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Abstract

This study tested the associations of Chlamydia pneumoniae infection with 

ethnic origin, steroid medication, asthma, chronic obstructive pulmonary 

disease, unstable angina, myocardial infarction, stroke syndromes and 

hypertension. Adjustments were made by logistic regression for potential 

confounding variables, including age, sex, smoking, diabetes mellitus and social 

deprivation.

C pneumoniae antibodies were measured by micro-immunofluorescence in 

2,675 hospital patients from a multi-ethnic population. Acute C pneumoniae 

infection or reinfection was defined by an IgG titre of >512, a fourfold rise in 

IgG or IgM >8, and previous infection by IgG 64-256 or IgA >8.

Among patients without active respiratory or cardiovascular disease, Afro- 

Caribbeans showed signiflcantly more acute infection (odds ratio 5*5, 95% 

confidence intervals 20-15 0) and previous infection (1*9, l*0-3*7) than 

Caucasians. Patients on steroids had previous infection more frequently 

(2*1,1 *4-3*8) than non-steroid users.

Severe chronic asthmatics had more previous infection than controls (4*0,



1*6-10*0), this difference being independent of steroid use, but there was no 

significant difference between patients with acute asthma and controls. Patients 

with exacerbations of chronic obstructive pulmonary disease more often had 

acute (2*8,1*3-61) and previous infection (2*0,1 *2-3*4) than controls.

In patients with unstable angina, there were more acute (2*4, 1 *5-3*9) and 

previous infections (3*1, 2*2-4 4) than in controls, and in myocardial infarction, 

the corresponding odds ratios were 2*7 (1 *7-4*5) and 3*1 (2* 1-4*5). Both acute 

(4*2, 2*5-71) and previous infection (4 4, 3*0-6 5) were found more commonly in 

patients with strokes than in controls. In patients with chronic hypertension, 

previous infection was found more commonly (2*5,1 *3-4*7) than in controls.

Serological diagnosis of C pneumoniae infection presents problems in 

performance and interpretation, and the organism is difficult to culture. The 

development and validation of a polymerase chain reaction assay are also 

described.
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1. Introduction

1.1. The genus Chlamydia: chlamydiae other 

than C. pneumoniae

Chlamydiae are ubiquitous in non-aquatic natural habitats. Four species exist, though 

the fourth (C. pecorum) is only recently described and relatively little-known. Two 

(C. trachomatis and C. pneumoniae) are pathogens of man, while C. psittaci is 

primarily, and C. pecorum exclusively, pathogenic to animals.

The genus is characterised by several features uncommon among bacteria. For 

example, chlamydiae are incapable of synthesising adenosine triphosphate (ATP) or 

guanosine triphosphate (GTP), and are therefore obligate intracellular parasites. They 

survive as inclusion bodies within membrane-bound intra-cytoplasmic vacuoles, 

resembling viruses in this respect. However, they replicate by binary fission, in a 

manner common to the bacteria. They consist largely of protein (35%) and lipid (40- 

50%) (Manire and Tamura, 1967), and they contain deoxyribonucleic acid (DNA), 

ribonucleic acid (RNA) and ribosomes, with which they can synthesise proteins, 

including primitive enzymes. Their cell walls have both inner and outer trilaminar 

membranes, resembling those of Gram-negative bacteria, and they are also susceptible
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to certain antibiotics. They have in common a chlamydial group antigen, a 

lipopolysaccharide (LPS) resembling that of Gram-negative bacteria (Dhir et al., 

1972). Chlamydiae are therefore correctly classified as Gram-negative bacteria.

