 

(97.5x29/29, the proportion with a T/N over 5.0)} equivalent to 99.8% of all true 

positives. It is not known whether the distribution of T/N ratios in eluates from DBS 

collected from infants bom to HCV infected women would have the distribution seen 

in Figure 4.12, but even if there were five times as many eluates in the lowest T/N 

ratio band, RIBA 3.0 would still be expected to confirm 12.5x10/11 +87.5 equivalent 

to 98.9%, which is certainly adequate for an epidemiological survey. Studies with 3"̂  ̂

generation commercial ELIS As and the immunoblot have shown a significant 

decrease in sensitivity with samples derived from non-viraemic/PCR negative blood 

donors and in patients infected with HCV types other than type 1 (Berger et al., 1996; 

Dhaliwal et al., 1996). This raises concerns over the sensitivity of an algorithm that 

utilises synthetic and recombinant proteins based on type 1 vims in a population such
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as London, where one might be expected to encounter a range of HCV types. The 

screen-HCV ELISA described here detected antibodies to a wide range of HCV types 

and in samples from both symptomatic and asymptomatic patients. Repeat testing by 

ELISA using wells individually coated with each recombinant protein and 

confirmation by RIBA 3.0 are important supplementary tests to maintain the 

specificity of the algorithm by screening out false positive DBS that might be 

encountered in a large survey for example in the UK which may contain samples from 

people who have lived in certain regions of Africa (Tibbs et al., 1991; Hyams et al.,

1993).

Mod-GPA testing detected antibody in 98% of the anti-HCV positive samples tested, 

suggesting it may prove to be a useful supplementary test in the confirmation of anti- 

HCV in DBS eluates. It was therefore concluded that the proposed algorithm for anti- 

HCV (Figure 4.1, page 72) was of sufficient sensitivity and specificity to merit use in 

a large scale DBS screening programme.
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Chapter 5.0 

The use of DBS for anonymous 

anti-HCV surveys'*

Published in part in Ades et al., 2000
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5.1 Introduction
HCV is asymptomatic and indolent in most acutely infected individuals, but at least 

85% of cases develop chronic liver disease of which approximately 20% may develop 

cirrhosis with an increased risk of HCC (Fagan and Harrison, 2000). Fulminant 

hepatitis is rare. The mean incubation period for acute infection is seven weeks, but 

can vary from 4-20 weeks prior to the onset of symptoms, which are usually mild, but 

can include weakness, malaise, fatigue, hepatomegaly and jaundice. HCV RNA is 

detectable within 1-2 weeks of exposure. Eventually ALT levels begin to rise and 

symptoms appear. Symptoms are often absent in chronic HCV and the rate of 

morbidity and mortality is low (Seeff, 1997). Most often, non-specific symptoms such 

as fatigue present, but anorexia, nausea, dark urine and itching can also occur 

(Hoofnagle, 1997).

Transmission of HCV is possible by several mechanisms, illustrated by PCR studies 

that have detected HCV RNA in all body fluids including blood, saliva, seminal fluid, 

breast milk and urine (Liou et a l ,  1992; Young et a l, 1993; Couzigou et a l,  1993). 

The most efficient transmission of HCV is parenteral either by direct cutaneous 

exposure or transfusion of unscreened blood, blood products, transplantation of 

organs from infected donors or the sharing of contaminated needles in IDU (Alter, 

1994). Consequently the seroprevalence of HCV is highest in IDU, haemophiliae 

patients, those with thalassaemia and hypogammaglobulinaemia, solid organ 

transplant recipients and health care workers (Ludham et a l,  1989; Mortimer et a l, 

1989; Van der Poel et a l,  1989; Esteban et a l,  1989; Darby et a l ,  1997; Roudot- 

Thoraval et a l,  1997). In developed countries, post-transfusion related routes of 

transmission have been virtually eliminated by blood donor screening and more 

efficient processing of blood products. In the USA, for example, the introduction of 

blood donor screening in 1990, led to a steady decline in the incidence of HCV 

infection in recipients from 180,000/year in the mid 1980s to 28,000/year in 1995. In 

1996, the estimated risk of transfusion associated HCV was 0.01-0.001% per unit 

transferred (Alter, 1997). Although the rate of HCV infection has dropped, it has been 

estimated that the annual death rate from HCV in the USA, will triple to 24,000 by the 

year 2017 (Editorial, 1997). Recent evidence suggested that the residual risk of 

transfusion associated HCV infection in the UK was approximately 1 in 200,000
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(Barbara, 1997). The prevalence of HCV in intravenous drug users is almost always 

higher than that in the rest of the community (Graham and McIntyre, 1997; Neal et 

a l, 1994; Dhaliwal et a l ,  1996; Goldberg et a l,  1998). Similarly in the USA, HCV 

infection is strongly associated with young adults, where a history of injecting drugs, 

cocaine use and low socioeconomic status are the main risk factors (Alter, 1997; 

Goldberg et al, 1998; CDC, 1998b; Alter and Moyer, 1998).

Evidence for sexual transmission is well documented but rare, for example the 

incidence of HCV in monogamous, stable heterosexual partners of infected 

individuals is extremely low (Alter, 1997; Dienstag, 1997). The US Public Health 

Service has estimated that the risk of sexual transmission in high risk groups is 

approximately 5% (Dienstag, 1997). Familial transmission has been recorded, where 

transmission is thought to occur via household contact’ i.e. razors, shared 

toothbrushes and other percutaneous exposures to blood or blood contaminated items 

Epidemiological surveys in the US have revealed an increased frequency of HCV 

infection in sex workers, homosexuals and STD patients. HCV RNA can be detected 

in as little as 0.023 /xl of infected blood recovered from a syringe needle (Heimer et 

a l, 1996) and this may explain why the transmission of virus by needles, other than 

by IDU has also been documented. These include unnecessary injections, the use of 

needles in folk medicine and surgical procedures that use contaminated equipment 

(Kiyosawa et a l ,  1994; Chen et a l,  1995; Ho et a l ,  1997; Luby et a l ,  1997). HCV 

has also been associated with cosmetic and ritual practices that involve percutaneous 

exposure (Alter, 1994).

HCV may be transmitted from mother to child in utero and is more likely to be 

perinatal (Resti et a l ,  1995) but there is little evidence to suggest a protective effect 

due to caesarean delivery as seen with HIV transmission studies (Thomas et a l,

1998). Vertical transmission rates of 6% have been reported in studies where PCR 

combined with genotyping and sequence analysis has been used to give a more 

accurate estimate of infectivity in the mother and infection in the infant (Kuroki et a l, 

1993; Ohto et a l ,  1994; Resti et a l,  1995; Thomas et a l ,  1998). The rate of HCV 

transmission in mothers co-infected with HIV has been estimated to be as high as 

15% (Thomas et a l,  1998). Although HCV RNA has been detected by PCR in breast 

milk (Resti et a l, 1995; Zimmermann et a l, 1995; Tanzi et a l,  1997) particularly in
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women who are viraemic, evidence for actual transmission by this route is slight. 

Consequently breast-feeding is not discouraged in asymptomatic HCV infected 

mothers (Mahajan et a l, 1995; Zimmermann et a l, 1995; Grayson et a l ,  1997).

HCV is found worldwide with a prevalence ranging from 0.3% to 1.5 % among blood 

donors in developed countries (Alter, 1997). Reports suggest that up to 3% of the 

world’s population is infected with HCV (WHO, 1997b). The highest rates were 

found in north and central Africa and Central America. Other estimates suggest up to 

170 million people worldwide including 4 million people in the USA (a 

seroprevalence of 1.8%) have contracted HCV over the past 30 years, a prevalence 

which is at least four times greater than the estimate for HIV-1 (Alter, 1997; Brown, 

1997). Antenatal screening is carried out in many centres in Europe (Pembrey et a l,

1999). In some centres screening is only selective and guidelines relating to the best 

approach to screening and the appropriateness of breastfeeding have not been 

formalised. Published studies on the seroprevalence of HCV in mothers in the UK 

have been limited to small studies in single maternity units (Boxall et a l,  1994). 

Although this study, carried out in the West Midlands, found HCV in white Caucasian 

women, the proportion of women from high seroprevalence countries was negligible. 

Therefore it is not known to what extent HCV in antenatal populations in south east 

England can be attributed to women immigrating from countries with a high HCV 

prevalence, e.g. Africa, the Middle East, Japan and Asia.

Chapter 4.0 described the development and evaluation of an algorithm for anti-HCV 

testing of DBS for the specific purpose of extending the present anonymous newborn 

HIV testing program. This will provide information on the general prevalence of 

HCV in inner, outer London and rural areas in the non-metropolitan region. The 

retention of data on mother and father’s country of birth and ethnic status will allow 

an estimate of the seroprevalence of anti-HCV in pregnant women to be made and 

provide epidemiological information on the extent of HCV using linked demographic 

data. Additionally this study will be run in parallel with anti-HIV-1 and HTLV 

testing. The extent of HCV/HIV coinfection in pregnant women will provide 

information on the transmission of both viruses in this population.
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5.2 Materials and Methods

Two 4.9 mm DBS samples were punched from each neonatal Guthrie card from the 

North Thames regions over a 15m period, using an automatic punching machine 

(EEC Wallac Delfia 1296-071, Turku, Finland) into labelled flat well microtitre plates 

(Plate V). Each Guthrie card was assigned a bar coded laboratory accession number 

linked to the plate number and well position of each DBS. Once full, the plates were 

sealed and stored at ambient temperature prior to screening within three months. The 

neonatal laboratory maintains data links with NHS Child health computers, which 

hold information relating to all notified UK births. In South west Thames, a single 5.5 

mm diameter DBS was punched manually, using a single hole-puncher, from each 

Guthrie card. DBS were collected according to health district and placed into flat- 

bottomed microtitre plates. The number o f samples from each district was recorded on 

a worksheet.

Simulated anti-HIV-1 /HTLV-I/HCV ‘tri-positive’ and negative DBS were made as 

described previously (Hannon et al., 1989) using reference sera (see Sections 3.1.2,

3.2.2 and 4.2). DBS were pre-punched and stored in bags at 4°C with desiccant until 

required. High and low positive (ECl and EC2) and three negative control DBS (EC3, 

EC4 and EC5) were placed into wells H7 to HI 1 prior to elution, Plate V below. Well 

H12 was left empty and served as a reagent blank.

Plate V Scan of a microtitre plate filled with DBS from the North Thames 

regions

!' > " •  #
#  # ' #  "#  ' # : #  •  •  ^

# #  ( #  %  ( #  # ' %  #  #  #

( #  ( •  •  •  • )

#  #  #  ( •  #  #  #  #  » )  •  w

#  ( #  #  #  #  #  #  • )  • /  « 5 ^

^  Ü P  WW- 9̂' # ' E C I  EC2'eC3 EC4 EC5 B k

I

Rows were filled from 
left to right and top to 
bottom, wells H7 to 
H12 were left empty 
for the addition of 
control samples
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DBS were eluted overnight in PBS/tween80 buffer, as described in Chapter 2.0. Plates 

were shaken briefly, sealed and stored overnight at 4°C. DBS eluates were screened 

for anti-HIV-1 and HTLV by mod-GPA and then sealed and frozen at -30°C for up to 

two months. Eluates were tested for the presence of antibodies to HCV using the 

screen-HCV ELISA (Figure 4.10, page 85) as part of the algorithm described in 

Figure 4.2 (page 72). Normally 8 ELISA plates were assayed at one time. Once 

screening and confirmatory testing was completed, results were entered onto a 

computer file, which held the plate and well location of each sample. These files were 

then ‘match merged’ to allow the demographic data to be collated with the antibody 

results. Deleting the accession number to leave only a file containing the plate and 

well position and the Child Health computer data ensured anonymity. The mean and 

SD of the A450nm of anti-HCV positive and negative QC samples from the plates run 

on each day (normally eight plates) were calculated and the CV and T/N of the 

positive samples plotted graphically.

5.3 Results

Over the 15 months of testing, a total of 126,009 DBS were screened for the presence 

of anti-HCV IgG, of which 1255 were initially reactive by Screen-HCV. Results for 

summarised per quarter year in Table 5.1 below.

Table 5.1 Summary of anti-HCV results for April 1997-June 1998.

Quarter Tested Screen-HCV RIBA 3.0 confirmation

Screen reactive Repeat reactive 4-ve Indeterminate -ve

1 25683 355 65 31 14 15

2 26035 206 70 46 6 18

3 24439 238 77 59 4 14

4 24906 259 76 52 4 20

5 24946 197 77 53 12 12

Total 126009 1255 366 241 40 85
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RIBA 3.0 confirmed a total of 241 (71.7%) eluates as positive and 40 as 

indeterminate. The overall seroprevalence of HCV in pregnant women was between 

0.19 and 0.22%. Figures 5.1 A and B show the comparative distribution of the 

A450nm of over 1000 anti-HCV negative eluates from the study and the A450nm and 

RIBA 3.0 results of the 366 repeat reactive eluates.

5.3.1 Assav performance

Shewhart plots (Shewhart, 1939) for the QC results obtained over a period of testing, 

July to September 1998 are shown in Figure 1 (Appendix H, page 187. T/N values 

were calculated for each positive control, but it was observed that the T/N value could 

fluctuate dramatically if the A450nm of the negative controls were very low. Thus 

T/N was a less useful measure of QC than the A450nm. Figure 1 shows that the CV of 

the two positive controls exceeded +2SD only three times. Additionally, there were 

no cases of this occurring simultaneously in more than one positive control and 

therefore no assays failed the criteria for the Shewhart multi-rule procedure (Morgan- 

Capner, 1990).

Statistical analysis of the mean and SD of the raw data (A450nm) from the Screen- 

HCV ELIS A/RIB A confirmed eluates (mean 1.36, SD 0.76) and anti-HCV negative 

eluates (mean 0.11 and SD 0.07) as seen in Figures 5.1 A and B, revealed they were 

significantly different (p<0.001. Unpaired T test). Statistical analysis of the Screen- 

HCV results based on the mean A50nm of reactive eluates in relation to RIBA 3.0 

results was carried out using one-way ANOVA with post analysis by the Tukey- 

Kramer multiple comparisons test. The mean A450nm of samples classified as either 

negative, indeterminate or positive by RIBA 3.0 were all significantly different 

(p<0.001). Comparison of the strength of c22 reactivity among RIBA 3.0 

indeterminate eluates in relation to the A450nm result by ELISA showed that eluates 

that were classified as either 3+ or 4+ to c22 by RIBA had statistically similar 

A450nm to RIBA 3.0 confirmed eluates (p>0.05). In contrast the reactivity by ELISA 

of RIBA 3.0 indeterminate eluates that were only l-k or 2+ to c22 was significantly 

lower than that of confirmed samples (p<0.005).
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Figure 5.1 Performance o f the screen-HCV ELISA and
RIBA 3.0 in the anonymous DBS study
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Figure 5.2 Relationship between screen-HCV ELISA and
RIBA 3.0 results in eluates

A. Correlation o f  RIBA 3.0 score and 
ELISA result in 241 confirmed 

anti-HCV positive eluates

r^=0.85

90 7 4 6 8 10 1 14

RIBA 3.0 score
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3.0-1

Q 2 .5 -

1  2 .0 - 

I ■

0 .5-

0.0
3 40 21

r^=0.96

RIBA score

101



A RIBA score was allocated to each eluate based on the sum of the reactivity to each 

of the four bands of the RIBA 3.0 assay. The mean and SD of the A450nm of the 

RIBA positive eluates (A) and RIBA indeterminate eluates (B) were then plotted 

against the RIBA score, Figure 5.2A and B. The relationship between RIBA 3.0 score 

and A450nm was approximately linear (r  ̂=0.85) in eluates with confirmed reactivity 

to more than one band. The relationship between reactivity in the screen-HCV ELISA 

and RIBA 3.0 c22 indeterminates was very strong (r^=0.96) as expected from the 

results of testing the anti-HCV positive panel in Chapter 4.0.

Antibody reactivity to both c22 and c33 by RIBA 3.0 was the most common result in 

confirmed eluates (Table 5.2). Reactivity to three or more antigens was observed in 

61% of the eluates tested. Reactivity to the c22 band was observed in 97.5% of 

eluates, to c33 in 92.9%, cIOO in 60.2% but only 38.6% to NS5.

Table 5.2 Frequency of reactivity to antigens in RIBA 3.0 in confirmed anti-HCV 

positive eluates.

RIBA 3.0 Pattern Number %

c22 c33 78 32.4

c22 c33 clOO NS5 67 27.8

c22 c33 clOO 61 2 5 J

c22 c33 NS5 13 5.4

c22 cIOO 7 2.9

c22 cIOO NS5 6 2.5

c33 clOO 3 1.2

c33 NS5 2 0.8

c33 clOO NS5 I 0.04

cIOO NS5 1 0.04

Total 241

ELISA testing using each individual recombinant protein revealed that antibody 

reactivity to c22 was observed in 96.6% of the RIBA 3.0 confirmed eluates tested and
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97.1% of the indeterminates. However reactivity to anti-c22 by ELISA was also 

observed in 14% of the RIBA 3.0 negatives (Table 5.3). Antibody reactivity to c200 

by ELISA was observed in only 41% of the RIBA 3.0 confirmed samples and only 

41% to NS5. Reactivity to two or more of the proteins was seen in only 56.5% of 

RIBA 3.0 confirmed samples.

Table 5.3 Comparative reactivity of eluates to each of the recombinant proteins by 

ELISA in relation to the RIBA 3.0 result.

Individual HCV 

Protein ELISA 

result^

RIBA 3.0 result

+ve % Ind % -ve %

c22, c200, NS5 52 22.4 1 2.9 3 3.5

c22,c200 38 16.4 0 0.0 0 0.0

c22, NS5 38 16.4 1 2.9 0 0.0

c22 96 41.4 31 91.2 9 10.6

c200 3 1.3 1 2.9 6 7.1

c200, NS5 3 1.3 0 0.0 3 3.5

NS5 2 0.9 0 0.0 9 10.6

Negative 0 0.0 0 0.0 55 64.7

Total 232 - 34 - 85 -

9 RIBA positive and 7 indeterminates were insufficient for testing

Comparison of the reactivity of eluates to c22 and NS5 proteins by ELISA and RIBA 

3.0 assay showed that in the case of c22, the RIBA 3.0 failed to detect anti-c22 in 

three c22-ELISA positives. In contrast ELISA failed to detect anti-c22 reactivity in 

two eluates that were c22 reactive by RIBA 3.0. ELISA failed to detect reactivity to 

NS5 in 11 eluates that were reactive to NS5 by RIBA 3.0.

The results of mod-GPA testing of c22 RIBA 3.0 indeterminate eluates are shown in 

Figure 5.3. The results are distributed according to the degree of reactivity in the 

original Screen-HCV ELISA. Fifteen indeterminate eluates were negative by the 

mod-GPA. There was no correlation between the A450nm of each reactive sample by 

Screen-HCV ELISA and reactivity by mod-GPA.
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Figure 5.3 Distribution o f  RIBA 3.0 c22 indeterminate samples in relation 
to reactivity in screen-HCV IgG ELISA results and m od-GPA
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5.3.2 Seroprevalence results

Ethnic data and mother’s age were available for 50% of the samples tested. Country 

of origin data was available on 77% of the samples tested. Seroprevalence results 

were based on a minimum and a maximum estimate using confirmed or confirmed 

and c22 indeterminate RIBA 3.0 eluates.

Table 5.4 HCV seroprevalence sorted according to the type of district where Guthrie 

card originated.

RIBA 3.0 anti-HCV seroprevalence % (95%CI)

District Number Positive Ind' Minimum Maximum

Outside North 

Thames

529 4 0 0.76 (0.03-1.5) 0.76 (0.03-1.5)

Inner London 29491 105 14 0.36 (0.29-0.43) 0.44(0.37-0.51)

Outer London 46182 90 13 0.19(0.15-0.23) 0.22 (0.18-0.26)

Non

Metropolitan

49807 46 13 0.09 (0.06-0.12) 0.12(0.09-0.15)

Total 126009 241 40 0.19 (0.17-0.21) 0.22 (0.19-0.25)

Non Metropolitan subdivided;

Industrial 6623 8 4 0.12(0.04-0.16) 0.18 (0.08-0.28)

Mixed

urban/rural

27332 22 3 0.08 (0.05-0.11) 0.09 (0.06-0.12)

New Towns 8869 4 1 0.05 (0.01-0.09) 0.06 (0.01-0.11)

Rural 2788 3 1 0.11 (0-0.23) 0.14 (0-0.28)

Seaside 4195 5 4 0.12(0.02-0.22) 0.22 (0.08-0.36)

A distinct gradient of HCV prevalence was observed that increased from Non

metropolitan districts toward Inner London (Table 5.4). Subdividing the Non

metropolitan areas showed an increased seroprevalence in rural, seaside and industrial 

regions.
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The seroprevalence range of HCV in mothers originating from different countries is 

shown in Table 1, Appendix II and ranged from 0 to 1.66%. In Inner London mothers 

who were bom in the UK, the seroprevalence was between 0.13-0.15 (95%CI 0.10- 

0.16), which was slightly higher than those mothers residing in Outer and Non 

Metropolitan districts (0.09-0.12). However, anti-HCV positive UK bom mothers 

residing in Non-Metropolitan districts made up a significant proportion (20.4%) of 

those detected. The HCV seroprevalence was highest in mothers originating from 

southem Europe (95%CI 0.85-2.29) and parts of Africa (95%CI 0.02-0.41). When 

considering mother and father’s country of birth. Father’s data missing was associated 

with a two-fold increase in seroprevalence in Inner London regions (0.34% versus 

0.73%). Father’s details missing and mother bom overseas constituted an HCV 

seroprevalence of 0.50-0.60% (95%CI 0.37-1.0).

The results of linkage based on ethnic group in UK bom and non-UK bom mothers is 

shown in Table 5.5. Mothers bom overseas appear to be approximately twice as likely 

to be infected with HCV. White non-UK bom mothers have a higher HCV 

seroprevalence than those bom in the UK, (0.49-0.60% compared to 0.12-0.15%). 

HCV seroprevalence was highest in mothers from Pakistan (0.91-1.2%), although the 

numbers tested were very small. Father’s country of birth was not independently 

significant (data not shown).

Seroprevalence was seen to increase with matemal age (Table 5.6). The highest 

prevalence was in the greater than 35 years age group who were not bom in the 

British Isles (0.45-0.62%).
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Table 5.5 HCV seroprevalence based on mother’s ethnie status and birthplace

Ethnic group Number RIBA 3.0 

result

Seroprevalence % (95%C1^)

Positive Ind^ Min Max

Mother bom in the UK

Bangladeshi 236 0 0 0.00 0.00

Black African 571 1 0 0.18 0.18

B.Carib/B. other 1274 0 0 0.00 0.00

Indian 367 0 0 0.00 0.00

Oriental 294 0 0 0.00 0.00

Other Asian 758 2 0 0.26 0.26

Other ethnic 584 1 0 0.17 0.17

Pakistani 173 0 0 0.00 0.00

Total non White 3989 4 0 0.10 (0.01-0.19) 0.10(0.01-0.19)

White 24209 30 7 0.12(0.08-0.16) 0.15 (0.10-0.20)

Total 28198 34 7 0.12(0.08-0.16) 0.15 (0.10-0.20)

Mother bom overseas

Bangladeshi 2452 0 0 0.00 0.00

Black African 2638 4 1 0.15 (0.00-0.30) 0.19 (0.02-0.36)

Black Carib/other 501 1 0 0.20 0.20

Indian 609 0 1 0.00 0.16

Oriental 268 0 0 0.00 0.00

Other Asian 2620 5 6 0.19 (0.02-0.36) 0.42 (0.17-0.67)

Other ethnic 663 1 0 0.15 0.15

Pakistani 332 3 1 0.91 1.20 (0.03-2.37)

Total non White 10083 14 9 0.14 (0.07-0.21) 0.23 (0.14-0.32)

Total white 2836 14 3 0.49 (0.23-0.75) 0.60 (0.32-0.82)

Total 12919 28 12 0.22 (0.14-0.30) 0.31 (0.21-41)

where sufficient numbers allow only
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Table 5.6 HCV seroprevalence based on mothers age (next birthday)

Age (y) Number Positive Ind^ Seroprevalence % (95%CI^)

Min Max

Born in the 1Iritish Isles

Missing 168 0 0 0.00 0.00

<21 4340 1 0 0.02 0.02

21-25 8843 10 2 0.11 (0.04-0.18) 0.14 (0.06-0.22)

26-30 15074 16 1 0.11 (0.06-0.16) 0.11 (0.06-0.16)

31-35 12459 26 5 0.21 (0.13-0.29) 0.25 (0.16-0.34)

>35 4855 9 3 0.19(0.07-0.31) 0.25 (0.11-0.39)

Total 45739 62 11 0.14 (0.11-0.17) 0.16(0.10-0.20)

Not born  in the B ritish Isles

Missing 78 0 0 0.00 0.00

<21 1288 0 1 0.00 0.08

21-25 4164 4 2 0.10(0.01-0.19) 0.14 (0.02-0.26)

26-30 5200 14 7 0.27 (0.13-0.41) 0.40 (0.23-0.57)

31-35 4078 15 1 0.37 (0.19-0.55) 0.39 (0.20-0.58)

>35 2242 10 4 0.45 (0.17-0.73) 0.62 (0.29-0.95)

Total 17050 43 15 0.25 (0.17-0.33) 0.34 (0.25-0.43)

5.4 Discussion

The quality control of the screen-HCV ELISA was based on the monitoring of the 

A450nm, T/N and %CV of anti-HCV DBS positive and negative control eluates. It 

was possible to run up to eight plates per day without significant technical problems 

as exemplified by the Shewhart plots illustrated in Appendix n. The Shewhart plots 

shown were indicative of all the assay runs and showed that the assay performed very 

consistently with very few results falling outside 2SD of the mean. This was well 

within the boundaries of most commercial assays.
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During the project it became apparent that the T/N values of positive control eluates 

and eluates identified during screening fluctuated considerably due to the very low 

A450nm of antibody negative eluate controls. Consequently T/N was not a useful 

indication of assay reliability and therefore quality control was based solely on the 

A450nm of the positive controls and %CV. The distributions of A450nm given by 

negative and positive eluates, shown in Figure 5.1 (page 100) did not overlap, 

indicating that the screening assay allowed adequate discrimination between reactive 

and non-reactive on the basis of A450nm and the cut off. This was important as it 

ensured that the sensitivity of screening had been maintained without significant loss 

of specificity.

The RIBA score of confirmed anti-HCV positive eluates, estimated on the basis of 

reactivity to all four protein bands, closely correlated with the A450nm of eluates in 

the screen-HCV assay. The correlation between the RIBA score of c22 positive 

indeterminates and screen-HCV reactivity was also highly significant and suggests 

that both assays have a similar sensitivity to c22 antibody. Antibody to c22 was 

detected by ELISA in 224/232 (96.6%) of the eluates that were anti-HCV positive by 

RIBA 3.0. Despite this, in order to identify the remaining 3.4% of the RIBA 3.0 anti- 

HCV positive eluates it was concluded that it was still important to include c200 and 

NS5 in the screening ELISA.

In Chapter 4.0 antibody reactivity to c200 and NS5 was found to be lower with HCV 

types 3, 4 and 5 than to type I. This lack of reactivity to non-type I HCV samples was 

also reported in the Scottish blood donors (Dow et al., 1996) and in clinical data from 

France (Pawlotsky et al., 1995). Serotyping of the reactive eluates identified in this 

study would provide evidence of the distribution of HCV types among this population 

and identify the HCV types associated with lower reactivity to the recombinant 

proteins in the screening ELISA. However, at the present time the volumes of sample 

required to perform such testing are in excess of those available in the anonymous 

survey. It is suggested that the RIBA serotyping assay (Dixit et al., 1995) could 

eventually prove useful, as the methodology is essentially the same as the RIBA 3.0. 

At the moment the assay has only been developed for the discrimination of antibody 

to HCV types 1, 2 and 3.
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Among pregnant women the overall seroprevalence was estimated to be 0.19% 

(95%CI 0.17-0.21) equivalent to 1 in 553 women. However the question arises as to 

the true nature of the 40 indeterminate samples. Including all the indeterminate 

samples in the estimate would only increase the HCV seroprevalence to 0.22% 

(95%CI 0.19-0.25), which is equivalent to 1 in 455 women. Statistical analysis of the 

c22 positive indeterminates eluates showed that those strongly reactive to c22 (3+ and 

4-h) by RIBA 3.0 produced significantly higher A450nm by screen-HCV ELISA. This 

suggests that the reactivity is genuine in these eluates. In studies of blood donors 

those with c22 4+ indeterminate RIBA 3.0 results were found to be much more likely 

(84% versus 3-bands 74%, 2-bands 34%) to contain HCV RNA when tested by RT- 

PCR (Dow et ah, 1995). It was hoped that further testing using a mod-GPA for anti- 

HCV would provide useful information by virtue of the fact that the particles were 

sensitised with c22 and c200 recombinant proteins from a different source, but the 

results were unsatisfactory. Only 62.5% of these eluates were found to be reactive. 

Had the mod-GPA detected anti-HCV in all of the strong anti-c22 RIBA 3.0 

indeterminate eluates, it may have been possible to conclude that they were genuine. 

However, as illustrated in Figure 5.3, reactivity by mod-GPA appeared independent of 

the strength of reactivity in the ELISA or RIBA 3.0. Further work will be required 

before any conclusions could be made on the sensitivity and specificity of the test 

with RIBA 3.0 indeterminates.

Antenatal testing of women in the West Midlands produced results similar (0.14%) to 

that of Outer London (0.19%) (Boxall et al., 1994). Recent antenatal results in two 

regions of England, as part of the Unlinked Anonymous Prevalence Monitoring 

Programme, also reveal similar prevalence rates, of 0.43% in London and 0.21% in 

the Northern and Yorkshire region (Balogun et a l, 2000). The incidence of co- 

infection with HIV-1 was very low in these mothers (1.7% of those infected with 

HCV), suggesting that the mixing of HCV and HTV-l infected populations had not 

occurred. All four infected mothers were from Inner London suggesting acquisition 

of both viruses by high-risk behaviour, either by IDU or as a result of frequent sexual 

partners. National or regional estimates of HCV prevalence in representative groups 

are few. This survey suggests that there are at least two separate epidemics occurring 

in the population studied. The European epidemic has a profile that correlates to
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markers of social disadvantage similar to that observed in the USA (Alter, 1997). 

There was a clear gradient of decreasing HCV prevalence among pregnant women 

living in Inner, Outer and Non Metropolitan London. When the Non-Metropolitan 

region was differentiated further, the gradient of HCV prevalence was less obvious 

but was higher in seaside towns, probably due to increased risk of infection by IDU. 

Studies on other populations have shown a high rate of HCV prevalence (40-90%) in 

IDU in Scotland (Goldberg et a l,  1998) and an 80% likelihood of infection as a result 

of IDU, in routine laboratory reports in the UK (Ramsay et al., 1998). A higher HCV 

seroprevalence was observed in mothers where the father’s details were missing from 

the clinical data. The absence of an unmarried father at birth registration is often an 

indicator of single, unsupported mothers, who have higher rates of IDU and 

attendance at GUM clinics (Johnson et al., 1994).

Mother and father’s country of birth data showed the highest prevalence of HCV 

infection was among those bom in southem Europe (1.57-1.66%). It is likely that 

mothers from southem Europe had acquired HCV by IDU, as evidence from other 

studies shows a higher incidence of HCV infection as a result of IDU in these 

countries (Esteban et al., 1989; Roudot-Thoraval et al., 1997). HCV prevalence 

increased with matemal age, irrespective of country of birth and the low prevalence of 

infection in mothers less than 26 years of age suggests the majority of acquisition has 

occured after this age.

The non-European profile appears not to be associated with social disadvantage, 

which is consistent with acquisition through therapeutic injection, or surgical or 

cosmetic procedures using contaminated equipment, rather than IDU. Among mothers 

bom outside of Europe, seroprevalence was highest in Pakistani women (0.91-1.20%) 

not bom in the British Isles, those bom in southem Asia (0.27-0.40%). There was 

evidence from the data linkage results that the indeterminate results in South Asia 

were tme positives based on the distribution of confirmed positive, indeterminate and 

negative samples in the survey. Studies in Pakistan suggest that frequent therapeutic 

injection with unsterilised equipment may be responsible for HCV infection (Luby et 

al., 1997). This study failed to identify HCV in any UK-bom Pakistani mothers, 

which although the numbers were small, also implies that among these women, HCV
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infection was more likely to be due to surgical or cosmetic procedures using 

contaminated equipment.

HCV prevalence was lowest in mothers bom in the UK, with UK bom partners 

residing in Non-metropolitan London (0.047%). HCV infection amongst low risk 

groups must represent HCV acquisition as a result of blood or tissue transplantation 

before screening was introduced, IDU or other percutaneous exposure e.g. body 

piercing or tattooing. Studies in first time blood donors reported a similar HCV 

prevalence of 0.044% (Communicable Disease Reports, 1999) and have similarly 

identified EDU (40-50%) and previous transfusion (15-20%) as the most important 

routes of transmission (Neal et al., 1994; Goodrick et ah, 1994; MacLennan et a l,

1994).

In the absence of an antenatal screening policy, HCV positive women are at risk of 

transmitting HCV to their infant. The risk of vertical transmission of HCV is related 

to HCV viral load. Although drugs such as interferon-alpha-2b and Ribavirin have 

been shown to be effective in reducing HCV viral load, they have not been 

recommended for use during pregnancy (Liang, 1998). Recent evidence suggests that 

delivery by elective caesarean section before membrane mpture can be associated 

with a lower rate of HCV transmission than delivery by vaginal or emergency 

caesarean-section (Gibb et al., 2000). This evidence has added clinical argument for 

universal antenatal screening but the economic implications have yet to be fully 

realised.

The results show that unlike HTV-l, HCV is more disseminated among the population 

and antenatal screening in areas of higher prevalence, would not be effective. Nearly 

half of the HCV positive samples were linked to mothers bom in the UK with a low 

risk of infection. It is likely that universal screening or targeting at risk populations, 

for example IDU, recipients of un-screened blood or related products and women who 

had undergone cosmetic procedures and those receiving therapeutic injections in 

developing countries would be more successful.
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Chapter 6.0 

The use of DBS for anonymous anti-

HTLV surveys
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6.1 Introduction
HTLV-I was first identified in a T-lymphoblastoid cell line (HUT 102) cultured from 

a patient with a suspected T cell lymphoma (Poiesz et a l,  1980). Subsequently 

Japanese workers described a cell line designated MT-1 which had been derived from 

a patient with ATL (Hinuma et a l,  1981). Antigens from MT-1 reacted specifically 

with sera from ATL patients and it was established that the virus derived from both 

cell lines was the same. HTLV-I has been recognised as the causal agent of ATL 

(Hinuma et a l,  1981). ATL is an aggressive lymphoid proliferation with poor 

prognosis. The disease was first described in 1977 in Japan and was thought to be a 

disease distinct to certain regions of the southem islands (Cann and Chen, 1990). The 

detection of viral genome within the tumour cells of patients with ATL and the in- 

vitro immortalisation of T-cell lymphocytes using ‘infected’ tumour cells helped to 

establish an etiologic role for HTLV-I. The lifetime risk of developing ATL, after 

HTLV-I infection, has been estimated at 1-5%, with an interval of up to 30 years 

before disease onset (International Agency for Research on Cancer, 1996). HAM or 

TSP, a chronic, progressive and neurodegenerative disease has been estimated to 

occur in approximately 0.25% of infected individuals (Gessain et a l ,  1985; Osame et 

a l,  1986) with a much shorter latency than ATL of, on average 3.3 years (Kaplan et 

a l,  1990; US Public Health Service Working Group, 1993). In contrast, recent 

evidence in the UK based on the number of cases identified per year suggests that the 

lifetime risk of HAM is 3% (Tosswill et a l, 2000).

It is estimated that 15-25 million individuals are infected with HTLV-I worldwide and 

that there are between 3-8 million carriers in Africa alone (Machuca et a l,  1997). 

HTLV-I is endemic in Japan, where over 700 cases of ATL are diagnosed every year 

(Yamaguchi, 1994), the Caribbean (Catovsky et a l ,  1982), south America (Inostroza 

et a l,  1991), Melanesia (Yanagihara et a l, 1990), central and southem Africa 

(Saxinger et a l,  1984; Bhigjee et a l,  1990; Jogessar et a l ,  1992), Australian 

aborigines (B asti an et a l ,  1995) and among IDU in Europe (Coste et a l,  1993; 

Henrard et a l ,  1995) and the United States (Khabbaz et a l, 1992).

HTLV-I infection occurs through the transfer of infected lymphocytes (Okochi et a l, 

1984) which can occur during the transplantation of organs or cellular blood products, 

breast-feeding (Ichimam et a l,  1991; Hino, et a l ,  1996), IDU, sexual intercourse
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(Murphy et a l,  1989a) and possibly by saliva (Taniguchi et a l,  1993). Unlike HIV-1, 

HTLV is strongly cell associated and is not readily transmitted within cell-free bodily 

fluids. This is consistent with in vitro studies, where infectivity requires the 

cocultivation of infected and uninfected cells. Further evidence for this comes from 

reports of HTLV transmission as a result of the use of contaminated cellular blood 

products and not the plasma fraction (Kleinman et a l,  1993). Between 13 and 63% of 

people who receive blood infected with HTLV-I seroconvert (Okochi et a l ,  1984; 

Sullivan et a l ,  1991). Fresh blood products, stored for less than six days have a 

transmission efficiency of 80% (Sullivan et a l,  1991). Thus the likelihood of 

parenteral transmission is decreased on prolonged sample storage (Donegan et a l,  

1994).

Vertical transmission occurs via infected lymphocytes within breastmilk and by the 

intrauterine/trans vaginal route. Evidence of familial clustering of HTLV-I carriers in 

endemic countries such as Japan, Gabon and Benin suggest that vertical transmission 

is an important mode of infection (Kondo, et a l,  1985). Rates of transmission are 

2.7% in formula fed babies, 5% with 3 months breastfeeding and up to 20% with 

prolonged breastfeeding. Evidence for this come from studies in Japan where deferral 

of breastfeeding and the use of freeze thawed bottled breastmilk have resulted in a 

reduction in the rate of transmission (Hino et a l, 1996). The identification of HTLV-I 

infected mothers before or during pregnancy would, therefore, significantly reduce the 

risk of transmission to the infant. Infection with HTLV-I at or near birth, in particular, 

as a result of breastfeeding is related to the onset of ATL in later life (Yamaguchi, 

1994).

Sexual transmission of HTLV occurs more frequency from man to woman, with an 

estimated risk of approximately 60% over 10 years compared to 1% female to male. 

Among infected US blood donors, almost 30% of the sexual partners were found to be 

seropositive (US Public Health Service Working Group, 1993).

HTLV-II will infect and immortalise T cells in vivo and was first identified in a T cell 

line, later known as Mo-T, cultured from a patient with an initial diagnosis of hairy- 

cell leukaemia (US Public Health Service Working Group, 1993). Serological testing 

showed the virus to be related to, but distinct to HTLV-I. A specific disease role has 

yet to be fully established for this virus, although an association with
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neurodegenerative disease does exist (Hjelle et al., 1992). Preferential infection of 

CD8 cells in vivo may also imply that the virus has a role in lymphoproliferative 

disease different to that associated with HTLV-I (Hall et a l ,  1996). HTLV-II is an 

ancient infection of American Indian populations where transmission has been 

maintained by sexual transmission and by the practice of breast-feeding. More 

recently the virus has been introduced to urban populations in America, Europe and 

Asia via contaminated blood products and IDU (US Public Health Service Working 

Group, 1993; Hall et a l ,  1996). HTLV-II transmission is similar to that of HTLV-I as 

both viruses infect and immortalise lymphocytes, although in vivo HTLV-II 

preferentially infects CDS T cells. The seroprevalence of HTLV-II is particularly high 

in IDU in the USA (Lee et a l ,  1991; Khabbaz et a l,  1992) and southem Europe 

(Coste et a l ,  1993; Henrard et a l, 1995; Soriano et al, 1997)

The seroprevalence of HTLV among blood donors in Europe is low, between <1 to 30 

per 100,000 and is predominantly related to HTLV-I infection (HTLV European 

Research Network, 1996). This is likely to be an underestimate of the prevalence in 

the general population, as antenatal studies in the UK have identified a higher 

prevalence of HTLV-I in migrant populations from the Caribbean (2% of Afro- 

Caribbean women) and western Africa (1% of women) (Tosswill et a l ,  1990). HTLV- 

II transmission is more common than HTLV-I in southem European IDU, for example 

in Italy and Spain (HTLV European Research Network, 1996). A high level of co- 

infection (4-5%) with HIV-I has also been reported in these studies. Within the USA, 

the ratio of HTLV-I infection to HTLV-II is approximately 50:50 in blood donors, 

where it is associated with a history of birth in, or a sexual contact, in a country with a 

high seroprevalence. In the USA, HTLV infection is also common in IDU patients 

(Khabbaz et a l ,  1992). Approximately 80% of these patients were infected with 

HTLV-II, as a result of needle sharing or sexual contact with another IDU (US Public 

Health Service Working Group, 1993).

Blood donor screening has been compulsory in Japan since 1986; the USA; 1988, 

France; 1991, Netherlands; 1993, Denmark and Sweden; 1994, and Portugal; 1996. 

All these countries have reported HTLV-I and HTLV-II infection in risk groups, in 

particular IDU and therefore blood bank screening has been deemed necessary to 

protect the supply and to reduce the potential risk of HAM. There are no documented
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cases of transfusion related ATL. In contrast, blood donor studies in the UK have 

suggested the seroprevalence of HTLV is much lower at 0.005% (Salker et al., 1991; 

Brennan et al., 1993) and based on this evidence British transfusion services do not 

screen for HTLV-1. However, antenatal surveys from metropolitan areas of the UK 

suggest that the seroprevalence in pregnant women may be considerably higher (0.14- 

0.26%) (Banatvala et a l ,  1990; Tosswill et a i, 1990; Nightingale et a l,  1993; Hale et 

a l,  1997). These surveys also indicated a higher seroprevalence in ethnic minorities, 

providing evidence of the spread of infection to Europe from Africa and the 

Caribbean. Epidemiological studies of Afro Caribbean patients and relatives in Britain 

have shown a comparable HTLV-1 seroprevalence to that of their country of origin 

(Mowbray et a l,  1989; Cruikshank et a l ,  1990).

In the UK, studies of HTLV seroprevalence in pregnant women have been limited to 

small, local and inner city areas (Banatvala et a l,  1990; Tosswill et a l,  1990; 

Nightingale et a l,  1993; Hale et a l,  1997). Although the evidence suggests that the 

seroprevalence of HTLV in pregnant women is largely confined to non-UK bom 

Afro-Caribbeans, a survey of the presence of HTLV antibody in neonates will extend 

studies on the seroepidemiology of HTLV to a large proportion of mothers residing in 

the North Thames region. These will include women from inner, suburban and rural 

districts and a variety of demographic data that will provide information on the impact 

of immigration on the prevalence of HTLV in this population. From this data accurate 

estimates of antenatal seroprevalence will be made and implications for antenatal 

screening discussed. Moreover, previous reports of the seroprevalence of HTLV 

among blood donors (Brennan et al., 1993) may now be an underestimate (Weber and 

Taylor, 1996). Information on the seroprevalence of HTLV among pregnant women in 

the North Thames region may provide additional argument for the selective or 

universal screening of blood donations.