The chlamydiae have responded to the specialised demands of intracellular 

existence by evolving a unique life cycle, characterised by two developmental stages 

not found elsewhere in the bacteria (Moulder, 1991). The first stage is the elementary 

body, which—owing to extensive disulphide cross-linking of cysteine-rich envelope 

proteins, including the porin-like major outer membrane protein (MOMP)—is highly 

condensed (300-400 nm in diameter), and metabolically inactive. The spore-like 

elementary body is capable of inducing phagocytosis by normally non-phagocytic 

cells, probably by a receptor-mediated process (Moulder, 1991). The MOMP, the 

most abundant protein at the chlamydial surface (Caldwell et al., 1981; Campbell et 

al., 1990), appears to contribute to phagocytosis by reducing the mutual electrostatic 

repulsion between the negatively charged host cell and elementary body (Su et al., 

1990). It is an immuno-dominant antigen, whose looped variable domains (1, 2 and 

4) provide the major antigenic differences between species and between strains within 

species (Caldwell and Schachter, 1982; Baehr et al., 1988; Conlan et al., 1988). 

Projecting from the surfaces of infected eukaryotic host cells, these domains allow a 

neutralising antibody response by the host (Zhang et a l, 1987; Jones et al., 1992). 

The MOMP is identical between known strains of C. pneumoniae. The complete 

nucleotide sequence of the MOMP gene on C  pneumoniae strain IOL-207 was

21



published in 1991 (Carter e/a/., 1991).

The elementary body differentiates intracellularly into the more fluid reticulate 

body, ~800-1000 nm in size. Both elementary bodies and reticulate bodies are 

thought to inhibit phago-lysosomal fusion, and heat-sensitive envelope proteins may 

be important in this process (Eissenberg et al., 1983). The reticulate bodies multiply 

intracellularly, and as they do so, antigens including MOMP are released onto the 

surfaces of infected cells (Caldwell et a i, 1981), evoking neutralising antibodies from 

the host (Zhang et a l, 1987). The reticulate bodies revert to elementary bodies 

before cell lysis or exocytosis of chlamydiae.

Four species of Chlamydia have been described. Almost certainly, other species 

have yet to be recognised, and work published in 1993 indicates that a fifth may 

already have been discovered (Kahane et a i, 1993). It is because of the high 

prevalence of these organisms in the environment, and their complex effects on host 

cells, that their relationship to human disease is especially worthy of investigation.
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Figure 1.1.0.0.1. Schematic division of the Chlamydiaceae.
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1.1.1. Chlamydia trachomatis

The range of pathology resulting from chlamydial infection is illustrated by a 

discussion of C  trachomatis, the best-known species of this genus.

C. trachomatis is an intracellular parasite of conjunctival, genito-urinary, rectal and 

naso-pharyngeal mucosae. It is named after trachoma, which infects 500 million 

people and is responsible for up to 7 million cases of blindness and visual impairment 

world-wide. In endemic areas (principally in Afiica, South-East Asia and the Middle 

East), children present with muco-purulent conjunctivitis or follicular kerato

conjunctivitis, which, following repeated reinfection, progresses to pannus formation, 

cicatricial comeal scarring and entropion in adulthood (Trehame and Ballard, 1990).

It is well recognised that chronic or recurrent and latent chlamydial infections 

produce pathological manifestations as a consequence of the host's immunological 

hypersensitivity (Morrison et al., 1992), including those seen in trachoma (Taylor et 

al., 1982, 1987) and in genital tract disease (Grifo et a l, 1989; Witkin et a l, 1991; 

Toth et a l, 1992). Holland et a l showed that C. trachomatis may produce persistent 

ocular infections of monkeys, in which inflammatory responses continue to be 

detectable, despite a failure to culture the organism (Holland et a l, 1992). There is 

now also considerable evidence that the association of C. trachomatis infections of 

the female genital tract with pre-term labour, premature rupture of the membranes and
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premature delivery (Heggie et al., 1981; Martin et al., 1982; Romero et al., 1988) is, 

at least in part, immunologically mediated.