To confirm the feasibility of the algorithm for anti-HTLV testing, as described in 

Chapter 3.0, a pilot study was initiated using DBS from neonates enrolled in the 

Unlinked Anonymous Monitoring Programme. The provision of large numbers of 

samples will allow the specificity of the serological algorithm to be accurately 

assessed. In addition the pilot study will provide a provisional estimate of the 

seroprevalence of HTLV in pregnant women in selected regions of Inner London.
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Once completed, it was proposed to use the anti-HTLV-I and II algorithm to complete 

a much larger study in parallel with anti-HCV and HIV testing.
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6.2 A pilot study of anti-HTLV testing in samples from the 

anonymous HIV-1 neonatal screening survey in London. ^

6.2.1 Introduction

Guthrie card samples were taken from the Unlinked Anonymous Monitoring 

programme for simultaneous screening for anti-HTLV in a pilot study.

6.2.2 Materials and methods

A 5.5 mm diameter DBS was punched from 10,135 Guthrie cards that had been 

routinely collected for universal newborn metabolic screening. Health districts were 

chosen in Inner London that had a relatively high proportion of Caribbean and African 

ethnic populations. All DBS were anonymised prior to receipt in the laboratory. 

Simulated anti-HTLV-I and II positive DBS were prepared using sera from the 

reference panels described in Section 3.2.2 (page 57). DBS were eluted with 100 jul of 

buffer as described previously. Anti-HTLV screening was carried out using the mod- 

GPA and the presence of antibodies to HTLV-I and II was confirmed using HTLV 

BLOT 2.3 (Genelabs) as described in the algorithm described in Figure 3.6 (page 63). 

Supplementary testing that also allowed the discrimination of antibodies to HTLV-I 

and n  was carried out using the Select-HTLV ELISA (page 58).

6.2.3 Results

Of the DBS tested, 12 were initially reactive by mod-GPA. Six eluates failed to 

produce any detectable agglutination by mod-GPA on repeat testing. These eluates 

were negative by western blot. Six eluates produced repeat reactivity by mod-GPA 

and 5 were confirmed as HTLV-I antibody positive (Table 6.1). No anti-HTLV-II 

positives were detected. Sample 1 had an end point titre of 1:20 by mod-GPA but 

showed only weak reactivity to the western blot bands pl9®̂ ® and rgp21 and was 

classified as indeterminate HTLV. There was insufficient volume of sample 1 to 

perform the Select-HTLV ELISA.

 ̂Published in part in Parker, et a l ,  1995
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Table 6.1 Results of anti-HTLV screening and confirmatory testing of eluates from 

the pilot study.

Sample Mod-GPA 
eluate titre

HTLV 
BLOT 2.3

SELECT-HTLV
A450nm 

HTLV-I plate
A450nm 

H T L V n  plate
Binding 
ratio *

1 <20 pl9,rgp21 Insufficient Insufficient Insufficient
2 40 HTLV-1+ 1.15 0.20 0.17
3 40 HTLV-1+ 0.35 0.07 0.20
4 80 HTLV-l-k 1.38 0.18 0.13
5 160 HTLV-l-h 0.37 0.07 0.19
6 160 HTLV-l-k 0.58 0.06 0.10

* Binding ratio HTLV-II/HTLV-I < 0.5 indicates anti-HTLV-I positive

6.2.4 Discussion

The seroprevalence of HTLV-1 was estimated to be 5 in 10 135 (0.05% 95%CI 0.01- 

0.09) in pregnant women within the Inner London districts tested. The low rate of 

false positives indicated that the modified Serodia assay had a very high specificity 

when testing samples obtained from neonates in the general population.

It is probable that six samples that were initially reactive but that failed to repeat, were 

a result of technical failures perhaps due to dust contaminated wells. Sample 1 was 

classified as an indeterminate HTLV result due to the lack of rgp-46 reactivity in the 

HTLV Blot 2.3 test. False reactivity to rgp21 has been frequently reported in the 

literature (Courouce, 1993) and the additional reactivity to p l9  does not preclude the 

sample being anti-HTLV-I positive (Defer et al., 1995). The prevalence (0.05%) of 

antibodies to HTLV-I was lower than that reported (0.26%, 0.21%) in antenatal 

surveys from other London health districts (Banatvala et al., 1990; Tosswill et al., 

1990). However the rate was ten times higher than that reported (0.005%, 0.004%) in 

similar sized surveys in UK blood donors (Salker et a l,  1991; Brennan et a l ,  1993). 

This would be expected as blood donor surveys are subject to bias because of the low 

numbers of Afro-Caribbean donors. Among the antenatal studies, the majority of 

HTLV-I positives were women from Africa or the Caribbean. It is probable that the 

difference in seroprevalence was due to differences in the ethnic mix of the
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populations studied. This pilot study proved that the use of the anti-HTLV algorithm 

for DBS testing provided a reliable and specific method for large-scale 

seroepidemiological studies.
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6.3 A sero-epidemiological survey of HTLV-I and II in pregnant 

women in London and the south east as part of the HTLV European 

Research Network, (HERN) studv.^

6.3.1 Introduction

HERN is an extensive network of laboratories and investigators with a mandate that 

includes an investigation of the prevalence of HTLV-I and H in Europe. The objective 

of this study was to determine the seroprevalence of HTLV-I infection in pregnant 

women and their children as part of a European Collaborative study. The method of 

screening was determined at a meeting of participants in 1996. The mod-GPA for 

HTLV was the method of choice for DBS screening at ICH, London. The Robert 

Koch Institute in Berlin also used a modified version of the Serodia GPA test for anti- 

HTLV testing of DBS from Guthrie cards. The remaining laboratories within HERN 

collected sera for their surveys and used the Murex GE80 ELISA as a screening test 

(Table 6.2). All participants used the 4̂  ̂ generation western blot, HTLV BLOT 2.4 

(Genelabs) for confirmation of antibody to HTLV-I and II.

6.3.2 Materials and methods

Two 4.9mm diameter DBS were punched into the wells of a microtitre plate as part of 

the Department of Health’s anonymous unlinked HTV-l seroprevalence programme 

over a 15 month period. DBS eluates were screened for antibodies to HTLV, HIV-1 

and HCV as described in Section 5.2 (page 98). Where possible, demographic data 

linked to DBS from the North Thames was retained prior to irreversible 

anonymisation.

Antibodies were eluted overnight with 170/xl of buffer and screened for the presence 

of antibodies to HTLV as described in the algorithm in Figure 3.6 (page 63) with two 

exceptions. In the mod-GPA, sensitised particles were allowed to settle overnight as 

described for the HIV-1 mod-GPA assay. This circumvented the need for the 

centrifugation of particles. The Select HTLV ELISA was not used. Rather, the Murex 

GE80 ELISA was used as a supplementary test as described on page 58.

® Published in Ades et al ,  2000a
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Differentiation of antibody to HTLV-I and II was carried out using the HTLV BLOT 

2.4.

Table 6.2 Estimated numbers of samples in HERN study over the 3-year period

Country Specimen Source Numbers Method

Belgium Sera Antenatal 8,000 Murex  ̂ELISA

France Sera Voluntary study of 

sexually active 

women

20,000 Murex ELISA

Germany DBS Guthrie card 25,000 Mod-GPA HTLV

Sera Antenatal 5000 Murex ELISA

Italy Sera Antenatal 5,000 Murex ELISA

Portugal Sera Antenatal sera from 

rubella screening

20,000 Murex ELISA

Spain Sera Antenatal 20,000 Murex ELISA

Sweden Sera Antenatal 20,000 Murex ELISA

UK, (London 

and the SE)^

DBS Guthrie card Minimum

105,000

Mod-GPA HTLV

Murex GE80 ELISA 

ICH study

DBS eluates that had been confirmed as antibody positive were recorded in a 

computer file, which on completion of screening was sent to the Department of 

Epidemiology and Statistics for data retrieval from the Child Health computers. Data 

was sorted into mother and father’s country of birth, ethnic origin and mother’s age. 

It was then possible to re-analyse the data to look for any significant epidemiological 

trends.
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6.3.3 Results

A total of 126,009 samples were screened for anti-HTLV by the mod-GPA, 85 

(0.067%) were initially reactive, of which 75 (0.060%) were repeat reactive, end point 

titres between 1/5 and 1/1280 (Table 6.3). The presence of specific antibodies to 

HTLV-I was confirmed by immunoblot in 52 samples and HTLV-II in two samples. 

The overall seroprevalence of HTLV was 0.05% (60/126,009) (95%CI 0.05-0.06). 

The seroprevalence of HTLV-I was 0.04% (95%CI 0.03-0.05) and HTLV-E, 0.0016% 

(95%CI 0-0.004).

Among the reactive eluates, one HTLV-I and one HLTV-II sample were also anti- 

HIV-1 positive.

Table 6.3 Summary results of anti-HTLV testing over five consecutive three month 
periods

§ 1gK
g1
1

I
1

I Î Immunoblot result, (all 85 initial reactives 

tested)

were

1 )—1 ^  

<

K p  

<
Indeterminate -ve

HTLV HTLV-I

2/97 25683 15 14 13* 0 8 1 1 4 1

3/97 26035 19 18 17 2 12 1 1 2 1

4/97 24439 18 16 15 3 11 0 1 1 2

1/98 24906 15 12 12 0 12 0 0 0 3

2/98 24946 18 15 12 1 9 0 1 0 5

Total 126009 85 75 69* 6 52 2 6 7 12
* Includes 2 equivocal results (1 DBS insufficient to test)

A scan of the band reactivity of a selection of 10 eluates tested by HTLV BLOT 2.4 

during this study is shown in Plate VI. The interpretation of the results of reactivity to 

bands has been described in Figure 3.6 (page 63).
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Plate VI A scan of a selection o f eluates tested by HTLV immunoblot

HERN II'l’LV Kuropcan Research Network 

H T L V  Indeterminate Serology Study 

Genelabs H T L V  B L O T  2.4 Kit Lot N . :

Submitted by:

Laboratory:

J_
j 2 3 4 5 o / S 9 10 II 12

HTLV Blot 2.4 strips

Lane 1 Negative control
Lane 2 HTLV-II positive eontrol
Lane 3 HTLV-I
Lane 4 Negative
Lane 5 HTLV-I
Lane 6 HTLV Indeterminate
Lane 7 HTLV
Lane 8 HTLV-I Indeterminate
Lane 9 HTLV-II
Lane 10 HTLV-I
Lane 11 HTLV-I positive control

rgp46-llrgp46-II

All 10 eluates that did not produce repeat reaetivity by mod-GFA were negative by 

immunoblot. Two mod-GFA repeat reactive eluates were negative by immunoblot. 

Thirteen eluates were classified as indeterminate (Table 6.4). Among the 13 

indeterminate eluates, 12 lacked reactivity to the gag protein p i 9 and were classified 

as either HTLV or HTLV-1 indeterminate based on reactivity to the rgp-46-I protein.
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All the indeterminate immunoblot eluates contained antibody to GD21 and all but 2 

also had antibody to p24. Only 1 had antibody to p l9  (Table 6.4).

The distribution of mod-GPA anti HTLV end point titres in relation to immunoblot 

result is shown in Figure 6.1. The end point titres of immunoblot confirmed eluates by 

mod-GPA titre ranged from 1/5 to 1/1280, whereas for indeterminate eluates the range 

was 1/5 to 1/320. Both HTLV-II samples had a titre of 1/80 by mod-GPA.

Table 6.4 Interpretation of band reactivity in the 13 immunoblot indeterminate eluates

ID Mod-

GPA

Murex

OD/CO

pl9 p24 p28 p53 GD21 rgp46-I p36

HTLV-I Ind

1 320 1.91 + . + + + +

2 5 2.63 - + - - + + -

3 20 3.53 - + - - + + -

4 20 3.73 - + - - + + -

5 40 1.92 - + - - + + -

6 40 4.48 - + - - + + -

7 40 5.32 - + - - + + -

HTLV-Ind

1 20 3.12 + +

2 160 12.72 - + - - + - -

3 5 1.39 - + - - + - -

4 20 2.80 + - + - + - -

5 10 0.78 - + - - + - -

6 20 1.10 + - - - + - -

Comparison of the mean mod-GPA titre for each immunoblot classification showed 

that HTLV-I confirmed eluates produced the highest mod-GPA titres (Table 6.5), 

although this difference was not statistically significant (p=0.23, one way ANOVA).
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Table 6.5 Mean end point titre of mod-GPA in relation to immunoblot result

Immunoblot result Number Mean log 10 (mod-GPA titre) SD

HTLV-1 52 1.78 0.698

HTLV-n 2 1.45 1.064

HTLV 6 1.55 0.552

HTLV-1 Indeterminate 7 1.52 0.541

HTLV Indeterminate 6 1.30 0.504

Murex ELISA testing of eluates that were repeatedly mod-GPA reactive identified 

67/75 (89.3%) with an A450nm greater than the cut off in the assay with a range 0.31 

to 4.00 (OD/CO 0.82 to 14.1). Mod-GPA titre and A450nm by Murex ELISA are 

compared in Figure 6.2. The results of the two assays were only comparable when the 

eluate mod-GPA titre was >1/10. Two samples were equivocal and one was 

insufficient for testing by ELISA. Immunoblot testing of eluates that were repeatedly 

reactive by mod-GPA but failed to react in the ELISA (Table 6.6) confirmed two as 

HTLV-1 and one as HTLV positive.

Table 6.6 Immunoblot results of five mod-GPA reactive/Murex ELISA negative 

samples

ID Mod-GPA

titre

Murex ELISA results Immunoblot

ResultA450nm A450nm/CO

1 5 0.249 0.88 Negative

2 5 0.232 0.82 HTLV-1

3 5 0.241 0.80 KTTLV-l

4 10 0.221 0.78 HTLV Ind

5 10 0.158 0.52 HTLV
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Figure 6.1 Distribution o f  endpoint titres by mod-GPA in 
relation to anti-HTLV-I/U confirmatory immunoblot

HTLV BLOT2.4 confirmed eluates
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Figure 6.2 Relationship between Murex ELISA 
result and mod-GPA titre in 69 eluates reactive in

both assays

5-1

1000 100001 10 100

L og 10 m o d -G P A  titre

Analysis of data linkage results was possible for 80% of the anti-HTLV positive DBS. 

Seroprevalence rates were based on the results of immunoblot confirmed anti-HCV 

positive eluates only (minimum) and confirmed eluates plus HTLV-I indeterminates 

(maximum) estimate. Seroprevalence data that was based on mother’s country of birth 

and ethnicity was compiled using the preliminary results obtained per country and the 

endemic risk defined by other studies. The seroprevalence of HTLV in eluates from 

newborns whose mothers were born in the Caribbean, Japan and western and middle 

Africa were 3%, 0.4%, 0.17-0.18% and 0.4% respectively (Table 2, Appendix II). In 

contrast, the seroprevalence of HTLV-I in UK bom women was much lower at 0.03%. 

The distribution of HTLV-I seroprevalence based on father’s country of birth was not 

independent to that of the mother (data not shown).
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It was only possible to retrieve data on one of the anti-HTLV-U reactive eluates. This 

DBS was derived from a neonate bom to parents originating from western Africa.

An ethnic breakdown of results was possible in approximately half of the DBS tested. 

Data was sorted according to ethnic group and Thames region (Table 6.7). From the 

data, it was apparent that the seroprevalence of HTLV in Inner London was 

approximately double that of Outer London and five times that of Non-metropolitan 

regions. HTLV seroprevalence was highest in mothers bom in the Caribbean, 

regardless of whether they resided in Inner or Outer London (1.25-1.87%). HTLV 

seroprevalence was lower in Caribbean mothers bom elsewhere. The lowest 

seroprevalence of HTLV in pregnant mothers who were not Caribbean and bom in a 

non-endemic region was 0.01% (Table 6.7).

Linkage based on mothers’ age was possible in 65% of samples tested (Table 6.8). 

HTLV seroprevalence was confined to mothers from a country with a risk of infection 

based on ethnic data and was observed to increase with age.
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Table 6.7 HTLV seroprevalence^ according to health district, ethnicity and country of 

origin of mother, HTLV seroprevalence includes HTLV-I & II, HTLV-I 

indeterminates. {HTLV indeterminate samples in brackets}

Inner London Outer London Non-metropolitan

Tested +ve % Tested +ve % Tested +ve %

Mother bom in 

Caribbean 460
7

{1}

1.52

(0.53-2.56)
374

7 1.87

(0.5-3.24)
80

1 1.25

Mother bom in 

Africa, South 

Americas or Japan

2363
9

(1}

0.38

(0.15-0.65)
1096 1 0.09 149

1
0.67

Mother Black 

Caribbean, bom 

outside Caribbean

853 5
0.59

(0.08-1.1)
418 4 0.96 55 0 0.0

Mother not Black 

Caribbean, bom in 

low seroprevalence 

country

14752
2

{1}

0.01

(0-0.02)
11982

1
0.01 10489

1

{1}
0.01

Other (no associated 

endemic risk factor)

11174 6
0.05

(0.01-0.09)
32334

15

{1}

0.05

(0.03-0.07)
39104

6

(1}

0.02

Total
29602

29

(3)

0.10

(0.06-0.14)
46204

28

{1}

0.06

(0.04-0.08)
49877

9

(2)

0.02
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Table 6.8 HTLV seroprevalence by mother’s age, grouped according to a risk of 

infection based on parent’s ethnicity and country of origin. Figures include HTLV-I 

inderminates.

Age

(yrs)

Mother bom in Caribbean Mother bom in other 

endemic region

Black Caribbean mother 

bom in non-endemic region

Total +ve Prevalence

(95%CI)

Total +ve Prevalence

(95%CI)

Total +ve Prevalence

(95%CI)

<21 42 0 0.00 108 0 0.00 142 0 0.00

21-25 85 0 0.00 341 1 0.29 226 0 0.00

26-30 133 2 1.50 904 2 0.22 408 2 0.49

31-35 129 2 1.55 898 5 0.56

(0.07-1.05)

412 6 1.46

(0.30-2.62)

>35 233 8 3.43

(1.09-2.81)

409 3 0.73 139 1 0.72

Total 622 12 1.93

(0.90-2.96)

2660 11 0.41

(0.15-0.67)

1327 9 0.68

(0.24-1.12)

95%CI only calculated when sufficient numbers present

Binomial analysis of the data provided the opportunity to estimate a risk factor for 

HTLV infection based on the epidemiological data provided (Table 6.9). The baseline 

population was associated with a risk of infection of 0.1 using data from both 

confirmed and indeterminate DBS. The highest risk was associated with having a 

Caribbean mother (12.6), Caribbean father (5.4) and ethnic status as Black Caribbean 

(3.7). These estimates had very low p values and were considered to be accurate 

estimates of risk based on the data provided (risk calculation performed by Dr Tony 

Ades, ICH).
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Table 6.9 Binomial regression estimates of the contribution of mother and father’s 

country of birth and mother’s ethnic status on the neonatal seroprevalence of HTLV. 

Maximum estimates include indeterminate samples. (Analysis kindly provided by Dr 

Tony Ades, ICH)

Maximum seroprevalence Minimum seroprevalence

p value Risk 95% Cl p value Risk 95% Cl

Baseline population 

(Parents bom non-endemic 

region, mother not black)
0.1 0.06-0.2 0.016-0.05

Mother’s region of birth 0.000001 0.000001

Caribbean 12.6 8.3-17.7 7.2 4.0-11.2

Other endemic 2.3 1.6-3.0 1.4 0.7-1.7

Non endemic (reference) 0.0 0.0

Father’s region of birth 0.0003 0.0001

Caribbean 5.4 2.S-8.6 6.4 3.8-10.2

Other endemic O.I 0.0-0.3 0.0 0.0-0.1

Not-registered 0.3 0.01-0.5 0.4 0.02-1.6

Non-endemic (reference) 0.0 0.0

Mother’s ethnic status 0.0004 0.00007

Black Caribbean 3.7 2.2-6.0 2.9 1.2-4.9

Black African -0.1 -0.6-1.5 -0.0 -0.1-0.9

Not Known 0.0 -0.05-0.1 0.1 0.05-1.6

Not Black (reference) 0.0 0.0

6.3.4 Discussion

The mod-GPA was again shown to be a successful screening tool for the detection of 

anti-HTLV in DBS. The use of DBS in microtitre plates was very adaptable to semi

automation as seen before with HIV-1, enabling simultaneous testing of each DBS for 

HIV-1 and HTLV. Confirmatory analysis of mod-GPA reactive eluates showed that
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there were only two immunoblot negative samples, leading to the conclusion that the 

mod-GPA is a very specific screening tool (Specificity>99.9%, PPV=97.3%). 

Changing to an overnight incubation decreased the rate of false reactivity by mod- 

GPA screening from 0.06% to 0.008% in comparison to the pilot study described in 

Section 6.2, without affecting sensitivity.

The use of the Murex ELISA in this study provided little extra information. 

Immunoblot analysis revealed a number of indeterminate samples. These patterns 

were later designated HTLV indeterminate or HTLV-I indeterminate based on the 

presence or absence of reactivity to rgp46-I. Analysis of the mod-GPA result for these 

indeterminate samples did not allow a prediction of a genuine anti-HTLV-I or II 

positive result. All seven HTLV-I indeterminates were interpreted according to HERN 

consensus guidelines (The HTLV European Research Network, 1996) based on a lack 

of reactivity to pl9. Interpretation of the indeterminates using the manufacturer’s 

guidelines would have allowed these eluates to be classified as anti-HTLV-I positive, 

as reactivity to only one of either p l9  or p24 plus rgp 46-1 and GD21 was considered 

sufficient. Six eluates were classified as HTLV indeterminate on the basis of reactivity 

to p l9  and rgp21 only. The pattern of reactivity is similar to that seen in indeterminate 

immunoblot profiles in samples from healthy blood donors in Guadeloupe, where p l9  

and GD21 were both associated with a lack of evidence to support infection (Rouet et 

al., 2001). Recent reports following analysis of sera collected from tropical regions 

have associated this type of gag indeterminate reactivity with cross reactivity to 

malarial antigens as a result of Plasmodium falciparum  infection (Mahieux et al., 

2000). Further evidence from French blood donor study suggests that less than 5% of 

samples with this pattern of reactivity were found to be PGR positive in a French 

blood donor study (Defer et al., 1995). The probable low numbers of genuine HTLV-I 

positive samples amongst indeterminates with this pattern of reactivity would only be 

determined by RIPA or PGR (Vandamme et a l,  1997; Gourouce et al., 1998).

The overall prevalence of HTLV and HTLV-I in the population studied (0.05% and 

0.04%) was very similar to that found in the pilot study carried out in 1994 (0.05%). 

The results of this survey have the added advantage of a much larger and broader 

population sample. The seroprevalence of HTLV was 10 times that found in blood
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donors in a similar size survey carried out in 1991 (Brennan et a l,  1993). The baseline 

rate of HTLV seroprevalence of women (non-black Caribbean, bom in a low 

seroprevalence country) was 0.01% (Table 6.7). Risk estimates were calculated on the 

basis of a baseline risk of 0.1 based on comparing seroprevalence rates among 

mothers from different ethnic groups and countries of birth. Women bom in the 

Caribbean were associated with the highest relative risk (12.6), fathers bom in the 

Caribbean (5.4) and mother’s ethnic status being black Caribbean (3.7). The higher 

prevalence in women bom in the Caribbean and west and central Africa confirm the 

trends already reported in UK antenatal surveys (Banatvala, et al., 1990; Toss will, et 

al., 1990; Hale, et al., 1997). Recent estimates suggest that as many as 22,500 HTLV- 

I infected Caribbean or African people may be living in England and Wales (Tosswill 

et al., 2000).

The seroprevalence rate of 0.1% in women residing in Inner London was similar to 

that reported in antenatal studies carried out in London and the West Midlands 

(Tosswill et al., 1990; Nightingale et al., 1993; Hale et al., 1997; Donati et al., 2000). 

The seroprevalence of HTLV was lowest in the youngest age groups and was seen to 

increase with age (Table 6.8). The presence of anti-HCV, a marker of IDU was only 

seen in one HTLV-I and one HTLV-II sample. There was no evidence of dual 

infections with HIV-1 in this survey. The rapid increase in seroprevalence with age 

and the low seroprevalence in the youngest groups suggest that sexual contact rather 

than breastfeeding is the primary mode of HTLV transmission in women of 

childbearing age. The contribution of sexual transmission to HTLV infection in 

African and Caribbean women of child bearing age has been reported elsewhere 

(Murphy et al., 1989a; Bhigjee et al., 1993).

Only two samples were shown to contain antibodies against HTLV-II. Data linkage 

was available for one sample, in this case a woman bom in westem Africa. Both 

samples were of good reactivity in all the assays. It is remotely possible that certain of 

the HTLV immunoblot indeterminates were derived from HTLV-II infected women. 

Studies have reported a lack of p l9  reactivity among anti-HTLV-II positive sera 

(Botha, et al., 1985; Lillehoj et al., 1990).

The sensitivity of the GPA test for HTLV-II antibodies in sera has been shown to be 

100% sensitive when compared to other anti-HTLV-FII serological assays using
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panels of sera obtained from Swedish IDU (Andersson et al., 1999). The test has also 

been used for the serodiagnosis of anti-HTLV-II in IDU living in Spain and Italy 

(Machuca et al., 1997; Casoli and Bertazzoni, 1997). However, results from the 

HTLV reference panel in Chapter 3.0, where mod-GPA failed to detect antibody in a 

simulated low anti-HTLV-II positive DBS suggest anti-HTLV-II sensitivity is not 

optimal. The possibility that some anti-HTLV-II samples may have fallen below the 

detectable limit of the mod-GPA was therefore considered. However, a recent London 

based antenatal study that used the Murex GE80 ELISA as screening tool on pooled 

sera, reported a ratio of HTLV-I to II positives of 32:1 similar to a ratio of 36.5:1 

obtained in this study (Donati et al., 2000). It can therefore be concluded that this 

study indicates that at present the seroprevalence of HTLV-II is very low in women of 

childbearing age residing in the North Thames region.

Antenatal screening has been promoted in the UK for the prevention of vertical 

transmission through breastfeeding (Pagliuca et al., 1995; Weber and Taylor, 1996). 

Studies in Japan have shown that prolonged breast feeding represents a risk of HTLV 

transmission of up to 20%, which can be reduced to 5% on the cessation of breast 

feeding at three months (Hino et a l ,  1996). Although the seroprevalence of HTLV 

was higher in African and Caribbean women, a significant proportion of HTLV 

positive cases occurred in UK bom women. However, in Britain 34% of women do 

not breast feed and only 35% breast feed for longer than three months (Foster, 1997). 

Therefore the impact of the vertical transmission of HTLV in the UK may be low. In 

addition, the lifetime risks of disease associated with HTLV infection are quite small 

when compared to HIV, 1-5% for HAM and 0.25% for ATL (Tosswill et a l, 2000). 

Hence the impact of the knowledge of a positive diagnosis of HTLV on women with a 

low risk of disease has to be weighed against the benefits for prevention of vertical 

transmission and treatment in the mother. The arguments for selective or targeted 

screening in areas of higher seroprevalence or with a high proportion of at risk women 

are also strong in light of the economic considerations of universal testing.

The transmission of HTLV via the blood supply in the UK has been subject to much 

controversy (Goubau and Desmyter, 1993; Courouce, 1993). Both the USA and 

France screen blood donations for HTLV and it has been shown to prevent 

transmission (Courouce, 1993). In 1993, it was estimated that routine screening of
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blood donations for anti-HTLV would cost £1.3 million. Based on the very low 

(0.005%) seroprevalence among donors at that time (Brennan et al., 1993), it was 

concluded that screening was not indicated in Britain (Dagleish, 1993). However, 

from the present study we can conclude that the prevalence of HTLV in pregnant 

women (0.050%) indicates that HTLV-I infection is more widespread than first 

thought. The results of anti-HIV-1 blood screening in first time donors in 1998 (4 per 

100, 000) (Communicable Disease Reports, 1999) is similar to that of the HTLV-I 

blood donor study in North London (5 in 96,720) (Brennan et a l ,  1993). Although the 

risks of infection and disease after contaminated transfusion are less for HTLV than 

with HIV-1, the results of this study add to the growing weight of argument to suggest 

that it is time to join other members of the EC and reconsider our policy on blood 

donor screening.
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Chapter 7.0 

The anonymous testing of Guthrie 

cards to establish the prevalence of 

HIV-1 infection in pregnant women 

in three Thames regions^^

 ̂Published in part in Ades et al ,  1999 
 ̂Published in part in Ades et al ,  2000b
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7.1 Introduction
HIV-1 was first isolated in Paris from a patient with lymphadenopathy syndrome 

(Barré-Sinoussi et al., 1983). Subsequent isolation and characterisation confirmed the 

identity of the virus in patients with AIDS (Gallo et al., 1984; Levy et al., 1984). A 

second virus, HIV-2 was isolated from West African patients with AIDS or AIDS 

related complex (ARC) by Montagnier’s group in 1986 (Clavel et al., 1986).

HIV can be isolated from almost all body fluids, including semen, CSF, cervical and 

vaginal mucus, breast milk, amniotic fluid, saliva, tears and urine (Groopman et al., 

1984; Fujikawa et al., 1985; Levy et al., 1985; Thiry et al., 1985; Wofsy et al., 1986; 

Hollander et al., 1987; Liuzzi et al., 1996). Within the blood, the virus is found 

predominantly in T cells, to a lesser extent in monocytes and cell free in plasma 

(Fauci, 1988).

The genetic diversity of HIV-1 and of the env region in particular has been well 

studied. The phylogenetic classification of HTV-1 describes three groups, M (major), 

N (new) and O (outlier). Within M, the pandemic group, there are at least 10 HIV-1 

subtypes designated A to J which form a star like phylogeny (Louwagie et a l ,  1993; 

Meyers et a l,  1995). HIV-1 subtypes differ in prevalence geographically. In Africa, 

subtypes A, C and F are frequently identified, whereas subtype B virus is most often 

found in the homosexual and IDU epidemics of Europe and the USA (Hu, et a l,

1996). Subtype E is found predominantly in Thailand and South-east Asia (Wasi et 

a l, 1995). Groups N and O are largely confined to West Central Africa (Mauclere et 

a l, 1997). The sequencing of isolates from heterosexual patients indicate that 

subtypes A, B, C, D and E are circulating in England (Arnold et a l, 1995). There is 

an increasing diversity of subtypes particularly in cosmopolitan cities such as London, 

Paris and New York, where non-B type HTV-1 subtypes have been reported both in 

blood donors and heterosexuals (Clewley et a l ,  1996; Barin et a l ,  1997; Irwin et a l ,

1997). In addition to non-type B subtypes there is also evidence of circulating 

recombinant forms in the UK (Belda et al., 1998).

Global estimates made in 1993, projected that over 33.4 million people would be 

infected with HIV at a rate of 16,000 new infections per day by 1998 (WHO, 1993). It 

was also projected that over 30% would be women and 10% children. The majority of 

children would have acquired infection from their mother. Approximately 66% of
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people with HIV/AIDS were estimated to be from sub-Saharan Africa, 20% living in 

South and South-East Asia, 7.5% in the Americas and 1.5% in Westem Europe. 

Whilst heterosexual transmission of HIV-1 has been the driving force behind the 

global expansion of the AIDS epidemic, (Mann et al., 1988; Chin, 1990), sexual 

transmission among homosexual males makes up a significant proportion of the 

epidemic in Europe and the USA, accounting for 40-50% of cases (Heyward, 1988). 

Transmission as a result of IDU has also become increasingly important in the USA 

and Southern Europe (Hahn et a l ,  1989; Nicolasi et al., 1992). Vertical transmission 

may occur before, during or after pregnancy, although the majority of evidence 

suggests acquisition is most likely towards the end of pregnancy or perinatally 

(Newell and Peckham, 1994; Dunn et a l, 1995; The European Collaborative Study,

1996).

The epidemiological surveillance of HIV infected pregnant women has provided 

important information for the public health as well as health issues for the mother and 

for the unborn baby. Following the time trends in maternal HIV-1 prevalence has 

provided an accurate reflection of the prevalence of HIV-1 infection in the general 

population (Ades, 1995). In addition, the study of infected women whose children 

develop AIDS has encouraged the promotion of sexual health and antenatal HTV 

testing.

The evidence that the incidence of perinatal transmission can be dramatically reduced 

by elective caesarean and or by therapeutic intervention with ZDV is very strong. In 

the ACTG 076 and ANRS024 clinical trials, intervention before, during and after 

labour, reduced the rate of transmission by 70% in the absence of breastfeeding 

(CDC, 1994; Connor et al., 1994). Transmission of HIV-1 can also occur as a result 

of breastfeeding and its duration is associated with an increased likelihood of 

transmission (The Italian Register for HIV infection in children, 1994). The 

virological investigation of infected mothers has revealed the presence of HIV-1 and 

p24 antigen in breast milk. Furthermore, HIV-1 DNA has been detected in the breast 

milk of 70% of seropositive mothers up to four days after delivery and in 50% of 

mothers 6-12m post delivery (Ruff et a i, 1994). A systematic review of published 

studies reported in 1992 that the additional risk of infection over and above vertical 

transmission in utero or during delivery was 14% (95%CI 7-22%) (Dunn et a i,  1992).
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The practice of breastfeeding by infected mothers may be responsible for 30-50% of 

paediatric infection in countries where breast feeding is commonplace (Van de Perre 

et a l ,  1992; Kriess, 1997). Advice based on this evidence has led to a decline in 

breastfeeding in mothers with HIV or at risk of infection in the developed world. 

However, where infectious disease and malnutrition are primary health care issues 

this policy can pose an unacceptable risk to the infant (Nagelkurke et a l,  1995). There 

is evidence that the interruption of breastfeeding after the first few months of life, 

would still be of benefit, whilst reducing the overall risk of transmission (Nagelkerke 

et a l ,  1995; Kuhn and Stein, 1997).

Since 1992, voluntary antenatal testing has been encouraged in areas where the 

maternal prevalence of HIV-1 was higher and in women of increased risk 

(Department of Health, 1992). However, evidence was already accumulating that HIV 

transmission linked to homosexuals and IDU was declining and a need for a more 

broad-based, less biased surveillance program was required (Gill et a l,  1989). 

Anonymous unlinked surveillance has the advantage of a low participation bias, in 

that participants do not differ from non-participants, which is seen in case studies and 

GUM studies. In addition, the selection bias associated with anonymous testing, 

where the study population is not representative of the target population, is also better 

than that seen in surveillance based on mandatory blood donor screening. Anonymous 

anti-HIV-1 testing was first introduced in Massachusetts, USA (Hoff et a l ,  1988) and 

has now been adopted by many European countries, including Finland, France, 

Germany, Italy, Slovenia and the UK (European Centre for the Epidemiological 

Monitoring of AIDS, 1996). Anonymous anti-HTV screening of neonatal DBS was 

installed at ICH in 1990 following pilot studies at UCMH (Peckham et a l ,  1990). The 

principal aims of the study were to provide an estimate of the seroprevalence of HIV- 

1 in pregnant women in Inner and Outer London and compare results with the number 

of reports of births to women infected with HIV-1 (Ades et a l,  1991). This study 

formed part of the unlinked anonymous HIV seroprevalence programme for England 

and Wales, which included samples from the behaviourally vulnerable population 

(GUM attendees, saliva testing of IDU) and those at lower or general risk (antenatal 

screening and blood counts) (Unlinked anonymous Steering Group, 1998).
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Testing at ICH involved the screening of over 130,000 DBS each year for the 

presence of antibodies to HIV-1 using a modified version of the Serodia GPA for 

HIV-1. The initial aims of the study were to provide a laboratory facility for 

anonymous unlinked HTV testing for 3/4 of the Thames regions, a means of quality 

control and to develop a semi-automatic process that would allow large-scale 

economic screening. This was described in Chapter 3.0. Since screening began 

demographic data has been limited to the local Thames health authority where the 

Guthrie card sample was taken. In 1997, whilst retaining the anonymity of the source 

of each DBS, permission was given to retain valuable epidemiological data, linked to 

each sample so that ethnic status, country of birth and date of birth of the mother 

could be analysed. Until then, denominators for the estimates of seroprevalence within 

London and the south-east were based on the number of Guthrie cards tested within 

Inner, Outer and Non-Metropolitan districts. The introduction of linked 

epidemiological data would enable the seroprevalence of HIV-1 within ethnic groups 

and in women bom overseas to be assessed. In addition, analysis of anti-HTV-1 

confirmed DBS using an ELISA specific for the V3 subtypes of HIV-1 would provide 

information relating to the distribution of subtypes within the Thames regions.

7.2 Materials and methods

Two 4.9mm diameter DBS from North Thames Guthrie cards were punched by 

machine into labelled flat well microtitre plates, as described in Section 5.2 (page 97). 

Well position within each plate allowed accurate linkage by computer to the available 

epidemiological data. Once DBS had been placed in the first 90 wells, the plates were 

sealed and stored at ambient temperature prior to screening within three months. 

5.5mm diameter DBS were punched from Guthrie cards collected in South West 

Thames by hand using a single hole puncher (HMSG).

QC DBS were supplied every six months by the Newborn Screening Quality 

Assurance Programme (NSQAP) based at the Centers for Disease Control, Atlanta, 

USA. These samples were used to control the efficiency of elution during an assay mn 

and to control assay performance. These included high and low antibody positive and 

antibody negative DBS. In addition tri-positive (anti-HCV, HTV-1 and HTLV-I) ‘in 

house’ simulated DBS were used as controls as described in Section 5.2.
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Quality assurance DBS were supplied every three months by NSQAP for routine 

testing in the laboratory. Each set of 12 DBS were manufactured and evaluated prior 

to distribution according to NSQAP guidelines (Hannon et al., 1989). DBS were 

mailed to the UK in zip lock bags containing sachets of silica gel desiccant, in strong 

tear-proof paper envelopes. On arrival, DBS were stored at 4°C for one week, during 

testing and then archived at -30°C. Quality assurance DBS were also supplied by the 

Retrovirus Laboratory, CPHL, Colindale, UK (Parry et al., 1992). Each lot of 90 

samples were manufactured according to NSQAP guidelines.

Neonatal DBS were eluted as described previously (Section 5.2). Eluates were 

screened for the presence of antibodies to HIV-1 according to the algorithm described 

in Figure 3.5 (page 53). As described for anti-HTLV and HCV testing in the previous 

two Chapters, positive results were recorded on a database and once all testing was 

complete, merged with the data files held on Child Health computers. HTV-1 V3 

subtyping was carried out using the ELISA method described in Section 3.1.2 (page 

48).

7.3 Results

Since joining the scheme 35 lots of 12 DBS and one lot of 40 DBS had been received 

and processed. These consisted of 216 HIV-1 positive and 244 HTV-1 negative 

samples, all of which were correctly identified by the anti-HIV-1 assay algorithm. 

Typical reactive and non-reactive patterns seen in the mod-GPA for HTV-1 are shown 

in Plate VII (page 144). HTV-1 positive samples were confirmed by westem blot using 

the HIV-1 Miniblot (Plate VIII, page 144) which was replaced in the beginning of 

1999 by the LAV-1 Blot. All the results were in concordance with the referring 

laboratory. QA DBS results showed that mod-GPA titre strongly correlated with the 

A450nmm by ELISA (Genetic Systems) performed at NSQAP (R^ = 0.98). Plate VII 

shows an example of a mod-GPA test showing screening results on one side and a 

series of titrations of anti-HTV-l reactives on the other.

Seven panels of QA DBS were received from the PHLS. Each consisted of 90 blind 

coded DBS. CPHL results indicated that these included a total of 266 anti-HTV-l 

positives, 20 anti-HTV-2 positives and 344 negatives. All 266 anti-HIV-1 positives 

were detected using the mod-GPA and there were no false positive results.
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Plate VII Mod-GPA for HIV-1 : reactive and non-reactive patterns and the titration of 

eluates reactive on initial screening

f ^ n r h r m ' .

Columns 1 to 6 give an example o f  screening, where w ells 2B, 3E, 5B and 5H show particle 
agglutination. In the absence o f  reactivity, the particles settle at the bottom o f  the V well to form a 
button. Columns 7 to 12 show titration series from 1/5 to 1/640, using a double dilution method from A 
to H, o f  the reactives identified.
Interpretation o f  reactivity
7 Positive control titre 1/64
8 N egative control titre <1/5
9 2B titre 1/64
10 3E titre 1/64
1 1 5B titre 1/16
12 5H titre 1/8

Plate VIII Example o f an HIV-1 Miniblot
Protein bands

gpl60
gpl20

p66
p55
p51
gp41
p30
p24
p l7

Negative control Positive Control
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Figure 7.1 Laboratory results for 1225 anti-HIV-1 confirmed 
eluates screened 1991-1998

A. Distribution o f  mod-GPA titres in 
DBS using the two different incubation 

methods

30-

1990-19% (15 mm) 

1997-1998 (overnight)

l it re

B. Proportion o f  WB bands detected by 
Mininblot in anti-HIV-1 confirm ed DBS

100-1

5 0 -

g p l6 0  g p l2 0  p66 p55 p51 gp40 p31 p24 p l 7

TOTAL
NE
NW

IZZdSW

WB band
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Since the inception of screening within this laboratory in April 1990, over 1.2 million 

DBS have been processed, approximately 130,000 per year. Initial screening using the 

mod-GPA identified 1333 anti-HIV-1 reactive samples. Repeat testing and titration to 

end point saw this number reduced to 1225, of which only five failed to be confirmed 

by westem blot. Westem blot testing showed that the PPV of the mod-GPA was 

1225/1230 (99.6%) based on a repeat reactive mod-GPA eluate and a specificity of 

almost 100% or a PPV of 1225/1333 (91.9%) based on initial mod-GPA reactivity. 

The distributions of end point titres for repeat reactive eluates in this study are shown 

in Figure 7.1 A. Mod-GPA titres are shown for eluates identified as reactive and 

titrated out using the 15-min incubation (prior to 1997) and for those eluates retested 

using an ovemight incubation of particles (1997-1998). Comparison of the results 

recorded over the two periods showed that the median titre had increased from 1:320 

to 1:1280. This represented an approximate four-fold increase in sensitivity. The 

reactivity of repeat reactive eluates to individual protein bands by westem blot is 

shown in Figure 7 .IB. Antibody reactivity to the westem blot bands was less frequent 

to gag proteins p55 and pl7.

The cost of consumables was estimated for the next three years budget (1999-2002) 

based on current list prices. Taking into consideration the costs of testing 

approximately 140,000 DBS per year and a positivity rate of 0.15%, the consumable 

costs would amount to £33,782 per year, which equated to only 24p/test. This 

estimate included the costs of screening QC and QA DBS, repeat testing and 

confirmation by westem blot. The exclusion of the latter would reduce costs to 

21 p/test, assuming an HIV-1 seroprevalence rate of 0.14%.

The seroprevalence rate was calculated from the number of confirmed HIV-1 

positives identified per year, expressed in terms of a percentage, or a rate per 1000 for 

Inner, Outer and Non metropolitan health districts in North and South West Thames 

(Figures 7.2 and 7.3). Over the period 1990 to 1998, the seroprevalence had increased 

more than 2-fold in Inner London (0.14 to 0.34%) and 3-fold in Outer London (0.05 

to 0.14%). In contrast, the seroprevalence in Non-Metropolitan areas remained below 

0.05%.
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Figure 7.2 Anonym ous HIV-1 results for North Thames health districts,
(n = 914,791).
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Figure 7.3 Anonym ous HIV-1 results for South W est Thames health
districts, (n = 310,856).
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Comparative data for 1997-1998 show that the seroprevalence of HIV-1 had risen to 

0.36% in Inner London, 0.15% in Outer London and remained below 0.05% in Non- 

Metropolitan London (Table 7.1). Over these two years the seroprevalence for the 

entire area rose from 0.12% to 0.15%, an increase of three women per 1000.

Table 7.1 HTV-1 screening results specific for North Thames districts 1997-1998

Year Region Total

tested

Initial

reactive

Repeat

reactive

Westem 

Blot 4-ve

Seroprevalence

(95%CI)

1997 Inner 23894 58 57 57 0.239

Non Met 39719 9 9 9 0.023

Outer 37321 61 56 55 0.147

Other 314 0 0 0 0.000

Total 101248 128 722 121 0.120

(0.10-0.14)

1998 Inner 23288 85 83 83 0.356

Non-Met 39689 13 10 9 0.023

Outer 36992 59 55 55 0.149

Other 564 2 2 2 0.355

Total 100533 159 150 149 0.148

(0.13-0.17)

Total for 1997-1998 201781 287 272 270 0.134

A distinct gradient of decreasing seroprevalence can be observed from Inner London 

(0.36%; equivalent to 1 in 278), Outer London (0.15%; equivalent to 1 in 667) to 

Non-Metropolitan areas (0.02% equivalent to 1 in 4350) (Table 7.1). Over the period 

1997-98, Inner London accounted for 140/270 (52.0%), Outer London 110/270 

(40.7%) and Non-Metropolitan 18/270 (6.7%) of HIV-1 seropositive childbearing 

women in this survey.

Data linkage to ONS records was possible in 156,925 DBS (78% of those screened) in 

the North Thames regions. The results of data linkage according to ethnic or ‘country
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of birth’ breakdowns (results from DBS collected April 1997 to June 1998) are shown 

in Tables 1.2, 7.3 and 7.4. HIV-1 seroprevalence was approximately 10 times higher 

in non-UK bom mothers and was highest among women aged between 26 and 35y. 

The overall seroprevalence among women bom in the UK did not rise above 0.05% 

(Table 7.2). Analysis of demographic data relating to country of origin and ethnicity 

revealed that 72.4% of HIV-1 positives were black Africans (seroprevalence 1.47%, 

95% Cl 1.30-1.64) and 8.0% were black Caribbean (seroprevalence 0.33%, 95% Cl 

0.22-0.44) and 13.0% were white (seroprevalence 0.03%, 95%CI 0.01-0.05) (Table 

7.3). Country of birth data revealed that 110 (85.3%) of these mothers were bom 

outside the UK and 19 (14.7%) inside. Among those bom in the UK, 10/13 were 

white. Among those bom outside the UK, 84% were black African (seroprevalence 

1.72%), 8.1% black Caribbean (seroprevalence 0.93%), 5.4% were categorised into 

the ‘other Asian’ group (seroprevalence 0.10%) and 1.4% were white (seroprevalence 

0.03%). Data linkage of mother and father’s country of birth allowed a finer 

breakdown of seroprevalence results than was achievable with the ethnicity data but 

the denominators in each group were lower, decreasing the significance of confidence 

intervals (Table 3, Appendix II). HTV-1 seroprevalence in African mothers ranged 

from 0.01 to 2.22% with the highest in Eastem, 2.22% (95%CI 1.83-2.61) and Middle 

Africa, 2.14% (95%CI 1.24-3.05). A seroprevalence of 0.21 (95%CI 0.004-0.417) 

was associated with women bom in the Caribbean. HIV-1 seropositive mothers were 

also identified in those bom in Central America, the Caribbean and South Eastem 

Asia (accounting for ‘other Asian’ group earlier). In the instances when the mother or 

father was bom in the UK, the HIV-1 seroprevalence was 0.03%. Only eight anti- 

HLV-l positive samples were associated with parents that were both from the UK 

(seroprevalence of 0.01%). The seroprevalence of HIV-1 was higher in newboms with 

fathers whose details were not recorded. However, when the mother’s place of birth 

was grouped according to the father’s place of birth 121/153 (79.0%) of the 

séropositives could be associated with a parent bom in sub-Saharan Africa (SSA) 

(Table 7.4). The highest seroprevalence was recorded when the mother was bom in 

SSA but the father’s details were not recorded (4.55%, 95%CI 3.14-5.96). In total, 

30% of the HTV-l seropositive DBS were associated with the Father’s details being 

missing.
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From the above data, it was estimated that a non-UK bom, black African woman was 

1.72/0.03 (57 times) more at risk of HIV-1 infection than a white UK bom woman. 

Likewise a black Caribbean woman had an increased risk of 0.93/0.03 (31 times). 

Estimates for black African women bom in the UK were much lower 0.12/0.03 (4 

times) but significantly still high in black Caribbean women 0.58/0.03 (19 times).

Table 7.2 HTV-l seroprevalence based on mother’s age next birthday (1997-1998)

Age (y) Number

tested

Westem 

Blot 4-ve

Seroprevalence

(95%CI)

Mother bom  in UK

<21 6816 2 0.03 (0-0.07)

21-25 13864 5 0.04 (0.01-0.07)

26-30 23304 6 0.03 (0.01-0.05)

31-35 19514 10 0.05 (0.02-0.08)

>35 7472 2 0.03 (0-0.07)

Mother bom  overseas

<21 2074 7 0.34 (0.09-0.59)

21-25 6854 22 0.32 (0.19-0.46)

26-30 8598 53 0.62 (0.45-0.78)

31-35 6813 35 0.51 (0.34-0.68)

>35 3651 11 0.30 (0.12-0.48)
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Table 7.3 HIV-1 seroprevalence according to mother’s ethnic status (1997-1998)

Mother’s ethnic 

status

Mother bom in UK Mother bom outside UK

Number Seroprevalence

(95%CI)

Number Seroprevalence

(95%CI)

Black African 819 0.12 3617 1.72(1.30-2.14)

Black Caribbean or 

Black other

1736 0.58 (0.47-0.69) 647 0.93 (0.19-1.67)

Bangladeshi 318 0 3162 0

Indian 541 0 844 0

Oriental 247 0 484 0

Other Asian 1009 0 3883 0.10(0-0.20)

Other ethnic 749 0.13 898 0.12

Pakistani 247 0 0 0

White 33747 0.03 (0.01-0.05) 3762 0.03

Unknown 23523 0.03 (0.01-0.05) 7036 0.50 (0.34-0.66)

Total 62689 0.03 (0.02-0.04) 24433 0.45 (0.37-0.53)

Table 7.4 HTV-l seroprevalence based on mother’s place of birth in relation to that of 
the father (1997-1998)

Mother/Father Number WB 4-ve Seroprevalence (95%CI)

UK/missing 7272 7 0.10 (0.03-0.17)

UK/UK 77038 8 0.01 (0-0.02)

UK/SSA 2160 8 0.37 (0.11-0.63)

UK/other 8920 3 0.03 (0-0.07)

SSA/missing 1019 45 4.42 (3.14-5.96)

SSA/UK 1452 11 0.76 (0.31-1.2)

SSA/other 690 11 1.59 (0.66-2.52)

SSA/SSA 5970 72 1.21 (0.93-1.49)

Other/missing 915 2 0.22 (0-0.50)

Other/UK 7464 6 0.08 (0.02-0.14)

Other/other 19346 5 0.03 (0.01-0.05)

Other/S SA 1184 3 0.25 (0-0.53)

SSA Sub-Saharan Africa
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A total of 322 anti-HIV-1 positive DBS eluates that had been stored at -20°C  during 

the period 1997-98 were available for serotyping using the method described in 

Section 3.1.2 (page 48). Lack of reactivity or irresoluble reactivity to more than two 

serotypes was recorded in 98 DBS eluates (30.4%). Irresoluble reactivity to A or C 

was recorded in 14 DBS (4.3%) despite retesting at a higher dilution. These samples 

were classified as A/C. Subtype E reactivity was not detected in any of the samples 

tested. Among the DBS eluates that were serotyped, subtype A was the most 

prevalent (38.8%). Less frequently detected were subtype C (24.1%), subtype D 

(16.1%) and subtype B (8.7%) (Table 7.5).

Table 7.5 Summary of subtyping results (1997-1998)

Subtype Number

reactive

% of total tested % of those that typed

A 87 27.0 38.8

B 28 8.7 12.5

C 54 16.8 24.1

D 36 11.2 16.1

E 0 0.0 0.0

F 5 1.6 2.2

A/C 14 4.3 6.3

Negative or irresoluble 98 30.4 -

Total 322 - -

Data linkage results relating to mother’s country of birth was available for 233 anti- 

HIV-1 positive DBS. Only 149 (63.9%) were successfully subtyped (Table 7.6). The 

proportion of typed DBS eluates was higher (71%) in women originating from 

African countries compared to those bom in the UK (49%). Reactivity solely to 

subtype B was noted in eluates from mothers bom in northem and southem Europe 

and North Africa. Mothers bom in the UK were associated with infection to HIV-1 

subtype A, B, C and D. Four samples exhibited reactivity to subtype F, two from East 

Africa and two from the UK. The highest seroprevalence of subtype A was recorded
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in mothers originating from southem Africa and the Caribbean (100%), West Africa 

(53.8%) and South East Asia (33.3%). The highest seroprevalence in mothers for 

subtype C was in those originating from Middle Africa (53.3%) and the UK (38.1%). 

Most of the subtype D eluates (71%) were from neonates with mothers originating 

from East Africa (52.6%). In comparison 57% of subtype A eluates and 52% of 

subtype C were associated with east Africa. Both type F eluates originated from 

neonates with mothers bom in the UK. The majority of subtypes among women bom 

in the UK, 18/21 (85.7%) were type A, C or D.

Table 7.6 Subtyping result grouped according to mothers’ country of birth

REGION A B C D F A/C Untyped TOTALS

n % n % n % n % n % n % n type tot

Eastem

Africa
29 33.0 12 13.6 20 22.7 20 22.7 2 2.3 5 5.7 35 88 123

Middle

Africa
3 20.0 1 6.7 8 53.3 2 9.5 0 1 6.7 6 15 21

North

Africa
0 1 100 0 0 0 0 0 1 1

Southern

Africa
2 100 0 0 0 0 0 1 2 3

Western

Africa
7 53.8 1 7.7 2 15.4 2 15.4 0 1 7.7 6 13 19

Cent.

America
*

3 100 0 0 0 0 0 2 3 5

South 

East Asia
1 33.3 0 0 1 33.3 0 1 33.3 2 3 5

Northern

Europe
0 1 100 0 0 0 0 0 1 1

Southern

Europe
0 2 100 0 0 0 0 2 2 4

United

Kingdom
6 28.6 1 4.8 8 38.1 3 14.3 2 9.5 1 4.8 22 21 43

Total 51 19 38 28 4 9 56 149 233

* Central America and Caribbean n= number tested
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7.4 Discussion
Since the inception of screening within this laboratory in April 1990, improvements to 

the HIV-1 algorithm, a 100% success rate in quality assurance and an exceptionally 

low rate of false positivity have combined to provide an extremely cost effective and 

sensitive method for anti-HIV-1 detection in DBS.

The strong correlation between the mod-GPA and NSQAP ELISA results indicated 

that the two methods were of equal sensitivity. The pattern of mod-GPA titres in anti- 

m V -l reactive eluates in Figure 7.1 A appears to be normally distributed. This 

suggests that we can be 95% confident that very few samples, if any, lie outside the 

sensitivity range of the mod-GPA. Furthermore, increasing the time of incubation of 

the mod-GPA to overnight (1997-1998 DBS) extended the sensitivity four-fold, 

without diminishing specificity. QA results also indicate the specificity of the mod- 

GPA was very high as no negative DBS were misclassified. During the screening 

programme only five repeat reactive eluates failed to be confirmed by westem blot 

(PPV of 99.6%). Most of the confirmed eluates had reactivity to all bands by westem 

blot with the exception of pl7. There was no evidence to suggest that the original 

westem blot. Miniblot and replacement; NEW LAV BLOT 1, validated in Section 

3.1.2, produced significantly different results.

The low number of false positives made the algorithm extremely cost effective by 

reducing the number of confirmatory westem blots tests required. The actual cost of 

screening was calculated to be 24 pence per test based on 1999 prices. It has been 

suggested that confirmation by westem blot could be surplus to surveillance studies 

when costs were more limited (WHO, 1997a). In this survey, screening and repeat 

testing using just the mod-GPA would only reduce costs to 21 pence per test. 

However in countries where the seroprevalence was higher, and the number of 

westem blots required higher, the cost savings would be considerable.

The survey has now contributed over 1.3 million anti-HIV-1 results, and has provided 

a large proportion of results in the anonymous survey in the Thames regions. The 

project has contributed nearly 40% of the total neonatal anonymous tests in the UK 

(Unlinked Anonymous Steering Group, 1998). Only 78 mothers opted out of the 

monitoring programme (PHLS HIV/STI Division, CDSC December 2000). This 

indicates that the results have a very wide coverage and was therefore less subject to
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participation bias, than seen in population based surveillance (Hutchinson et al.,

1996).

Since the inception of screening in 1990 at ICH, the seroprevalence of HIV-1 has 

increased three-fold in Inner London and ten-fold since screening began in 1988 

(0.036% to 0.34%) (Unlinked Anonymous Steering Group, 1998). In comparison the 

HIV-1 seroprevalence rate has increased 3-fold in Outer London (1990-1998) but has 

remained below 0.05% in Non-metropolitan London. The similarity in the trend of 

increasing seroprevalence in Inner and Outer London indicate that the rate may have 

slowed in Inner London, whilst the Outer London rate continues to rise gradually. 

Comparisons to the other anti-HIV-1 unlinked anonymous surveys show that in 1996, 

the seroprevalence rate in the pregnant women in the Thames regions was much 

higher than in Scotland (0.025%) and the rest of the UK (0.016%). This confirms that 

m V -l infection is more prevalent among pregnant women in London (Nicoll et a l, 

1998). Comparison of the unlinked anonymous survey results and obstetric reports for 

the number of live births recorded in England and Wales showed that only 23% of 

pregnant women were aware they were HIV-1 positive before delivery. This 

compares unfavourably to the situation in Scotland, where 52% of women were 

diagnosed as HTV-l positive before pregnancy (Nicoll et a l ,  1998). The shortfall in 

ascertainment of infection in pregnancy was due to the low uptake of antenatal 

testing. In Scotland, the sharing of HTV-l contaminated needles or sexual contact with 

an TDU is the major risk factor in pregnant mothers (Communicable Diseases 

(Scotland) Unit, 1993). Mothers infected in this way are likely to be registered with a 

clinic and therefore are often diagnosed before pregnancy (Nicoll et a l ,  1998). 

Several studies have suggested that lack of awareness and bias against HTV-l testing 

within obstetric units and among certain midwifes, have contributed to this shortfall 

(Duffy et al., 1998; Jones et al., 1998). Mothers were found to be generally receptive 

to testing when encouraged (Gibb et a l ,  1998; Simpson et a l ,  1998). In the light of 

these findings and the results of the anonymous testing programme, a new policy was 

initiated by the Department of Health (Health Service Circular, 1999). This will 

provide; adequate training for health professions, cultural information and allow 

consultation with representative members of ethnic groups at risk. Advice on living
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with HIV as well as treatments, the avoidance of breastfeeding and elective Caesarean 

section will also be encouraged.

The application of electronic data linkage in anonymous neonatal surveys represents a 

significant step forward in the epidemiological surveillance of HTV-l in the UK, made 

possible by workers at ICH (Ades et ah, 1999).

The results of this study confirm that a large proportion of HTV-l infection in women 

in the South east of England is associated with migration from sub-Saharan Africa. 

Communicable disease reports of HIV/ATDS statistics (McGarrigle et ah, 1997) and 

studies on the epidemiology of vertically acquired infection in this country have 

already made this apparent (Nicoll et al 1998). However, this survey provides an 

unbiased approach to HTV-l surveillance in that the results are completely anonymous 

and cross-sectional. The seroprevalence of HIV-1 was much greater in women who 

were ethnic black Africans than in ethnic whites. In addition, the prevalence of HIV-1 

infected black African women was highest in those bom in Africa. Black African 

women accounted for more than 70% of the total number of HTV-l positives detected. 

Among the black African mothers, country of birth data revealed that over half of the 

HTV-l positive mothers originated from east Africa. Seroprevalence rates for eastem 

and middle Africa were similar (2.1-2.2%) which is 70 times greater than that 

obtained for UK bom mothers (0.03%). The results of antenatal testing in African 

regions have indicated that HIV-1 infection is highest among countries in eastem and 

southem Africa, with the highest prevalences recorded in urban cities such as Nairobi, 

Mombassa and towns such as Soweto (UNAIDS and WHO, 1998a). Immigration of 

families from these regions would have a strong influence on the seroprevalence of 

HTV-l in London. Indeed, analysis based on the country of birth of both parents 

indicated that one or both parents from sub-Saharan Africa could account for over 

80% of the HTV-l positives in this study. It was also of note that although non-UK 

bom Caribbean women were over 30 times more at risk of HTV-l infection than white 

women, the comparative risk of infection in those bom in the UK was still at least 19 

times that of white counterparts. This would suggest that sexual and IDU may have an 

increasing role in the transmission of HIV-1 amongst childbearing women within this 

community.
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The impact of ‘father’s data missing’ can be seen to have a considerable influence on 

prevalence. The absence of an unmarried father at birth registration is often an 

indicator of single, unsupported mothers, who have higher rates of IDU and 

attendance at GUM clinics (Johnson et al., 1994). The seroprevalence of HIV-1 was 

particularly high in SSA mothers with father’s details missing.

The presence of antibody to a V3 subtype could be determined in two thirds of the 

eluates tested, with a small proportion of A/C cross reactive samples and 30% with 

irresoluble reactivity. The overall proportion of serotype B was only 13% and 

reflected the association of HlV-1 infection in mothers bom in countries where 

subtype B was less prevalent. This is evident in the prevalence of DBS reactive to 

subtype A (39%), C (24%) and D (16%). Results from nationwide studies in the UK 

were similar, where 78% of HlV-1 samples identified among the antenatal population 

were non-type B. Of those 61% were subtype A (prevalence 48%) and 29% subtype C 

(prevalence 23%) (Parry et al., 2001). Elsewhere in sub Saharan Africa, studies have 

shown that subtype A infection was most prevalent in areas where over 80% of the 

m V -l positive mothers in this study originated. In westem Africa, 93% of isolates 

were found to be subtype A, 60% in central Africa and 55% in eastem Africa. 

Subtype C was most prevalent in mothers resident in northem Africa, 96% and 

subtype D was found in 34% of the samples originating from eastem Africa 

(Workshop report from the European Commission and the Joint United Nations 

Programme on HIV/AIDS, 1997). It was important to consider the cross reactivity of 

antibody to the subtype C peptide, which may have resulted in a reduction in the 

number of subtype A positives identified (Cheinsong-Popov et al., 1998; Irwin et al.,

1997). However, these findings support those of other workers in the UK that the 

proportion of non-type B infection is increasing (Clewley et al, 1996). The influence 

of non-subtype B HlV-1 infection has been reported in other cities, among French 

blood donors (Barin et al., 1997) and patients in the Bronx, New York (Irwin et al.,

1997). All these studies provide evidence that heterosexual transmission of H3V-1 not 

IDU transmission, is having an increasing effect on the HlV-1 epidemic in these 

countries.

There is no doubt that at the present time the sensitivity and specificity of V3 

subtyping is lower than that of genotyping assays where sequence analysis can be
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used. However, it is suggested that the correlation between the methods is adequate 

within the context of an epidemiological study (Cheinsong-Popov et a i, 1998). 

Moreover, although only two thirds of the samples could be typed this was not 

necessarily an indication that the protocol was insensitive but may be a function of the 

limited sample volumes available within this study. V3 subtype analysis of DBS, 

within the context of the antenatal seroprevalence programme, has provided a baseline 

for future studies. The increasing diversity of subtypes has implications for the 

sensitivity of diagnostic assays. The emergence of mosaic HTV-l viruses such as 

subtype A/E may require the development of de novo peptides and recombinants in 

order to ensure the safety of the blood supply and the sensitivity of diagnostic tests in 

the clinical setting.

The provision of epidemiological data that includes mother’s ethnic status and 

country of birth has, in this project in combination with HIV-1 subtyping has added 

strength to increasing opinion on the influence of the immigration of HIV-1 positive 

individuals on the HTV-l epidemic within London.
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Chapter 8.0 

Use of DBS for sentinel surveys of 
blood-borne virus infections, in the 

Republic of South Africa  ̂and 
Pakistan̂ ®

® Published in part in Taylor et al., 1996 
Published in part in Parker et a l ,  1999
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8.1 The seroprevalence of HIV-1, HTLV and HCV in women of 

childbearing age from the Gauteng province of RSA

8.1.1 Introduction

RSA has been experiencing a fast growing HIV epidemic, with an estimated 1.8 

million people affected by HIV/AIDS at the beginning of 1995 (WHO, 1993), with 5- 

7 million cumulative deaths by 2010 (Webber, 2002). Over 1600 new infections have 

been estimated to occur each day. The majority of HIV infections in adults were due 

to heterosexual exposure or by vertical transmission from mother to child 

(Stonebumer et al., 1994). The highest seroprevalence was found in adults aged 20- 

39, with an equal distribution among men and women.

Delays in reporting AIDS cases have meant that the rate of HIV-1 prevalence 

particularly in rural areas has been grossly under reported in the past. Over an 18- 

month period 1987 to 1988, the incidence of confirmed anti-HIV positivity in black 

women at antenatal clinic in the southem Transvaal rose from 0.04% to 0.22% 

(Shapiro et al., 1989). Consequently an annual national survey of specimens from 

antenatal clinics across the 9 provinces of RSA began in 1990. In 1992, the overall 

seroprevalence among antenatal groups was 2.2% (range 1.9 to 2.4%), (Department of 

Health and Population Development, 1993). These surveys were still based on 

relatively small numbers of between 200 and 2,500 women per district.

The occurrence of TSP and ATL in RSA has been well documented (Bhigjee et ah, 

1990; Joubert et al., 1991; Jogessar et al., 1992). Seroprevalence survey results in 

selected communities ranged from 0% among blood donors to 5.2% among black 

female staff members in the Kruger Park (Becker et al., 1985; Botha et al., 1985; 

Neill et al., 1990; Taylor et al., 1992; Bhijgee et al., 1993; Bhijgee et al., 1994; 

Maaga et al., 1994; Maaga et al., 1995). A high prevalence of HTLV-I has also been 

reported in HIV-1 positive patients with neurological disease (Van der Ryst et al.,

1994). Evidence for an increase in the prevalence of HTLV-I infection has come from 

a rise in the number of cases of TSP reported in the Gauteng region (Crewe-Brown et 

al., 1995). HIV and HTLV-I share similar modes of transmission, consequently the 

spread of HTLV-I within the community may be similar.
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Prevalence studies using and 2"  ̂generation EIA in patients with HCC (Kew et al., 

1990), chronic liver disease (Robson et al, 1991; Soni et al., 1996) and risk groups 

such as haemophiliacs and chronic dialysis patients (Cassidy et a l,  1995; Soni et al., 

1996) have shown that HCV infection is a significant cause of morbidity in RSA. 

Genotyping and serotyping of clinical samples have identified HCV type 5 as the 

predominate strain (40-56%) compared to 27-33% of HCV type 1 (Smuts et al., 1995; 

National Institute of Virology, 1997; Tobler et al., 1997). HCV infection has been 

identified in the blood donor population and regional differences in HCV 

seroprevalence have been reported, 0.16-0.75% in Natal, 0.6-1.2% in Durban and 

0.11% in Westem Province (Soni et al., 1993). HCV seroprevalence rates differ 

between ethnic groups; 0.53% in African blacks, 0.20% in Asians, 0.12% in mixed 

race and 0.09% in whites, (Combined Blood Transfusion Services, 1997).

Discussions with the Department of Medical Virology, University of Pretoria (UP), 

RSA have lead to the establishment of a series of sentinel surveys using DBS taken 

from neonates and mothers attending antenatal clinics in the province of Gauteng. 

These clinics were based at the hospitals, Kalafong and HF Voerwerd (now Pretoria 

Academic Hospital) within the city of Pretoria and Baragwanath in Soweto, a large 

black township to the south of Johannesburg (Figure 8.1). DBS were then archived at 

-70°C but later used to extend the project to include screening for anti-HCV. At this 

time, an HIV-1 serotyping ELISA evaluated in Section 3.1.2 and described on page 

48 was used to investigate the seroprevalence of HIV-1 subtypes in those archived 

DBS that had been confirmed as anti-HTV-l westem blot positive in the original 

survey. In 1998, a smaller seroprevalence study of HIV-1, HTLV and HCV was 

carried out using neonatal DBS at a special care baby unit at Ga-Rankuwa Hospital 

(30km north west of Pretoria). This was partly funded by a British Council technology 

exchange programme at the adjoining university, the Medical University of Southem 

Africa (MEDUNSA).
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Figure 8.1 Map o f the Gauteng province of RSA
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8.1.2 M aterials and methods

Samples were collected anonymously from 3 sources. Ethical committees at the 

Faculty o f Medicine, UP and the Committee for Research on Human Subjects, 

Faculty o f Medicine, University of Witwatersrand approved the study.

A total of 1323 samples were prepared from cord blood collected from neonates born 

to mothers o f African (black), European (white) and mixed descent (coloured) at 

Kalafong and HF Verwoerd Hospitals, Pretoria between October 1993 and July 1995. 

In addition, 1259 samples were prepared from venous blood from pregnant women of 

African origin, attending antenatal clinics at Baragwanath Hospital, over the period 

1993-94. In each case, blood was blotted and allowed to air dry on 5cm^ pieces of 

Whatman No.3 filter paper. On receipt at the Department o f Medical Virology UP, 

samples were placed in clear, waterproof sleeves containing desiccant, packed into
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strong brown envelopes and posted to the UK. On arrival in London, envelopes were 

held at 4°C until testing. DBS were tested for the presence of antibodies to HIV-1 and 

HTLV within 2 months of receipt. DBS were subsequently frozen at -70°C until 

testing for antibodies to HCV and HIV serotyping in 1997.

At Ga-Rankuwa Hospital, over the period April to June 1997, 271 heel-prick samples 

were taken from neonates on a special care baby unit. Samples were blotted onto 

Whatman No.3 filter paper and allowed to air dry. DBS were tested within two 

months of receipt at the Virology laboratory, MEDUNSA, during a research visit.

A single 5.5mm DBS was punched from each filter paper sample and eluted overnight at 

4°C in 100/xl of elution buffer as described previously in Chapter 2.0. Eluates were 

screened for the presence of antibodies to HIV-1, HTLV-I and II and HCV using the 

algorithms described in Chapters 3.0 and 4.0. The 15 min incubation method (as 

described in Figures 3.2 and 3.6 respectively) was used for both mod-HIV-1 and mod- 

HTLV GPA tests. The westem blot, HTV BLOT 2.2 (Diagnostic Biotechnologies, 

Genelabs, Singapore) was used to confirm the presence of antibodies in samples that 

had been shown to be reactive in the modified GPA test. The method was as described 

in the manufacturer’s instmctions, except 40/xl of DBS eluate was added to each strip.

8.1.3 Results

The presence of anti-HTLV-1 was confirmed in 10 DBS eluates and anti-HTV-l in 

128 DBS eluates from 2582 DBS collected from Kalafong, HF Verwoerd and 

Baragwanath Hospitals over the period October 1993 to July 1995 (Table 8.1). Anti- 

HTLV n  was not detected. Evidence of HTLV-I infection was confined to ethnic 

black Africans with seroprevalence rates ranging from 0.27% in the Pretoria groups to 

0.56% in the Soweto group. Evidence of HIV-1 infection was confined to the ethnic 

black Africans with identical seroprevalences in both regions (5.4%). The distribution 

of HIV-1 antibody titres in repeat reactive elutes is shown in Figure 8.2A. The median 

antibody titre for the neonatal samples was 1/320, which was eight-fold less than the 

median in the antenatal DBS (1/2560). The distribution of westem blot bands in the 

54 neonatal DBS that were repeat reactive by mod-GPA is shown in Figure 8.2B. 

Less than 10% of the samples tested by westem blot showed reactivity to pl7.
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Testing of DBS using the mod-GPA for HIV-1 produced 36 initially reactive eluates 

in the Ga-Rankuwa survey (Table 8.1). All 36 eluates were positive on repeat testing 

with antibody titres ranging from 1/10 to 1/5120. The seroprevalence of HTV was 

estimated at 13.3% (95% Cl 9.24-17.45%). No anti-HTLV positive samples were 

identified in this set.

HIV serotyping identified 106/164 (64.6%) of the eluates as having reactivity to a 

single subtype (Table 8.2). Indeterminate ELISA reactivity or no reactivity occurred 

in 45 (27.4%) of the DBS tested. Reactivity to subtype A and C was indistinguishable 

in 13 eluates but was probably attributable to subtype C because of the cross reactivity 

of the subtype A peptide. Subtype C was the predominant subtype followed by 

subtype A. There was no evidence of infection with subtypes E or F in the study 

population.

On initial screening by the Screen-HCV ELISA, 19/4711 (0.4%) of the DBS eluates 

from the first two groups were reactive, of which eight were reactive on repeat testing 

(Table 8.3). Among these, all reacted to the c22 protein by ELISA but only two were 

reactive to c200. No antibody reactivity to NS5 was detected. Testing by RIBA 3.0, 

confirmed seven eluates as anti-HCV positive. One eluate had reactivity to c22 only 

by RIBA 3.0 and was therefore classified as indeterminate. HCV seroprevalence was 

estimated at 0.2% (95%CI 0.05-0.41) with prevalence range between groups of 0.1 to 

0.8% (Table 8.1). No antibody reactivity to HCV or HTLV was detected in the DBS 

taken from the neonates at Ga-Rankuwa Hospital.
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Table 8.1 Summary seroprevalence results for HTV-l, HTLV-I and HCV in the 2 studies

Seroprevalence (Confirmatory resu its)
fflV-1 HTLV-I HCV

No. +ve % (95%CI) 4-ve %(95%CI) H-ve %(95%CI)
By area

HF and
Kalafong
(1993-4)
Black
Coloured
White
Unknown

1098
128
73
24

59
0
0
0

5.4 (4.0-6.7) 3
0
0
0

0.27 (0-0.57) 2
1
0
0

0.18 (0-0.43) 
0.78 (0-0.23)

Baragwanath
(1993-4)
Black 1259 68 5.4 (4.2-6.7) 7 0.56 (0.15-0.97) 4 0.32 (0.009-0.63)

Ga-Rankuwa
(1997)
Black 271 36 13.3 (9.3-17) NT 0
By ethnicity 
1993-94
Black*
Coloured
White
Unknown

2357
128
73
24

127
0
0
1

5.4 (4.5-6.3)

4.2 (0-12.2)

10
0
0
0

0.42 (0.16-0.68) 6
1
0
0

0.25 (0.05-0.45) 
0.78 (0-0.23)

Total 2582 128 5.0(4.1-5.8) 10 0.39 (0.19-0.63) 7 0.27 (0.07-0.47)
*Does not include DBS samples taken in 1997 at Ga-Rankwa Hospital NT= Not tested 

Table 8.2 HIV subtyping results

Origin A B C D A/C U

N % n % n % n % n % n %

Kalafong n=42 15 35.7 3 7.1 11 26.2 1 2.4 4 9.5 8 19.0

HF Verwoerd n=54 11 20.4 1 1.9 16 29.6 1 1.9 4 7.4 18 33.3

Baragwanath n=68 9 13.2 0 0.0 34 50.0 1 1.5 5 7.4 19 27.9

Total =164 35 21.3 4 2.4 61 37.2 3 1.8 13 7.9 45 27.4
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F ig u r e  8 .2  R S A  a n t i - H I V -1  s c r e e n i n g  r e s u l t s
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Table 8.3 Confirmatory testing results of Screen-HCV reactive eluates

ID Source ELISA A450nm RIBA 3.0 immunoblot score

Screen c22 c200 NS5 clOO c33c c22 NS5

1 Baragwanath 1.76 1.40 - - - 2+ 3+ -

2 Baragwanath 1.04 0.71 - - - 2+ 3+ -

3 Baragwanath 2.55 2.45 - - 2+ 1+ 4+ -

4 Baragwanath 1.40 1.17 - - - 1+ 3+ -

5 HF Verwoerd 1.01 0.90 - - - - 3+ -

6 HF Verwoerd 1.08 0.65 0.30 - 1+ 1+ 3+ -

7 Kalafong 1.08 0.59 0.24 - 1+ 3+ 2+ -

8 Kalafong 1.09 0.63 - - - 1+ 4+ -

8.1.4 Discussion

In this study the seroprevalence of HIV-1 in women of childbearing age was 

estimated to be 5.4% in black Africans in the regions served by HF Verwoerd, 

Kalafong and Baragwanath Hospitals in Gauteng. This was similar to an antenatal 

HIV-1 seroprevalence of 4.2-7.5% reported in national survey results for 1993 and 

1994 (Department of Health, 1996). In comparison, the seroprevalence results from 

Ga-Rankuwa in 1997 were significantly higher (13.3%). Antenatal testing results for 

1997 indicated a comparable median value of 14.9% in pregnant women within urban 

areas in RSA (WHO, 1998). In this study, the proportion of subtype B infection was 

very low (2.4% of the total or 3.4% of those that typed by ELISA). Subtypes A and C 

were found to be the most common, with a higher proportion of subtype A detected at 

Kalafong and a higher proportion of subtype C detected at Baragwanath. The reasons 

for the differences in the distribution of subtypes A and C could be related to the 

relatively low numbers of positives found in this study, the relative sensitivity of the 

assay in these groups of women or a reflection of the migration of people into each 

area. RSA is one of the best examples of a country whose population is becoming 

more mobile. More than 2.5 million South Africans are registered as migrant workers.
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and mining towns such as Carltonville, in Gauteng, in the heart of the gold mining 

industry are home to nearly 100,000 mine workers from RSA and other countries, 

such as Lesotho, Malawi and Mozambique, where the prevalence of HIV-1 is known 

to be high (World Health Organisation, 1993). The incidence of sexual transmission 

of HIV-1 in such towns is very high and HIV-1 infection is rife in sex workers. 

Recent studies in RSA that included the Gauteng region report a high prevalence of 

subtype C infection (Bredell et al., 1998; Englebrecht et al, 1999). The extent of HIV- 

1 subtypes among the antenatal population of RSA is largely unknown. Genotyping 

and serotyping of samples from patients in Gauteng, Mpumalanga, Kwazulu-Natal 

and Westem Cape Provinces and in migrant workers in three gold mines have 

revealed a predominance of subtype C infection (Bredell et al., 1998; Engelbrecht et 

al., 1999). Infection with HIV-1 subtypes B, D and E has also been reported in Cape 

Town (van Harmelen et al., 1997) and Westem Cape (Engelbrecht et al., 1999). 

Although information is still limited to small surveys of AIDS patients, the 

association between subtype B infection and homosexual transmission and subtype C 

and D infection with heterosexual transmission has been firmly established in Cape 

Town (van Harmelen et al., 1997). The serotyping results presented have provided a 

baseline against which future studies of the seroprevalence of HTV-l subtypes can be 

compared. The use of altemative V3 peptides from CDC, Atlanta for example, using a 

competitive ELISA or the use of gp41 serotyping peptides may help to provide a more 

accurate picture of the distribution of HIV-1 subtypes by improving specificity 

(Cheingsong-Popov etal., 1998).

The prevalence of antibodies to HTLV-I was 0.27% (95%CI 0-0.57) in Pretoria and 

0.56% (0.15-0.97%) in Soweto. These results were comparable with community- 

based studies in 428 pregnant black African women in Pretoria in 1993 (Goubau et 

al., 1993) and in a study of 509 black family volunteers in Ga-Rankwa, (Maaga et al.,

1995) both of which reported prevalence rates of 0.20%. Both HIV-1 and HTLV-I 

are circulating in the antenatal community in Gauteng underlining the need for larger 

surveys and the inclusion of HTLV-I in infection control programmes. Selective 

screening of risk groups from regions of greatest HTLV-I endemicity could be a 

significant step towards further understanding of the epidemiology of HTLV-I in this 

region.
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Among the DBS tested only six samples were confirmed as anti-HCV reactive. This 

produced seroprevalence estimates of 0.21% in black African women and 0.78% in 

African women of mixed ethnic background. By comparison, the seroprevalence 

among blood donors in 1997 was 0.2% for the whole of RSA (Combined Blood 

Transfusion Services, 1998). Within the region that includes Gauteng, the results for 

blood donors were amongst the lowest in the country for that year (0.14-0.16%). The 

lack of reactivity of RIBA confirmed eluates to c200 and NS5 identified concerns 

over the sensitivity of the screening assay within this population, which was known to 

contain a considerable proportion of non-type 1 HCV. However evaluation of the 

screening ELISA in Chapter 4.0 showed that the reactivity of c22 was similar with 

anti-HCV types 1 , 2 , 3  and 5 and was sufficient to allow identification of reactive 

eluates on screening.

The low seroprevalence of HCV (0.23% 95%CI 0.05-0.41) was not dissimilar to that 

reported in the blood donor population (0.53%) (Combined Blood Transfusion 

Service, 1997). There is little evidence of sexual or vertical transmission of HCV in 

RSA, (Schoub et al., 1992). Acquisition of HCV infection is age related and therefore 

the HCV seroprevalence may be higher in older women. In the UK and USA the 

highest risk group for HCV infection is the IDU population, (Dhaliwal et al., 1996; 

Alter et al., 1994). Needle sharing/drug abuse of this nature in RSA is less common, 

however, traditional tribal practices, for example those that can result in scarring 

could present a mode of transmission for HCV. Within the blood donor population 

there was a difference in male and female seroprevalence rates reported in some 

regions. Within the region that includes Gauteng the male: female ratio in 1997 was 

9:10, in the Northem Cape it was 6:10 but in Kwa-Zulu Natal the ratio was 12.5:1, 

(Combined Blood Transfusion Services, 1998). In conclusion, both regional and 

sexual differences appear to influence the seroprevalence. Regional differences in 

HCV prevalence and a true picture of the transmission of HCV within women of 

childbearing age will only be ascertained by performing further extensive studies. 

Recently, the National Institute for Virology, Johannesburg stated in its annual report 

that the demand for HCV testing had increased fourfold among diagnostic 

laboratories in RSA which may suggest that HCV is an increasing cause of morbidity 

among the population (National Institute of Virology, 1997).
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8.2 The seroprevalence of HCV in mothers and their offspring in 

Lahore, Pakistan

8.2.1 Introduction

HCV and HBV are significant causes of morbidity and mortality in Pakistan. Studies 

of patients with chronic hepatitis and hepatocellular carcinoma, in Rawalpindi and 

Karachi, showed that between 20-30% had antibodies to HCV and 70-80% had 

evidence of past HBV infection (Tong et aL, 1996; Mujeeb et al., 1997). The 

seroprevalence of HCV in Pakistan is unclear and the epidemiology particularly in 

women and children has yet to be established. A small study in a group of 226 

apparently healthy children in Karachi, reported an HCV seroprevalence of 0.44% 

using a 2^^ generation antibody assay (Agboatwalla et al., 1994). Molecular studies 

have identified HCV type 3 as the predominant strain in Pakistan (Shah et al., 1997; 

Tong et al., 1996) and also in North India (Panigrahi et al., 1996); in contrast HCV 

type 1 is the predominant strain in South India (Valliammai et al., 1995).

The idea that DBS could be taken from a subject and transported to a central 

laboratory was expanded in 1997, to include a survey of the prevalence of antibodies 

to HIV-1 and HCV in women and their children attending two clinics in Lahore, 

Pakistan. Transfer of this technology from the UK would enable surveillance studies 

to be performed in laboratories in Lahore. British Council funding also supported this 

study.

8.2.2 Materials and methods

Samples of whole blood (approximately 100 /xl to 200 jLil) were obtained by heel or 

finger prick, blotted onto Whatman N ol filter paper and allowed to air dry. A total of 

955 samples were obtained from 417 consenting women (17y-53y) and 538 children 

(ld-16y) reporting to the Emergency and Outpatients sections of the Paediatric 

Department of Mayo Hospital and from pregnant women at the Obstetric Unit of 

Lady Atchinson Hospital, in Lahore. Samples were stored at ambient temperature in 

envelopes containing sachets of silica gel desiccant and transported to England for 

testing, within two months of receipt.
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A 5.5 mm diameter DBS was punched from each filter paper sample and antibodies 

were eluted overnight as described previously in Chapter 2.0. DBS eluates were 

screened for the presence of antibodies to HCV using the algorithm described in Chapter 

4.0.

8.3.3 Results

Forty-four of 955 (4.6%) eluates were reactive in the screen-HCV ELISA with an 

A450nm range 0.20-1.43, T/N (2.1-13.7) (Table 4 in Appendix U). Repeat testing 

and testing using ELISA plates singly coated for each recombinant protein revealed 

that although 38 eluates (86%) showed reactivity to the core recombinant protein c22, 

only 29% were reactive to c200 and 24% reactive to NS5 (Table 4, Appendix II). 

RIBA 3.0 testing confirmed the presence of antibody in 30 of the 38 (78.9%) repeat 

reactives, seven were classified as indeterminate and one (ID 92) negative, by virtue 

of producing only +/- band reactivity. All RIBA 3.0 confirmed and indeterminate 

eluates had antibody to the c22 protein band, 81% to c-33, 51% to c-100 but only 5% 

to NS5 (Table 8.4). This was in contrast to the results obtained by ELISA, where 24% 

of the repeat samples were reactive to NS5. The mod-GPA detected antibody in 26/30 

(86.7%) RIBA 3.0 confirmed samples, in 6/7 (85.7%) RIBA indeterminate samples, 

(T/N 2.6-10.5) and also in one screen reactive/anti-c22 ELISA reactive, RIBA 3.0 

negative sample, (ID 92). However, the mod-GPA failed to detect antibody in four 

eluates, (ID 160, 164, 625, 943) which were reactive by ELISA and confirmed by 

RIBA 3.0. Titration of these eluates in the GPA discounted the possibility of any 

prozone effect.