C  trachomatis is also responsible for lymphogranuloma venereum, a sexually 

transmitted disease of lymph nodes. Less common manifestations include pneumonia 

(Tack et al., 1980; Ito et al., 1982; Kroon et al., 1989) or systemic infection (Griffiths 

et al., 1978) in immuno-compromised adults, pericarditis and pleural effiision in a 

patient with lung carcinoma (Honda et al., 1992), endocarditis (Van der Bel-Kahn et 

al., 1978), myocarditis (Grayston et al., 1981; Ringel et al., 1982), meningo

encephalitis (Myrhe and Mârdh, 1981) and proctitis (Quinn et al., 1981). Carriage of 

C  trachomatis may also be asymptomatic in both sexes, providing a stable reservoir 

of infection in the population (Stamm et al., 1984). Given the large effort devoted to 

research into this organism in recent years, it is likely that other diseases will be 

attributed to it in the future.
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1.1.2. Chlamydia psittaci

C psittaci, the causative agent of psittacosis, may be transmitted by any avian species 

to man; the bird need not be sick. Avian strain infection is contracted by the 

inhalation of aerosols from contaminated materials, but person-to-person spread may 

occur. There is usually an incubation period of 1-2 weeks, followed by severe 

headache, often with photophobia or epistaxis. Both physical and radiological 

examinations may be consistent with bacterial pneumonia. There are many variations 

on the typical clinical presentation and severity of this disease (Schafiher et al., 1967; 

Wainwright et al., 1987). Endocarditis (Schafihier et al., 1967), pericarditis (Sutton et 

al., 1967) and myocarditis (Jannach, 1958; Dymock et a l, 1971; Thomas et al., 1977) 

are all described. There is serological cross-reaction between C. psittaci and 

Legionella pneumophila (Maclachlan et al., 1953).
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1.1.3. Chlamydia pecorum

C pecorum infects cattle and sheep, causing diseases of the central nervous system, 

such as sporadic bovine encephalomyelitis, and of the respiratory and digestive 

systems (Fukushi and Hirai, 1993). C  pecorum and C. psittaci are closely related, 

but, unlike C. psittaci, C. pecorum has not been associated with diseases of man.
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1.2. Chlamydia pneumoniae

The type strain of C  pneumoniae, isolated in 1965 from the conjunctiva of a child in 

Taiwan, is designated TW-183. The second strain to be isolated, IOL-207, came 

from the conjunctiva of an Iranian child with trachoma in 1967, though an association 

with trachoma or conjunctivitis has not been described since then. IOL-207 was 

found to be immunologically identical to TW-183, using micro-immunofluorescence 

(MIF), in 1972 (Dwyer et al., 1972). The third major isolate, AR-39, was first 

isolated from a throat swab of a student with pharyngitis in 1983, and was identified 

in several young adults with acute respiratory infection in 1986 (Grayston et al., 

1986). The early species name for C  pneumoniae, TWAR ("Taiwan, acute 

respiratory") was derived from the names given to the first and third of these isolates.

At first, this organism was thought to be a strain of C  psittaci, on the basis of 

complement fixation testing, its dense intracellular inclusions without obvious 

vacuolation, its absence of glycogen inclusions (Gordon and Quan, 1965; Kuo et al., 

1986a) and its resistance to sulphonamides. However, the realisation that it appeared 

to affect only humans, and to have no animal reservoir, was clearly a departure from 

the recognised characteristics of C. psittaci. Recently, a strain of this species, 

designated N16, has been shown to cause respiratory disease in horses, raising the 

possibility of an animal reservoir (Storey et al., 1993). The new species, 

C. pneumoniae, was recognised only in 1989 (Grayston et al., 1989b). It is
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highly likely that many of those human diseases that previously were attributed (on 

the basis of positive chlamydial complement fixation tests) to C  psittaci infection 

were actually caused by C pneumoniae. This has been confirmed, in the case of an 

outbreak of respiratory illness in an English boys' school in 1983 (Pether et a i, 1984,

1989).