The age distribution of the children identified as anti-HCV positive is illustrated in 

Table 8.5. The highest prevalence of anti-HCV was in the l-5y group (seroprevalence 

2.9%).
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Table 8.4 ELISA reactivity to each protein compared to supplementary test result

ELISA reactivity 

(recombinant protein)

Number Mod- 

GPA 4-ve

RIBA 3.0

Positive Indeterminate Negative

c22, c200 and NS5 4 4 4 0 0

c22 and c200 7 5 6 1 0

c22 and NS5 5 3 4 1 0

c22 only 22 21 16 5 1

c200 only 0 0 0 0 0

NS5 only 0 0 0 0 0

Negative 6 0 0 0 6

Total 44 33 30 7 7

Table 8.5 Seroprevalence of HCV in children of increasing age

Age Number HCV positive %

0-lm 30 0 0.0

2-5m 77 1(1)' 1.3

6-12m 83 0 0.0

l-5y 206 6 2.9

6-lOy 104 0 0.0

10-16y 38 1 2.6

Total 538 8(1 )' 1.5

8.3.4 Discussion

This study estimates the seroprevalence of HCV in women of childbearing age to be 

6.71% (95% Cl 4.3-9.1) and at least 1.3% (95% Cl 0.34-2.26) in children, (ID 159 

and 181 were neonates bom to anti-HCV positive mothers). This compares to a rate 

of less than 0.5% in a study of 226 apparently healthy children (Agboatwalla et aL, 

1994) and 0-12.0 % in a community in Hafizabad (Luby et aL, 1997). The high rate
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of seropositivity in Pakistan compared to other countries can be explained by an 

increased risk of transmission due to therapeutic injection by contaminated needles 

and syringes (Luby et aL, 1997) or transfusion with unscreened blood. Four children 

that possessed antibodies to HCV had mothers whom were negative for anti-HCV by 

ELISA. This suggests these children had acquired HCV from elsewhere.

The sensitivity of the screen-HCV ELISA with DBS from Pakistan (A450nm 0.20- 

1.43) appears similar to that seen when 76 anti-HCV positive samples from children 

at GOSH were tested (A450nm 0.27-1.66). This would suggest that there is not a 

sensitivity issue regarding the use of different filter papers in the two studies. 

Whatman No. I was identified in Chapter 2.0 as being the least reliable of the four 

papers tested. However, there was little evidence in this study to suggest that the 

paper was ineffective for blood collection in this study. The lack of reactivity to c200 

and NS5 by ELISA in these DBS, in a population where HCV type 3 was common, 

was not observed in the HCV type 3 reference panel samples from England and RSA, 

(Chapter 4.0). Lack of reactivity within the Pakistani DBS could be due to emerging 

variants such as subtype 3g, which have been reported in the neighbouring region of 

North India (Panigrahi et aL, 1996). The results using the mod-GPA for anti-HCV 

provided evidence that the c22+ve RIBA 3.0 indeterminate eluates were genuine 

positives. However, lack of reactivity by mod-GPA in the four RIBA 3.0 confirmed 

samples suggests that this assay may be an inappropriate screening tool in Pakistan. 

The high seroprevalence rates in this study highlight the need for increased awareness 

of HCV and its routes of transmission in a community where transfusion with 

unscreened blood products and the re-use of syringes and needles is not uncommon, 

particularly in some rural communities.
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Chapter 9.0 

Conclusions and future work
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Historically, dried blood blotted onto filter paper has proven to be an extremely 

successful medium for seroprevalence studies and the measurement of markers for 

many diseases (Parker and Cubitt, 1999, publication 1). Significant increases in the 

sensitivity and specificity of diagnostic tests have allowed the detection of minute 

quantities of antibodies in DBS, saliva and urine (Mortimer and Parry, 1991) although 

generally use of the latter is impractical. These methods heralded a move away from 

invasive techniques and the need to obtain large volumes of blood. Experimental data 

has confirmed that the antibody contained within DBS remains stable for up to 6 

months at room temperature, provided the humidity is controlled. This makes DBS 

ideally suitable for storage, when facilities for testing may not be immediately 

available and when the transport and storage of sera is impractical or uneconomical. 

Storage at -20°C for up to 250 days was possible without a significant loss of 

antibody. Positive control DBS have been stored successfully under similar conditions 

for several years in other studies (Newborn Screening Quality Assurance Program, 

1998). The performance of modified GPA for anti-HIV-1 with DBS eluted after years 

of storage has been evaluated in Scotland prior to a look back study in HIV-1 infected 

mothers. A 91% sensitivity and 100% specificity was recorded in DBS that had been 

stored for up to 12 years at room temperature (Johnstone et al., 1998).

Studies using simulated DBS have shown that the elution of antibodies from the filter 

paper matrix is relatively robust. Best results were obtained using filter papers 

manufactured specifically for blood collection, although cheaper filter papers such as 

Whatman no.3 performed satisfactorily. Elution overnight in a commonly available 

buffer (PBS and 0.05% Tween 80) was sufficient to release detectable antibody in the 

assays used.

Commercially available agglutination assays have been successfully modified in order 

to increase sensitivity when testing DBS eluates, without affecting specificity, which 

made the process of screening significantly more cost effective. The mod-GPA for 

HIV-1 was successfully incorporated into this laboratory using semi-automatic 

machinery. Sensitivity was enhanced using an overnight incubation step, which also 

removed the necessity for a centrifugation step. After these modifications, the 

introduction of a new western blot assay and an anti-V3 serotyping ELISA, the anti- 

HIV-1 algorithm was re-assessed. The use of positive and negative anti-HTV-1 DBS
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panels from CPHL (London, UK) and NSQAP (Atlanta, USA) proved useful both in 

the validation of the HIV-1 algorithm and during screening.

The anti-HTLY GPA was modified in a similar way to that for the mod-GPA for 

HrV-l. To validate the performance of the modified assay in comparison to its serum- 

testing counterpart and two ELISA tests, an HTLV-I and II serum panel was used to 

generate simulated DBS. The mod-GPA for HTLY proved to be both sensitive and 

specific for the presence of anti-HTLY-I in DBS eluates. Testing revealed that the 

immunoblot assays HTLY BLOT 2.3 and 2.4 were the most useful supplementary 

assays for the confirmation and differentiation of anti-HTLY-I and HTLY-II. Despite 

reports from other laboratories, the sensitivity limit of the mod-GPA for anti-HTLY-II 

is still in question. Yalidatory testing with large numbers of anti-HTLY-II samples 

would be advantageous if the assay was to be used specifically for the detection of 

HTLY-II in an epidemiological survey.

It proved possible to test eluates for antibody to HIY-1 and HTLY simultaneously; 

using assay plates derived from the same elution master plate. This made the 

screening process very rapid, allowing the testing of up to 4-5000 DBS in a single 

day. It was possible to store these plates at -30°C for anti-HCY testing later. 

Screening eluates for the presence of antibodies to HCY proved more problematic in 

the absence of a sensitive anti-HCY GPA. However, the provision of a trio of anti- 

HCY sensitive recombinant proteins made it possible to develop an ‘in house’ anti- 

HCY IgG ELISA (screen-HCY). An assessment of assay sensitivity and specificity 

with DBS eluates was successfully achieved using extensive panels of positive and 

negative sera and DBS from the UK and overseas. This panel contained samples from 

both asymptomatic and symptomatic patients and included patients infected with 

HCY types other than GTl. The screen-HCY ELISA was found to have equivalent or 

better sensitivity than that of most commercial assays. RIBA 3.0 also proved to be a 

sensitive and reliable tool for the confirmation of anti-HCY in DBS eluates.

Testing for the presence of maternal IgG antibody in neonatal DBS provides an 

extremely convenient method of monitoring the seroprevalence of important 

pathogens among women of childbearing age. Use of these samples had the added 

advantage in that the maternal acceptance of the Guthrie card was very high (greater

177



than 95%). Combining data with that obtained from DBS collected from Guthrie 

cards in South east London ensured that the number of samples available for the 

Unlinked Anonymous HIV Prevalence Monitoring programme was close to that of 

the entire child bearing population of London and the south east (Hutchinson et al.,

1996).

Since screening started at ICH, over 1.3 million DBS were subject to anti-HIV-1 

testing as part of the Unlinked Anonymous HIV Prevalence Monitoring Programme. 

Further funding and ethical permission were obtained to extend the anonymous anti- 

HIV-1 survey to include country of birth, other ethnic data and mother’s date of birth 

in files that could be retrieved from the original Guthrie card after antibody screening, 

whilst still preserving anonymity. It was with this opportunity in mind that the 

anonymous HIV-1 surveillance study was expanded to include HTLV-I and II and 

HCV for a period of 15 months. The extra data available represents a significant step 

forward in the epidemiological surveillance of these viruses in the UK. Dr Tony Ades 

and Jane Walker made the computer programming and co-ordination between 

departments possible.

The epidemiology of HTV, HTLV and HCV has been restricted to studies in high-risk 

populations, limited antenatal surveys and in blood donors. In this study it has proved 

possible to test large numbers of samples equivalent to that available in blood donor 

studies without participation bias.

This study has shown that the seroprevalence of HIV-1 in pregnant women in the 

Thames regions studied increased from 0.12% to 0.15% over the period 1997 to 1998. 

Over 50% of HTV positive samples were from infants bom to mothers residing in 

Inner London (seroprevalence 0.36%) and 40% in women residing in Outer London 

(seroprevalence 0.15%). However the association of anti-HIV-1 to mother’s country 

of origin was very strong. HTV-l prevalence was highest in mothers from East (2.2%) 

and Central Africa (2.1%) accounting for over 72% of the positives. Results also 

showed that the HIV-1 prevalence in Caribbean women was relatively high (0.33%) 

and anti-HIV-1 could also be associated women from South East Asia (0.25%) and 

Southern Europe (0.20%). Seroprevalence was lowest in UK bom women with UK 

bom partners (0.015%). No HIV-1 positives were identified from India or Pakistan. 

Subtyping results revealed a predominance of non-type B subtypes amongst the
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HIV-1 positive eluates that reacted in the ELISA. Only subtype B was identified in 

Southern Europe, which is indicative of the IDU driven epidemic in this region (Hu et 

al., 1996). In addition the lack of subtype B positives in UK bom women indicate that 

at the present time IDU and bisexual behaviour have been less significant than 

heterosexual exposure as routes of transmission among these women in south east 

England. However results have shown that the likelihood of HIV-1 infection in UK 

bom Caribbean women is nearly two thirds of non-UK bom Caribbean women 

suggesting IDU and sexual activity may be increasingly important as modes of 

transmission in London.

Recent data from CPHL indicates that the seroprevalence of HIV-1 in pregnant 

women is still rising (0.42% in Inner London and 0.27% for the whole of London in 

the first 6 months of 2000) (PHLS HIV/STI Division, CDSC December 2000). 

Comparisons of results of the unlinked anonymous survey and obstetric reports 

revealed that only 23% of infections were diagnosed before birth. Since the new 

Govemment recommendations were published in 1999, the proportion of live births 

identified by antenatal testing compared to that determined by neonatal screening had 

improved to 50% in 1998 and 73% in 2000.

The study on anti-HTLV prevalence was in collaboration with 7 other members of the 

European community. The results represent the largest seroprevalence studies 

undertaken in this age group in the UK and have provided a valuable insight into the 

distribution and transmission of these vimses within inner, outer and non metropolitan 

areas of London. The anti-HTLV screening results described were the first of the 

HERN participating laboratories to be completed and were presented at a HERN 

meeting in Finland in 1999. It would be of interest to compare results with the other 

European participants, in particular those of the DBS screening survey planned at the 

Robert Koch Institute in Berlin. These studies have not yet been published.

The prevalence of HTLV among pregnant women in south east England was lower 

than that of HIV-1 at 0.05% but with significantly higher rates in women of 

Caribbean (1.3-1.7%) or west and central African origin (0.2-0.4%). Extrapolation of 

the incidence of HTLV amongst the Caribbean population revealed that the UK 

incidence of HTLV was 0.31/1000 (Ades et al, publication 5) the same as that for
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HIV-1 in women bom in the UK (refer Table 7.3, Chapter 7). The pattern of 

seroprevalence amongst women of increasing age provided evidence that sexual 

contact was the primary mode of transmission amongst these women as suggested in 

other studies (Murphy et al., 1989a; Bhighee et a l,  1993).

The transmission rate of HTLV from mother to child has been estimated at 5% for 

women who breast-feed for 3 months and higher for women who breastfeed for 

longer (up to 20%). Despite the fact that 40% of HTLV infected mothers were UK 

bom and therefore statistically less likely to breastfeed for longer than 3 months, there 

is still an estimable risk of vertically acquired HTLV infection in the UK. However, 

this burden of preventable infection is quite low and has to be weighed against the 

negative impact of matemal diagnoses of HTLV-I on the quality of family life. This 

burden is of particular importance when considering the low risk of transmission and 

subsequent disease (vertical transmission leads to 1-5% ATL of infected infants) 

(Intemational Agency for Research on Cancer, 1996).

Screening of blood donors for anti-HTLV could also now be re-considered as 

although HTLV transmission is less likely than HIV, the number of HTLV infected 

asymptomatic carriers in the population is increasing (Tosswill et al., 2000).

The seroprevalence of HCV in pregnant women in the three Thames regions was 

estimated to be at least 0.19%. The seroprevalence may be higher (0.22%) depending 

on the tme nature of 40 indeterminate RIBA 3.0 DBS eluates. Eluates that were 

strongly anti-c22 reactive by RIBA 3.0 were statistically more likely to be genuine. 

Data linkage revealed a higher prevalence of HCV in women bom in southem Europe 

(1.57%) women with partners not registered at the birth (0.73%) and women residing 

in Inner London (0.36%). These socio-economic factors are consistent with 

transmission more likely due to IDU as seen in the USA (Alter et al., 1996). The 

HCV seroprevalence was also higher in women of Pakistani descent (0.9%) compared 

to those bom in the UK (0.0%) and women bom in Africa (0.21-0.72%). It is likely 

that these women have acquired HCV as a result of therapeutic injection or cosmetic 

procedures using contaminated equipment (Luby et al., 1997). The seroprevalence of 

HCV in the lowest risk groups i.e. with UK bom partners residing outside London 

was low (0.09%). However anti-HCV positive mothers in this group made up over
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20% of those detected. It is likely that this group comprises those infected as a result 

of past transfusion, IDU and other body-piercing practices.

Unlike HIV-1 and HTLV, HCV appears to be disseminated throughout the female 

population. It has been estimated that universal antenatal screening would identify at 

least 1152 infants bom each year to HCV infected mothers in the UK (Ades et al., 

2000, publication 4). Allowing for an HCV vertical transmission rate of 6% (Thomas 

et al., 1998) antenatal screening could prevent up to 65 infections per year in children. 

(Ades et ah, 2000). The cost and benefits to both mother and child need to be assessed 

before such an undertaking. Intervention by caesarean delivery and the use of 

interferon-a would prevent most transmission but would not eliminate transmission 

by other means such as in the household by causal contact. Therefore prior knowledge 

of HCV infectivity in the mother might allow her to modify her behaviour to reduce 

the risks of transmission to the child and her partner.

In addition to the advantages inherent in being able to store DBS for prolonged 

periods under a range of climatic conditions, DBS weigh little, are safe and do not 

require specialised transport. These properties make DBS ideal for performing 

sentinel surveys in countries where laboratory facilities are not readily available. 

Studies carried out in RSA and Pakistan made use of DBS collected from clinics and 

remote areas, safely transported to reference centres. Sentinel seroprevalence studies 

carried out by means of a satellite laboratory and the implementation of the 

techniques in the countries concerned proved very successful.

In Pretoria, the seroprevalence of HIV-1, HTLV and HCV was found to be 5.4%, 

0.27-0.56% and 0.21% in black African women of child bearing age respectively over 

the period 1993-1994. In 1999 the seroprevalence of HIV-1 in pregnant women in 

RSA had risen to 24.5%, over 30 times the rate recorded in 1990 and shows little sign 

of slowing despite renewed efforts to educate sexually active people (Department of 

Health, 1999; Post AIDS, 2002). Serotyping of HIV-1 positive samples archived 

since screening in 1994 showed a mixture of subtypes A and C and confirms the 

presence of both in the community.

The rate of HTLV infection (0.54%) was sufficient to increase public awareness of 

HTLV in Pretoria and promote antenatal testing in the areas covered by the study. It
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would be useful to repeat these studies to estimate the current prevalence of HTLV in 

respect to HIV-1 and further evaluate the distribution of HIV-1 V3 subtypes. The low 

prevalence of HCV, only slightly higher than that for blood donors in that region, was 

similar to that seen in blood donor studies despite recent reports of an increase in the 

number of HCV tests by laboratories in RSA (National Institute of Virology, 1997). A 

serological study of cadavers in Pretoria in 1998 revealed an HCV seroprevalence of 

1% (compared to 19% for HIV-1) among trauma victims aged 15-49 years old (Du 

Plessis et al., 1999) suggests that HCV is present in the community but perhaps not to 

such an extent in women of child bearing age. A low incidence of sexual transmission 

has already been reported (Schoub et al., 1992) and based on blood donor studies and 

the incidence of tribal scarring practices, it is suggested that HCV infection may be 

more common in the male population

The use of the screen-HCV ELISA for the screening of DBS in Lahore, Pakistan 

proved to be a cost-effective method for the investigation of the prevalence of anti- 

HCV in women and children. HCV seroprevalence was over 6% in women and 1.3% 

in children. This may explain the higher rates of HCV seroprevalence seen in women 

of Pakistani descent (0.9-1.2%) compared to those bom in the UK (0%) found in the 

London and South east DBS study. The incidence of percutaneous exposure as a 

result of mral clinical practices is thought to have resulted in the higher HCV 

seroprevalence in the mothers and children within the communities studied in 

Pakistan (Luby et al., 1997).

The success of seroprevalence studies based on the use of DBS from women and 

children in RSA and Pakistan presents a case for the application of DBS testing to 

other countries. In addition to the work described in this thesis the anti-HIV-1 

screening protocol has been used to test DBS taken from children in Zaire and Malawi 

(Smyth et al., 1997) and a modified version of the GPA for syphilis testing was 

evaluated and used in a DBS survey in Tanzania, (Coates et al., 1998). The techniques 

have also been successfully transferred to Zimbabwe, the MRC Unit in the Gambia, 

Uganda and for anti-HIV-1 surveillance in the Ukraine and Poland. DBS for anti- 

HCV testing was used in look back studies of children receiving blood products at 

GOSH. Parallel testing of serum and DBS eluates using the screen-HCV ELISA and
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confirmation by RIBA 3.0 produced matching results, identifying 6 anti-HCV positive 

children. The HCV algorithm for DBS is also being considered for seroprevalence 

surveys in Eire, Scotland and the John Hopkins University in Baltimore. In 1999 

funding was obtained for an anti-HCV surveillance study in Hangzhou and Kunming 

in rural China to allow the transfer of this technology to a country unable to fund the 

large-scale use of commercial assays. This study is still continuing and preliminary 

results are awaiting publication (David Cubitt, Personal communication 2002).

The studies described in the previous chapters have provided extensive data on the 

seroprevalence of HIV-1, HTLV and HCV and their distribution within a multi-ethnic 

population. In the case of HIV-1 the seroprevalence rate has been monitored for more 

than 10 years. In order to build on the results of these studies, it would now be useful 

to repeat the HCV and HTLV studies to enable a re-examination of the progress of 

these viruses within pregnant women in London and the south east. This could 

involve selective screening of targeted health districts where seroprevalence is higher 

or testing all Guthrie cards as before. In addition, the development of a serotyping 

assay for HCV in DBS eluates would allow an investigation into the distribution of 

HCV serotypes amongst women of childbearing age. This would hopefully provide 

evidence of a range of imported HCV serotypes within the UK. The identification and 

sequencing of proviral DNA and RNA in DBS from neonates for the diagnosis of 

HIV-1 infection and measurement of vertical transmission rates were discussed in 

Chapter 1.0. During this study, the identification of proviral HIV-1 DNA in DBS by 

PCR using gag and pol primers provided by the MRC AIDS Reagent project at 

NIBSC was attempted using the neonatal and antenatal DBS collected in RSA. 

Results were promising, although the sensitivity of using PCR in neonatal DBS 

collected so soon after birth is probably too low to accurately predict infection. 

However PCR detection and subsequent genotyping using HMA or sequencing in the 

limited number of samples available would be a valuable addition to the serotyping 

data obtained in this study. This pilot study was never extended to include DBS from 

the three Thames regions studied.

In addition the preliminary evaluation of tests developed to detect anti-CMV IgG and 

IgM, anti-Toxoplasma IgG and IgM using particle based assays and anti-Parvovirus
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IgG using a synthetic peptide (Biotrin Ltd) have been carried out but await the 

funding for extensive development.

Guthrie cards have been collected and stored for many years and provide the potential 

to perform numerous serological and genetic studies. Studies within this thesis have 

provided an effective seroepidemiological monitoring system for the detection of 

antibodies to four important blood borne viruses, HIV-1, HTLV-I and II and HCV. 

The study has shown that the techniques can be applied both to programmes of 

surveillance in this country and overseas and leave a legacy of anonymous testing 

similar now to that provided by the New England Regional Newborn Screening 

Program in the USA. It is likely that the full benefits of using DBS in sentinel studies 

have yet to be realised in the developing world. However as discussed in the 

introductory chapter, DBS have many other applications including genetic traits and 

metabolic markers for diseases not yet included in newborn screening programmes in 

the UK (Dezateux, 1998). This has stimulated debate as to who should have access to 

this material and how the use of such a unique resource can be maximised.
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Appendix I

Table 1 Titration of HCV recombinant proteins using different coating buffers in anti- 
HCV IgG ELISA

Bicarb/Carbonate pH 9.6 1 PBS pH 7.4 TEA/SDS pH 8.:3
A450nm T/N 1 A450nm T/N A450nm T/N
-fve -ve +ve -ve 4-ve -ve

c22
100 1.90 0.60 3.17 1.78 0.23 7.74 1.63 0.19 8.58
500 1.75 0.51 243 1.63 &22 7.41 1.35 O.II 12.27
1000 1.69 0.50 238 1.59 0.15 10.60 1.18 O.IO 11.80
2500 1.56 0.48 225 1.37 0.12 11.42 0.96 O.IO 9.60

'
c200
100 LSI 0.62 292 1.80 0.59 205 I.7I 0.53 223
500 1.37 0.58 236 1.39 0.43 223 1.35 0.40 238
1000 I.II 0.51 2T8 1.10 0.30 3.67 1.08 228 3.86
2500 0.84 0.47 1.79 0.72 0.20 3.60 0.68 0.16 4.25

,

NS5
100 2.10 1.20 1.75 2.03 1.13 1.80 1.98 1.05 1.89
500 202 0.70 289 1.86 0.51 265 1.76 0.62 284
1000 1.93 0.52 3.71 1.80 225 7.20 I.7I 0.42 4.07
2500 1.73 0.42 4.12 1.64 0.17 9.65 1.62 0.16 10.13

4" / •
___________________

Table 2 ELISA results using different recombinant coating mixtures in anti-HCV IgG 
ELISA

Mix Coating mixture, 
(I/dilution in PBS)

Blank Mean 
of negs

Range of 
positives

T/N of 
positives

c22 c200 NS5 Optical density A450nm
A 2000 2000 2000 0.06 0.44 0.5I-I.37 I.I7-3.I5
B 2000 2000 4000 0.06 0.19 0.64-1.46 3.42-7.81
C 1000 1000 1000 0.15 0.17 0.66-1.64 3.84-9.53
D 1000 1000 2000 0.08 0.23 0.74-1.70 3.22-7.39
E 2000 1000 1000 0.06 0.21 0.58-1.20 2.75-5.69
F 1000 2000 1000 0.06 0.21 0.6I-I.I6 2.93-5.58
G 2000 2000 1000 0.06 222 26 I-I.0 8 2.76-4.89
H 1000 2000 2000 208 0.21 0.67-1.14 3.16-5.38
I 2000 1000 2000 0.07 0.25 0.78-2.06 3.13-8.27
J 500 500 500 O.IO 035 1.32-2.23 3.76-6.35
K 4000 4000 4000 0.07 0.21 0.53-1.91 2.56-9.23
L 1000 500 500 0.11 234 1.22-2.23 3.63-6.64
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Table 3 Anti-HCV IgG ELISA results using the most effective 3 ELISA plates

X

§

Polysorp Immulon II Immu on III

1
PQ

+ve -ve T/N

1s

+ve -ve T/N

1
PQ

+ve -ve T/N

Mean A450nm Mean A450nm Mean A450nm
B 0.06 1.13 0.22 5.06 0.07 1.19 0.30 3.97 0.08 1.27 0.25 5.06
C 0.07 1.19 0.33 3.61 0.08 1.18 0.31 3.81 0.07 1.32 0.27 4.89
D 0.07 1.25 0.25 5.00 0.08 1.32 0.33 4.00 0.06 1.29 0.26 4.96
I 0.08 0.98 0.26 3.12 0.08 1.14 0.33 3.45 0.06 1.19 0.28 4.25
K 0.08 0.78 0.27 2.46 0.08 0.95 0.29 3.28 0.07 0.87 0.20 4.35

Table 4 Chessboard of anti-human IgG HRP conjugate and eluate by ELISA

1/Eluate*
dilution

1/Conjugate dilution, A450nm
250 500 1000 2000 4000 8000 16000 32000

Blank 0.09 0.08 0.06 0.06 0.06 0.06 0.06 0.06
10 (Pos C) 2.84 2.97 2.91 2.60 2.19 1.79 1.09 0.65
10 (Neg C) 0.31 0.24 0.22 0.18 0.15 0.12 0.10 0.08
10 (T/N) 9.8 12.4 13.2 14.4 14.6 14.9 10.9 8.1
20 (Pos C) 3.03 2.67 2.43 2.36 1.63 1.24 0.88 0.52
20 (Neg C) 0.21 0.17 0.13 0.12 0.09 0.07 0.06 0.06
20 (T/N) 13.8 15.7 18.7 19.7 18..1 17.7 14.7 8.7
40 (Pos C) 2.51 2.43 1.90 1.88 1.41 1.02 0.62 0.41
80 (Pos C) 2.20 1.76 1.60 1.31 0.75 0.72 0.47 0.26
160 (Pos C) 1.40 1.37 1.11 1.00 0.77 0.50 0.31 0.17
320 (Pos C) 0.87 0.80 0.67 0.59 0.42 0.30 0.17 0.09
640 (Pos C) 0.62 0.52 0.38 0.34 0.25 0.17 0.08 0.06
1280 (Pos C) 0.29 0.31 0.19 0.23 0.12 0.09 0.05 0.02

*Eluates were from DBS derived from positive and negative reference samples 
Only A450nm of Pos C (positive eluate shown after a dilution of 1/40

Table 5 Mean A450nm results and T/N values of eluates using different blocking 
agents in anti-HCV IgG ELISA

Blocking
Agent

Mean A450nm, (Sample-blan k) T/N value
Blank High Medium Low Negative High Medium Low

PBS 0.192 1.54 1.09 0.68 0.14 11.00 7.79 4.86
5%G 0.124 1.50 1.07 0.49 0.13 11.54 8.23 3.77
5%GF 0.117 1.56 1.01 0.46 0.17 9.18 5.94 2.71
5%GM 0.128 1.64 1.04 0.75 0.91 1.80 1.14 0.82
5%GFM 0.111 1.66 1.04 0.71 0.86 1.93 1.21 0.83
10%G 0.132 1.51 0.99 0.47 0.33 4.58 3.00 1.42
20%G 0.152 1.49 1.02 0.49 0.15 9.93 6.80 3.27
10%GF 0.146 1.36 1.01 0.46 0.17 8.00 5.94 2.71

Key: G =goat serum, F= foetal bovine serum, M= skimmed milk buffer
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Appendix II

Figure 1 Shewart plots for positive control samples in 
40 screen HCV ELISA runs
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Table 1 HCV seroprevalence based on mother’s place of birth

Country Number

tested

Seroprevalence based on RIBA 3.0 result

Indeterminate Positive Min

(%)

Max

(%)

United Kingdom 69066 12 90 0.13" 0.15

eastern Africa 3354 0 7 0.21'’ 0.21

middle Africa 559 0 4 0.72" 0.72

northern Africa 629 1 2 0.32 0.48

southem Africa 267 0 0 0.00 0.00

western Africa 2325 1 0 0.00 0.04

Central Americas & the 

Caribbean

956 0 1 0.11 0.11

N America 759 0 1 0.13 0.13

S America 490 0 1 0.20 0.20

eastern Europe 494 0 2 0.41 0.41

northern Europe 288 0 1 0.35 0.35

southem Europe 1143 1 18 1.57* 1.66

westem Europe (Exc UK) 1204 0 8 0.66" 0.66

Republic of Ireland 1607 1 9 0.56* 0.62

central Asia 300 0 2 0.67 0.67

eastem Asia 637 0 1 0.16 0.16

south-eastem Asia 976 0 0 0.00 0.00

southem Asia 8942 12 24 0.27® 0.40

westem Asia 1968 0 2 0.10 0.10

Oceania 529 0 1 0.19 0.19

Total 96493 28 174 0.18 0.21

" 95%CI 0.103-0.16 95%CI 0.028-0.39 ' 95%CI 0.017-1.41 95%CI 0.85-2.29 
" 95%CI 0.20-1.12 ^95%CI 0.20-0.92 ® 95%CI 0.16-0.38
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Table 2 Seroprevalence of HTLV-I/II by mother’s country of birth

Country of 

birth

WB

Indeterminate

WB confirmed

'2

g  8

Total

tested

Prevalence 

per 1000

HTLV-

I

HTLV HTLV-

I

HTLY-

II

HTLV Min' Max^

Africa

Westem 1 1 3 1 2 8 CO' 2325 1.7 3.4

Middle 0 0 1 0 1 2 559 1.8 3.6

Eastem 0 0 0 0 0 0 3354

Northem 0 0 0 0 0 0 629

Southem 0 0 0 0 0 0 267

Americas

Caribbean 1 1 12 0 2 16 (15/ 914 13.1 17.5

South 0 0 1 0 0 1 490 2.0 2.0

Central 0 0 0 0 0 0 42

North 0 0 0 0 0 0 759

Asia

Japan 0 0 1 0 0 1 233 4.3 4.3

Rest of East 0 0 0 0 0 0 404

Central 0 0 0 0 0 0 300

S. Eastem 0 0 0 0 0 0 976

Southem 0 0 0 0 0 0 8942

Westem 0 0 0 0 0 0 1968

Europe

UK 1 3 21 0 1 26 (23)^ 69013 0.30 0.38

Other North 0 0 0 0 0 0 1948

Southem 0 0 0 0 0 0 1143

Eastem 0 0 0 0 0 0 494

Westem 0 0 0 1 0 1 1204 0.8 0.8

Oceania 0 0 0 0 0 0 529
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Table 3 HIV-1 seroprevalence based on mother’s place of birth

Country of birth No.

tested

Initial

reactive

Repeat

reactive

Westem 

Blot +ve

Seroprevalence

(95%CI)

Africa

Eastem 5484 123 122 122 2.22(1.83-2.61)

Middle 982 21 21 21 2.14(1.24-3.05)

Northem 1045 1 1 1 0.01

Southem 470 3 3 3 0.64 (0-1.36)

Westem 3843 19 19 19 0.49 (0.27-0.72)

Americas

Central Am & Caribbean. 1525 5 5 5 0.33 (0.041-0.615)

North 1213 0 0 0 -

South 803 2 2 2 0.25

Asia

Central 504 0 0 0 -

Eastem 1049 0 0 0 -

South Eastem 1572 5 4 4 0.25 (0.005-5.03)

Southem 14523 3 1 1 0.01

Westem 3272 1 1 1 0.03

Europe

United Kingdom 111865 43 36 35 0.03 (0.021-.042)

Other Northem 3137 1 1 1 0.03

Eastem 895 1 0 0 -

Southem 1897 4 4 4 0.21 (0.005-0.42)

Westem 1919 0 0 0 -

Oceania 851 0 0 0 -

Total 156925 233 220 219 0.14 (0.12-0.16)
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Table 4 Results for all 44 anti-HCV Screen-HCV ELISA reactives in Pakistan study

ID Age Screen-HCV ELISA Anti-IgG HCV protein Chiron RIBA 3.0 Mod-GPA
A450nm T/N c22 c200 NS5 clOO c33 c22 NS5

25 M 130 13.7 + 4- 4- - 2 4 - 4-

32 M 0.24 2.5 - 4-/- '
43 4y 0.56 5.9 + - - 1 1 3 - 4-

92 M 0.25 2.6 + - - - +/- 4-

112 M 0.71 7.5 + - - +/- 1 2 - 4-

148 M 1.00 10.5 4- - - +/- 3 - 4-

159 3m 1.17 83 + 4- - 1 4 2 - 4-

160 M 1.17 123 + 4- - 2 4 4 - ^ .

164 M 0.65 6.8 + - - +1- 1 2 -

181 2m 0.25 2.6 + - - - + / - 1 - 4-

182 M 0.25 2.6 4- - - - - 1 - 4-

359 M 0.45 4.7 + 4- - + / - 2 1 - 4-

367 M 1.34 9.6 + 4- - 1 4 3 - 4-

373 M 1.10 11.6 + - - - 1 3 - 4-

418 2y 0.42 4.4 + - - 1 2 1 - 4-

422 5y 0.54 5.7 + - - 1 2 1 - 4-

423 M 0.44 4.6 + - - 1 2 1 - 4-

431 ly 0.83 5.9 + - - 1 2 1 - 4-

436 17m 0.93 6.7 + - - 1 2 1 - 4-

437 M 0.94 6.7 4- - - 1 2 1 - 4-

455 M 0.94 6.7 4- - - 1 2 1 - 4-

461 M 0.92 6.6 4- - - 1 2 1 - 4-

468 M 0.97 6.9 4- - - 2 3 2 - 4-

486 M 1.11 11.7 + - 4- - 4-/- 4 -

494 M 1.10 11.6 4- 4- 4- 3 4 4 - 4-

543 15m 0.21 2.2 -  - -

558 M 0.81 5.8 4- - - - +/- 2 - 4-

582 M 0.61 4.4 4- - - +1- +/- 2 - 4-

592 M 0.24 2.5 - ' . - * t- - " _

599 lly 0.67 4.8 4- - - - +/- 2 4-

625 M 1.11 11.7 4- + - - 1 4 - -

641 M 0.21 2.2 ' - -  '• . ; , ,

665 4.5y 032 3.4 -  ■■■!■ :  - -

666 M 0.62 7.8 4- 4- 4- 3 4 3 - 4-

696 M 1.45 10.4 4- 4- - 3 4 4 - 4-

707 M 1.27 9.1 4- - - 1 1 4 - 4-

816 M 0.62 4.4 4- - - - 2 1 - 4-

823 9y 0.20 2.1 - - - -

840 M 0.70 7.4 4- - 4- - 1 2 - 4-

846 M 1.18 12.4 4- 4- 4- + /- 2 4 - 4-

858 3y 1.19 8.5 4- - - - 1 3 - 4-

874 M 138 9.8 4- - 4- 4 1 3 2 4-

908 M 1.43 10.2 4- - + 1 3 4 3 4-

943 M 0.55 5.8 4- - 4- - 1 2 -
T/N = test/negative control value; Dark shading = Negative on repeat testing; Light shading =RIBA 3.0 

indeterminate; M= mother; Numbers in bold are mother/child pairs
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The use of the dried blood spot sample in 
epidemiological studies

S P Parker, W D Cubitt

The concept that capillary whole blood, 
obtained by heel or fingerprick and blotted on 
to a filter paper (Guthrie card), could be used 
to screen for metabolic disease in large popula
tions of neonates was introduced in Scotland 
by Guthrie and Susie in 1963.' Neonatal 
screening for phenylketonuria became nation
wide in 1969/70. Since then, Guthrie card 
samples from two to nine day old babies have 
been collected routinely in over 20 countries to 
screen for phenylketonuria and more recently 
for congenital hypothyroidism and sickle cell 
d is o r d e r s .T h e  detection of markers of 
disease, such as medium chain acyl CoA dehy
drogenase (MGAD deficiency), human chori
onic gonadotrophin (hCG) in Down syn- 
drom '̂, and glycated haemoglobin in insulin 
dependent diabetes, and the estimation of drug 
levels have been also been investigated.^’® The 
limitations of sensitivity and specificity when 
screening such small volumes of blood (equiv
alent to 5-10 pi) restricted the use of dried 
blood spots (DBS) for many years. However, 
recent advances such as the production of 
monoclonal antibodies, expression of synthetic 
proteins, and the introduction of the polymer
ase chain reaction (PGR) have overcome many 
of these problems, allowing the potential of a 
vast bank of stored DBS to be realised by bio
chemists, geneticists, and microbiologists.

Blood obtained from neonates contains IgG 
antibodies that are primarily of maternal 
origin. This has enabled extensive studies to be 
performed on neonatal DBS to estimate the

Table 1 Anonymous surveys based on dried blood spot sample testing
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Agent Country Assay Yearlreference

HIV USA ELISA and western blot 
As above

92 ’ 
94

Scotland GPA and western blot 93 "
England GPA and western blot 

GACPAT and western blot
97

HTLV-I England GPA, ELISA and immunoblot 95
South Africa GPA and immunoblot 96 "

HCV England “In house” ELISA, GPA, and RIBA 97
Pakistan As above 98 unpublished
South Africa As above 98 unpublished

Toxoplasma gondii England Latex agglutination test 92
Denmark ELISA 95 "
Ireland Latex agglutination test 98

ELISA, enzyme linked immunosorbent assay; G AC PAT, IgG capture gelatin particle adherence 
test; G PA, gelatin particle agglutination; HCV,hepatitis C virus; HIV, human immunodeficiency 
virus; HTLV, human T  cell leukaemia/lymphoma virus; RIBA, recombinant immunoblot assay.

seroprevalence of infections in women of 
childbearing age (table 1). Similarly, DBS  
obtained from children and adults have been 
used for the diagnosis of infections and for sen
tinel surveys in many parts of the world (tables 
2 and 3).

In this review we concentrate on the benefits 
and applications of DBS technology with 
specific reference to the field of microbiology.

T he dried  b lood spot sam ple
Peripheral blood is collected by piercing the 
skin of either a finger or heel with a Sterilette™ 
and blotted onto high quality filter paper, for 
example a Guthrie card (S&S 903, Schleicher 
and Scheull UK). The use of S&S 2992, What
man grade 1 or 3 papers has also been 
reported.” ” The blood spot should then be 
allowed to air dry and ideally stored in low gas 
permeable bags that contain desiccant to 
reduce humidity. Samples can be tested imme
diately, stored at ambient temperature even 
under tropical conditions,®  ̂or frozen at -20°G, 
where the level of IgG antibodies may remain 
stable for several years.

Before testing in the laboratory a disc of 
dried blood typically 3.0-5.5 mm in diameter, 
equivalent to 1-4 pi of serum, is punched either 
manually or with an automated machine into 
the wells of a flat bottomed microtitre plate. 
The blood is eluted out in phosphate buffered 
saline containing 0.05% Tween 80 and 0.005% 
sodium azide, overnight at 4°G (figs 1-3). The 
resultant plate containing the eluates forms the 
“master” from which dilutions can be made for 
subsequent testing.

A dvantages o f  D B S
REDUCTION OF RISKS
The collection of capillary blood on filter paper 
has significant advantages over venepuncture, 
particularly when bleeding neonates; it is 
simple to perform, requires minimal training, 
and does not involve the risks associated with 
the use and disposal of needles and syringes.

The DBS represents a low infectious hazard 
as some viruses such as HIV-1 and -2, human 
T cell leukaemia/lymphoma virus (HTLV) -I 
and -II, and hepatitis G virus (HGV) that are 
known to be present in serum or plasma lose 
infectivity owing to disruption of their envelope 
on drying.®® However, virus in high titre may
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Table 2 Dried blood spot sample protocols and sentinel surveys based on the use of blood spots collected on filler paper

Agent Study Assay type Country of survey Year/ref

Viral
HBV and HAV Prevalence of markers RIA, RPHA Saudi Arabia 78 "
HBV Epidemiology RIA Italy 81
Rubella ELISA Denmark 81 "
HBV and HAV WHO field studies RIA Sac Tome 85 "
Measles Vaccine study HAI Guinea-Bissau 9 4 ”

Vaccine study ELISA Italy 98 ”
Measles, mumps and rubella MMR vaccine study ELISA Italy 94 ”

98 ”
HAV Prevalence study ELISA Spain 95 "

Bacterial
Mycobacterium leprae Epidemiological study PA India 92 ”
Diphtheria and tetanus antitoxin Immunity study and vaccine ELISA Australia 94 ”

monitoring
ToBI Vietnam 96

Protozoan
Trypanosoma cruzii Chagas disease IFAT, HA, ELISA Brazil 90 ”

Helminthic
Echinococcus granulosus Hydatidiosis ELISA Argentina 88 »

ELISA Kenya 93 ”

ELISA, enzyme linked immunosorbent assay; GPA, gelatin particle agglutination; HAV, hepatitis A virus; HBV, hepatitis B virus; 
HIA, haemagglutination inhibition assay; IFAT, immunofluorescence antibody test; PA, particle agglutination; RIA, 
radioimmunoassay; RPHA, reverse passive haemagglutination; ToBI, toxin binding inhibition test.

remain viable on a surface for several days and 
hepatitis B virus (HBV) may remain infectious 
for at least seven days.”

Risks associated with shipping are minimised 
as DBS cannot leak or be broken in transit and 
there is no requirement for carriage on dry ice. 
Handling of potentially infected material is also 
reduced as the need to centrifuge and separate 
sera from blood clots is eliminated.

ECONOMIC ADVANTAGES
Collection and processing of DBS is consider
ably cheaper than samples collected by 
venepuncture. Sterilettes are available at a one 
third of the price of sterile disposable needles 
and syringes in the United Kingdom.” DBS  
can be readily shipped in sealed envelopes to 
reference centres, whereas sera need to be 
packed in break-proof containers. Transport of

frozen sera may require the use of dry ice or 
liquid nitrogen, requiring further specialised 
handling and adding considerable weight to the 
item.

The majority of the diagnostic techniques, 
for example particle agglutination tests and 
enzyme immunoassays (EIA) which have been 
used to screen for antibodies in DBS, are sim
ple and generally require little capital expendi
ture. The use of the agglutination test is 
particularly cost-effective as the assay can be 
performed in the absence of an electricity sup
ply. This is ideally suited to countries with lim
ited health budgets.

SURVEILLANCE
Large scale epidemiological surveys can be 
performed rapidly, enabling strategic decisions 
to be made about targeting at risk populations.

Table 3 Dried blood spot sample based protocols specific for the serodiagnosis o f infection

Agent Disease Assay type Country Yearlref

Viral
Measles Measles HAI USA 8 4 ”
Dengue Dengue fever ELISA Brazil 91 ”

ELISA Thailand 94 ”
Rubella Rubella HI, SPIHIT Thailand 91 "

Bacterial
Mycobacterium leprae Leprosy RIA India 90 ■'*

ELISA Polynesia 91 ”
PA India 9 2 ”

Helicobacter pylori Dyspepsia ELISA Australia 91 *"
Brucella sp Human brucellosis IgM-ELISA Spain 95 "
Treponema pallidum Syphilis GPA England 98 «

Protozoan
Plasmodium falciparum Malaria ELISA Venezuela 89 "
Toxoplasm gondii Congenital toxoplasmosis ELISA USA 92"

Dye test England 94 "
ELISA Denmark 95 "

Giardia lamblia Giardia ELISA Saudi Arabia 93
Leishmania spp Kala-azar Dot-ELISA India 93"

Leishmaniasis PA India 95"
Trypanosoma cruzi Chagas disease IFAT, HAI, ELISA Brazil 95"

Helminthic
Schistosoma haematobium Bilharzia ELISA Somalia 88*
Brugia malayi Filariasis IgG,-ELISA Indonesia 96"

ELISA, enzyme linked immunosorbent assay; GPA, gelatin particle agglutination; HAI, haemagglutination inhibition assay; IFAT, 
immunofluorescence antibody test; PA, particle agglutination; RIA, radioimmunoassay; SPIHIT, solid phase immunosorbent 
haemagglutination inhibition test.
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M o d if i e d  Serodia-H IV g e la t in  
partic le  a g g lu t in a t io n  te s t

M e t h o d o l o g y

1. W h o l e  b l o o d  fro m  a h e e l  prick is b lo t t e d  o n t o  
a G uthrie  card.

2. T wo 4 .7  m m  d i s c s  are p u n c h e d  out.. .

3. .. a n d  p la c e d  in a flat b o t t o m e d  m icro t itre  p late ,  fi g  2,

4. P la te s  are  in c u b a t e d  o v e r n ig h t  at 4°C in 170  pi o f  
e lu t io n  buffer, P B S / t w e e n 8 0 .

5. 5 pi o f  e lu a t e  is a d d e d  to  20  pi o f  TPPA r e a g e n t  
buffer  in a V w e l l  m icro t itre  plate.

6. 25  pi o f  a 1:10 d i lu t io n  o f  S e r o d ia  g e la t in  par t ic le s  
are  a d d e d  to  e v e r y  w e l l  an d  p la t e s  are  s h a k e n  and
left o v e r n ig h t  at RT°C o n  a v ibra t ion  fre e  s u r fa c e ,  f ig  3.

Interpretat ion o f  resul t s

A. P la te s  are  read v i s u a l ly  o n  a light box .

B. R e a c t iv e  s a m p l e s  c a n  b e  d i s t i n g u i s h e d  by  a d i s t i n c t  
a g g lu t in a t i o n  pattern .

C. N e g a t i v e  s a m p l e s  c a n  b e  d i s t i n g u i s h e d  by  a t ig h t  
b u tto n  o f  par t ic le s  f o r m e d  at th e  b a s e  o f  th e  w e l l .

Figure I Procedure fo r  processing dried blood spot samples. RT, room temperature.

This may be particularly valuable for monitor
ing herd immunity and the extent o f  vaccine 
coverage at a time when the eradication o f  sev
eral viruses— for example, poliomyelitis, m ea
sles, m um ps, and rubella— is in prospect in 
many parts o f  the world. T he  Guthrie card or 
neonatal D B S  provides information on the 
prevalence o f  antibody to a pathogen in w om en  
o f  childbearing age, thus giving a more  
representative indication o f  the impact within a 
com m unity  than screening blood donors, who

are often unrepresentative. Furthermore,  
within the U nited  Kingdom, coverage o f  the 
Guthrie card programme for metabolic screen 
ing approaches 100%,^ providing a resource  
that has almost complete coverage o f  a specific  
target population, a rare event in ep idem iolog i
cal studies.

A p p lica tion  o f  D B S  techn ology
Following the historical use o f  D B S  to study  
the prevalence o f  FIBV,'^ m e a s l e s , a n d
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Figure 2 Ttuo dried blood spot samples are punched into the first 90 luells o f a f la t  bottom ed pate.
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Figure 3 The m odified Serodia H IV  GPA test. Agglutination in wells B 2 , E 3, B 5 , and H 5  indicates reactivity to H IV -1  
specific gelatin particles. In the absence or reactive particles settle a t the bottom o f  the V  well. Columns 7 -12 : initial reactive  
samples are titra ted  out by double dilution to end point; column 7: positive serum control (1 :6 4 ); column 8: negative serum  
control (<  l:5 );co lu m n  9: sample B 2  (l:6 4 );co lu m n  10: sample E 3  (1 :6 4 ); column 11: sample B 5  (  1:16) ; column 12: 
sample H 5  (1 :8 ).

rubella/' the feasibility o f  using similar tech
nology for sentinel surveillance o f  HIV in the 
developing world was evaluated.*" *' At the 
same time the need for an inexpensive and  
effective means for monitoring the extent o f  
HIV in Europe*^ *’ and the USA*" was being  
increasingly recognised.

SURVEILLANCE OF HIV
Initial doubts over the sensitivity and specificity 
o f  D B S  based compared with serological assays 
were dispelled by parallel testing o f  D B S  and 
sera”  *̂  ** which showed 99-100%  concord
ance. Furthermore extensive studies proved 
that concerns about the presence o f  haem in 
the eluate and adverse storage, for example in 
tropical conditions, causing false reactions 
were unfounded .” ” *' *'

T h e  prevalence o f  antibodies to HIV-1 in 
w om en o f  childbearing age based on the testing 
o f  anonymous D B S  obtained from neonates  
was first reported in the U S A  in 1988.*" Labo
ratories at the Centers for Disease Control, 
Atlanta, extended the newborn screening qual
ity assurance programme to include test panels 
o f  anti-HIV positive and negative D B S , which  
were distributed throughout the U S A  and 
overseas.*" Subsequently in 1990, after a 
successful pilot study, anonymous neonatal 
testing was introduced in the United Kingdom  
and a similar quality control programme was 
made available by the Central Public Health  
laboratory in London.™

Since the inception o f  anonymous screening  
at Great Orm ond Street Hospital for Children  
and the Institute o f Child Health, over 1.2 mil
lion D B S  have been tested enabling accurate 
data to be obtained about the prevalence of

HIV-1 in mothers in the Tham es region over an 
eight year period.'^

HUMAN T  CEIX LEUKAEMIA/LYMPHOMA VIRUS 
HTLV-I has been recognised as the causal 
agent o f  adult T  cell leukaemia, tropical spastic  
paraparesis, myelopathy, and uveitis. Transmis
sion may occur by several means including  
breast feeding and through contaminated  
blood. In order to assess the extent o f  HTLV-I  
infection in w om en of child bearing age in 
L on d on , a modified gelatin particle assay cost
ing 10 p per test was used to screen over 
10 0 0 0  D B S  obtained from neonates.” T h e  
prevalence rate was 0.05%, lower than that 
reported (0.21% to 0.27%) in antenatal  
surveys from other London districts but higher  
than the rates reported in blood donors  
(0 .004%  to 5%), reviewed in 1996.” T h e  tech
nique has also been successfully applied to 
screen mothers and children in South Africa.'"

TOXOPLASMA GONDII
Toxoplasma gondii is recognised to be a major 
cause o f  congenital infection, which may result 
in mental retardation and late onset chorio
retinitis. However, the prevalence o f  infection 
varies widely in different European countries,  
ranging from less than 15% in Scandinavia and 
England to more than 70% in France.” This  
has led to differing opinions about the need for 
antenatal screening.

A modified latex test costing less than 5 p 
per test has been used for extensive surveys to 
determine the maternal prevalence o f  antibod
ies in L ondon. The results o f  screening 12 902  
neonatal D B S  showed the rate in U nited King
dom  born wom en in inner London was
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12.5%,‘* similar to the rate of 13.3% obtained 
when 3768 sera from a comparable group were 
screened by EIA.^  ̂ Recently, neonatal Guthrie 
cards were used to screen 16 035 specimens 
collected during 1995, representing 33% of the 
live births registered in Eire that year. The 
results showed a prevalence ranging from 
20.3% in urban Dublin to 45% in a rural area, 
Louth, and an overall prevalence of 25%.'® 
This compares with a prevalence of 31 % in sera 
collected between 1980 and 1986 from women 
born in Eire.’^

DETECTION OF NUCLEIC ACID IN DBS 
The potential for the use of DBS for the detec
tion of nucleic acid was first realised in 1987, 
when D NA was released from the filter paper 
by microextraction for the purposes of new
born sc r e e n in g .T h e  molecular analysis of 
D N A  obtained from neonates has enabled 
detection of genetic mutations responsible for, 
among others, cystic fibrosis,’“ oncogenesis,^® 
markers of type 1 diabetes,’’ and a 
thalassaemia.’®

The stability of D N A  has made it possible to 
apply PCR to detect proviral HIV DNA  
sequences several months after sample collec
tion, even when DBS had been held at room 
temperature.” Recent studies have shown that 
HIV D NA and RNA can be recovered after five 
years without refrigeration,®** which may pro
vide the potential for retrospective surveys and 
the use of stored Guthrie cards as DNA  
banks.®'

An unexpected benefit of storage is that 
inhibitors of PCR such as protein, haemo
globin, and iron seem to become increasingly 
resistant to elution, whereas “fixation” of 
nucleic acid to the matrix of the filter paper 
seems to aid stability and does not impair its 
elution.®^

The ability to detect HIV proviral DNA in 
DBS obtained from neonates has been used in 
several retrospective studies to estimate rates of 
vertical transmission.®^ ®® However, it has been 
shown that there are some limitations to the 
use of Guthrie cards. For example, proviral 
D NA could only be detected in 50% of 
infected children aged less than 10 days, the 
time at which samples are generally collected 
from neonates in the United Kingdom. In con
trast, virtually all infected children were identi
fied when DBS obtained from infants aged one 
month were tested.®  ̂Amplification of DNA has 
enabled sequences encoding the gag and env 
regions to be studied, providing valuable 
epidemiological data about the geographical 
distribution of HIV subtypes.®® ®** Quantifica
tion of HIV-1 RNA using kit based amplifica
tion technology in the form of NASBA and 
Amplicor-HIV has been described using dried 
plasma spots collected on filter paper.®** PCR 
methods have also been developed to detect 
proviral sequences from DBS obtained from 
neonates infected with cytomegalovirus’** and 
patients infected with HTLV-I.’'

C o n c lu d in g  rem ark s
Significant increases in the sensitivity and spe
cificity of diagnostic tests have allowed the

detection of microquantities of antibodies in 
saliva, dried blood spot samples, and urine. 
These samples herald a move away from inva
sive techniques and the need to obtain large 
volumes of blood. Dried blood spot samples 
have an advantage over saliva in that the qual
ity of the sample is less variable and transport 
and storage is comparatively simple. Applica
tion of the techniques described above is 
ideally suited to surveillance in countries with  
limited resources and in those participating in 
large anonymous epidemiological surveys. T h e  
ease of transport can ensure effective quality 
control measures are put in place, highlighted 
by the success of the quality assurance 
programme at the Centers for Disease Control, 
Atlanta, in the shipment of anti-HIV-1 positive 
and negative DBS to international participants 
involved in newborn anonymous HIV screen
ing programmes.®’

Guthrie cards have been collected and stored 
for many years and provide the potential to 
perform numerous serological and genetic 
studies. This has stimulated debate as to who  
should have access to this material and how the 
use of such a unique resource can be 
maximised.
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A b stract
A im s— To m o d ify  an d  eva lu a te  a gela tin  
p a rtic le  ag g lu tin a tio n  te s t  th a t cou ld  p ro 
v id e  a se n sitiv e , sp ec ific  an d  in ex p en siv e  
m eth o d  for the d e tec tio n  o f  H TLV-I a n ti
b od y  in  d ried  b lood  sp o t sa m p les  (D B S )  
co llec te d  on filter p aper.
M eth o d s— A set o f  26 re feren ce  sam p les  
co n firm ed  as H TLV-I an tib od y  p o sitiv e  
w ere a ssem b led  from  p a tie n ts  w ith  tro p 
ica l sp a stic  p a ra p a res is  or ad u lt T  ceU  
leu k a em ia  and b lo o d  d on ors. S eru m  
sa m p les  and sim u la te d  an tib od y  p ositive  
d ried  b lo o d  sp o t e lu a tes  w ere tested  u sin g  
the S ero d ia  assay  to g e th e r  w ith  tw o c o n 
firm atory  tests: HTLV B L O T  2.3 , a w est
ern  b lo t, and Select-H T L V , an  en zym e  
im m u n o a ssa y  (E IA ). B o th  con firm atory  
tests  u se  syn th etic  p ep tid es  to  d ifferen tia te  
b etw een  an tib od ies to  H TLV-I and  -II. T he  
m o d ifie d  S erod ia  a ssa y  w as th en  u sed  to  
test an o n y m o u sly  10135 D B S  co llec ted  
from  n eo n a tes from  L on d on . S a m p les re 
a ctiv e  in  the m o d ifie d  S ero d ia  test p ro 
d u c in g  a p o sitiv e  resu lt  w ere titra ted  to an  
en d  p o in t and co n firm ed  as b efore . 
R esu lts— A ll 26 e lu a tes  m a d e  from  s im 
u la ted  D B S  d eriv ed  fro m  p o sitiv e  re f
eren ce  sa m p les w ere id en tifie d  as p ositive  
by th e  m o d ified  S ero d ia  H TLV-I test and  
w ere con firm ed  as anti-H T L V -I p ositive  
by E IA . Two e lu a tes  d er ived  from  re l
a tively  low  titre re feren ce  sa m p les  gave 
in d e te rm in a te  resu lts  on  w estern  b lottin g . 
S cre en in g  o f  the 10 135 n eo n a ta l D B S  r e s
u lted  in  six  rep eat r e a c tiv e s , five o f  w hich  
w ere co n firm ed . T h e  re m a in in g  reactive  
sa m p le  gave an in d e te rm in a te  resu lt on  
w estern  b lo ttin g  an d  th ere  w as in su ffic ien t  
elu ate  for testin g  b y  E IA . T h e overall sero 
p rev a len ce  o f  H TLV-I in  th is  p op u lation  
w as 0*05% (five o f  10 135).
C onclusion—T h e m o d ifie d  S erod ia  HTLV- 
I a ssa y  p rov id es a se n s itiv e , sp ec ific  and  
in ex p en siv e  (10 p en ce /te st)  m eth od  for 
sc re en in g  large n u m b e rs  o f  D B S . T he for
m a t o f  th e assay  m a k es it id ea lly  su ited  for 
s im u lta n eo u s sc re en in g  o f  a n tib o d ies  to 
H IV -1, H IV-2 and H T LV -I u sin g  s e m i
a u to m a ted  eq u ip m en t.
C7 C lm  P atho l 1 9 9 5 ;4 8 :9 0 4 -9 0 7 )

K e y w o r d s :  H T L V - I ,  d r ie d  b l o o d  s p o t s ,  a n t ib o d ie s .

H um an T  cell lymphotropic virus type 1 
(HTLV-1) has been recognised as the causal 
agent o f  several diseases, adult T  cell leukaemia 
(ATL),' tropical spastic paraparesis (TSP),"  
also known as HTLV-1 associated myelopathy

(H A M ) in Japan,^ and, more recently, H TLV-I  
uveitis.'' Transmission may occur through the  
transfer o f  infected lym phocytes’ by sexual 
transmission,^ during transplantation (blood or  
organ), intravenous drug abuse, breast feed
ing,' and possibly saliva.®

HTLV-1 is en dem ic in Japan (where over  
700 cases o f  A T L  are diagnosed every year),® 
the Caribbean,'® S outh  America," central and  
southern Africa,'-'" and occurs in Australian 
aborigines," and in intravenous drug users in  
the U S A ."

M any assays have b een  developed for the  
detection o f  HTLV-1 antibody and antigen, 
including antigen capture, im munofluores
cence, the polymerase chain reaction (PC R),  
and in situ hybridisation.'^‘® T h e  Serodia test,  
a gelatin particle agglutination assay, is a highly  
sensitive test introduced in 1987 for the de
tection o f  antibodies to HTLV-1.'®’® However, 
fo llowing concerns about the test’s specificity 
in comparison with other assays such as the  
radioimmunoprecipitation assay (RIPA) and  
western b lot ,’®"’’ particularly when it was used  
to test serum samples from Africans,’ ’ the test 
was modified by increasing the relative pro
portion o f  env to gag proteins.’"' Subsequent  
evaluation o f  the assay in comparison with other  
commercial tests show ed  it to have superior 
specificity, 97 6%, and sensitivity, 100%.’’ In 
spite o f  im provements in the screening assay 
confirmatory testing remains essential as cross 
reactivity with HTLV-11 has been reported.’® 
T h e  most reliable technique for the differ
entiation of HTLV-1 and HTLV-11 is P C R  and 
the use of type specific recombinant proteins 
in enzyme im munoassays (E lAs) and western  
blots have improved the differentiation of anti
bodies  to the two viruses.’ ’̂®

T h e  improved Serodia test has been used  
extensively for epidemiological sur\^eys to es
timate the seroprevalence o f  HTLV-1 in blood  
donors in the U n ited  K in g d o m ,’® France,’® 
Japan,® and Australia.’® In this paper we des
cribe the use o f  a modified version of the 
Serodia test to screen for the presence of anti
body to HTLV-1 in dried blood spot samples 
from anonymous neonatal Guthrie cards fol
lowed by confirmatory testing.

M eth od s
REFERENCE SAMPLES
T w enty  six samples were obtained from 
patients with confirmed HTLV-1 infection, 
from three sources. Seven plasma samples ori
ginating from the Japanese Red Cross (A D P  
507 , M R C  A ID S  Reagent Project) were pro
vided by the National Institute o f  Biological 
Standards, U K . Serum samples from four
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determination o f  local ISI using plasma samples  
calibrated in terms o f  I N R  rather than using  
plasma calibrated in terms o f  prothrombin time  
and orthogonal regression.

1 World Health Organisation. Expert Committee on Biological
Standardisation. 33rd Report. W HO Technical Report 
Series. Genova: WHO, 1983:1-105.

2 Clarke K, Taberner DA, Thomson JM, Morris JA, Poller L.
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determine International Sensitivity Index for coagulo- 
meters. J  Clin Pathol 1992;45:58-60.

3 Bland JM, Altman DG. Statistical methods for assessing
agreement between two metliods of clinical measurement. 
Lancet 1986;i:307-I0 .
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patients with TSP associated symptoms diag
nosed as HTLV-I positive at St Bartholomew’s 
Hospital, London, were included together with 
15 samples from African patients with symp
toms of TSP or ATL referred to the University 
of Pretoria, Republic of South Africa. All 
samples had been confirmed as anti-HTLV-I 
positive by other laboratories.

SIMULATED HTLV-I POSITIVE DRIED BLOOD 

SPOT SAMPLES
A 1 in 2 dilution of each anti-HTLV-I positive 
sample, or serial dilutions, were made in anti- 
HTLV-I negative human “O” cells and a 60 [.il 
aliquot spotted Out onto absorbent filter paper 
(Guthrie card). Cards were allowed to dry at 
room temperature overnight before storage at 
4°C in gas permeable bags.

SOURCE OF NEONATAL DRIED BLOOD SPOT 
SAMPLES
Dried blood spot samples punched from 
10 135 Guthrie cards that had been routinely 
collected for universal newborn metabolic 
screening were obtained from health districts 
in inner London with a relatively high pro
portion of Caribbean and African ethnic popu
lations. All samples were rendered anonymous 
prior to receipt in the laboratory.

ASSAY FOR THE DETECTION OF HTLV-I 
ANTIBODY IN  SERUM SAMPLES 
Serodia HTLV-I gelatin particle agglutination 
tests (Fujirebio Inc, Tokyo, Japan) were ob
tained from Mast Diagnostics, Bootle, Mer
seyside, UK.

Serum and plasma samples were tested ac
cording to the manufacturer’s instructions. 
Briefly, samples were titrated in a series of 
doubling dilutions from 1 in 16 across a U 
well microtitre plate; 25 pi of sensitised particle 
suspension was added To each well. The con
tents of each well were thoroughly mixed using 
a plate shaker, and left to incubate at room 
temperature for two hours on a level, vibration 
free surface.

Positive results were indicated by the form
ation of an agglutination pattern and negative 
results were indicated by a smooth compact 
button of particles.

DRIED BLOOD SPOT SAMPLE ASSAY
A dried blood spot sample, 5 ■ 5 mm in diameter, 
was punched out of each Guthrie card and 
eluted, as described previously,^' into flat bot
tomed microtitre plates containing 100 pi 
buffer (phosphate buffered saline (pH 7 2) con
taining 0 05% Tween 80 and 0-005% sodium 
azide) overnight at 4°C. A 1 in 6 dilution of 
each eluate was made in TPHA buffer (catalog 
number 9224, Mast Diagnostics), in a cor
responding V well plate using a 96 pin auto
matic replicator calibrated to transfer 5 pi 
aliquots, (Wellrepp, Denley Instruments, Bill- 
inghurst, Sussex, UK). HTLV-I gelatin part
icles were reconstituted according to the 
manufacturer’s instructions and then diluted 
10-fold in TPHA buffer immediately before 
use. A 25 pi aliquot of diluted particles was

added to each well using an automated pro
grammable dispenser (Wellfill, Denley In
struments). The plates were incubated for 15 
minutes at room temperature on a flat, vi
bration free surface and were then centrifuged 
for three minutes at 200 x g, sloped on a light
box at an angle of 70°, and the results read 
after 10 minutes. A positive result could be 
distinguished by a tight discrete agglutination 
pattern whereas negative samples formed a 
teardrop.

All eluates found to be reactive in the initial 
screen were titrated in a series of doubling 
dilutions from 1 in 5 to 1 in 10 240 or 1 in 4 
to 1 in 16 384 in TPHA buffer, and reacted 
against both antigen coated particles and un
sensitised control particles and the endpoint 
recorded.

CONFIRMATORY TESTING
A repeat reactive screening result was con
firmed using western blot analysis (HTLV- 
BLOT 2 3, Diagnostic Biotechnology, Sin
gapore) and an EIA (Select-HTLV, IFCI 
Clonesystems, Biostat Diagnostics, Cheshire, 
UK).

The HTLV BLOT 2-3 contains viral lysate, 
recombinant rgp21 (env), and incorporates 
MTA-1 and K55 recombinant peptides cor
responding to sequences specific to gp46®”'' of 
HTLV-I and -II, respectively. A 1 in 100 di
lution of serum (20 pi in 2-0 ml) was tested 
according to the manufacturer’s instructions. 
The presence of bands to the envelope proteins 
rgp21 and rgp46-I and core proteins p i 9®“® or 
p24®“® was regarded as the minimum criterion 
indicative of antibody to HTLV-I.

The Select-HTLV kit differentiates between 
antibodies to HTLV-I and -II using synthetic 
peptides representing type specific epitopes de
rived from p i9®"® and gp52"'% respectively. 
Serum samples were tested at a 1 in 50 (5 pi 
in 250 pi) dilution and results interpreted ac
cording to the manufacturer’s instructions. Op
tical densities (OD) of samples greater than the 
cut off value (mean of three negative controls 
((supplied)-HO-15) were considered positive. 
When the cut off value was exceeded on both 
the HTLV-I and -II plates, a binding ratio (OD 
HTLV-II/OD HTLV-I) was calculated and a 
ratio of < 0  5 was considered indicative of re
activity to HTLV-I.

Minor modifications were required when ap
plying the confirmatory tests to dried blood 
spot samples in that a volume of 40 pi eluate 
was used in the western blot assay and 20 pi in 
the EIA. Simulated dried blood spot samples 
derived from serially diluted reference antibody 
positive and antibody negative eluate controls 
were used to provide an accurate cut off point 
in the EIA.

R esu lts
REFERENCE PANEL
The results of tests on HTLV-I positive ref
erence serum and plasma samples and eluates 
from simulated dried blood spot samples are 
shown in table 1. Use of the standard Serodia 
HTLV-I test and confirmatory assays on the 
reference samples gave the expected results.
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Table 1 
(D B S )

Parker, Taylor, Ades, C ubitt, P cckh am  

Results o f  screening and  confirm atory tests on 26  reference samples an d  sim ulated  dried blood spot sam ples

Sample No. Diagnosis

Reference sample Simulated DBS eluate

Serodia litre
HTLV  
BLO T 2-3 Select-HTLV* Serodia titre

HTLV  
BLO T 2 -3 Select-HTLV*

1 TSP 80 000 + > 3 0 16 384 4- 2 84
2 TSP 80 000 + 2 88 8192 4- 2 84
3 TSP 80 000 + 2 84 8192 4- 2 91
4 TSP 64 000 + 2 79 8192 4- 2 84
5 TSP 64 000 + 2 84 4096 4- 2 77
6 TSP 64 000 + > 3 0 2048 4- 2 84
7 TSP 64 000 + > 3 0 1024 4- 2 24
8 TSP 32 000 + 2 59 4096 4- 1 38
9 TSP 32 000 4- 2 69 2048 4- 2 44

10 TSP 32 000 + 2 89 2048 4- 2 1 5
11 TSP 32 000 + 2 74 1024 4- 2 06
12 TSP 32 000 + 2 77 512 4- 1 78
13 TSP 16 000 + > 3 0 512 4- 2 70
14 ATL 16 000 + >3 0 160 4- 1 72
15 TSP 8000 + 2 52 256 4- 0 39
16 TSP 8000 + > 3 0 32 4- 0 68
17 TSP 2000 + 2 23 128 4- 0 32
18 TSP 2000 + 2 80 64 4- 0 93
19 ATL 2000 + 2 88 80 4- 0 83
20 ATL 1000 -t- 1 90 64 p24, rgp41 0 1 7
21 ATL 1000 4- 2 58 80 4- 0 74
22 ATL 1000 4- 2 82 40 4- 0 47
23 ATL 500 4- 2 67 20 4- 0 65
24 ATL 400 4- 2 44 80 4- 0 47
25 ATL 200 4- 1 65 16 p24, rgp41 0 19
26 ATL 100 4- 1 50 10 4- 0 1 7

TSP =  tropical spastic paraparesis; A T L= adult T  cell leukaemia. 
* OD of HTLV-I plate.

1-5

12

0 9

0 6

0-3
n =17

<5

All tests on eluates from simulated dried 
blood spot samples gave positive results using 
the modified Serodia agglutination test (table 
1). When eluates were tested against un
sensitised particles provided in the Serodia test 
there was no evidence of non-specific ag
glutination.

Confirmatory testing by western blotting 
produced two indeterminate results (samples 
20 and 25), suggesting that two of 26 eluates 
were on or just below the limit of sensitivity of

n = 7 n = 4

n = 9 n = 1 0

10 20 

R e c ip r o c a l  titre

40 80

Com parison o f  the absorbance values obtained in the E IA  an d  the titre observed in the 
m odified Serodia test. n =  num ber o f  samples; . .. .  m edian value; closed bars denote range.

Table 2 Results o f  screening a n d  confirmatory testing o f  repeat reactive eluates derived  
from anonymous neonatal dried  blood spot samples

Sample
No.

Sewdia 
eluate titre

H T L V  
B L O T  2-3

Select-HTLV

H TLV -I
plate

H T L V -II
plate

Binding
ratio*

1 < 20 p i 9, rgp21 IN S IN S IN S
2 40 H T L V -I 4- 1 15 0 20 0 17
3 40 H T L V -I 4- 0 35 0 07 0 20
4 80 HTLV -14- 1 38 0 18 0 13
5 160 H T L V -I + 0 37 0 07 0 19
6 160 H T L V -I 4- 0 58 0 0 6 0 10

* Binding ratio OD = HTLV-II/OD HTLV-I. A binding ratio of < 0  5 was indicative of reactivity 
to HTLV-1.
INS =  insufficient sample to test.

the assay. All eluates derived from serum or 
plasma reference samples were positive in the 
EIA.

In order to set a cut off value for the EIA when 
confirming Serodia reactive eluates, simulated 
dried blood spot samples derived from serially 
diluted samples from the reference panel were 
tested in the modified Serodia HTLV-I and the 
EIA (figure). The figure shows that eluates with 
a Serodia titre greater than 1 in 10 can be 
reliably detected by the EIA using a cut off OD  
of 0 1 . The mean and median CDs of Serodia 
negative (<1 in 5) eluates were less than 0 03.

NEONATAL PILOT STUDY RESULTS 
Twelve dried blood spot samples were initially 
reactive in the modified Serodia assay, of which 
six were negative when repeated. Five (0 05%) 
of 10 135 of the remaining six dried blood spot 
samples were confirmed as HTLV-I antibody 
positive by western blot and EIA (table 2). 
Sample 1, which had an end point titre of < 20, 
showed weak banding on western blotting to 
p i9®"® and rgp21 but was insufficient to test in 
the EIA.

D isc u ss io n
The modified Serodia HTLV-I assay was found 
to be sensitive when used to test simulated dried 
blood spot samples prepared from reference 
samples from patients in Japan, Africa and the 
UK. Comparison of the results of tests on 
serum and plasma samples and eluates showed 
that the modified Serodia test was more sens
itive than the confirmatory assays when testing 
eluates from dried blood spot samples. Loss of 
sensitivity of the western blot with low titre 
eluates could be overcome by increasing the 
volumes of eluate. Although it has been sug
gested that the absence of a rgp21 positive band 
should be regarded as western blot negative in 
this assay,^" this would have resulted in two of 
the 26 eluates from the reference panel being 
recorded as negative.
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The Select-HTLV EIA confirmed all Serodia 
HTLV-I antibody positive eluates that had a 
titre greater than 1 in 10. Only one of 26 eluates 
derived from a reference serum sample had an 
eluate titre below this threshold, indicating that 
very few neonatal samples would be likely to 
have such low titres. However, it must be noted 
that patients with TSP, some of whose serum 
samples make up the reference panel, will in 
general have higher titres than those diagnosed 
with ATL or who are asymptomatic.^^ Fur
thermore, studies have shown that premature 
infants have decreased levels of maternal IgG.̂ '* 
In a London based neonatal screening survey 
approximately 1-5% of dried blood spot 
samples would be derived from neonates born 
seven to 12 weeks prematurely^’ and would be 
expected to show a two- to fourfold loss of 
IgG.

Despite a potential problem in confirming 
very low positive eluates, the Select-HTLV 
would be the confirmatory test of choice for 
dried blood spot samples because of its ad
aptability when using limited volumes of eluate.

Five of six repeat reactive eluates were con
firmed as positive from 10 135 neonatal dried 
blood spot samples: a seroprevalence of 0 05% 
in pregnant women. This indicates that the 
modified Serodia assay has a very high speci
ficity when testing samples obtained from neo
nates in the general population. The six initial 
reactives that failed to repeat were deemed 
technical failures perhaps due to dust con
taminated wells as seen with similar frequency 
in other agglutination assays. The prevalence 
was lower than that reported (0 26% and 
0 21%) in antenatal surveys from other London 
health districts,̂ *̂ ’̂ but higher than the rates 
reported (0-005% and 0-004%) in extensive 
sur\^eys of blood donors in the UK."*

The use of the modified Serodia HTLV-I 
test on dried blood spot samples collected from 
heal, finger or ear prick could provide a reliable, 
specific and sensitive test for economic large 
scale seroepidemiological studies. The stability 
of the samples on filter papers allows them to 
be collected without the need for refrigeration 
and tested centrally in laboratories with the 
appropriate equipment.
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A b stract
A im s—To ob tain  q u a n tita tiv e  data  on  the  
h u m a n  sero lo g ica l re sp o n se  to Toxo
p la sm a  g o n d ii  ta ch y zo ite  an d  b rad yzo ite  
an tigen s .
M eth ods— S eru m  sa m p les  from  30 p a tien ts  
w ho h ad  p o sitiv e  an tib od y  titres  a ga in st T  
g o n d ii  an d  from  14 w ho w ere sero n eg a tiv e , 
to g eth er  w ith  se q u en tia l seru m  sa m p les  
from  four in fe c ted  in d iv id u a ls , w ere  
screen ed  b y F A ST -E L IS A .
R esu lts— S eru m  sa m p les  fro m  the 30 sero 
p o sitiv e  p a tien ts  sh ow ed  h igh  IgG  and IgM  
titres ag a in st th e  T  g o n d ii  ta ch y zo ite  an 
tigen  b u t very  low  r e sp o n se s  to cyst a n 
tig en . T h is  resu lt  w as b orn e out in  
seq u en tia l se ru m  sa m p les  from  p atien ts  
w ith  to x o p la sm o sis .
C onclusion— A n tib od y  re co g n itio n  o f  the  
cystic  sta g e  o f  T  g o n d ii  is  low , im p ly in g  
that e ith er  th is  stage is  p oorly  im 
m u n o g en ic  or th a t th e  a n tig en  load  is  low .
( J  Clin Pathol 1 9 9 5 ;4 5 :9 0 8 -9 1 1 )

K e y w o rd s: F A S T -E L IS A , Toxoplasma gotidii^ ta ch y zo ite  
a n tig e n , cyst a n tig en .

The intracellular protozoan parasite Toxo
plasma gondii is an important mammalian 
pathogen. It is geographically widespread, and 
is thought to infect approximately one third of 
the world’s human population, although the 
prevalence of the parasite varies from country 
to country.' The majority of human infections 
are acquired postnatally by ingestion of tissue 
cysts in meat or of resistant oocysts from con
taminated cat faeces. Infection of the host by 
Tgondii leads to an acute systemic phase, char
acterised by the presence of motile proliferative 
tachyzoites. The acute phase commonly lasts 
two to three months in human patients and is 
followed by a chronic phase, in which “dor
mant” bradyzoites within cysts are found in the 
skeletal muscles and central nervous tissue.

In immunocompetent hosts parasite pro
liferation during the acute phase of the infection 
is effectively controlled by a number of host 
immune response effector systems. The major 
mediators of resistance to T gondii are parasite 
specific, cytotoxic T  lymphocytes, which are 
involved in the destruction of tachyzoites,^ and 
interferon 7 (IFN-y), which has a number of 
immunostimulatory and parasitistatic effects.^ 
In addition, T gondii specific antibodies have 
also been implicated in the control of the acute 
phase of the infection.’* The mechanisms of 
control of the chronic phase of the infection, 
however, remain poorly understood, though

IFN-y is thought to inhibit the spread of the 
parasite in the brain."

Immune surveillance of the cystic stage is 
important for parasite control and prevention 
of recrudescence. Although serological re
sponses to tachyzoite antigens have been pre
viously studied in patients during infection,*’'* 
the humoral immune response to the cystic 
stage is poorly documented. A number of stud
ies have revealed that the tachyzoite and bra
dyzoite stage are antigenically distinct,*"" and 
stage specific antigens exist.'-F urtherm ore, 
western blotting studies with human serum 
have shown that relatively few cyst antigens are 
recognised. '’* However, quantitative estimates 
of cyst antibodies have not been made in 
humans. We have previously compared the 
reactivity of murine serum samples to tachy
zoite and cyst antigens by the Falcon assay 
screening test (FAST)/enzyme linked im
munosorbent assay (ELISA),** and have found 
that the antibody response is predominantly 
directed against the tachyzoite. In the present 
study we have used the same technique to 
compare human serological responses to tachy
zoite and cyst antigen.

M eth od s
Tgondii antigen used throughout the study was 
prepared from RH strain tachyzoites and RRA 
(Beverley) tissue cysts. Both strains were 
routinely maintained by serial passage in adult 
female outbred mice (Tucks No. 1). Tachy
zoites were produced by inoculation of mice 
with 5x10*  tachyzoites intraperitoneally and 
collection of parasites three to five days later by 
peritoneal lavage in phosphate buffered saline 
(PBS). Tissue cysts were harvested from in
fected mouse brain approximately eight to 12 
weeks after infection with 30 cysts per os and 
purified through 45% Percoll gradients ac
cording to the method of Cornelissen et a V  

Soluble antigen extracts were prepared from 
tachyzoites and cysts for use in the ELISA. 
Parasite suspensions were freeze-thawed three 
times, sonicated on ice five times for 10 seconds 
at five minute intervals and then left at 4°C 
overnight. The supernatant fluids were col
lected following centrifugation at llOOOx^ 
for 60 minutes at 4°C and the protein con
centration of the antigen preparation de
termined using the Bradford protein assay.**

A panel of human serum samples was sup
plied by the Toxoplasma Reference Laboratory, 
Leeds Public Health Laboratory, from patients 
referred for routine screening. All serum 
samples had previously been tested using the
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Abstract

This study describes the development and evaluation of a cost effective test rationale for the detection of anti-HCV 
in dried blood spots. Samples were screened using an ‘in house’ IgG ELISA that incorporated the recombinant 
proteins c22-3, c200 and NS5. Confirmation of specific antibody to HCV was by a modification of the immunoblot 
RIBA 3.0. An extensive panel of well evaluated anti-HCV positive and negative samples from the UK and South 
Africa were used to assess the sensitivity and specificity of the two tests. One third of the anti-HCV positive samples 
had been typed. All anti-HCV positive samples were detected by the ‘in house’ screening EIA. Test/negative optical 
density ratios showed that more than 95% of reactive samples produced values greater than 5.0. Antibodies to HCV 
could be detected in a wide range of samples derived from asymptomatic and symptomatic patients and of different 
genotypes, with similar sensitivity. The presence of anti-HCV could be confirmed by RIBA 3.0 in samples with low 
reactivity but not in anti-HCV negative samples. Furthermore the immunoblot assay successfully increased specificity 
by screening out false reactive EIA samples that might occur in an epidemiological survey of a multi-ethnic 
population. © 1997 Elsevier Science B.V.

Keywords: Hepatitis C virus; Dried blood spots; Sero-epidemiology

1. Introduction

Hepatitis C virus (HCV) is a major etiological 
agent o f post-transfusion and community ac
quired non-A, non-B hepatitis (Choo et al., 1991; 
Lau et al., 1993). Although primary infection is

C o rre s p o n d in g  a u th o r .

often subclinical over 50% o f those infected will 
become carriers (an estimated 1% of the world 
population), with 20% progressing to cirrhosis, 
(Alter, 1996). Since the cloning o f the HCV  
genome in 1991 (Choo et al., 1991), many differ
ent strains have been identified, which have been 
classified into six major genotypes using a consen
sus system based on the phylogenetic study o f the 
HCV genomic regions, (Lau et al., 1995).

3
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There is little data on the epidemiology of HCV  
in the United Kingdom. Whilst studies of blood 
donors suggest that 50-60%  of transmission is 
parenteral, the impact of sexual and vertical trans
mission on the extent o f HCV in the antenatal 
population is not known (McMenamin, 1994), 
although small, local studies o f antenatal popula
tions have been carried out suggesting a preva
lence o f 0.95% in women attending inner London 
antenatal clinics (Kirk, 1996) and 0.25% in the 
West Midlands (Boxall et al., 1994).

The development of a method for the determi
nation of anti-HCV IgG in women o f child bear
ing age that could be used in large scale 
epidemiological studies such as that already in 
place for HIV-1 (Centers for Disease Control, 
1993; Unlinked Anonymous HIV Surveys Steer
ing Group, 1996) is described. This study de
scribes the development and evaluation o f a cost 
effective test rationale for the detection o f anti- 
HCV in dried blood spots obtained from neonates 
in London, a metropolitan city with a multiracial 
population in which one would expect to encoun
ter most HCV genotypes.

were typed using an HCV Serotyping 1 -6  Assay 
(Murex Diagnostics), in our laboratory and simi
larly 14 were serotyped at the Department of 
Medical Virology, Pretoria University. The re
mainder were genotyped at the Department of  
Medical Microbiology, University o f Edinburgh 
Medical School. A total o f 52 negative sera were 
obtained from NEQAS and GOS.

In addition 448 presumed negative newborn 
dried blood samples from the anonymous HIV-1 
seroprevalence programme (London and the 
south east) and 569 dried blood field samples 
from South African neonates which included 358 
of black ethnic origin, 105 coloured, 77 white and 
29 unspecified, were included to assess false posi
tive EIA rates in a field study. Furthermore, 25 
neonatal dried blood samples with antibodies to 
HIV-1 and a collection o f dried blood samples 
derived from African and Japanese adult sera, ten 
of which had antibodies to HIV-2 and 28 contain
ing antibodies to HTLV-I, were included to assess 
test specificity.

2.2. Simulated anti-HCV positive dried blood 
samples

2. Methods

2.1. Reference samples

150 anti-HCV positive sera were obtained from 
five sources in the United Kingdom: King’s Col
lege Hospital Liver Unit (KCH), (19), Royal Free 
Hospital (RFH), (25), North London Blood 
Transfusion Service (NLBTS), (19), Great Or
mond Street Hospital for Children, (GOS), (71), 
and the National External Quality Assurance 
Scheme, (NEQAS), (16). A further 14 RIBA 2.0 
positive samples were obtained from the Depart
ment o f Medical Virology, Pretoria University, 
South Africa. The majority of samples came from 
asymptomatic patients. All patients had sera that 
had been confirmed as antibody positive by im
munoblot; 33.0% samples had been serotyped or 
genotyped as type 1, (29), type 2, (two), type 3, 
(nine), type 4, (four), type 5, (eight) and two sera 
from patients with apparent mixed infections; 
types 1 and 2, and types 1 and 6 . O f these, 27 sera

80 o f the anti-HCV positive serum panel (all o f  
which had been confirmed by RIBA 3.0) and the 
52 negative sera were diluted 1:2 in anti-HCV  
negative whole blood and 100 p.\ aliquoted onto 
Guthrie card filter paper, (HM SG cat. no. HM R  
101/6). Dried blood samples were allowed to air 
dry at room temperature before storage at 4°C in 
low gas-permeable zip-lock bags. A  5.5 mm di
ameter dried blood spot was punched from each 
sample into a well o f a flat bottomed plate, 
(Griener Labortechnik). Following the addition of 
100 p.\ o f phosphate buffered saline (PBS), (0.05% 
Tween 80, 0.0005% sodium azide) the plates were 
shaken for 10 min and left to elute overnight at 
4°C as described previously, (Parker et al., 1995).

2.3. ‘In house’ anti-HCV IgG screening EIA

The ‘in-house’ screening assay was an indirect 
microtitre based ELISA. Microtitre plates 
(Polysorp, Nunc) were coated with 100 /d  per well 
of a mixture of the recombinant proteins c22-3.
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(CN2337), c200 (CN4392-802) and NS5, (CN-
4405-802), (Chiron) at the concentrations 0.37 
//g/m l, 0.375 //g/m l and 0.44 //g/ml respectively in 
PBS overnight at 4°C. The optimum concentra
tion o f  each protein used in coating was predeter
mined using a range o f positive and negative sera 
in a series of chessboard assays using the individ
ual proteins or combinations o f them.