In common with other chlamydiae, C. pneumoniae has fastidious growth 

requirements and is difficult to maintain in culture, but it has now been isolated and 

characterised by restriction endonuclease and DNA hybridisation analyses (Campbell 

et a i, 1987). Despite its similarity to C. psittaci, its differentiation fi-om other 

chlamydiae is now straightforward. Isolates share >94% DNA homology with each 

other, but have <10% homology with C  trachomatis and C  psittaci (Cox ei a i, 

1988), The elementary body sometimes appears to be pear-shaped, unlike the round 

elementary bodies of the other Chlamydia species—the pointed end apparently being 

the primary site of cellular attachment—but this may be an artefact, resulting from the 

method of specimen fixation (Carter et a i, 1991; Miyashita et a i, 1993). Electron 

microscopy also reveals a large periplasmic space containing numerous small, 

electron-dense "minibodies" (Chi et a i, 1987; Kuo et a i, 1988).

A murine model of C  pneumoniae pneumonia became available in 1992 (Yang,ZP 

et a i, 1993).
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1.2.1. Epidemiology

Owing to the problems encountered in attempts to isolate this organism, which is even 

more difficult to culture than the previously described chlamydiae, epidemiological 

evidence relating to this infection is derived mainly from serological studies (Wang 

and Grayston, 1986). Serological studies hitherto have generally supported the view 

that C. pneumoniae infection occurs throughout the world, and is one of the most 

prevalent infectious agents in both affluent and deprived Western communities 

(Forsey et al., 1986; Kleemola et al., 1988). In some of these communities, it has 

been endemic at least since the late 1950s, when more than half of adults living in 

rural areas of Finland were seropositive (Karvonen et al., 1992). Persistent 

asymptomatic infection appears to be common in adults. The population prevalence 

of antibodies to C  pneumoniae is 40-50% in the northern hemisphere, and 60-70% 

in the less developed tropical countries, with a reported prevalence of 96 2% in 

Taiwan. Estimates obtained from different populations remain variable, with smaller 

rates reported in several North European studies than in the United States (Ortqvist et 

al., 1990; Venkatesan et al., 1990). This finding may be due to either chronic 

infection, frequent reinfection or reactivation of latent infection.

Using MIF, the proportion of children in a Spanish community aged 2-5 years who 

had C  pneumoniae IgG titres of >16 was estimated at 12%, rising to 40% among 

older children and adolescents with no history of genital infection (Montes et al.,
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1992). In the study cited, very few children had IgM antibody titres of >16 These 

figures resemble those reported from Filipino children (Saikku et al., 1988b) and fi’om 

Japanese children (Kanamoto et al., 1991), but levels as high as 23-1% were reported 

fi'om children in Taiwan (Wang et al., 1993). Studies fi*om Denmark and from Seattle 

have recorded lower seroprevalence rates (Aldous et a l, 1990; Wang and Grayston,

1990). Seroconversion peaks among teenagers, at ~10% per year, but increases 

slowly thereafter, to 30-40 years of age.

Among northern European populations, the inhabitants of Scandinavian countries 

appear to run a higher risk of epidemics of C  pneumoniae infection, as have been 

observed at least four times in Finnish military establishments (Saikku et al., 1986; 

Kleemola et al., 1988) and in the general populations of other Scandinavian countries 

on several occasions during the 1980s (Grayston et al., 1989c). In one study of 

Finnish military trainees, 50% (43 of 86) had serological evidence of C  pneumoniae 

infection. Immunoglobulin isotype analysis suggested that 23 had primary infection 

and 20 reinfection. Twelve patients with primary infection required admission to 

hospital: pneumonia developed in 10 of them, and repeated courses of antibiotic 

therapy were required in 13 (Ekman et a l, 1993).