Wells were washed twice with PBS/Tween20 
(0.05%) using an automated washer, (Wellwash-4, 
Denley Instruments) and blocked with 200 /d of  
PBS (5% goat serum. Sigma, 0.4% Megga-Block 
III, Bionostics) for 2 h at 37°C in a humid cham
ber. Following two washes, a 1:20 dilution (5 -t- 95 
/il) o f eluate or 1:100 dilution of serum in reagent 
buffer; PBS (1% goat serum, 1% Triton-X, BDH, 
0.1% Megga-Block III) was added to each well 
and plates incubated for 2 h at 37°C. Two 
NEQ AS serum samples and ‘simulated dried 
blood samples’ derived from these were used as 
positive and negative controls in all assay runs. 
Wells were then washed five times as before and 
100 /il o f rabbit anti-human IgG horse radish 
peroxidase conjugate, (Dako), diluted 1:2000 in 
conjugate buffer; PBS (1% goat serum, 1% rabbit 
serum, Sigma, 0.1% Megga-Block III) added to 
every well and incubated for 1 h at 37°C. After 
five more washes, 100 /il o f freshly prepared 
3,3',5,5'-tetramethyl-benzidine dihydrochloride, 
(TM B), substrate, (Sigma) (0.1 mg/ml 0.05 M 
phosphate-citrate buffer, pH 5.0, with hydrogen 
peroxide (2 /il/10  ml)) was added to each well and 
incubated at room temperature for 10 min before 
the reaction was stopped with 2 M sulphuric acid.

Optical densities, (OD) were measured at an 
absorbance o f 450 nm using a spectrophotometer, 
(M R X , Dynatech). The cut-off o f the assay was 
determined using titration curves o f standardised 
anti-HCV positive samples from the point o f infl
exion o f the slope. Reactives with an OD of 
greater than the cut-off, 0.2  and a test/negative 
control ratio (T/N)  o f greater than 2.0 were 
retested using a pair of coated and uncoated wells 
for each sample. T/ N  values were used to control 
for day to day variation and enable results from 
different assay runs to be compared. The OD  
difference between coated and uncoated wells was 
calculated and samples with a difference of

greater than 0.2 were subjected to further confir
mation.

2.4. RIBA-3.0 immunoblot confirmation

Dried blood spot eluates were diluted 1:20 (50 
/d in 1 ml) in reagent buffer, otherwise the assay 
was carried out according to the manufacturer’s 
instructions. A positive result was based on the 
presence o f two or more HCV specific bands as 
described in the protocol. In the case o f an inde
terminate or negative result the test was repeated 
using 100 pi\ o f eluate when available.

A representative sample o f 28 simulated dried 
blood spots from those tested by the ‘in house’ 
EIA and 30 additional low positive simulated 
dried blood spots made from titrated sera mixed 
with whole blood were subject to RIBA-3.0 confi
rmation. This was to ensure that all true positive 
dried blood spot eluates detected by the EIA  
would be confirmed and that the confirmatory 
assay could detect antibody in eluates which re
acted weakly in the screening EIA, a situation 
that may conceivably occur in a field study using 
dried blood spots from anonymous infants born 
to infected women.

3. Results

3.1. Anti-HCV IgG screening assay

The ‘in-house’ EIA detected antibodies in all 
164 positive sera and in none o f the negative sera 
(Fig. 1). OD values o f anti-IgO reactive sera were 
in the range 0 .41-2 .07, mean 1.39 +  0.368 SD  and 
T/N  values ranged from 3.8 to 20.3. Fig. 2 gives 
the equivalent results for 80 positive and 500 
negative dried blood spots. OD values for anti- 
HCV IgG reactive dried blood spots were in the 
range 0 .27-1.74, mean 1.14 +  0.398 SD, with TjN  
values o f 2 .8 -31 .1 , whereas negative dried blood  
spot samples all gave OD values below 0.2 (range 
0.01-0.14, mean 0.05 +  0.041 SD). Included in 
the negatives were the 448 field dried blood spots. 
The ‘in-house’ EIA clearly distinguished between 
positive and negative sera but the difference be
tween positive and negative dried blood spots was
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Fig. I. D is tr ib u t ion  o f  T/N  v a lu es  o f  a n t i - H C V  IgG  p o s i t iv e  and  n eg a t iv e  sera by an  ‘in h o u s e ’ a n t i - H C V  IgG  s cree n in g  assay,  (Solid  

bar represents  T /N  v a lu e  o f  2 .0 .)

even more marked, with only 2/80, (2.5%) anti- 
H C V  positive samples having T / N  values under  
5.0, and only 11/80, (13.8%) o f  samples with T / N  
values under 10.0. Figs. 1 and 2 show  that the 
T / N  values o f  the majority o f  negative sam ples  
were below that o f  the negative control. A  nega
tive control o f  lower O D  would increase the T / N  
values in both figures but not influence the differ
entiation o f  negative and positive results. There  
was no significant difference in O D  and T / N  
value between H C V  types, (data not shown).

3.2. Confirmation b y  RIBA 3.0

The presence o f  antibodies to H C V  could be 
confirmed by R IB A -3 .0  in all 29 eluates with T / N  
values above 5.0 and in 10/11, (90.9%) with T / N  
values between 2.0 and 5.0. Six o f  these 40 sa m 
ples were initially indeterminate or negative but 
only one remained unconfirmed after retesting  
with double the volum e (100 //I) o f  eluate. N o n e  
o f  the 18 samples that had been diluted to O D  
values below 0.2, (the cut o ff  o f  the EIA) pro
duced detectable bands by R IB A -3 .0 ,  (Fig. 3).

j.j. nvVA ///F -/, ///F -2  rmr/ //FT F-/
dried  b lood  spot samples

6/28 o f  the H T L V -I and 0/35 o f  the HIV-1 and  
HIV-2 dried b lood  samples eluates were reactive

in the initial screening EIA. R epeat testing using  
uncoated and coated wells produced five weak  
reactives, (all from South  Africa) o f  O D  0 .2 -0 .3 .  
All five eluates were negative by R IB A  3.0.

3.4. Specificity with African f i e ld  dr ied  b lood  spot  
samples

28/569, (4.9%) o f  the South  African dried blood  
spot eluates were reactive in the initial screening  
EIA. The majority o f  these initial reactives 18/28, 
(64%) were from neonates o f  African ethnic  
origin. Testing using the coated  and uncoated well 
EIA show ed that only tw o eluates were repeatedly  
reactive, (O D s  0.51, 0.79), ( F / A  10.2, 15.8). Sub-  
sequent R IB A  3.0 testing confirmed both as posi
tive, not included in the figures.

4. Discussion

The ’in h o u se ’ screening assay which incorpo
rates the recombinant proteins c22-3, c200 and  
N S 5 (Chiron) is a highly sensitive assay for the 
detection o f  antibody to H C V  in sera and dried  
blood samples. The distribution o f  T / N  values o f  
sera and dried b lood spot eluates, (Figs. 1 and 2) 
show a wide range o f  reactivity, with the majority  
o f  samples producing T / N  values greater than 5.0, 
(95.3% and 97.5% respectively), which is an equiv-
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Fig.  2. D is tr ib u t io n  o f  T'N  v a lu es  o f  a n t i - H C V  p o s i t iv e  an d  n ega t ive  dried b lo o d  s p o t s  by an ‘in h o u s e ’ a n t i - H C V  IgG  s cree n in g  

a s sa y .  ( S o l id  bar represents  F//V v a lu e  o f  2 .0 .)

aient or better sensitivity than that o f  m ost  c o m 
mercial assays.

There was no false reactivity in the U K  nega
tive field dried b lood spot samples. H ow ever  4.9%  
o f  the African field dried b lood spot sam ples were 
false reactive on initial screening. These  were all 
resolved on repeat EIA testing using coated  and  
uncoated  wells suggesting that non-specific b ind
ing was causing the problem but at a lower rate 
than that reported by other authors (T ibbs et al., 
1991; Oni and Harrison, 1996). A n y  potential  
cross-reactivity problem by EIA, suggested by the 
five dried b lood spots from H T L V -I positive  
adults that were repeatedly weak reactive, was  
resolved by R IB A  3.0.

R IB A  3.0 o f  simulated antibody positive dried 
b loo d  spot eluates proved highly successful with  
only  one eluate o f  low  reactivity unconfirmed.  
Fig. 3. W hen the results o f  confirmatory testing  
are com bined with the distribution o f  T / N  values  
given by the initial E IA  in Fig. 2, the confirm a
tory assay w ould  be expected to confirm {(2.5 x 
1 0 /1 1 = 2 .3 % ,  ie the proportion with a T / N  o f  
2 .0 - 5 .0 )  +  (97.5 X 29/29, the proportion  with a 
T IN  over 5.0)}, equivalent to 99.8% o f  all true 
positives. It is not know n whether the distribution  
o f  T / N  ratios in eluates from dried b lo od  spots

collected from infants born to H C V  infected  
w om en would  have the distribution seen in Fig. 2, 
but even if there were five times as many eluates  
in the lowest T / N  ratio band, R IB A -3 .0  would  
still be expected to confirm 12.5 x  10/11 -F 87.5 
equivalent to 98.9%, which is certainly adequate  
for an ep idem iological survey.

Studies with 3rd generation comm ercial E lA s  and  
the im m unoblot  have sh ow n  a significant decrease  
in sensitivity with sam ples derived from non-vi-  
raemic/PCR negative b lo od  don ors  and in patients 
infected with H C V  types other than type 1 (Berger 
et al., 1996; D haliw al et al., 1996). This raises 
concerns over the sensitivity o f  an algorithm that  
utilises synthetic  and recom binant proteins based on  
type 1 virus in a p op u la t ion  such as L on don , where 
one might expect to encounter  a range o f  H C V  types. 
The screening assay described here, detected anti
bodies to a wide range o f  H C V  types and in samples  
from sym ptom atic  and asym ptom atic  patients. Fur
thermore the im m u n o b lo t  assay has been show n to 
further increase the specificity o f  the algorithm by 
screening out false positive samples that might be 
encountered in a large survey for example in the U K  
which may contain sam ples from people w h o  have 
lived in certain regions o f  Africa (Tibbs et al., 1991; 
H yam s et al., 1993).
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Fig . 3. C o m p a r i s o n  o f  th e  sen s i t iv i ty  o f  R I B A  3 .0  with  an  ‘in h o u s e ’ a n t i - H C V  IgG  E IA  u s in g  a ran ge  o f  s im u la ted  dried b lo o d  

sa m ples .  (So l id  bar represents  T/N  v a lu e  o f  2 .0 .)
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S U M M A R Y

The objective o f  the study was to assess the prevalence and epidemiology o f  hepatitis C virus 
(HCV) infection in pregnant women in the N orth  Thames region, and in the U K  in general. 
Demographic data were linked to neonatal samples prior to anonymization and testing by anti- 
H C V  EIA, and with RIBA 3 confirmation. Risk factors for maternal infection were explored. 
Area-specific seroprevalence rates were multiplied into population sizes to estimate HCV  
prevalence in pregnant wom en in the U K . A  total o f  241 /126009  samples were confirmed anti- 
HCV positive, and a further 40 were indeterminate, representing a seroprevalence o f  
0 19-0 22 % ; 51 % o f  maternal H C V  infections were in UK-born women (71 % o f  the 
population), and 22%  in women from continental Europe (5%  o f  the population). A m on g  
European-born women, H C V  prevalence was associated with birth in continental Europe,  
jciitner not being notified al birth registration, partner born in a diflerent region to the 
mother, and inner city residence. Four o f  the 241 anti-HCV positive samples ( 1 7 % )  were also  
anti-HlV-1 positive. It was estimated that each year an estimated 1150 out o f  730000  
pregnancies in the U K  would involve a wom an infected with HCV (uncertainty range 
660-1850), a prevalence o f  0 16% (0 0 9 -0  25 %). On the basis o f  reported rates o f  mother-to-  
chikl transmission o f  HCV, this would represent approximately 70 paediatric H C V  infections 
per year.

I N T R O D U C T I O N

Hepatitis C is a major cause o f  chronic liver disease  
and hepatocellular carcinoma (HCC) [1]. In the U S A  
it is the most com m on reason for liver transplantation
[2]. Infected patients with established chronic liver 
disease have high rates o f  cirrhosis, HCC, and 
mortality. However, chronic infection is pre
dominantly asymptomatic, and prospective follow-up

* Aulhüi- for c o n e s p o n d c n c e ;  D r  A. E. A d e s ,  M R C  Health  
Services Research  C o l la b o ra t io n ,  D ep a r tm en t  o f  S oc ia l  M edic in e ,  
Bristol University , W hite lad ies  R o a d ,  Bristol BS8 2 P R ,  U K .

from infection over a period o f  8 -14  years has  
revealed low rates o f  morbidity and mortality [1].

Hepatitis C infection is associated with transfusion  
o f  blood or blood products, and organ transplantation
[3], However, in developed countries these routes o f  
transmission have been virtually eliminated by donor  
screening, which began about 1991. Prevalence re
mains high in injecting drug users, am ong those with  
sexually transmitted infection, multiple sexual 
partners, or in lower socio-econom ic groups [3]. In 

spite o f  the association between serological markers o f  
H C V  and demographic variables correlated with
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sexual activity, HCV incidence in monogamous, 
stable, heterosexual partners o f infected individuals is 
extremely low [4,5]. HCV transmission is also 
associated with cosmetic or ritual practices that 
involve percutaneous exposure, and with non-essential 
injections and surgical procedures with contaminated 
equipment, particularly in resource-poor settings [5].

M other-to-child transmission rates of 6% have 
been reported, or 15% in women co-infected with 
HIV [6, 7]. Antenatal screening for HCV is routinely 
carried out in some centres in Europe, particularly in 
Italy and Spain, but there is no consensus on how  
pregnancy, delivery and neonatal care should be 
managed in an HCV-infected mother [8].

The world-wide prevalence of HCV is estimated to 
be 3% , with marked difference between countries 
[9, 10]. Published information on HCV prevalence in 
pregnant women in the U K  has been limited to small 
studies from single maternity units [11]. We report 
here on a large survey based on neonatal dried blood 
spot samples collected in the North Thames region, an 
area including inner city, suburban and rural districts. 
The findings are tentatively projected to assess the 
potential prevalence o f maternal HCV prevalence in 
the UK  as a whole.

M E T H O D S

Origin of samples and data

A total o f 126009 non-rcpeat dried blood spot samples 
were tested. These originated from Guthrie card 
samples arriving between April 1997 and June 1998 at 
the Neonatal Screening Laboratory serving 29 
districts in North Thames and Bedfordshire. Linkage 
with Child Health Computer (CHC) data (mother's 
age and ethnic status) was achieved for 62789 samples, 
about 96%  of samples from NE Thames. Linkage 
with Birth Registration (ONS) records (parent's 
country o f birth) was attempted for 99591 samples. 
The data linkage methods and success rate, the 
anonymization m ethodology, ethical consent, and 
safeguards against deductive disclosure, have been 
reported elsewhere [12].

Laboratory methods

Dried blood spot samples were eluted as previously 
described [13] and screened for anti-HCV IgG by an 
in-house EIA based on recombinant proteins c22 
c200, and NS5, supplied by Ortho Diagnostics.

Reactive eluates (OD ^  0 20) were retested in the 
same assay, and repeat reactives were confirmed by 
Ortho RIBA 3 immunoblot. Samples were classified 
as confirmed, indeterminate or negative according to 
the manufacturer’s guidelines.

Data analysis

Logistic regression models were fitted to the data. 
Tests for the effects o f region, and mother’s and 
father’s country o f birth and confidence intervals were 
based on likelihood ratios. Region-specific rates 
observed in North Thames and elsewhere were applied 
to area populations o f the UK. A range o f  estimates 
for antenatal HCV prevalence was constructed, both 
within each area and nationally, taking account of  
statistical uncertainty, uncertainty due to indeter
minate sero-status, and uncertainty about which rates 
applied in areas where direct data were unavailable.

R E S U L T S

Out o f 126009 samples, 360 were reactive in the EIA 
o f which 281 were repeat reactive. A total o f 241 
(85 8 %) of these were confirmed as anti-HCV positive 
in the RIBA 3 assay. The majority (38/40) o f the 
indeterminates were reactive to the c22 recombinant 
band o f the immunoblot. In the analyses that follow, 
except where minimum and maximum (including 
indeterminates) estimates are cited, seroprevalence is 
based on the number o f samples confirmed by RIBA.

We found a distinct seroprevalence gradient, in
creasing from non-metropolitan areas (0 08-0 11 %), 
to outer London (0 19-0 22% ) and then to inner 
London (0 36-0 40 %) (Table 1). There was a higher 
seroprevalence in the small number o f samples from 
outside the surveys area, but these are considered to 
be a highly unrepresentative group.

HCV prevalence in mothers born in the UK was 
0 13-015% , and 0 81 % in mothers born elsewhere in 
Europe (Table 2). There was a particularly high 
prevalence among women from Southern Europe 
(16% ). Prevalence in mothers from Africa, and Asia- 
Pacific was slightly higher than in UK-born mothers; 
51 % of HCV infection was found in women who were 
born in the UK and 22% in women born in the rest 
o f Europe (who account for only 5% o f the antenatal 
population); 17% o f infected women were born in 
Asia and 7 % in African countries. Outside Europe, a 
higher maternal prevalence was observed in women
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Table 1. Neonatal an t i-H C V  prevalence by type o f  local authority area

401

Total
samples

Anti-HCV
positive Indeterminate

Seroprevalence (%)

Min Max

Inner London 29491 105 14 0 3 6 0 40
Outer London 46182 90 13 0 19 0-22
Non metropolitan 49807 42 13 0 08 011
Outside survey area 529 4 0 0 7 6 0-76

126009 241 40 0191 0-223

T a b le  2. Neonatal anti-HCV prevalence by mother’s country of birth

Mother’s country 
o f  birth

Total samples
( % r

Anti-HCV positive
( % r Indeterminate

Seroprevalence (%)

Min Max

Africa 7 134 (7-4) 13(7 5) 2 0-17 0-20
Eastern 3 354 7 0 0 21 0-21
Central 559 4 0 0-72 0-72
Northern 629 2 1 0-32 0-48
Southern 267 0 0 0 0
Western 2325 0 1 0 0-04

United Kingdom 69013 (715) 89(51-1) 12 0-13 0-15

Rest o f  Europe 4789 (5 0) 39 (22-4) 2 0-81 (P86
Other Northern 1 948 11 1 0-56 0-62
Eastern 494 2 0 0-40 0-40
Southern 1 143 18 1 1-58 1 -66
Western 1204 8 0 0-66 (>66

Americas 2205 (2-3) 3(1-7) 0 0-14 0-14
Central and Caribbean 956 1 0 0-10 0-10
North 759 1 0 0-13 0-13
South 490 1 0 0-20 0-20

Asia-Pacihc 13352 (13-8) 30(17-2) 12 0-22 0-31
Central 300 2 0 0-67 0-67
Eastern 637 1 0 0-16 0-16
South Eastern 976 0 0 0 0
Southern 8942 24 12 0-27 0-40
Western 1968 2 0 0-10 0-10
Oceania 529 1 0 0-19 0-19

ONS unlinked 2827 15 2 0-53 0-60
Not registered 271 0 0 0 0

Total 99591 189 30 0-19 0-22

Percentage of samples in which mother's country o f  birth is known.

born in Central A frica  and S ou th  A sia  than e lsewhere.  
T h e relationship  betw een seroprevalence  and father's  
co un try  o f  birth w as similar (n ot  sh ow n ).  M aternal  
ethnic status did not appear to be related to H C V  
status, except in so  far as it reflected cou n try  o f  birth 

(not show n ).
W ithin Sou thern  A sia ,  23 o f  the 24 confirm ed anti-  

H C V  posit ive  sam p les  and 10 o f  the 12 indeterm inates  
originated from the 2002 m others  born in P akistan

(prevalence I T 5 -1 -6 5 % ).  H o w ever ,  there was on ly  
on e  confirmed and tw o  indeterm inate  sam ples a m o n g  
the 6940 sam ples from  m oth ers  born elsewhere in 

S ou th  Asia . This co u ntry  o f  birth d istribution o f  
confirmed positive, indeterm inate  and negative  

sam ples strongly suggests  that indeterm inates from  
South  Asia  were in fact a n t i -H C V  positive.

M ultivariate  logistic regression sh ow ed  that 
m oth er’s region o f  birth, fa ther’s region o f  birth and
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Table 3. Anti-HCV prevalence in infants o f European-born parents. Logistic regression

Estimated risk or relative risk Significance tests

Base-line risk
Parents UK-born, 

non-metropolitan district (%)

Mother’s place o f  birth 
Rest o f  Europe 
UK (reference)

Father’s place o f  birth (UK vs. Non-UK )  
Different from mother 
Not registered 
Same as mother (reference)

Type o f  Local Authority 
Inner London  
Outer London
Non-metropolitan (reference)

0 047 (0 030-0 072)

3 33 (1 79-5 01) 
1

2 38 (1 33-4 04) 
2 66 (1 61-4 25) 
1

5 48 (3 31-9 37) 
2-51 (1 48-4-38)

=  16 2, P <  0 0001

X l =  18 6. f <  0-0001

Xl =  47-6, P <  0-0001

Table 4. Prevalence o f anti-HCV by maternal age. Records with complete age data only

Mother born in UK Mother born in rest o f  Europe Mother born outside Europe

Age group Total
anti-HCV
positive

%
prevalence Total

anti-HCV
positive

%
prevalence Total

anti-HCV
positive

%
prevalence

Under 21 4272 1 0-02 182 0 0 1 115 0 0
21 to 25 8699 8 0-09 543 3 0-55 3 665 3 00 8
26 to 30 14824 15 0-10 822 5 0-60 4496 9 0-20
31 to 35 12176 22 0-18 777 13 1-67 3479 5 0-14
Over 35 4738 9 0-19 332 6 1-81 1987 4 0-20

Total 44709 55 0-12 2656 27 1-02 14742 21 0-14

type o f district (inner London outer London and non- 
Metropolitan districts) interacted strongly {P <  0-006 
for all two-way interactions). Two separate analyses 
were therefore undertaken.

The first focussed on infants of European-born 
parents. The model shown in Table 3 fitted the data 
well (%L ^  11 '7, Z’ =  0-97), and there were no 
significant interactions. The baseline risk o f HCV 
infection, defined as the rate in UK-born women in 
non-metropolitan boroughs with partners known to 
have been born in the UK, was 0-047% or 1 :2100 
(95% CI 0-30-0-72%). Women born in the rest o f  
Europe were at over three-fold higher risk o f being 
HCV infected. A partner from the rest o f Europe was 
associated with higher risk if the mother was UK- 
born, but a lower risk if the mother was herself born 
elsewhere in Europe. Maternal seroprevalence was 2-7 
times higher, if the father’s details were not recorded 
at birth registration. The inner city-suburban-rural 
gradient was pronounced, with inner London women

at a 5-5-fold increased risk compared to those from 
non-Metropolitan districts.

Among women born outside Europe, however, 
there was no effect either o f type o f borough {x\ ~ 
4-54, f  =  0-1), or o f father’s country o f birth (%̂ — 1 -4, 
P =  0-5). Indeed, in contrast to results with European 
women, there was a non-significant trend towards a 
lower risk in women whose partners were not 
registered at birth, and lower risk in inner City 
districts.

HCV prevalence increases with maternal age, 
irrespective o f country of birth (Table 4). The low 
prevalence in women under 26 years o f age suggests 
that the majority of HCV infection was acquired in 
adult life.

Four of the 241 confirmed anti-HCV positive 
samples (1-7%) were also anti-HIV-1 positive. Two 
co-infected women were from continental Europe, 
one was UK-born. The country o f birth of the fourth 
was unknown.
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T ab le  5. E stim a te s  o f  H C V  p reva len ce  in the U K  a n ten a ta l popu la tion

403

% anti-HCV  
positive range

Annual number  
o f  births

Expected births to infected 
women*' and uncertainty r a n g e f t

Inner London 0-36-040* 4 5 0 0 0 171 130-212
Outer London 0 19-0-22* 60000 125 93-158
Principle cities 0-19-0 40f 4 5 0 0 0 126 70-210
Other metropolitan 0-08-022+ 100000 137 59-251
N on-m etropolitan ,  SE 0-08-0-11* 90000 90 53-130
Non-m etropolitan ,  other 0 0 6 -0  17+ 310000 310 110-615
Scotland, cities 0-50-1 01** 15000 104 30-196
Scotland other 0 0 8 -0 -2 2 Î 400 0 0 55 2 4 -100
Northern Ireland 008-0-22$ 25000 34 15-63
Total 730000 1152 6 6 4 - 1 845§§

* Table 1.
t  Range given by inner L ondon and outer L ondon rates.
X Range given by outer L ondon and non-M etropolitan  rates.
§ Range as for non-M etropolitan  South East, multiplied up or dow n by a factor o f  1 5.

Geometric mean.
** Based on a study in D undee  (SCIEH, unpublished observations), multiplied up or dow n by a factor o f  15.
t t  The uncertainty range takes account o f  ; uncertainty concerning the status o f  indeterminates,  uncertainty due to statistical
sampling (95%  confidence), and the uncertainty above which rate to apply.
§§ Overall uncertainty interval takes account o f  sampling uncertainty and assumes all rates are either 60%  o f  their range 
below their mean, or all are 6 0 %  above their mean.

E stim ates o f  the prevalence o f  m aternal H C V  
w ithin  different p o p u la tio n  grou p s are derived  in 
T able 5, using prcvtilence results from  the present 
surveys, and from  a stud y in D u n d ee  (S co ttish  C entre  
for In fection  and E n viron m en ta l H ealth  (S C IE H ), 
unpublished  o b serv a tio n s). In order to  reflect the  
uncertain ties inherent in ap p ly in g  rates ob served  in 
N orth  T h am es and S co tlan d  to dilTerent parts o f  the  
cou n try , a w ide range o f  estim ates are used (see T ab le  
5 for details). O ut o f  a to ta l 7 3 0 0 0 0  births each  year 
in the U K , we estim ated  that the num ber o f  m others  
in fected  w ith  H C V  is 1 152, w ith an uncerta in ty  range  
o f  6 6 4 -1 8 4 5 . T h ese  estim ates w ou ld  represent a U K  
overall an ten ata l a n ti-H C V  prevalence o f  0 1 6 %  w ith  

range 0  0 9 -0  2 5 % . A lth o u g h  m etrop o litan  areas are 
expected  to  have a h igher prevalence, over  40 %  o f  
H C V  is predicted  to  be in n o n -m etro p o lita n  areas.

D I S C U S S I O N

F orty (14-2% ) o f  the 281 sam p les reactive in the anti- 
H C V  E l A  were in d eterm in ate  in R IB A -3 . T here w as  
strong ev id en ce that in d eterm in ates from  S ou th  A sia  

were true p ositives , but th is d oes not necessarily  m ean  
that in d eterm in ates from  other cou n tries are true 

positives.

T he prevalence results (0 38 % in inner L o n d o n , 
0 20 % in outer L on d on  and 0 08 %  in n o n -m etro 
politan  d istricts) are b road ly  con sisten t w ith  prev iou s  
p op u la tion -b ased  stu d ies o f  H C V  in an ten ata l sam ples  
in E ngland: 0 14%  in B irm ingh am  [11], 0 33 % in 15 
L on d on  (m ostly  inner L o n d o n ) h osp ita ls , and 0 22%  
in 1 1 h osp ita ls in m o stly  m etrop o litan  b o ro u g h s in 
N orthern  and Y ork sh ire region (P ub lic  H ea lth  L ab
oratory  Service (PLIES), u n pu b lished  ob serva tion s). 
A ll these estim ates are som ew h at low er than the 0 7%  
(95 % CI 0 4 1 -1 1  % ) reported  recently from  D u n d ee  
(S C IE H , u npublished  ob serva tion s). T h e ie  w as little  
co -in fection  w ith H IV . O nly 4 /2 4 1  (1-7% ) a n ti-H C V  
positive  sam p les w ere a lso  a n ti-H I V -1 p o sitiv e , and all 
w ere from  inner L o n d o n  (4 /1 0 5  =  3 8 % ).

Studies on other p o p u la tio n s  in the U K  h ave sh ow n  
H C V  in fection  p revalen ce o f  4 0 -9 0 %  in in jectin g  
drug users [15]. R o u tin e  lab oratory  reports o f  H C V  
in fection  w h e ie  likely  tran sm ission  rou te is identified  
give in jecting drug use as the p rob ab le  exp osu re in 
80%  [16]. In a n o n y m o u s surveys o f  th ose  a tten d in g  
sexually  transm itted  d isease clin ics, p revalence o f  
0  6 - 1 0  % has been reported , exclu d in g  in traven ou s  
drug users (P H L S , un p u b lish ed  ob serva tion s).

T he w orld w id e literature on H C V  p revalen ce is 
con sid erab le , but n a tion a l or even reg ional estim ates  

o f  prevalence w ith in  rep resentative p op u la tio n  groups
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are few . O ur survey suggests tw o or p oss ib ly  three 

sep arate ep id em ics in the U K . A p p ly in g  m aternal 
co u n try  o f  b irth-specific seroprevalence rates observed  

in N o r th  T h am es to  U K  birth reg istration  d ata  [14], it 
w ou ld  be expected  that 76%  o f  m aternal H C V  
in fection  w ou ld  be in U K -b orn  w o m en , 13%  in 
w om en  born elsew here in E urope and  11 % in n on-  
E u ropean  w om en . T h e E uropean  ep id em ic  has a 

profile that is correlated  w ith  m arkers o f  socia l 
d isad van tage , as has been observed  in the U S A  [3j. 
T his w as ev idenced  b oth  by the co n cen tra tio n  o f  
in fectio n  in the inner city, and by the h igher  
serop reva len ce  in n eon ates w h ose  fathers w ere n o t  
registered at birth. T h is is con sid ered  to  be a m arker  
o f  a sin g le  unsupported  m other, as the fa th er’s deta ils  
can be registered either if  the co u p le  are m arried , or if  
the father is present at registration .

T he n on -E u rop ean  ep id em ic d o es n ot have a 
d em ograp h ic  profile associa ted  w ith d isad van tage, 
w hich  is m ore con sisten t w ith H C V  b ein g  acquired  
th rough  therapeutic in jection , or surgical or cosm etic  
procedures using con tam in ated  eq u ip m en t, rather 
than th rou gh  injecting drug use. W e fou n d  that 
prevalence appeared to  be esp ecia lly  h igh in w om en  
from  P ak istan  (1 1 5 -1  65% ). S tud ies from  P ak istan  
su ggest that frequent therapeutic in jection  w ith  
unsterilized  eq u ip m en t m ay be resp on sib le  for this 
relatively  high prevalence [17].

H C V  p revalence in the low est risk grou p  (U K -b o rn  
m others w ith U K -b orn  partners in n o n -m etro p o lita n  
areas) w as estim ated  to be 0 0 4 7 % . A p p lied  to the  
annual p op u la tion  o f  7 3 0000  pregnant w om en , this 
w ould  represent 343 H C V  infected pregnant w om en , 
a lm ost 30%  o f  the estim ated  1 150 to ta l. T h is group  
m ust com p rise H C V  attributab le to b lo o d  or tissue  
transfer, as well as an unknow n p rop ortion  a ttr ib u 
table to  in jecting drug use and other b od y  p iercing  
practices. T h is ‘ b a se lin e ’ prevalence is c lo se  to  the  
0 04 4 %  reported in first-tim e b lood  d on ors in 
E ngland and W ales in 1999 [18], and is con sisten t w ith  
earlier stud ies o f  b lood  d on ors in the U K  [19-23]. 
T hese stu d ies have found  that 4 0 -5 0  % o f  d iagn osed  
in fection  cou ld  be attributed to in traven ou s drug use, 
and 1 5 -2 0 %  to p rev ious tran sfusion . T h ey  have a lso  

confirm ed that ta tto o in g  and ear-p iercing  are a lso  
sign ificant cau ses o f  H C V  tran sm ission  in the d o n o r  

p op u la tion .
Based on a vertical transm ission  rate o f  6  % [6 , 7], 

the exp ected  1152 (range 6 6 4 -1 8 4 5 ) pregn ancies per 
year in the U K  w here the m other is in fected  w ith  
H C V , w ou ld  result in 69 paediatric in fection s per year

(range 4 0 -1 1 0 ) . U n til recently there has been  no  
clin ical rationale for antenatal screening. Interferon  

a lfa -2 b in com b in a tion  w ith ribavirin has been show n  
to reduce H C V  viral load [24, 25], an estab lished  risk 
factor for tran sm ission  [6 ]. H ow ever, ribavirin  is 

teratogen ic and neither drug is recom m ended  for  use 
in pregnancy  [26]. E vidence that elective caesarean  

delivery m ay reduce the risk o f  transm ission , is n ow  
b eginn in g  to  em erge [27]. A lth ou gh  the seq u elae  o f  

paediatric d isease appear to be m ild over the first 2 0  

years o f  life [28], a full econ om ic  analysis tak ing  
accoun t o f  lon ger term  p rogn osis w ould  be va lu ab le  if 
these reports are confirm ed . Such an an alysis w ou ld  

have to  take accou n t o f  the additional d ow n stream  
costs occasion ed  by earlier d iagn osis o f  the m other, 
the co sts  o f  p aed iatric  care averted , and the life-years  
gained in b oth  m other and child . T he im p lica tion s o f  
indeterm inate sero logy  results, w hich cou ld  cause  
anxiety  and lead to  further d iagn ostic  tests, sh ou ld  
also  be born in m ind.

Our results sh ow  that, unlike H IV , H C V  is diffused  
th roughout the p op u la tion  p robab ly  as a result o f  
blood  or tissue transfer, intravenous drug use or 
cosm etic  or o ther b ody-p iercing  procedures u n d er
taken w ith con tam in ated  equipm ent. T he estim ated  
overall annual 1150 antenatal H C V  in fection s per 
year is nearly four tim es higher than the 330 recently  

estim ated  for anten ata l H IV  [29]. In ad d ition , the 
0 047%  n eonata l seroprevalence am on g  the low -risk  
(in fants in n on -m etrop o litan  districts with U K -b o rn  
parents) far exceed s the 0 /4 3 0 0 0  n eon ata l H IV  
seroprevalence observed in this group  [12]. Screen ing  
only in high p revalence areas w ou ld  therefore n ot be 
an eflective strategy, nor w ould  offering H C V  tests to  
w om en  foun d  to be H IV -in fected . If, as appears, 
sexual transm ission  is not an im portant route o f  
in fection  [4, 5], a selective screening program m e cou ld  
be h igh ly  effective. T his w ould  target in traven ou s  
drug users, pre-1992  transfusion  recipients, w om en  
w ho have u nd ergon e body piercing cosm etic  p ro 
cedures, or w h o  have received in jections or surgical 
treatm ents in d evelop in g  countries. T he co st o f  
reliably e lic itin g  this in form ation  from  all w om en  
m ay, h ow ever, exceed  the cost o f  universal testing. O n  
the other hand , co sts could  be drastically  reduced by  

serum  p o o lin g . T h e technical feasib ility  o f  p o o lin g  has  
been estab lished  for H IV  [30], H B V  [31] and H C V  

(P H L S , unpublished  ob servation s). In low  prevalence  
areas, serum  p o o lin g  could  m ake a com b in ed  a n te 
natal screen ing program m e for these in fection s a 
highly cost-effective  op tion .
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Abstract
Objective To assess the prevalence o f human T cell 
leukaemia/lymphoma virus (HTLV) infection in 
pregnant women in the United Kingdom.
Design Population study.
Subjects Guthrie card samples from babies born in 
1997-8. Samples were linked to data on mother’s age 
and ethnic status and pzirents' country o f birth and 
then anonymised.
Setting North Thames Regional Health Authority. 
Main outcom e m easures Presence of antibodies 
against HTLV in eluates tested by gelatin particle 
agglutination assay and results confirmed by 
immunobloL
Results O f 126 010 samples tested, 67 had confirmed 
antibodies to HTLV (59 HTLV-1,2 HTLV-H, 6  

untyped) and six had indeterminate results. 
Seroprevalence was 17.0 per 1000 (95% confidence 
interval 9.2 to 28.3) in infants whose mothers were 
born in the Caribbean, 3 .2 /1000 (1.5 to 5.9) with 
mothers born in west and central Africa, and 
6.8/1000 (3.1 to 12.9) in infants o f black Caribbean 
mothers born in non-endemic regions. In infants with 
no known risk (both parents born in non-endemic 
regions and mother not black Caribbean) 
seroprevalence was 0.06-0.12 per 1000. Mother’s 
country o f birth, father’s country o f birth, and 
mother’s ethnic status were all independently 
associated with neonatal seroprevalence. An estimated 
223 (95% confidence interval 110 to 350) o f the 
720 000 pregnant wom en each year in the United 
Kingdom are infected with HTLV.
C onclusions The prevalence o f HTLV and HIV 
infections in pregnant women in the United Kingdom  
are comparable. The cost effectiveness o f antenatal 
HTLV screening should be evaluated, and screening 
o f blood donations should be considered.

Introduction
Human T cell leukaemia/lymphoma virus type I 
(HTLV-I) is endemic in the Caribbean, Japan, South 
America, west and central Africa, and isolated pockets 
elsewhere. It is causally associated with adult T cell 
leukaemia/lymphoma and HTLV-I associated 
myelopathy and tropical spastic paraparesis.' The 
association o f HTLV-II with neurological and lympho- 
proliferative disorders is less certain.^ HTLV-II is

endemic in some Amerindian groups and in parts of  
Africa.' The epidemiology o f HTLV in Europe and 
worldwide has been reviewed recently.^ Phylogenetic 
trees based on nucleotide sequencing have thrown fur
ther light on the worldwide distribution o f HTLV and 
its origin in simian T cell lymphoma/leukaemia 
viruses.^ ® ®

Both types of HTLV can be transmitted through 
breast feeding, sexual contact, and blood transfusion 
and percutaneously.' ’ A high prevalence of HTLV, 
particularly HTLV-II, has been recorded among inject
ing drug users in the United States® and parts o f  
Europe.® Blood donors are routinely screened for 
HTLV in Japan, the United States, Canada, France, the 
French West Indies, Portugal, Sweden, the Netherlands, 
Denmark, and Finland.

Rates o f transmission from mother to child are 
2.7% fri formula fed infants, 5% with three months’ 
breast feeding, and up to 2 0 % with prolonged breast 
feeding.®'" Vertically acquired HTLV-I leads to adult T 
cell leukaemia/lymphoma in 1-5% o f infected infants.’ 
Antenatal screening for HTLV, to recommend formula 
feeding, has been carried out in the Nagasaki 
prefecture o f Japan since 1987'" and has been  
proposed in Europe '®''’ and Jamaica.'®

In the United Kingdom, studies o f HTLV 
seroprevalence in pregnant women have been small, 
local, and confined to multiethnic inner city 
areas.'® '® '®'"' This study, based on the presence o f  
HTLV specific antibody in neonates, which is a reliable 
marker o f maternal infection, examines the wider 
seroepidemiology o f HTLV in the North Thames 
region o f south east England. This includes inner Lon
don, suburban, and remote rural districts. From this we 
derive estimates of antenatal seroprevalence in the 
United Kingdom as a whole and discuss the 
implications for both antenatal and blood donor 
screening.

Methods
Population and sources o f dem ographic data
The study included all the 126 010 non-repeat Cuthrie 
card samples arriving over 15 months in 1997-8 in the 
North Thames neonatal screening laboratory, which 
serves almost 15% of newborn babies in the United 
Kingdom. Over the last 12 months o f the study, demo
graphic data were linked to samples before irreversible 
unlinking and testing, as described elsewhere.""
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Parents’ country o f birth, recorded at civil registration 
o f  births, was obtained from the Office for National 
Statistics. Maternal ethnic status and age at delivery was 
available from child health computers in 14 o f  the 29 
districts in the study. Ethical approval was obtained  
from  local comm ittees covering the study population.

Serology
Two 4.9 m m  dried blood spot samples were punched  
into flat bottom ed microtitre plates and eluted  
overnight at 4°C in 170 gl o f eluate buffer.*  ̂ Eluates 
were screened by a modified anti-HTLV gelatin 
particle agglutination assay, which has b een  shown to 
be sensitive to anti-HTLV in simulated dried blood  
spot samples from patients with HTLV-1 from the 
United Kingdom, South Africa, and Japan.*^ Tests on  
serial dilutions o f  a panel o f 23 sam ples from the 
HTLV European Research Network showed reliable 
detection o f  anti-HTLV-I and anti-HTLV-II in dried 
blood spot eluates derived from serum  sam ples with 
titres as low as 1:50. Repeat reactive sam ples were con
firmed and typed by im munoblotting (HLTV blot 2.4,

Table 1 Risk facto r d istribu tion  of infants w ith confirm ed anti-HTLV positive, 
indeterm inate, and negative eluates. P ercen tag es  a re  given for sam p le s  for which 
p re s e n c e  oi ab sen ce  of risk facto rs  could be determ ined

Confirm ed HTLV

R isk f a c t o r 1
Not

II Typed Total (%)
Indeterm inate

(%)
HTLV n e g a t iv e  

(%) Total
Caribbean* 25 0 2 27 (69) 1 (25) 2 898 (7) 2 926
Other endemic 

areat
6 1 3 10 (26) 1 (25) 4 660 (11) 4 671

No risk* 1 0 1 2(5) 2(50) 33 929 (82) 33 933
Low risk§ 11 0 0 11 1 54 951 54 963
No data linkage 16 1 0 17 1 29 499 29 517
Total 59 2 6 67 6 125 937 126 010

‘At least one parent born in Caribbean or mother of black Caribbean ethnicity. 
tAt least one parent born in west or central Africa, Japan, or South America.
*Both parents born in non-endemic regions, mother not black Caribbean.
§Mother born in non-endemic area, but ethnic status or father's country of birth not known.

Table 2 Maternal p revalence of HTLV infection per 1000 including sa m p le s  with 
indeterm inate  resu lts , by m o th e r’s  country  of birth

C onfirm ed HTLV Total HTLV Total
C ountry o f  blrlh 1 11 Untyped (Ind eterm inate) te s te d P re v a le n c e
Africa:

Western' 4 1 2 7(1) 2 325 3.0-3.4
Central* 1 0 1 2 559 3.6
Rest of Africa 0 0 0 0 4 250 0

America:
Caribbean* 13 0 2 15(1) 914 16.4-17.5
South* 1 0 0 1 490 2.0
Central and Worth 0 0 0 0 801 0

Asia
Japan* 1 0 0 1 233 4.3
Rest of Asia 0 0 0 0 12 590 0

Europe:
United Kingdom 22 23 (3) 69 013 0.33-0.38
Other northern 1 948
Southern 1 143
Eastern 494
Western 1 204 0.8

Oceania 529
Missing 272 0.4
No data linkage 15 16(1) 29 245 0.58
Total 59 67 (6) 126 010 0.53-0.58

25

20

15

10

Coifirmed
Inœterminate
Neiative

‘Endemic regions.

10 20 40 80 128 160 32) 640
Gelatin particle agglutination titre (reciproiai dilution) 

Gelatin particle agglutination titres of reactive eluates

Genelabs Diagnostics, Singapore) at a dilution of 1:50 
and according to manufacturer’s instructions.

Statistical methods
We used SAS PROG GENM OD for binomial data to 
perform  multivariate analyses with profile likdihood 
confidence intervals. Additive risk regression wzs used  
to assess the effect o f  parents’ region o f  birh and 
mother’s ethnic status,^® and logistic regressicn was 
used elsewhere. Single proportions were com paed by 
Fisher’s exact test We estimated the prevalence o f  
maternal HTLV infection in the United Kingdnm by 
m ultiplying group specific risks derived from thii study 
and published data into group population sizes 
estimated from routine birth registration and 1991 
census statistics.

Results
Serology and status o f  indeterm inate samples
O f the 126 010 samples tested, 85 were reactive on first 
gelatin particle agglutination assay and 75 on  repeat 
testing. All 10 samples that were non-reactive on repeat 
testing gave negative results on  immunoblotting Sixty 
seven o f  the 75 repeat reactive samples were confirmed 
as seropositive (59 HTLV-I, 2 HTLV-II, and 6  'iTLV 
untyped), six were indeterminate, and two were 
negative. The figure shows the HTLV litres o f all 85  
initially reactive samples. Six (7%) samples had tires o f  
1 in 5, the lowest category above the detectior limit, 
suggesting a false negative rate o f  no m ore than2-3%.

Table 1 compares the dem ographic features o f the 
babies with indeterminate samples with these o f  
babies with confirmed seropositive and seronegative 
results. A m ong those with known risk status, onV 18% 
(7558 /41  487) o f  babies with negative results h;d risk 
factors for infection com pared with 3 7 /3 9  (91%) o f 
those with confirmed positive results (P <  0.0001). Two 
out o f  four babies with indeterminate samples had a 
known risk factor. This proportion was n ot signifcantly 
different from that o f  babies with negative sanples 
(P =  0.15) but significantly lower than in thost with 
confirmed positive sam ples (P =  0.037). In view of the 
uncertain status o f  the six indeterminate sampbs, we 
assumed for seroprevalence estimates that half he six 
indeterminate results were HTLV positive. Confiience 
intervals incorporate this uncertainty.
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Seroprevalence in relation to dem ographic factors
Maternal pie valence of HTLV infection was highest in 
Caribbean lorn women, 16.9 (95% confidence interval
9.2 to 28.3) per 1000. Prevalence in women bom in 
western or central Africa was 3.2 (1.5 to 5.9) per 1000. 
Prevalence vas also high in mothers bom in Japan and 
in South America (table 2). These endemic areas 
accounted br 51% of maternal infection. The remain
ing 49% of infected mothers were born in Europe, 
where seroprevalence was 0.36 (0.21 to 0.55) per 1000. 
The distribution of infection across father’s country of 
birth was very similar.

Maternal ethnic status was known in 40 868 cases. 
In the 2 9  confirmed and indeterminate cases where 
ethnic statui was known, 15 (52%) mothers were black 
Caribbean, five (17%) black African, and six (21%) 
white. T h en  were no cases of HTLV m babies born to 
the 7495 mothers recorded as Asian or to 571 British 
born black African women, but there were four 
confirmed positives cases and two indeterminate 
among 2 6  905 babies born to white women.

A m ong 32 985 infants with no known risk factors 
(both parens born in non-endemic areas, mother not 
black Caribbean) there were two positive and two inde
terminate samples (prevalence 0.06-0.12 per 1000).

, Among infmts with a non-black mother born in a 
1 non-endemic area, whose only risk was therefore 
I father’s country of birth, seroprevalence was 0/352 if 
1 the father vas born in an endemic area but 2/2347 
: when the faher’s country of birth was unknown, 
i  In an  analysis of parental country of birth and 

mother’s ethnic status as risk factors for neonatal sero- 
! positivity, an additive risk model fitted better =  32.6,
; df=38, P=0.7) than a logistic regression model (%̂ 

=  56.3, df=38, P  = 0.028) and gave no significant 
: interactions.Table 3 gives the additional risk of being 
: seropositive conferred by each risk factor, relative to a 

baseline group of infants with seroprevalence 0.098 
per lOOO with no parental risk indicators.

T able  3 Additive binom ial reg ress io n  e s tim a tes  of th e  con tribu tion  of p a re n ts ’ region of 
birth and m o th e r’s  e thn ic  s ta tu s  on neonatal se ro p rev a len ce  for HTLV. Central es tim a tes  
are the  average, and confidence lim its the  m o s t ex trem e, of th o se  o b ta ined  including or 
excluding inde te rm ina te  resu lts a s  seropositive

Prevalence per 1000 births 
(95% Cl) (df) P value

Baseline population* 0.098 (0.017 to 0.20)
Mother’s region of birth:

Caribbean 12.1 (7.5 to 17.7) 42.6 (2) <0.0001
Other endemic 2.3 (0.9 to 3.0)
Non-endemic (reference) 0

Father’s region of birth:
Caribbean 5.4 (2.8 to 8.7) 14.9 (3) 0.0019
Other endemic 0.1 (-0.3 to 0.3)
Not registered 0.3 (-0.2 to 0.8)
Non-endemic (reference) 0

Mother’s ethnic status:
Black Caribbean 3.6 (2.2 to 7.3) 23.0 (3) <0.0001
Black African -0.1 (-0.2 to 0.9)
Not known 0.06 (-0.1 to 0.2)
Not black (reference)

•Parents born non-endemic region, mother not black.

Anti-HTLV was rare in infants with mothers under 
26 years old (table 4), and prevalence increased greatly 
with maternal age among all groups at risk of HTLV 
infection (%̂ =  12.6, df= 1, P =  0.0004). Prevalence was 
higher in women born in the Caribbean than black 
Caribbean women born in non-endemic areas (relative 
risk 2.9,95% confidence interval 1.2 to 7.1). This effect 
was not significant after age was controlled for, but the 
data remained consistent with a substantial excess risk 
(relative risk 1.9, 0.8 to 4.9).

Seroprevalence increased fi-om non-metropolitan 
districts, through outer London, to inner London 
(table 5). However, this geographical variation can be 
attributed to distribution of the risk groups. Using only 
samples for which the presence or absence of risk 
group was known, we found that the significant trend 
iX̂  — 11.6, df=  1, P =  0.0007) was eliminated after risk

Table 4 S ero p rev a len ce  of HTLV p e r 1000, b y  m o th e r’s  ag e  fo r babies w h o se  m o th e r’s  co u n try  of birth w as also  know n. S am p les 
w ith in d e te rm in a te  resu lts  (show n in p a re n th e se s)  are included in se ro p rev a len ce  e s tim a tes

Mother born in Caribbean Mother born in other endemic region
Black Caribbean mother born in 

non-endemic region

Maternal age Positive Total Prevalence Positive Total Prevalence Positive Total Prevalence
<21 0 42 0 0 108 0 0 142 0
21-25 0 85 0 1 341 2.9 0 226 0
26-30 2 133 15.0 1 (1) 904 2.2 2 408 4.9
31-35 1 (1) 129 15.5 5 898 5.6 6 412 14.6
>35 8 233 34.3 3 409 7.3 1 139 7.2
Total 11 (1) 622 19.3 10(1) 2660 4.1 9 1327 6.8

Table 5 HTLV seroprevalence p e r 1000 b irth s by risk  g ro u p  an d  type of d istric t of birth fo r sam p le s  w ith  known d istric t of birth. 
S e ro p rev a len ce  Is an average of m inim um  and  m axim um  e stim a tes

Inner London Outer London Non-metropolitan districts

Mother’s place of birth and ethnic status Positive' Total Prevalence Positive* Total Prevalence Positive* Total Prevalence
Born in Caribbean 7(1) 460 16.3 7 374 18.7 1 80 12.5
Born in otheir endemic region 9(1) 2 362 4.0 1 1 096 0.9 1 149 6.7
Black Caribbiean, born in non-endemic region 5 855 5.8 4 418 9.6 0 55 0
Not black Caribbean, born in non-endemic region 2(1) 14 752 0.17 1 11 982 0.08 1 (1) 10 489 0.14
Region of birrth unknown or non-endemic, ethnic status 

not known
6 11 149 0.54 15(1) 32 334 0.48 6(1) 39 104 0.17

Total 29 (3) 29 578 1.03 28 (1) 46 204 0.62 9(2) 49 877 0.20

•Samples wiith indeterminate results in parentheses.
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Table 6 E stim ates of num ber of p regnancies in United Kingdom each year in which 
m o th e r is infected with HTLV. Centrai estim ates are an average and confidence iimits 
th e  m ost extrem e of th o se  obtained including and exciuding indeterm inate resu its  as  
seropositive

Risk category

Prevalence per 
1000 births 

(95% Cl)
No of 
births

Expected No of 
Infected women 

(95% Cl)
Born in Caribbean 16.9(9.2 to 28.3)‘ 2 750§ 46.6 (25 to 76)
Born in other endemic region 3.2 (1.5 to 5.9)* 8 20011 26.1 (12 to 48)
Black Caribbean, born in non-endemic regions 6.8 (3.1 to 12.9)t 8 000“ 54.3 (25 to 103)
Not black Caribbean, born in non-endemic regions:

inner London, principal .cities 0.35 (0.14 to 0.70)$ 72 OOOtt 25.0 (10 to 50)
Rest of United Kingdom 0.11 (0.01 to 0.32)t 626 050 69.7 (7 to 201)

Total 720 000 223 (113 to 347)

‘ Data from table 2. 
tData from table 5.
^Pooled estimate 9/24 498 based on our figures for inner London 3/14 752 (table 5) combined with 6/9746 
previously reported in similar districts.  ̂ “
§Birth registration statistics.̂ ®
IIBased on unpublished birth registration data supplied by Office for National Statistics.
“ Assumes that 1.217% births are to black Caribbean women, based on proportion of 0-4 year olds in 
Great Britain recorded as black Caribbean and 20% of those recorded as black o th er ,a n d  assuming that 
87% of black Caribbeans of child bearing age are born in Britain.̂ ® 
tfOffice for National Statistics.®®

group was controlled for =  0.4, d f= l, P =  0.5). In
inner London, an estimated 90% (22/24.5) of seropos
itive samples occurred in babies with a maternal risk 
factor compared with 92% (11/12) in outer London 
and 57% (2/3.5) in non-metropolitan areas.

Overall prevalence among pregnant women in  
United Kingdom
To project our seroprevalence findings across the 
whole of the United Kingdom we multiplied risk group 
specific prevalence estimates from this study and else
where into population estimates (table 6). We assumed 
that seroprevalence is homogeneous within groups 
across the country. This assumption is supported by 
the preceding analysis for North Thames (table 5), 
although we stratified the low risk into two groups. The 
overall number of pregnant women in the United 
Kingdom infected each year with HTLV is predicted to 
be 223 (95% confidence interval 113 to 347) out of a 
total 720 000, representing an overall prevalence of 
0.31 per 1000 (0.16 to 0.48). The main source of 
uncertainty is the small numerator in the m^ority 
(lowest risk) group, which may account for between 6% 
and 58% of maternal infection.

Discussion
Our results agree well with what is known about the 
endemicity of HTLV in the Caribbean, west and central 
Africa, and elsewhere.'  ̂ The rapid increase in 
seroprevalence with age and the low seroprevalence in 
the youngest groups (table 4) point to sexual contact as 
the primary mode of transmission among women of 
child bearing age, with only a small fraction 
attributable to breast feeding. This is also consistent 
with reports from Africa, Jamaica, and South 
America*'*” The finding of 1.1 per 1000 seropreva
lence in inner London is comparable with estimates of 
1.4 to 3.9 per 1000 from smaller studies set in similar
areas.13 14 16 19-21

The precise prevalence of HTLV-ll remains in 
doubt Anti-HTLV-H was detected in two of the 
126 010 samples (0.016 per 1000). However, untyped 
anti-HTLV positive results are more frequent in

samples from Africa than from the Caribbean (table 1), 
and one or more of the three untyped African samples 
may be HTLV-ll. The gelatin particle agglutination 
assay is equally sensitive to anti-HTLV-1 and anti- 
HTLV-n.*  ̂ However, the serum antibody titre of 
patients with HTLV-ll may be lower than that of 
patients with HTLV-1,** and therefore more eluates 
may have fallen below the detection limit On the other 
hand, the 59:2 ratio of HTLV-1 to HTLV-II recorded 
here is similar to the 32:1 reported in a recent study 
based on serum samples in London.^'

Screening implications
Several investigators have urged that antenatal screen
ing for HTLV be considered in the United Kingdom in 
order to prevent vertical transmission of HTLV 
through breast feeding. The 233 a year nationwide 
antenatal prevalence of HTLV predicted in this study is 
comparable to the recent 33Ô a year estimate for HIV** 
Furthermore, the estimated prevalence of HTLV of 
0.06-0.12 per 1000 births among those with no known 
risk factors in North Thames compares with the preva
lence of HIV of 0.10 per 1000 births among United 
Kingdom bom women with United Kingdom bora 
partners reported in the same region.^*

The United Kingdom has recently Joined many 
other countries in recommending universal antenatal 
testing for HIV,” but the arguments for antenatal 
HTLV testing may be less compelling. Although HTLV 
may be transmitted to 20% of children breast fed for a 
prolonged period, the transmission rate is only 5% 
with three months’ breast feeding.®*" In Britain 34% of 
mothers do not breast feed at all, and only 35% breast 
feed for over 3 months.** Breast feeding may be more 
prolonged among women bora in endemic areas, but 
these women account for only 32% of prevalent cases 
(table 6). The rate of vertical transmission of HTLV in 
the United Kingdom is therefore likely to be under 
10% (22/223), which could be reduced to 2.7% (6/223) 
by formula feeding.® Not only is the burden of prevent
able infection therefore quite low, but the lifetime risks 
of HTLV related disease are also small: 1-5% for adult 
T cell leukaemia/lymphoma,^ and 0.25-3% for HTLV-1 
associated myelopathy and tropical spastic parapare
sis.’ *® Maternal infection may therefore lead to disease 
m only 0.1% to 1% of offspring.

The potentially negative impact of a maternal diag
nosis of HTLV on the family’s quality of life is a further 
critical factor, as between 10 and 20 infected women 
would need to be diagnosed to prevent one paediatric 
infection, and no effective treatments exist for HTLV 
infection or HTLV related diseases. A thorough 
economic evaluation would estabUsh whether there is a 
net benefit to diagnosing an HTLV infected pregnant 
woman. If there is a benefit, our findings suggest that 
targeting high risk women or universal testing in high 
prevalence areas could identify most women infected 
with HTLV at relatively low cost

The conjecture that HTLV may be as frequent in 
the general United Kingdom population as HIV also 
has implications for blood donor screening. The 
prevalence of HTLV infection in women with no risk 
factors and low risk partners of 0.06-0.12 per 1000 
births compares with the 0.05/1000 (5/96 720) preva
lence reported in blood donors in north London in 
1993** and 0.014 /lOOO (1/76 452) in the north of
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England/' The prevalence of HIV nationally in 1998 
was 0.04/1000 in eligible first time blood donations 
and 0.004/1000 in repeat donations.'*' Although the 
risks of infection and disease after contaminated trans
fusion are less with HTLV than with HIV/  ̂ screening 
first time donors for HTLV would not be inconsistent 
with the present policy of screening all donations for 
HIV.
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Effect of the worldwide epidemic on HIV prevalence in 
the United Kingdom: record linkage in anonymous 

neonatal seroprevalence surveys

A.E. Ades^ Jane Walker^ Beverley Botting^ Simon Parker‘S, 
David Cubitt'  ̂and Richard Jones'*

Objective: To assess th e  im p ac t  of th e  w o r ld w id e  HIV/AIDS e p id e m ic  on  the  
prevalence of HIV in w o m en  in the  United Kingdom (UK), particularly in the  large 
immigrant and  ethnic minority communities.

Method: U nlinked  a n o n y m o u s  n eo na ta l  s e ro p re v a le n c e  survey with e lec t ro n ic  
record linkage of da ta  from child health com puters  (maternal age and  ethnic  status) 
and birth registration (parent's country of birth).

Results: O f  a total 137 456 samples collected in 1997-1998 ,  188 (0.14%) w ere anti- 
HIV-1 seropositive. Seroprevalence was highest in w om en born in East Africa (2.3%) 
and Central Africa (1.9%). 76.4% of seropositive newborns were delivered to mothers 
born in sub-Saharan  Africa; a fur ther 6.0% h ad  fathers from sub-Saharan  Africa.
However, there  was little evidence of HIV in w o m en  born in Southern Asia [prevalence
0 .00 81 % ; 95% co n f id ence  interval (Cl) 0 -0 .0 4 ] ,  and  none within UK-born Asian 
com m un it ie s .  P revalence  am on g  the  UK-born Black African co m m u n ity  was low 
(0.14%; 95% Cl 0-0.6). Among infants with both parents known to be born in the UK, 
seroprevalence was 0.023%  (95% Cl 0 .01-0 .04)  in London, and zero (95% Cl 0 -0 .007) 
in non-Metropolitan areas. Irrespective of m other 's  region of birth, seroprevalence was
4.2 t im es  h igher (95% Cl 3 .0 -5 .8 )  in n e w b o rn s  w hose  father 's  details  w e re  no t 
recorded at birth registration, a marker for single unsupported mothers.

C on c lu s io n :  The risk of HIV am ong  p regnan t w o m en  from sub-Saharan Africa has 
been recognized. However,  in southern  England, HIV is very rare in w o m en  from 
Southern Asia and in UK-born w o m en  in e thn ic  minority communities, in spite of 
cultural an d  travel ties to h igh-prevalence  countr ies .  Data linkage in an o n y m o u s  
surveys assists in monitoring the im pact of th e  worldwide epidem ic  on prevalence 
and incidence  locally. © 1999 Lippincott Williams & Wilkins

AID5  1 9 9 9 , 1 3 : 2 4 3 7 - 2 4 4 3  

Keywords: H IV , neonatal seroprevalence, anonymous survey, 
surveillance, record linkage

Introduction trends in seroprevalence because o f  the limited amount
o f  demographic data retained w ith each sample [4]. This 

U nlinked anonym ous testing o f  samples routinely co l- is particularly important in the U K , where a high pro
jected tor new born screening has been  a mainstay o f  portion o f  heterosexually acquired infection appears to
general p op u lation  surveillan ce o f  H IV  in pregnant be imported from Africa [5,6]. T he U K  also has strong
w om en in tire U nited K ingdom  (UK), the U nited States social, migration and travel links w ith many countries,
and elsewhere [1-3]. H ow ever, it is difficult to intei-pret particularly those in South Asia w here marked increases

From the ^Department of Epidemiology and Public Health, Institute of Child Health, the ‘Office for National Statistics and the 
"Department of Virology and '’Neonatal Screening Laboratory, Great Ormond Street Hospital NHS Trust, London, UK.
Sponsorship: This work was supported by the UK Medical Research Council and the Department of Health.
Requests for reprints to: Dr A. E. Ades, Department of Epidemiology and Public Health, Institute of Child Health, 30 Guilford 
Street, London W C IN  1EH, UK.
Received: 20 May 1999; revised: 8 September 1999; accepted: 16 September 1999.

__________ISSN_02_69-9370 © 1 9 9 9  L ip p in co tt  W il l iam s & W ilk ins______________________________________________________2 J-Ü .



2438 AIDS 1999, Vol 13 No 17

in HIV prevalence have been recently reported [7|. This 
potentially puts the large U K -based ethnic m inority  
communities at increased risk ot infection.

In order to m o n ito r  the im pact ot the w or ld w id e  
H IV /A ID S epidem ic on  HIV prevalence in the U K , a 
data-linkage system was developed for use in anony
mous neonatal surveys. W e present here results from  
surveys in w hich  com puter records h o ld ing  data on  
m other’s age, ethnic status and both parents’ country- o f  
birth have been electronically linked to samples prior to 
anonymization ta%imz and testing.

M ethods__________________________ ■

Samples originated from the neonatal m etabolic screen
ing laboratory' serving the 29 com m unity paediatric ser
vice districts in N orth  Thames and Bedfordshire, UK. 
T he survey area in clu d es inner L ondon , suburban, 
m ixed urban/rural, and remoter rural districts. Residual 
dried b lood  spot sp ec im en s are p un ch ed  o u t from  
absorbent paper (G uthrie cards) after routine screening 
has been com pleted.

Sample processing
All births in the U K  are notified to the National Health 
Service (N H S) C hild  Health Computers (C H C ). T he  
neonatal laboratory has cwo-way data links with C H C s in 
14 o f  the 29 com m unity  districts it serves. Incom ing  
Guthrie cards from these districts are matched to birth 
notification records (C H C -linked samples). For cards that 
cannot be linked to C H C  records, and for cards from the 
other 15 districts, date o f  birth, name and address are 
entered on the laboratory com puter (C H C -u n lin k ed  
samples). A bar-coded laboratory accession num ber is 
attached to all incom ing Guthrie cards, and for C H C -  
linked cards this number is copied to the local C H C .

Samples for anonym ous testing are punched from the 
Guthrie card directly into a 96-w ell m icrotitre plate, 
using an autom atic punch (EEG Wallac Delfia 1296- 
U71, T urko, Finland), w hile a com puter 'punch file' 
stores the laboratory accession number w ith the plate 
identifier and w ell position. Cards are not punched in 
order o f  acquisition, to prevent disclosure.

Demographic d a ta  sources
T h e  ava ilab ility  o f  d em o g ra p h ic  data d ep en d s on  
whether or not the Guthrie cards from w hich samples 
have been punched have been linked to C H C  records. 
For samples that have been linked to C H C  records, 
information is dow nloaded from the C H C  every quar
ter and sent to the OtTice for National Statistics (O N S). 
T he records sent to O N S  include laboratory accession 
number, date o f  birth, N H S  number (where present), 
name and address, as well as maternal age and ethnic sta
tus. If the m other’s ethnic status was not recorded, the

child's ethnic status is provided. For samples that have 
n ot been  linked to C H C  records, a file co n ta in in g  
in form ation  on laboratory accession num ber, nam e, 
address and district o f  origin is dow nloaded from the 
neonatal laboratory each quarter and also sent to O N S . 
Both files are matched against O N S  birth registration 
records using a robust algorithm accepting only unique 
matches. T he data file returned from O N S  consists onlv 
o f  the laboratory accession num ber and dem ographic 
data: infimt's quarter o f  birth, maternal age last birthday 
and eth n ic  status (orig inatin g  from C H C ), parents' 
countries o f  birth (originating from O N S ), infimt's place 
o f  birth and local authority and health authority o f  resi
dence at birth (originating from C H C  or from O N S ).

Assurance of anonymity j
T he data file returned from O N S  is m erged w ith the I  
‘punch file’, and the laboratoiy accession number is then | 
deleted, to form a file consisting o f  plate numbers, well ' 
positions, and demographic data only. At this point sam
ples for the quarter may be tested for a n ti-H IV -1 serolog
ical status, as previously described [S]. Finally, serology 
results are merged with the demographic data using plate 
identifiers and well positions. A set o f  aggregated sero
prevalence breakdowns with large denominators is pro
duced, and the original data files are irreversibly deleted.
A disaggregated data file (one data record for each sam
ple) is retained with lim ited demographic data, in case 
there is a subsequent need to carry out further tests on 
positive samples. The limits on the am ount o f  d em o
graphic data retained in both the aggregated and disaggre
gated result files make it impossible to identify' infected 
ind ividuals deductively  via un ique com b in a tion s o f  
dem ographic variables. N o  seroprevalence results are 
reported for groups with denominators less than 30.

T he processing also permits identification and exclusion  
o f  duplicate records that arise from requests for repeat 
neonatal sam ples (approxim ately  1% o f  all G uthrie 
cards). In cases where parents have refused all metabolic 
testing or have refused anonym ous testing, blank paper 
is p u n ch ed  from G uthrie cards, and the pu nch  file 
records o f  these cards are flagged accordingly.

Approval for this programm e was obtained from the 
local research ethics com m ittee , and from the ethics 
c o m m itte e s  o f  all d istr ic ts  in  N o r th  T h a m es  and 
Bedfordshire. Consent was also obtained from the Data 
Custodians o f  the 15 C H C  units in N orth  East Thames.

Results______________________________

Office of National Statistics m atching rates, and 
com ple teness  of dem ograph ic  data
Results are presented for all 137 456 non-repeat sam
ples for w hich  linkage to O N S  records was attempted. 
T his includes 87 730 C H C -lin k ed  non-repeat samples
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arriving in the 2 1 -m o n th  period  starting January 1, 
1997, and 49 726 C H C -u n lin k ed  samples arriving dur
ing the 12 -m o n th  period  starting O ctob er 1, 1997. 
Cards generally  arrive b e tw een  6  and 20 days after 
birth . M a tch in g  to  O N S  records was ach ieved  for 
99.3%  o f  C H C -lin k ed  records and 93.3%  ot C H C -  
unlinked records. Data on m other’s age was available in 
99.6%  o f  C H C -lin k ed  sam ples, and m oth er’s ethnic  
status in 64.5% (three out o f  14 C H C  units do not rou
tinely collect ethnic status inform ation). In 17.3%, the 
m other’s ethnic status was not available but was esti
m ated from  the ch ild ’s eth n ic  status. T h e m o th er’s 
countiy  o f  birth was available for 99.7% o f  O N S-linked  
s.nnples and the father’s country o f  birth for 92.8%. In 
England and W ales, if  the lather is not present at regis
tration his details can only be recorded if  he is married 
to the ch ild ’s m other.

N um bers  refusing all m etabolic  testing or 
anonym ous tes ting
A nonym ous testing was refused on four Guthrie cards, 
and all m etab o lic  testin g  was refused on 77 others. 
Refusals w ere concentrated in tw o London areas, with  
a slight excess am on g  infants w ith  parents from  the 
A m erica s , A sia or w ith  m iss in g  co u n try  o f  b irth . 
Refusal was n ot associated w ith  countries w ith high  
H IV -1 seroprevalence.

Prevalence and distribution of an tibody to HIV-1
T h ere  w ere  188 (0.14% ) a n t i - H I V - 1 sero p o s itiv e  
in fants out o f  137 45 6  tested . O f  the 1 81 sam ples 
w h ere  m oth er's cou n try  o f  b irth w as k n o w n , 139 
(76.8% ) had m oth ers w h o  had b een  b orn  in sub- 
Saharan A frica , d e fin ed  h ere  as A frica  e x c lu d in g  
N orthern Africa (Table 1). Seroprevalence was highest 
in w o m en  b orn  in East A frica (2.3% ) and C entral 
Africa (1.9?^); 14% o f  infected m others w ere born in 
the U K . O nly one seropositive infant was found am ong  
12 331 born to w om en from Southern Asia, and tw o  
to  th e  2 2 3 3  from  E astern and S o u th ea stern  A sia. 
N ew b orn  seroprevalence show s very similar associa
tions w ith  the father’s country o f  birth (Table 1): a 
m ajority  born in sub-Saharan A frica , o n e  born in 
Southern Asia, and one born in Eastern Asia. H ow ever, 
a str ik in g  29% o f  sero p o s itiv e  in fants have fathers 
w hose details w ere not recorded at birth registration, a 
group that comprised 6.9% o f  the population.

T he distribution o f  infection across m other’s ethnic sta
tus confirms these findings. For the 87 infected mothers 
w ith ethnic status and countiy  o f  birth available, 72% 
w ere Black African w om en, 8 % Black Caribbean/Black  
O ther and 13% W hite (Table 2). T here was no infec
tion  am ong the 5648 w o m en  recorded as Pakistani, 
Indian or B angladeshi, irrespective o f  the m oth er’s

T able 1. N eonatal HIV-1 seroprevalence by m other and father's region of birth.

M other Father

Region of birth Total sam ples
N um ber anti-HIV-1 

seropositive (%) Total sam ples
Num ber anti-HIV-1 

seropositive (%)

Africa
Eastern 46-49 106 (2 .280) 4 7 3 7 52 (1.098)
Central 803 15 (1 .868) 789 18 (2.281)
Northern 86 6 1 (0 .116) 1387 1 (0.072)
Southern 387 3 (0 .777) 383 1 (0.262)
W estern 3292 15 (0 .456) 3405 12 (0.353)

Europe
U nited  Kingdom 9 5 3 9 0 26 10.027) 8 5 9 5 4 25 (0.029)
O ther Northern 2661 1 (0 .038) 22 3 7 3 (0.134)
Eastern 716 0 (0) 345 0 (0 )
Southern 1571 4 (0 .255) 1392 3 (0.216)
W estern 1619 0 (0 ) 1117 1 (0.090)

Americas
Central and Caribbean 1 3 0 6 4 (0 .307) 16 1 8 3 (0.186)
North 1034 0 (0 ) 1021 2 (0.196)
South 6 6 8 2 (0 .299) 5 2 0 2 (0.385)

Asia
Central 4 0 8 0 (0 ) 4 8 0 0 (0 )
Eastern 883 0 (0 ) 7 10 1 (0.141)
South Eastern 1 3 5 0 2 (0 .148) 9 5 8 0 (0 )
Southern 12331 1 (0.008) 13 1 3 4 1 (0.008)
W estern 2784 1 (0.036) 3 4 3 6 2 (0.058)

O ceania 712 0 (0 ) 601 0 (0 )
Not recorded /n ot stated 2 77 1 (0 .362) 9483 55 (0.580)
Not linked to O ffice o f National Statistics record 37 4 9 6 (0 .164) 3 7 4 9 6 (0.164)

Total 1 3 7 4 5 6 188 1 3 7 4 5 6 188

Regions based on United Nations geographical area definitions [26], but 
(India, Pakistan, Bangladesh, Sri Lanka, .Maldives).

ith South Central Asia split into Central Asia and Southern Asia
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Conner)’ o f  birth. Four infected w om en w ere reported  
as ‘Other Asian’, but none o f  these was born in the  
U K . The countr)' o f  birth distribution suggests that this 
category  m ain ly  co m p rised  w o m en  o f  u n sp ec ified  
Southern Asian ethnic origin, but also Asians born in 
Africa. There was on e infected U K -born Black African 
m other, w hose partner was born in sub-Saharan Africa. 
HIV-1 seroprevalence in infants w ith m other’s ethnic  
status missing was similar to that in those w ith ethnic  
status details, suggesting that missing ethnic status is not 
associated with H IV  infection.

Seroprevalence ex ceed in g  1% was recorded in n e w 
borns with at least one parent from sub-Saharan Africa, 
a group that form ed 9.3% o f  the antenatal population  
and accounted for 83%) o f  all HIV infection (Table 3). 
A  very lo w  serop reva len ce  (0.010% ) was fou n d  in  
infants where both parents were born in the U K  (Table 
3). This was sign ifican tly  low er than the 1 4 /3 5  730  
(0.039% ) serop reva len ce  in infants o f  parents w ith  
know n countr)* o f  birth at least one o f  w hom  was born  
abroad (excluding sub-Saharan Africa) (P =  0.0013).

A nti-H IV  seroprevalence was higher in newborns w ith  
fathers wlvose details w ere not recorded than in those 
born to fathers w h ose details were recorded (Table 3). 
T his association was similar in size irrespective o f  the 
m other’s region o f  birth. T he relative risk was 4 .5  in 
infmts w ith mothers born in the UK , 4.1 in infm ts w ith  
mothers from sub-Saharan Africa and 4.4 in infants w ith  
mothers born elsew here. T he pooled relative risk was 
4.19 [95% confidence inter\al (Cl) 3 .05 -5 .75].

T he results in Table 3 w o u ld  indicate that o f  the 26 
prevalent infections in w o m en  w ho w ere born in the 
U K  (which formed 14.3% o f  all prevalent infection in 
pregnant w om en), b etw een  11 and 18 (42-69% ) were 
in  w om en  w ith  partners born overseas. T h erefore , 
betw een 91.7 and 95.6% o f  maternal H IV  has a non- 
U K  association.

T h ere  is a marked serop reva len ce  gradient running  
fro m  in n er  L o n d o n  (0 .2 8 % ), su b u rb an  L o n d o n  
(0 .15% ), and n o n -M e tr o p o lita n  d istricts (0.012% ) 
(Table 4). W hile this is largely the result o f  the dem o
graphic differences b e tw een  these areas, the trend is 
also statistically significant am ong infants w ith both par
ents know n to be born in  the U K  (chi square test for 
trend 12.32; P <  0 .0005). In non-M etropolitan  areas, 
prevalence in this group is extraordinarily low  (0 /42  
772; 95% C l 0-0.007% ).

Finally, the relationship b e tw een  seroprevalence and 
maternal age appears to depend on w here the mother 
was born. Infection am on g  w om en  born in the UK  
tended to be concentrated am ong the younger and the 
older age groups (Table 5), w ith  a slight shortfill in the 
26—30 year age group, although the tw o distributions 
w ere not statistically different. A lthough the under-21 
years formed a group that w ou ld  have been exposed to 
sexual transmission for perhaps half as long as those in 
o f  2 1 -2 5  years, seroprevalence was very similar in the 
tw o  groups; h ow ever , the data does n ot rule out a 
doubling o f  prevalence b etw een  the tw o age groups 
(relative risk 0.96; exact 95%) C l 0 .4 5 -2 .5 0 ) .

T able 2. N eonatal seroprevalence by mother's ethnic status, for 87  122 sam ples linked to both the Child Health Com puters and the Office of 
National Statistics records.

M other's ethnic status

M other born in UK M other born outside UK

Total sam ples
N um ber anti-HIV-1 

seropositive (%) Total sampli
N um ber anti-HIV-1 

es seropositive (%)

Black African 819 1 (0.12) 3 6 1 7 62 (1.72)
Black Caribbean/other 1 7 3 6 1 (0.58) 64 7 6 (0.93)
Bangladeshi 3 18 0 (0 ) 3 1 6 2 0 (0 )
Indian 541 0 (0) 844 0 (0 )
Pakistani 2 47 0 (0 ) 4 8 4 0 (0 )
O ther Asian 1 0 0 9 0 (0 ) 3883 4 (0.10)
O ther ethnic groups 749 1 (0.13) 89 8 1 (0.12)
W hite 3 3 7 4 7 1 0 (0 .0 3 ) 3 7 6 2 1 (0.03)
N ot known 2 3 5 2 3 6 (0.03) 7 1 3 6 36 (0.50)
Total 6 2 6 8 9 19  (0.03) 2 4 4 3 3 1 1 0 (0 .4 5 )

Table 3. Neonatal seroprevalence by the country of birth o f the m other or father for 133 430  samples linked to data from the Office of National
Statistics.

Father's country o f birth

United Kingdom Sub-Saharan Africa Other overseas N ot recorded

M other's country Positive/ Positive/ Positive/ Positive/
o f birth total Prevalence (%) total Prevalance (%) total Prevelence (%) total Prevalence (%)

United Kingdom 8 /7 7 0 3 8  0.01 8 /2 1 6 0 0 .3 7  3 /8 9 2 0 0 .0 3 7 /7 2 7 2  0 .1 0
Sub-Saharan Africa 1 1 /1452  0 .7 6 7 2 /5 9 7 0 1.21 1 1 /6 9 0 1 .5 9 4 5 /1 0 1 9  4 .4 2
O ther overseas 6 /7 4 6 4  0 .08 3 /1 1 8 4 0 .2 5  5 /1 9 3 4 6 0 .0 3 2 /915  0 .2 2
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T able 4 . N eo n a ta l sero p rev a len c e  by parent's region o f birth and area for 13 3  4 3 0  sam p les linked to  data  from  th e  O ffice  o f N ational 
Statistics.

Parents' reg ion  o f  birth Inner London O uter London N on  M etropolitan

Positive/total P reva len ce  (%) Positive/total Prevalence (%) P ositive/tota l Prevalence (%)

M other or father born sub-Saharan Africa 
M other or father born o \ erseas, 

not sub -S ah aran  .Africa 
Father's co u n try  o f birth not recorded  
M other an d  father born UK 
Total

8 3 /6 0 9 4

1 4 /1 7 4 5 1
3 /2 3 3 5

4 /1 1 3 2 5
1 0 4 /3 7 2 0 5

1 .3 6  5 9 /5 4 0 1

0 .0 8  2 /1 3 0 3 4  
0 .1 3  2 /2 1 9 9  
0 .0 3 5  4 /2 2 9 4 1  
0 .2 8  6 7 /4 3 5 7 5

1 .0 9  8 /9 8 0  0 .8 2

0 .0 1 5  0 /6 1 6 0  0  
0 .0 9 1  2 /2 7 3 8  0 .0 7 3  
0 .0 1 7  0 /4 2 7 7 2  0  
0 .1 5  1 0 /5 2 6 5 0  0 .0 1 9

Infants in m ore than o n e  group are assigned to th e earliest group in th e  list.

T ab le  5 . N ew b o rn  serop reva len ce  by age and country o f birth o f th e  m other for 88  8 0 0  sam ples  
country o f  birth.

w ith c o m p le te  data on  m aternal age and

A ge of m o th er  ivears) Born U n ited  Kingdom Born O verseas

Total sam p les N u m b er anti-HIV-1 
serop ositive  (%)

Total sa m p les  N um b er anti-HIV-1 
serop ositive  (%)

U nder 21 5 9 8 6 2 (0 .0 3 3 ) 1 7 9 4  6 ( 0 .3 3 )
2 1 -2 5 1 2 1 9 5 4 (0 .033 ) 5 9 2 6  1 9 (0 .3 2 )
2 6 - 3 0 2 0 6 2 3 4 (0 .0 1 9 ) 7 4 8 7  4 9  (0 .65 )
3 1 -3 5 1 7 0 8 6 7 (0 .0 4 1 ) 5 9 3 3  25  (0 .42 )
O ver 35 6 5 7 6 2 (0 .030 ) 3 1 9 4  9 (0 .2 8 )
Total 6 2 4 6 6 19  (0 .030 ) 2 4 3 3 4  1 0 8 (0 .4 4 )

Discussion

T h is appears to  b e  the first use o f  e lec tro n ic  record  
linkage in an on ym ou s sun^eys. A lthough in the U n ited  
States, data on  maternal age and ethnic status have been  
rou tin e ly  reta ined  in an o n y m o u s neonatal seropreva
len ce  sun-eys [2], in the U S  this in fonnation  is present 
on  G uthrie cards and entered into the neonatal labora
tory co m p u ter  from  w h ich  it can be retrieved w h en  a 
sam ple is taken  for anon ym ous testing. Sim ilarly, postal 
cod es taken from  the address inform ation on G uthrie  
cards have b een  recorded in Scotland and Q u eb ec  in  
order to a llocate an on ym ou s samples to  adm inistrative 
regions [9] or  to m atch them  up w ith  average fam ily  
in co m e  data in ecolog ica l analyses [10]. In sm aller, local 
or m u lticen tre , c lin ic-based  surveys o f  w o m en  under
g o in g  antenatal care or term ination o f  pregnancy, it has 
also b e e n  p o ss ib le  to  c o lle c t  data on  e th n ic  status, 
country  o f  b irth and marital status, using patient records 
[1 ,1 1 -1 5 ] . In previous studies, h ow ever, the additional 
data are en tered  from  clin ic  notes or retrieved from  a 
com p u ter  record at the tim e the sample is taken. T h e  
a p p lica tion  o f  e le c tro n ic  data linkage in a n o n y m o u s  
n eonata l suiw eys represents a substantial en h an cem en t  
in  this form  o f  sur\'eillance, because o f  the large v o l
u m e o f  sam ples and the h igh  degree o f  autom ation  in 
capturing data.

T h e  results con firm  that a large proportion o f  fem ale  
H IV  in fec tio n  in southern England is con n ected  w ith  
sub-Saharan Africa. T his has b een  apparent from  rou
tine H lV /A lD S  statistics [16], from eco log ica l studies 
relating area seroprevalence to ethnic group concen tra
tion  [4], and from  studies of the maternal characteristics

o f  ch ild ren  w ith  vertica lly  acq u ired  H I V /A I D S  [5]. 
T h e s e  in d ir e c t  a p p ro a ch es are all p r o n e  to  w id e ly  
a c k n o w le d g e d  b ia se s , w h ic h  are a b sen t from  th e  
an onym ous seroprevalence suiweys [17 ,18].

H o w ev er , it is the ‘n ega tive’, lo w -p rev a lcn ce , findings 
that are o f  particular in terest, b o th  from  the pub lic  
h e a lth  and  th e  m e t h o d o lo g ic a l  v i e w p o in t .  
C o n ven tion a l sui'vcillance based on  A ID S  or on  H IV  
laboratory reports is unable to  provid e reliable preva
len ce  inform ation for pop u la tion  groups in w h ich  in c i
d en ce  m ay be changing, or for groups in w h ich  it m ay  
be extrem ely  rare. For exam p le , a v e iy  lo w  seropreva
len ce  was obseiwed in infants w ith  m others ( 1 / 1 2  331) 
or fathers (1 /1 3  134) born in Southern  Asia, in spite o f  
recent reports o f  increasing prevalen ce in this region . 
A lth ough  data on  ethnic status w ere  som ew h at in co m 
p lete , the results also suggest that spread o f  H IV  w ith in  
the U K -b orn  Southern Asian and B lack-A ffican co m 
m u n itie s  is as yet very  lim ite d . T h e  lo w  H IV  sero 
prevalence in n ew borns w ith  b o th  parents k n ow n  to be 
b o rn  in  the U K  [0 .023%  (95%  C l 0 .0 1 2 - 0 .0 4 6 )  in  
L ondon  and 0% (95% C l 0 -0 .0 0 7 )  outside L ondon] is 
also striking, particularly as this is a group that w ou ld  
b e  e x p e c te d  to  in c lu d e  in j e c t in g  d ru g  users (in  a 
national survey [19], 0.5% o f  w o m e n  aged 1 6 -4 4  years 
reported previous in jectin g  drug use), partners o f  ID U s, 
w o m e n  exp osed  to H IV  in  earlier partnerships, and 
w o m en  w h o  m ight have b een  exposed  w h ile  travelling 
abroad. T h ese  estiinates d o  n o t in c lu d e  the 7.6%  o f  
infants w ith  U K -b o rn  m oth ers w h o se  fathers are n ot 
registered at birth. A n u n k n o w n  proportion  o f  these 
fathers m ay also be born in the U K .
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T h e higher seroprevalence (relative risk 4.2) am ong  
infaiics whose Other's details were not recorded at regis
tration was an unexpected and robust finding, but not 
surprising in principle. Absence o f  an unmarried father at 
birth registration is often an indicator o f  a single, unsup
ported . m other. S ingle w om en  have higher rates o f  
injecting drug use and attendance at sexually transmitted 
disease clinics [19]; a higher incidence and prevalence o f  
sexu a lly  transm itted in fection s has frequently  been  
reported in this group [2iJj. T he father’s absence could 
also be a result o f  HIV disease or even HIV-related death.