C. pneumoniae infections occur every year, but there are cyclical changes in 

incidence. It has been speculated that this is due to the fact that the organism survives 

cold climates poorly. At times, the incidence of infection in the human population
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may be so low as to depress herd immunity, facilitating an epidemic that may spread 

unchecked, until herd immunity and the inhospitable environment again suppress the 

bacterium. Such oscillation of herd immunity would produce cycles of infection; the 

colder the climate, the longer the cycles. Thus, in Finland, the incidence of infections 

peaks approximately once every 10 years (Karvonen ei al., 1993), but in Denmark, 2- 

3 years of high incidence have typically been followed by 3-4 years of low incidence 

(Mordhorst et a l, 1990). Retrospective testing of sera collected by Foy ei a l from 

pneumonia patients in Seattle between 1963 and 1975 indicated that the incidence of 

infection follows a 4-year cycle in that population (Grayston ei a l, 1990). In this 

cyclical pattern of infection, infections with C. pneumoniae resemble those with 

Mycoplasma pneumoniae, but in the case of C, pneumoniae, there is no evidence of 

seasonal periodicity.

It is believed that C. pneumoniae is transmitted from man to man, without an 

intermediate host and with no known animal reservoir. In particular, serological 

testing of cats and dogs has been negative (Wang,SP and Grayston, 1986). Sexual 

transmission is unlikely, since there is no correlation between seropositivity and the 

number of sexual partners, or between C. pneumoniae and C. trachomatis 

seropositivity (Li ei a l, 1989). C. pneumoniae seems not to be highly infectious. 

Transmission within families has been reported, but the infection is most commonly 

acquired outside the home (Grayston ei a l, 1989a). That aerial transmission of 

C. pneumoniae is possible was suggested by the demonstration that significant
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numbers of elementary bodies survive in aerosols. When injected as an aerosol with 

droplet sizes of 3-5 pm into a 114-5 1 chamber, at temperatures of 15-25°C and a 

range of humidity, the survival of C  pneumoniae over several minutes exceeded that 

of C  trachomatis. Streptococcus pneumoniae, Klebsiella pneumoniae and 

cytomegalovirus (CMV) (Theunissen et al., 1993). It has also been shown that 

C. pneumoniae remains viable on Formica surfaces for 30 h, and in tissue paper for 12

h. Small quantities of chlamydiae can be transferred from these surfaces to hands, 

though survival time on the skin is only 10-15 min. These observations suggest that 

several mechanisms of transmission of C. pneumoniae are possible, including transfer 

from environmental surfaces (Falsey and Walsh, 1993). Reinfection has been 

unequivocally demonstrated, even in cases where C. pneumoniae antibodies were 

present (Ekman ei al., 1993), but whether previous infections reduce the risk of 

subsequent episodes is unknown. In the case of C. trachomatis, reinfection is known 

to be associated with more pronounced immuno-pathology, and hence more severe 

ocular scarring, than primary infection. There is no evidence that reinfection with 

C. pneumoniae produces additional immuno-pathological effects.

The incubation period of C  pneumoniae is unknown, but in view of the prolonged 

course of reported epidemics, it is likely to be long by comparison with those of other 

respiratory pathogens (Thom and Grayston, 1991).
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1.2.2. Immunology and reactivation

Chlamydia species multiply with macrophages, including alveolar macrophages 

(Black and Perez, 1990), where they may persist for long periods without producing 

any symptoms (Hanna ei a l, 1968; Cates and Wasserheit, 1991). The resulting 

infections may persist in a latent form for long periods, without producing any 

symptoms (Stamm ei a l, 1984; Cates and Wasserheit, 1991). Thus, previous 

symptoms of pelvic inflammatory disease often are not reported by women who 

present with infertility due to fallopian tubal occlusion, but these women show a much 

higher prevalence of antibodies to C  trachomatis than is found in the general 

population (Sweet, 1982; Robertson ei a l, 1988).

Chronic infection with C. pneumoniae has been documented in a 5 year-old 

Japanese girl, despite prolonged treatment with chlamydiocidal antibiotics (Yamazaki 

ei a l, 1990). Reactivation of latent C  pneumoniae infection by acute illness was 

suggested by a study of C. pneumoniae pneumonia in hospitalised patients (Grayston 

ei a l, 1989a). There was no evidence of additional immuno-pathological effects in 

these cases.
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1.2.3. Spectrum of infection

1.2.3.1. Respiratory disease 

Pneumonia

C. pneumoniae was the most frequently identified causative agent in community- 

acquired pneumonias in a Spanish study (Ahnirall et al., 1993) and other studies have 

put the proportion of hospitalised pneumonias that are due to this organism as high as 

one-third (Fang et a l, 1990).

C. pneumoniae commonly produces a mild respiratory infection (Saikku et a l, 

1985; Kuo et a l, 1986b), which may be seen in up to 12% of college students in the 

USA. According to Grayston (Grayston, 1992), it may cause 300,000 cases of 

pneumonia per year in the United States—approximately 2,000 times as many as 

C. psittaci. However, since C. pneumoniae infection is not notifiable in that country 

and species identification is often incomplete, this estimate is questionable. It has 

been suggested (Wreghitt, 1993) that cases of pneumonia due to C. psittaci may 

outnumber those due to C. pneumoniae in some European countries that import 

psittacine birds. In Scandinavian countries, C. pneumoniae causes about 5-10% of all 

community-acquired pneumonia, occasionally in an epidemic fashion (Myhra et a l,
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1990; Sundelôf e/a/., 1990).

C  pneumoniae pneumonia presents in a non-specific manner, clinically almost 

indistinguishable fi*om Mycoplasma pneumoniae pneumonia (Cotton et at., 1987), 

except that C  pneumoniae infection is frequently associated with pharyngitis, sinusitis 

(Hashigucci et at., 1992), otitis media (Ogawa et al., 1990) and wheezing (Hahn,

1992). The leukocyte count is raised in only 15-28% of cases, but moderate 

elevation of erythrocyte sedimentation rate (20-70 mm h )̂ is common. Fever, often 

associated with confusion and headache in elderly patients (Fang et al., 1990), may be 

limited to the first few days of illness, but cough fi'equently does not appear for 

several days: the illness may therefore appear to be biphasic (Thom et al., 1990a). 

The cough, which may last for weeks or months thereafter, is generally non

productive, unless there is superinfection with pneumococci (Leinonen et al., 1990). 

Crackles and/or wheezing are commonly heard on chest auscultation. Clinical and 

radiological signs of consolidation may range from small subsegmental lesions to 

extensive bilateral pneumonitis.

It is estimated that only around 10% of all C  pneumoniae infections result in 

clinical pneumonia. In the new-born, this is usually a benign, self-limiting disease. In 

adults, especially those with chronic obstructive airways disease (COPD) (Beaty et 

al., 1991) and the elderly (Grayston, 1989), it may be severe and even fatal.
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other respiratory tract manifestations

Other manifestations include acute and subacute bronchitis, of which approximately 

4% in young adults may be due to C. pneumoniae, childhood bronchiolitis (Carballal 

et al., 1992) and adult bronchiolitis (in one reported case) (Scully et al., 1990). 

Antibodies to C  pneumoniae have also been demonstrated in patients with acute 

sarcoidosis, and with exacerbations of sarcoidosis (Gronhagen-Riska et al., 1988; 

Black et a i, 1992; Puolakkainen et a i, 1996). IgA antibodies against C  pneumoniae 

are present in some cases of "cryptogenic" fibrosing alveolitis, a condition that 

resembles in many ways the chronic fibrosing complications of C  trachomatis 

infection.

Not surprisingly, persistent C pneumoniae infection is common among human 

immunodeficiency virus (HIV) positive patients (Augenbraun et a i, 1991). Acute 

C  pneumoniae pneumonia has been reported in an HIV positive homosexual man, 

presenting with diffuse interstitial shadowing on his chest x-ray and a clinical picture 

compatible with Pneumocystis carinii pneumonia: this infection responded slowly to 

treatment with doxycycline (Clark et a i, 1991). In particular, HIV-1 infected subjects 

are at higher risk of developing C pneumoniae infections (Gaydos et a i, 1993). Blasi 