T he age distribution o f  infected mothers born abroad is 
consistent with an infection having an incidence peak 
in the early tw enties, and w here the probability o f  
being included in the survey declines quite steeply w ith  
the tim e since infection (as a result o f  diagnosis, disease 
progression, or death) and w here an epidem ic steady 
state has been reached [2 1 ]. In v iew  o f  the fact that 
they have been exposed to HIV for a shorter period, it 
is surprising that the prevalence o f  H IV  in both U K - 
born and not U K -born w om en  under 21 is no low er  
than in those aged 2 1 -2 6  years. T his suggests that 
in c id e n c e  niay have increased  recen tly  in you n ger  
w om en , althcxigh the data are statistically com patible 
w ith a hypothesis o f  uniform incidence.

T he findings give som e insight into the relative merits 
o f  universal and selective antenatal H IV testing pro
grammes in different parts o f  southeastern England to 
id en tify  in fected  w o m en  and offer interventions to 
reduce the risk o f  m other-to-child  transmission. It was 
recently proposed that testing should be recom m ended  
to all w om en in London but elsewhere only to those at 
higher risk [22]. T he concentration o f  infection am ong  
in fm ts w ith parents from sub-Saharan Africa suggests 
that, outside London, selective testing on the basis o f  
ethnicit}' and histors' o f  drug use, backed by informa
tion on  w ho might be at risk, could in theory identify- 
80% or more o f  prevalent infection (Table 4). Further, 
outside London, the additional cost o f  universal testing 
per additional infected wom an identified [23] might be 
very high. H ow ever , testing on the basis o f  risk or 
prevalence effectively denies diagnosis and treatment to 
those at 'low  risk’ or living in low -prevalence areas. 
R ecen t U nited States recomm endations call for routine, 
universal testing w ithout regard to prevalence [24].

At present, 85.7% o f  all neonatal seroprevalence is associ
ated with the mother being born abroad, and the major- 
ir\- o f  maternal infection is probably acquired abroad. A  
further 6 -1 0 'X) is associated with the father being born 
abroad. Data linkage is being continued and developed  
elsewhere in the U K  in order to m onitor trends in these 
proportions over time. The use o f  serot\-ping assays [25] 
may assist in determ ining the proportion o f  maternal 
in fection  w ith in  each fraction that is associated w ith  
injecting drug use or with high-prevalence regions.
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TABLE 3. Logistic regression analysis predicting microsporidial 

infection among HIV-infected patients (N — 125)

95% Confidence
Odds ratio interval

CD4 count <50 cells/dl" 3.25 1.27-8.27
Occupational exposure to water" 3.01 1.20-7.53
Injection drug use" 7.24 1.49-35.2

" p = .05. Goodness-of-fit 1.12, df = 4, p > .25.

an incidental host. The findings of this study indicate that in
fection may be related to contact with horses or the sting of a 
bee, hornet, or wasp. Despite the isolation of microsporidia in 
several species of animals ( 1 1 ,1 2 ), specific transmission of in
fection of humans has never been established.

There are several limitations to the study that should be 
noted. The study population is limited to an urban cohort of 
HIV-infected patients submitting stool specimens. Patients 
were more likely to receive a questionnaire if they returned for 
care more frequently. However, because over half the popula
tion had a history of an opportunistic infection or a CD4 count 
<200 cells/dl, this bias is most likely limited. Patients not ac
cessing care may have asymptomatic infection. Control study 
subjects also tested positive for other pathogens in their stool 
specimens including Cryptosporidium parvum, Giardia lam- 
blia, Campylobacter, and Clostridium difficile toxin. It is prob
able that many of these pathogens have similar modes of trans
mission to microsporidial spores. Also, because the question
naire asked patients about exposures in the past 5 years 
respondents could have forgotten.

Cunently, the guidelines for prevention of cryptosporidiosis 
in HIV-infected patients includes recommendations for con
sumption of boiled, filtered, or bottled water and limited swim
ming in rivers, lakes, pools, and hot tubs (13). This study in
dicates that these recommendations may be appropriate for the 
prevention of enteric microsporidial infection as well. Because 
of the limited efficacy of currently recommended treatments 
(including albendazole), the importance of primary prevention 
is magnified (14).
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Serotype, Parental Country of Birth, and 
Ethnic Status in Unlinked Anonymous 
Neonatal HIV Seroprevalence Surveys

To the Editor: Unlinked anonymous seroprevalence surveys 
provide timely and unbiased information on HIV prevalence, 
but trends can be hard to interpret due to a lack of data on how 
and where infection may have been acquired. We have linked 
neonatal samples electronically with data on parents’ country 
of biith and mother’s ethnic status, before rendering them 
anonymous and testing (1), and we then serotyped anti-HIV- 
1 -positive samples.

Over a 2-year period ending December 1998, a total of 
201,882 dried blood spot (DBS) samples from North Thames 
and Bedfordshire (U.K.) were tested for anti-HIV-1, and data 
linkage (1) was attempted for 161,774. This is an area of South 
East England that includes districts in inner London, suburban, 
and remote rural districts. Here we present results for 219 con
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firmed anti-HIV-1-positive samples, from the 156,925 samples 
for which mother’s country of birth was known. DBS samples 
were eluted and serotyped by an indirect enzyme-linked im
munosorbent assay (ELISA) that was adapted for use on DBS 
eluates and is based on 14- or 15-mer V3 consensus synthetic 
peptides of HIV-1 subtypes A through F, the sequences of 
which have been described (2). Each plate included DBS elu
ates from 3 uninfected and 6 infected controls, 1 of each sub- 
type. DBS eluates with the highest ratio of antibody binding 
and optic density greater than the cutoff (mean of 3 negative 
controls, + 3 standard deviations) were considered reactive to 
that peptide. If reactivity to two or more peptides was within 
90%, the assay was repeated using DBS eluates at an increased 
dilution.

HIV-1 prevalence was highest (2.2%) in mothers from East 
and Central Africa (Table 1). There is, at present, a remarkable 
lack of infection associated with the Indian subcontinent (1 of

14,529). Prevalence is relatively high among women from Cen
tral America and the Caribbean (1 of 1528; 0.33%), South East 
Asia (4 of 1573; 0.25%), and Southern Europe (4 of 1898;
0.20%), compared with women bom in the United Kingdom 
(0.031%), and particularly compared with U.K.-bom women 
with partners known to be born in the United Kingdom 
(0.015%). Women bom in Africa account for 76% of all ma- 
temal infection, and U.K.-bom women account for 16%. Be
tween 40% and 60% of the latter was attributable to women 
with non-U.K.-bom partners.

Of 219 samples confirmed anti-HIV-1-positive on Western 
blot, 149 (68%) could be serotyped. This is somewhat lower 
than the 89% to 95% reported in serum sample studies using 
the same peptides (2), probably because of the limited volume 
of sample available in neonatal DBS eluates. There were no 
serotype E and 4 serotype F samples. Although subtype F has 
been associated with Brazil and Romania (3), 2 of these eluates

TABLE 1. Number o f séropositives and serotype profile by mother’s region o f birth, father’s region of birth, and maternal
ethnic status

Total samples 
tested Anti-HIV- 1-positive"

Percentage 
total HIV" A-F B NT

Total 156925 219 100 130 19 70
Mother’s region of birth

Africa 11834 166 75.8 104 15 47
East 5487 122 76 12 34
Centra] 983 21 14 1 6
North 1047 1 0 1 0
South 471 3 2 0 1
West 3846 19 12 1 6

Americas 3546 7 3.2 3 0 4
Centra] and Caribbean 1528 5 3 0 2
North 1215 0 0 0 0
South 803 2 0 0 2

Asia-Pacific 21781 6 2.7 3 0 3
Central 505 0 0 0 0
Eastern 1050 0 0 0 0
Southeastern 1573 4 3 0 1
Southern 14529 1 0 0 1
Western 3273 1 0 0 1
Oceania 851 0 0 0 0

Europe (except U.K.) 7853 5 2.3 0 3 2
Eastern 896 0 0 0 0
Northern 3139 1 0 1 0
Southern 1898 4 0 2 2
Western 1920 0 0 0 0

U.K. 111911 35 16.0 20 7 14
Father’s region of birth, mother U.K.—bom

Sub-Saharan Africa 2524 10 5.7 6 0 4
Americas 2058 1 0.6 0 0 1
South, East, and Southeast Asia, Oceania 3943 0 0 0 0
N. Africa, West and Central Asia 1694 0 0 0 0
Europe except UK 2837 3 1.7 1 0 2
Missing" 8483 7 4 0 3
United Kingdom 90372 

Mother’s ethnic status, both mother and father U.K. born
14 8.0 9 I 4

Black African 224 0 0 0 0
South Asian 633 0 0 0 0
0 titer ethnicity 1570 1 1.4 1 0 0
White 32914 5 6.6 4 0 1
Missing" 55031 8 4 1 3

Italics indicate regional subtotals.
" Missing data have been redistributed on the assumption that it is representative. 
NT, not typed.
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were found in infants with African-bom mothers and 2 from 
U.K.-bom mothers. There was a preponderance of non-B se
rotypes in all demographic categories, with the exception of  
infants whose mothers were bom in continental Europe, in 
whom aU S erotyped  samples were serotype B. This is not an 
unexpected finding, because the epidemic in Europe is primar
ily subtype B transmitted by injection drug users (IDUs) (3,4). 
However, this contrasts with infants of U.K.-bom mothers, 
among whom only 1 in 21 samples were serotype B (;; =  .002), 
including the subsets with both parents bom in the United 
Kingdom (1 of 10 serotype B; /? =  ..01), and those with U.K.- 
bom parents and mother’s ethnic status white (0 of 4 serotype 
B; p =  .029).

Concordance between serotype and genotype is imperfect, 
with cross-reactivity among non-B types, and a proportion o f  
serotype B reactions can arise from type D genotypes (2). How
ever, serotyping is probably adequate in comparative epidemio
logic studies (3). The homosexual and dmg abuse epidemics in 
Europe and North America have been dominated by genotype 
B, and in the United Kingdom, 97% of infections among IDUs 
seen at genitourinary medicine clinics in England have been 
subtype B (Parry J, personal communication, 1999). The results 
suggest, therefore, that although subtype B is predominant in 
pregnant women bom in continental Europe, among whom  
injecting dmg use is recognized to be a major transmission 
route, the strains circulating among U.K.-bom women, includ
ing U.K.-bom women with U.K.-bom partners, tend to be those 
more associated with the epidemic in sub-Saharan Africa. It 
would follow that injecting drug use and bisexual behavior 
have probably been less significant than heterosexual exposure 
as routes of HIV transmission among U.K.-born women in 
southeastern England.

Serotyping can provide a unique insight into the HIV epi
demic when applied to demographically well-characterized 
samples from population-based anonymous surveys.
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Surveillance of Antiretroviral Prescriptions
To the Editor: It has recently been stated that there are “16 

antiretroviral drugs now in use, 560 three-dmg regimens and 
1820 four-drug regimens are available” (1). No single drug 
regimen o f choice exists for HIV-infected patients. Antiretro
viral medication guidelines are useful, but they are also unique 
among the treatment o f infectious diseases because treatment 
advances and knowledge o f efficacy occur more rapidly than 
the information can be incorporated into guidelines for standard 
of care. Selecting the optimal regimen for an HIV-infected 
patient requires an in-depth understanding o f the patient as well 
as the published literature on new clinical research.

To demonstrate the diversity of antiretroviral prescription 
patterns in clinical practice, we examined data from the Adult 
and Adolescent Spectrum of HIV Disease project, which col
lects information on HIV-infected patients in care in 10 U.S. 
cities and Puerto Rico by medical record abstraction in inpa
tient and outpatient facilities (2). For their most recent prescrip
tion (January-November 1999; N  = 7125), monotherapy was 
prescribed to 1 %, two-drug therapy to 1 0 %, three-drug therapy 
to 67%, four-drug therapy to 17%, and more than four—drug 
therapy to 5%. There were >1038 combinations of antiretrovi
ral medications prescribed and no single regimen was pre
scribed to >11% of patients (lamivudine [3TC], slavudine 
[d4T], and nelfinavir). The most common medication to be 
prescribed, 3TC, was part of 79% of all prescriptions. Among 
patients prescribed three-drug therapy, only 5% were not pre
scribed a recommended antiretroviral regimen (3).

The diversity o f  antiretroviral prescription combinations 
makes treatment of the HIV-infected patient a challenge. The 
best answer to this complexity is the design of antiretroviral 
medications that are well tolerated, have convenient dosing 
regimens, are inexpensive, and produce sustainable efficacy. 
Ib is is a worthwhile goal while awaiting development of safe 
and effective HIV vaccines for use in treatment and prevention.

Mark S. Dworkin 
Pei-Chun T. Wan

the Adult/Adolescent Spectrum of HIV Disease Project 
Division o f  HIV/AIDS Prevention  
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S U M M A R Y

The seroprevalence of human T-lymphotropic virus type I (HTLV-I), in relation to that of 
human immunodeficiency virus type 1 (HIV-1), was determined in a comparative unlinked 
anonymous antenatal and neonatal (for indirect measurement of maternal antibodies) sero- 
survey in the Gauteng region of South Africa, using dried blood spots (DBS) and modified 
particle agglutination assays. Samples were confirmed to be antibody positive by western blot. 
A total o f 2582 DBS collected during 1993 and 1994 from subjects of African, European and 
coloured origin were tested. Ten were confirmed as positive for HTLV-I and 128 for HIV-1. 
No antibodies to HTLV-I or HIV-1 were demonstrated in the 221 women of European and 
coloured origin who were screened. The HTLV-I seroprevalence rate in subjects of African 
origin appeared to increase from 0% in 1993 to 0 49 % in 1994, while HIV-1 seroprevalence 
rates of 5-2% and 5 4% were recorded for 1993 and 1994 respectively. N o significant 
differences in HTLV-I and HIV-1 seroprevalence rates were noted for the two areas 
investigated. These results indicate that HTLV-I should be included in infection control 
programs, and provide baseline data for monitoring the possible spread of HTLV-I in the 
heterosexual population in this region.

9
Seroepidemiology of HTLV-I in relation to that of HIV-1 in 
the Gauteng region, South Africa, using dried blood spots on 
filter papers

IN T R O D U C T IO N

Human T-lymphotropic virus type I (HTLV-I) has 
been associated aetiologically with adult T-cell leuke
mia/lymphoma (ATL) [1,2], the chronic degenerative 
neurological disease termed tropical spastic parapare
sis (TSP) [3] or HTLV-I associated myelopathy 
(HAM) [4, 5], uveitis [6] and infective dermatitis [7]. In 
regions where HTLV-I is endemic, ATL has been 
estimated to occur in 2-4 % of infected individuals, 
with a latency period of a few decades, while 
TSP/HAM  occurs in <  1 % of infected people, with a

latency shorter than that for ATL [8]. Endemic foci o f  
HTLV-I infection occur mainly in south-western 
Japan [9, 10], the Caribbean basin [11], central and 
southern Africa [12-16] and the south-eastern parts of 
the USA [17]. Infection has also been recorded in 
migrants from endemic to non-endemic regions 
[18, 19]. The occurrence of TSP/HAM  and ATL in 
South Africa has been well documented [20-23]. 
Several seroprevalence surveys of HTLV-I antibodies 
have been carried out in selected South African 
communities, with seroprevalence rates ranging from 
0% among blood donors to 5 2% among black
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female staff in the Kruger National Park [15, 24-31]. 
A high prevalence o f HTLV-I antibodies has also 
been reported in human immunodeficiency virus type 
1 (HIV-1) positive patients with neurologic disease 
[32].

HTLV-I and HIV-1 share common risk factors, 
consequently the pattern o f spread o f HTLV-I within 
a community may be similar to that observed in the 
HIV epidemic. Unlinked anonymous testing in preg
nant women and o f newborn babies has proved 
invaluable in monitoring the HIV epidemic in a 
heterosexual population [33, 34]. The presence of 
HIV-1 antibody in neonatal serum reflects maternal 
infection, and seroprevalence surveys among sexually 
active women represent a large stable heterosexual 
population in which to monitor the spread o f the virus 
in a community [33]. The same would therefore apply 
to HTLV-I infection.

With the recent political changes. South Africa has 
been subdivided into nine geographic regions with the 
industrialized Pretoria-Witwatersrand-V ereeni ging
complex o f the old Transvaal province forming one o f  
these new provinces, namely Gauteng, with an 
estimated population o f 6850000, and 195000 live 
births in 1994 [35, 36]. An increase in the number of  
cases o f TSP in the Gauteng region has been noted 
[37]. Whether this observed increase is a true increase 
or due to an increased awareness o f the clinical 
condition and availability o f diagnostic assays is not 
known, but the potential importance o f HTLV-I 
infection appears to have been overlooked with the 
dramatic rise in HIV infection in South Africa [34]. 
We report a sero-survey o f HTLV-I infection, in 
relation to that o f HIV-1 infection, in an anonymous 
unlinked antenatal and neonatal survey, in this 
densely populated region o f South Africa.

M ATERIALS AND M ETH O DS  

Dried blood spot (DBS) collection

Neonatal specimens

DBS specimens on filter paper were prepared from 
cord blood as soon after the infant’s birth as possible. 
Specimens were collected from infants born to 
mothers o f African (black), European (white) and 
coloured (of mixed descent) origin at the Kalafong 
and HP Verwoerd Hospitals, Pretoria during 1993 
and 1994. Testing was carried out within 2 months of  
sample collection.

Antenatal specimens

DBS specimens on filter paper were prepared from  
venous blood from women, of African origin, pre
senting for the first time during pregnancy at 
Baragwanath Hospital, Soweto in 1994.

Elution of serum

A 5-5 mm diameter spot was punched out of each 
DBS and eluted in 100 fi\ elution buffer (phosphate- 
buffered saline, pH 7-2, containing 0 05% ‘Tween 2 0 ’ 
and 0 05 % sodium azide) as described by Peckham  
and colleagues [38].

Assay for the detection of antibodies to HTLV-I

Eluates were tested for antibodies to HTLV-I using 
the Serodia HTLV-I gelatin particle agglutination 
(PA) assay (Fujirebio Inc., Tokyo, Japan) as described 
previously [39]. A 1/6 dilution o f each eluate was 
made in TPHA buffer (Mast Diagnostics, Bootle, 
Merseyside, U K ) in a V-well microtitre plate. HTLV- 
I gelatin particles, reconstituted according to manu
facturer’s instructions, were diluted 1/10 in TPHA  
buffer immediately before use. Twenty-five microliters 
of diluted particles were added to the diluted eluate 
and the plate incubated at room temperature for 
15 min. After incubation the plates were spun at 200 g 
for 3 min and then placed on a lightbox at a 70° angle. 
Results were read after 10 min and considered to be 
positive for anti-HTLV-I if  the particles formed a 
discrete agglutination pattern, whereas in the absence 
o f antibodies the gelatin particles streamed to form a 
‘ teardrop ’ pattern.

Assay for the detection of antibodies to HIV-1

The eluates were tested for anti-HIV-1 in a modified 
gelatin PA assay as described previously [33, 38].

Confirmatory testing

Specimens found to be reactive repeatedly on the 
modified PA screening assays for HTLV-I and HIV- 
1 were confirmed using western blot analysis (WB),
i.e. HTLV BLOT 2-3 (Diagnostic Biotechnology, 
Singapore) and HIV BLOT 2-2 (Diagnostic Biotech
nology, Singapore) respectively. A  1/50 dilution o f  
reconstituted serum was tested according to the 
manufacturer’s recommendations. Specimens were 
considered to be positive for HTLV-I antibodies if the 
envelope proteins rgp21, rgp46-I and core proteins
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p i9 or p24 bands were present. HIV WBs were 
interpreted according to the criteria of the Centers for 
Disease Control where sera demonstrating two o f the 
following three bands, p24, gp41, gp l20/160, were 
considered to be HIV positive [40].

Ethical approval

This project was approved by the ethical committee of  
the Faculty o f Medicine, University of Pretoria and 
the Committee for Research on Human Subjects -  
Medical, University o f the Witwatersrand.

R E SU L TS

A total o f 2582 DBSs, collected between October 1993 
and December 1994, were included in the study. Of 
these, 1323 were prepared from cord blood from 
neonates delivered in the Pretoria area. The remaining 
1259 were obtained from pregnant women attending 
an antenatal clinic at Baragwanath hospital in Soweto. 
The HTLV-I and HIV-1 seroprevalence rates are 
summarised in Table 1. N o  HTLV-I antibody positive 
specimens were detected in the 309 DBSs collected 
from subjects o f African ethnic origin in the Pretoria 
area in 1993, while a seroprevalence rate o f 5 2% was 
demonstrated for HIV-1. In 1994, seroprevalence 
rates o f  0 38 % and 5-5 % were recorded for HTLV-I 
and H IV -1 respectively in neonates o f African origin 
from the Pretoria area, with HTLV-I and HIV-1 
seroprevalence rates o f  0 56% and 5 4% being 
recorded in antenatal specimens in Soweto during the 
same period. When the HTLV-I and HIV-1 sero
prevalence rates for 1994 for subjects o f African origin 
from the two areas within the Gauteng region are 
compared, no significant differences were noted and 
seroprevalence rates of 0 49 % and 5 4 % were recor
ded for HTLV-I and HIV-1 respectively for black 
subjects from the region. N o HTLV-I or HIV-1 
positive DBSs were detected from white or coloured 
subjects, and the overall HTLV-I and HIV-1 sero
prevalence rates demonstrated for the region for 1994 
were Q) 44 % and 5 0 % respectively. N o dual infections 
were detected in any o f the specimens tested.

D I S C U S S I O N

DBSs on filter papers/Guthrie cards have proved to 
be suitable for large scale seroprevalence studies on 
HIV [33], HTLV-I [41], and for the detection o f both 
HTLV-I and HIV-1 proviral D N A  [41,42]. This

method o f blood specimen collection has the ad
vantage that specimens can be collected, stored and 
transported without prior processing, and minimizes 
the risk of laboratory acquired infection. The cost- 
effective modified PA assays used in this study for the 
detection of antibodies to both HTLV-I and HIV-1 
have been shown to be highly sensitive, specific and 
suitable for epidemiological studies [33, 38, 39].

HTLV-I and human T-lymphotropic virus type II 
(HTLV-II) are closely related but distinct oncoviruses 
[43]. Approximately one half o f blood donors in the 
USA, seropositive for H TLV -I/II, are infected with 
HTLV-II [8]. HTLV-I sero-surveys in South Africa 
have focussed mainly on selected communities [15, 24-  
26, 28-30], with little data from the general popu
lation. Caution must however be exercised when 
interpreting HTLV-I serological results on serum 
samples o f African origin as unrecognized but related 
retroviruses may be present [26, 30, 44]. The relatively 
high HTLV-I seroprevalence rates reported in early 
studies [24, 25, 45] may therefore be overestimates as 
no WB confirmatory testing was done on sera found 
to be positive by enzyme immunoassay. In this 
investigation no evidence o f HTLV-I infection was 
detected in DBSs collected in 1993, while in 1994 a 
seroprevalence rate o f 0 38 % (95%  confidence in
terval [Cl] =  0-016-0-60%) was recorded in the same 
community, with an overall seroprevalence rate o f  
0-44% (95% Cl =  0-17-0-71 %) for the region. In 
community-based studies, an HTLV-I seroprevalence 
rate o f 0-2% (95% Cl =  0-01-1-3% ) was reported in 
sera from 428 black South African pregnant women 
from the Pretoria area [44], and Maaga and co
workers [31] reported a seroprevalence rate o f 0-2 % in 
sera collected in 1989 from 509 healthy black family 
volunteers from the Ga-Rankuwa area (north-west of  
Pretoria) of the Gauteng region. To date only one case 
o f HTLV-II seropositivity has been recorded in South 
Africa, i.e. in K waZulu/Natal [15].

Although the apparent increase in the HTLV-I 
seroprevalence rate reported in this study for the 
Gauteng region was small (0-0-44% ), it should be 
noted that the rate o f 0-44% is similar to the HIV 
seroprevalence rate (0-53%) reported for women 
attending antenatal clinics in the Transvaal province 
in 1990 [34]. The concurrent HIV-1 seroprevalence 
rate for our subjects for 1994 was 5-0% while an 
overall seroprevalence rate o f 6-44% (95% Cl =  
5-63-7-25 %) was reported for the Gauteng region for 
1994 [36]. It is not known whether this observed 
increase in HTLV-I seropositivity is due to changing
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Table 1. Seroprevalence o f HTLV-I and HIV-1 antibodies in the Gauteng region. South Africa, by area, ethnic group and year

Ethnic group

Seroprevalence
---  - - -

1993 1994

HTLV-I HIV-1 HTLV-1 HIV-1

Number
positive % (95% Cl)

Number
tested* %t (95% CI)Î

Number
positive§ % (95% Cl)

Number
tested

Number
positive % (95% Cl)

By area
Pretoria

Black 309 0 16 5 2 (2-71-7-65) 789 3 0-38 (0-16-0-60) 43 5-5 (3-87-7-03)
Coloured 21 0 0 107 0 0
White 0 n/aH n/a 73 0 0
Unspecified II 0 n/a n/a 24 0 1 4-2 (0-0-12-17)

Soweto
Black 0 n/a n/a 1259 7 0-56 (0-15-0-97) 68 5-4 (4-15-6-65)

By ethnic group
Black 309 0 16 5-2 (2-71-7-65) 2048 10 0-49 (0-34-0-64) 111 5-4 (4-44-6-40)
Coloured 21 0 0 107 0 0
White 0 n/a n/a 73 0 0
Unspecified 0 n/a n/a 24 0 1 4-2 (0-0-12-17)

Total 330 0 16 4-8 (2-53-7-17) 2252 10 0-44 (0-17-0-71) 112 5-0 (4-07-5-87)

po
H

O
PO
CL

(D

* Number of dried blood spot specimens tested,
t Percentage seropositivity.
Î 95 % confidence interval.
§ Number of dried blood spot specimens which tested positive. 

I I  Ethnic group not specified.
H Not applicable.
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population dynamics or an increase in HTLV-I 
infection rate, but our data should inform the decision 
about screening o f blood, plasma and organ dona
tions, for anti-HTLV-I/II in South Africa. When they 
isolated the HTLV-I virus from an indigenous blacks 
South African, Becker and colleagues [46] recom
mended then that routine testing o f blood donors 
should be instituted in South Africa, while Maaga and 
colleagues [31] indicate that the routine screening o f  
blood for H TLV-I/II may be premature, except in 
Kwazulu/Natal. The results o f our investigation 
suggest that there is an urgent need for larger sero- 
surveys, and support the recommendations that 
HTLV-I should be included in infection control 
programs [29]. The selective screening o f blood 
donations from endemic regions such as Kwazulu/ 
Natal, as well as from risk groups that are otherwise., 
not excluded from blood and organ donations, such 
as migrants from endemic regions, could possibly be 
introduced prior to the introduction o f universal anti- 
HTLV-I/II screening.

Sentinel sero-surveillance plays an important role in 
monitoring the course o f  a specific disease in a 
community. The use o f DBSs and the modified PA  
assay as described in this study would be a safe and 
cost-effective method for screening large numbers o f  
specimens. In addition, the data presented here 
provide not only a useful baseline for further sero- 
surveys in these communities but also the basis for the 
formulation and monitoring o f  local counselling and 
intervention programmes.
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Dried blood spot samples from mothers and their offspring attending the obstetric and pediatric depart
ments of two hospitals in Lahore, Pakistan, were tested for antibodies to hepatitis C virus (HCV). The 
seroprevalence of HCV in the women was 6.7% (95% confidence interval [Cl], 4,3 to 9.1), and that in the 
children was 1.3% (95% Cl, 0.34 to 2.26). Four anti-HCV immunoglobulin G (IgG)-positive children had 
mothers that were anti-HCV IgG negative, which suggested that their infection was community acquired.

Hepatitis C virus (HCV) and HBV are significant causes of 
morbidity and mortality in Pakistan, where studies of patients 
with chronic hepatitis and hepatocellular carcinoma, in Rawal
pindi and Karachi, showed that between 20 and 30% had 
antibodies to HCV and that 70 to 80% had evidence of past 
HBV infection (3, 10).

The seroprevalence of HCV in Pakistan is unclear, and its 
epidemiology, particularly in women and children, has yet to 
be established, although a study that used a second-generation 
antibody assay reported a seroprevalence of 0.44% in a group 
o f 226 apparently healthy children in Karachi (1). Molecular 
studies have identified HCV type 3 as the predominate 
strain in Pakistan (9, 10) and also in northern India (5); in 
contrast, HCV type 1 is the predominate strain in southern 
India (12).

A cost-effective strategy involving an in-house enzyme im
munoassay (EIA) as a screening test (7), an additional test 
based on a gelatin particle agglutination (GPA) assay (Fuji- 
rebio Inc., Tokyo, Japan), and confirmation by a third-gener
ation immunoblot assay (RIBA 3.0; Ortho-Clinical Diagnos
tics, Amersham, United Kingdom) has been proposed for 
determination of the seroprevalence of HCV in dried blood 
spots (DBS) obtained from children and women of childbear
ing age in Lahore, Pakistan. DBS, which consist of whole blood 
collected on filter paper, are a highly effective alternative to 
serum, as they simplify the collection, storage, and shipment of 
samples for epidemiological surveys (6 , 8 , 1 1 ).

A total of 955 whole-blood samples were obtained from 417 
consenting women (aged 17 to 53 years) and 538 children 
(aged 1  day to 16 years) reporting to the emergency and out
patient sections of the pediatric department of Mayo Hospital 
and from pregnant women at the obstetric unit of Lady Atchin- 
son Hospital in Lahore. Samples were obtained by heel or 
finger prick, blotted onto Whatman no. 1 filter paper, and 
allowed to air dry. Samples were stored at ambient tempera
ture in envelopes with silica gel desiccant and transported to 
England for testing.

A 5.5-mm-diameter DBS was punched from each filter pa
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per sample, and antibodies were eluted overnight as described 
previously (7). Within our laboratory DBS derived from What
man no. 1  filter paper were found to elute consistently ( ± 1 0 %) 
in comparison to those derived from Schleicher & Scheull 2992 
filter paper, the type used for Guthrie card studies in the 
United Kingdom.

Initially, samples and positive and negative eluate controls 
were screened by an in-house anti-HCV immunoglobulin G 
(IgG) EIA (7) in which plates were coated with a combination 
of the recombinant proteins c22, c200, and NS5 (Chiron Cor
poration, Emeryville, Calif.). Reactive samples showing an op
tical density (C D ) greater than the cutoff value and with a test 
result/negative eluate control result ratio {TIN) of >2.0 were 
subjected to further testing. The assay cutoff was determined 
by using the mean plus 3 standard deviations of results for a 
population of nonreactive samples. Assay performance was 
validated by the Shewart multirule procedure. Initial reactive 
samples were then retested by the same protocol as for the 
initial EIA but with each individual recombinant protein. Sam
ples that were repeatedly reactive were subject to confirmation 
by RIBA 3.0. DBS eluates were diluted 1:20 (50 p.1 in 1 ml) in 
reagent buffer; otherwise, the assay was performed according 
to the manufacturer’s instructions. In addition all initial reac
tive samples were tested in the GPA assay. Lyophilized gelatin 
particles, sensitized with the HCV recombinant antigens c22-3 
and c2 0 0 , were reconstituted before use to make a 1 % suspen
sion of particles. This suspension was further diluted 1:10 in 
TPHA buffer as described previously (8). A 25-|l 1 aliquot of 
diluted particles was added to 25 p.1 of DBS eluate diluted 1:5 
in TPHA buffer in a V-well plate, and the plate was shaken 
briefly and allowed to stand on a vibration-free surface at room 
temperature for 4 h. Gelatin particles formed a distinct agglu
tination pattern in the presence of HCV-specific antibody. In 
the absence of specific antibody, particles settled to form a 
uniform button at the base of the V well.

Forty-four eluates were reactive in the EIA with an CD at 
450 nm (OD 4 5 0 ) greater than the cutoff (range, 0.20 to 1.43; 
TjN, 2.1 to 13.7) (Table 1). Repeat testing by individual EIAs 
revealed that although 38 eluates showed reactivity to the core 
recombinant protein c22, only 29% were reactive to c200 and 
only 24% were reactive to NS5.

RIBA 3.0 testing confirmed the presence of antibody in 30 of 
the 38 repeatedly reactive samples. Of the remaining samples, 
7 were classified as indeterminate (identification no. [ID] 148,
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TABLE 1. Complete anti-HCV results for ail 44 anti-HCV EIA-reactive samples

Sample
ID“

Mother and/or child** 
(age of child)

Anti-IgG HCV 
EIA result

Reactivity to anti-lgG 
HCV protein RIBA 3.0 result* GPA assay 

result
OD4S0 TIN c22 c200 NS5 clOO c33 c22 NS5

25 M 1.30 13.7 + + 4- - 24- 44- — -t-
32 M 0.24 2.5 — - — - 4 - / - 4 - / - — -
43 C (4 yr) 0.56 5.9 + - - 14- 14- 34- — 4

92 M 0.25 2.6 + — — — 4 - / - — 4
112 M 0.71 7.5 + - - + / - 14- 24- — 4
148 M 1.00 10.5 + -t- - - + / - 3 — 4
159 C (3 mo) 1.17 S3 + + - 14- 44- 24- — 4
160 M 1.17 123 + + - 24- 44- 44- — —

164 M 0.65 6.8 + - - + / - 14- 24- — —

181 C (2 mo) 0.25 2.6 + - - - + / - 14- 4
182 M 0.25 2.6 + — — — — 14- — 4
359 M 0.45 4.7 + + - + / - 24- 14- — 4
367 M 1.34 9.6 + + - 14- 44- 34- — 4

373 M 1.01 11.6 + - - - 14- 34 — 4

418 C (2  yr) 0.42 4.4 + - — 14- 24- 14 — 4
422 C (5 yr) 0.54 5.7 + - — 14- 24- 14 4
423 M 0.44 4.6 + — — 14- 24- 14 — 4
431 C (1 yr) 0.83 5.9 + - - 14- 24- 14 — 4
436 C (17 mo) 0.93 6.7 + — — 14- 24- 14 4
437 M 0.94 6.7 + — — 14- 24- 14 4
455 M 0.94 6.7 + - - 14- 24- 14 — 4
461 M 0.92 6.6 + - - 14- 24- 14 — 4
468 M 0.97 6.9 - - 24- 34- 24 — 4
486 M 1.11 11.7 -1- - 4- - + 1 - 4 4 — —
494 M 1.10 11.6 + + 4- 34- 44- 44 — 4
543 C  (15 mo) 0.21 2.2 - - — — —
558 M 0.81 5.8 + — — - + / - 2 4 4
582 M 0.61 4.4 4- - - + 1 - + / - 24 - 4
592 M 0.24 2.5 - - - - — — —
599 C (11 yr) 0.67 4.8 + - - - + / - 24 — 4
625 M 1.11 11.7 + + - — 14- 44 —
641 M 0.21 2.2 - - — — — —
665 C (4.5 yr) 0.32 3.4 - - — — — —
666 M 0.62 7.8 + 4- 4- 34- 44- 34 4
696 M 1.45 10.4 + 4- - 34- 44- 44 — 4
707 M 1.27 9.1 + - - 14- 14- 44 — 4
816 M 0.62 4.4 + - - - 24- 14 — 4

823 C ( 9 y r ) 0.20 2.1 - - - - — — —
840 M 0.70 7.4 -b — 4- — 14- 2 4 — 4
846 M 1.18 12.4 + 4- 4- + / - 24- 44 - 4
858 C (3 yr) 1.19 8.5 + - - - 14- 34 - 4
874 M 1.38 9.8 + - 4- 44- 14- 34 24 4
908 M 1.43 10.2 + - 4- 14- 34- 44 34 4

943 M 0.55 5.8 + 4- 14- 24

“ Numbers in bold are for mother-child pairs.
M, mother; C, child.

f Values 1-H to 4+ are measures of band intensity in relation to high- and low-intensity IgG control bands. + / - ,  band intensity less than that of the low IgG control 
band; - ,  no bands detected. Interpretation; RIBA 3.0 positive, a minimum of two bands of 1+ intensity must be present; RIBA 3.0 indeterminate, at least one band 
of 1+ intensity must be present.

181, 182, 486, 558, 582, and 599) by virtue of c22 reactivity 
greater than or equal to 1+ and 1 sample was negative (ID 92). 
All 30 RIBA 3.0-confirmed samples had antibody to the c22 
and c33 protein bands, but only 63.3% had antibody to clOO 
and 6.7% had antibody to NS5. All 7 RIBA 3.0 indeterminates 
exhibited reactivity to c22 by EIA, with 2 samples, ID 148 and 
ID 486, additionally reactive to c200 and NS5, respectively, by 
EIA. The modified GPA assay detected antibody in 26 EIA- 
reactive, RIBA 3.0-confirmed samples, in 6 of 7 RIBA 3.0- 
indeterminate samples (T/N, 2.6 to 10.5), and also in 1 EIA- 
reactive, anti-c22 EIA-reactive, RIBA 3.0-negative sample (ID 
92). The assay failed to detect antibody in four eluates (IDs 
160, 164, 625, and 943) that were reactive by EIA and con
firmed by RIBA 3.0. Titration of these eluates in the GPA

assay discounted the possibility of any prozone effect. If we 
assume that the GPA recombinant proteins were derived from 
a source different from that of the EIA and RIBA 3.0 assays, 
it is suggested that reactivity in the GPA assay provides evi
dence that the c22-positive, RIBA 3.0-indeterminate eluates 
are genuine positives. However, lack of reactivity by the GPA 
assay in the four RIBA 3.0-confirmed samples suggests that the 
assay may be an inappropriate screening tool in countries such 
as Pakistan where there is a higher frequency of HCV type 3.

This study estimates the seroprevalence of HCV in women 
of childbearing age to be 6.7% (95% confidence interval, 4.3 to 
9.1) and that in children (IDs 159 and 181 were neonates born 
to anti-HCV-positive mothers) to be at least 1.3% (95% con
fidence interval, 0.34 to 2.26). These rates compare to a rate of
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0.44% found in a study of 226 apparently healthy children (1) 
and to a rate of 0 to 12% in a community in Hafizabad, 
Pakistan (2). The high rate of seropositivity in Pakistan com
pared to rates in other countries can be explained by an in
creased risk of transmission due to therapeutic injection by 
contaminated needles and syringes (2) or transfusion with un
screened blood. Four children that were anti-HCV positive 
had mothers who were seronegative and clearly had acquired 
HCV from elsewhere.

The anti-HCV algorithm proved to be a cost-effective tool 
for the analysis of DBS due to a low rate of repeat testing. Only 
six samples (0.63%) failed to be confirmed by supplementary 
testing. The sensitivity of the screening EIA with DBS from 
Pakistan (CD range, 0.20 to 1.43) appears similar to that seen  
when 76 anti-HCV samples from children at Great Ormond 
Street Hospital for Children (London, United Kingdom) were 
tested (OD range, 0.27 to 1.66).

The lack of reactivity to c200 and NS5 in these samples has 
also been seen in a study of patients infected with type 3 virus 
using these recombinants in samples from England and 
South Africa (unpublished data) and in a study using NS3 
and NS5 recombinants derived from type 3a virus (4). A d
ditionally, lack of reactivity within the Pakistani samples 
may have been due to emerging variants, such as subtype 3g, 
which have been reported in the neighboring region of 
northern India (5).

The high seroprevalence rates in this study highlight the 
need for increased awareness of HCV and its routes of trans
mission in a community where transfusion with unscreened 
blood products and the reuse of syringes and needles are not 
uncommon, particularly in some rural communities.

H. I. Khan’s travel expenses were provided by the British Council.
We are indebted to the Chiron Corporation for the generous dona

tion of HCV recombinant proteins and Michael Rasche of Bayer for 
donating Serodia-HCV GPA reagents.

REFERENCES

1. Agboatwalla, M., S. Isomura, K. Miyake, T. Yamashita, T. Morishita, and D. 
Samin Akram. 1994. Hepatitis A, B and C seroprevalence in Pakistan. Indian 
J. Pediatr. 61:545-549.

2. Luby, S. P., K. Qamruddin, A. A. Shah, A. Omair, O. Pahsa, A. J. Khan, J. B. 
McCormick, F. Hoodbhouy, and S. Fisher-Hoch. 1997. The relationship 
between therapeutic injections and high prevalence of hepatitis C infection 
in Hafizabad, Pakistan. Epidemiol. Infect. 119:349-356.

3. Mujeeb, S. A., R. Khanani, S. Kaher, Q. Jamal, and N. Iqbal. 1997. Preva
lence of hepatitis B surface antigen and HCV antibodies in hepatocellular 
carcinoma cases in Karachi, Pakistan. Trop. Dr. 27:45-46.

4. Neville, J. A., L. E. Prescott, V. Bhattacherjee, N. Adams, I. Pike, B. Rodgers, 
A. El-Zayadi, S. Hamid, G. M. Dusheiko, A. A. Saeed, G. H. Haydon, and P. 
Simmonds. 1997. Antigenic variation of core, NS3, and NS5 proteins among 
genotypes of hepatitis C virus. J. Clin. Microbiol. 35:3062-3070.

5. Panigrahi, A. K., J. Roca, S. K. Achraya, S. Jameel, and S. K. Panda. 1995. 
Genotype determination of hepatitis C virus from northern India: identifi
cation of a new subtype. J. Med. Virol. 48:191-198.

6. Parker, S. P., and W. D. Cubitt. The use of the dried blood spot sample 
(DBS) in epidemiological studies. J. Clin. Pathol., in press.

7. Parker, S. P., W. D. Cubitt, and A. E. Ades. 1997. A method for the detection 
and confirmation of antibodies to hepatitis C virus in dried blood spots. 
J. Virol. Methods 68:199-205.

8. Parker, S. P., M. B. Taylor, A. E. Ades, W. D. Cubitt, and C. S. Peckham. 
1995. Use of dried blood spots for the detection and confirmation of HTLV-I 
specific antibodies for epidemiological purposes. J. Clin. Pathol. 48:904- 
907.

9. Shah, H., S. W. Jafri, I. A. Malik, L. Prescott, and P. Simmonds. 1997. 
Hepatitis C virus (HCV) genotypes and chronic liver disease in Pakistan. 
J. Gastroenterol. Hepatol. 12:758-761.

10. Tong, C. V. W., R. Khan, N. J. Beeching, W. U. Z. Tariq, C. A. Hart, N. 
Ahmad, and I. A. Malik. 1996. The occurrence of hepatitis B and C viruses 
in Pakistani patients with chronic liver disease and hepatocellular carcinoma. 
Epidemiol. Infect. 117:327-332.

11. Unlinked Anonymous HIV Surveys Steering Group. 1996. Unlinked Anon
ymous HIV Prevalence Monitoring Programme: England and Wales, data to 
the end of 1995. Department of Health, Public Health Laboratory Service, 
Institute of Child Health, London, United Kingdom.

12. Valliammai, T., S. Thyagarajan, A. Zuckerman, and T. Harrison. 1995. 
Diversity of genotypes of hepatitis-C virus in southern India. J. Gen. Virol. 
76:711-716.