et a i reported that HIV-1 seropositivity was associated with higher levels of 

C. pneumoniae antibodies among former injecting drug users (Blasi et a i, 1994). In 

another study by the same group, seroprevalences of 11% were reported among
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healthy HTV negative children <10 years of age, 58% among healthy HIV negative 

adults >70 years old and 33% among HIV negative intravenous drug users (92 men 

and 34 women, age range 18-37 years). By contrast, seroprevalences were 26% 

among children vertically infected with HTV-I (23 boys and 27 girls, age range 8-123 

months), and 60% among HTV-1 positive intravenous drug users (73 men and 23 

women, age range 18-35 years) (Blasi et a l, 1993a). In an American study, among 

108 immuno-deficient patients, 34% of whom were HIV positive, C. pneumoniae 

DNA was found in broncho-alveolar lavage fluid from 111% (Gaydos et al., 1993).

The possibility that C  pneumoniae has a role in exacerbations of asthma and 

COPD is addressed in two of the studies that comprise this project.
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1.2.3.2. Cardiovascular disease

Associations have long been recognised between chlamydial infections and cardiac 

diseases in man. Thus C. psittaci is known to produce endocarditis (Levison et al., 

1971; Regan et al., 1979; Jariwalla et al., 1980; Jones et al., 1982; Lamaury et al.,

1993), myocarditis (Jannach, 1958; Dymock et al., 1971; Thomas et al., 1977) and 

pericarditis (Sutton et al., 1967). C. trachomatis may also produce culture-negative 

endocarditis (Van der Bel-Kahn et al., 1978; Pesanti and Smith, 1979) and 

myocarditis (Grayston et al., 1981; Ringel et al., 1982). At least one case of 

C. trachomatis myocarditis has been followed by myocardial fibro-elastosis, 

analogous to conjunctival healing by cicatrisation in trachoma (Schryer and 

Kamauchow, 1974). Major arterial embolisation has also been described as a 

consequence of C. psittaci infection (Bromage et al., 1980). Furthermore, there is 

now good evidence that endocarditis may be caused by C. pneumoniae (Dumont et 

al., 1990; Marrie et al., 1990), indicating that it is capable of acute colonisation of the 

heart.

Associations between C. pneumoniae infection and angina, myocardial infarction 

(MI), stroke syndromes and systemic hypertension are also possible, and form the 

basis of three studies in this project.
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1.2.3.3. Other diseases

Other associations have been postulated between C pneumoniae infection and aseptic 

meningitis (Frydén et a l, 1989), encephalitis, the Guillain-Barré syndrome (Haidl et 

al., 1992), arthritis, erythema nodosum (Emtell et al., 1989) and acute chest 

syndrome of sickle cell disease (Miller et al., 1991). One case has been reported of 

aseptic meningitis, hepatitis and iritis, together with erythema nodosum, probably due 

to C. pneumoniae infection (Sundelof et al., 1993). In view of the high population 

prevalence of this infection, large numbers of patients are required to prove such 

associations.
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2. Objectives

2.1. Initiai aims

This project was designed to use antibody detection in serum, by micro

immunofluorescence (MIF), to examine any associations of acute or previous 

C. pneumoniae infection or reinfection with hitherto untested risk factors, including 

ethnic origin and immunosuppression by steroid medication. It also set out to explore 

the relationships of C. pneumoniae infection to the following diseases of humans.

(a) Respiratory disease: acute and chronic asthma

exacerbation of chronic obstructive pulmonary disease

(b) Myocardial disease: acute (unstable) angina

acute myocardial infarction

left ventricular hypertrophy (LVH) in hypertension

(c) Cerebrovascular disease: acute cerebral infarction
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acute cerebral haemorrhage 

transient cerebral ischaemia

It was intended to add to current knowledge, in the following respects.

(1) Previous large-scale studies of C. pneumoniae infection in these diseases had 

not been conducted among multi-racial urban populations in the United Kingdom.

(2) No data existed on the association of this infection with respiratory or 

cardiovascular diseases in different racial groups

(3) Given the high prevalence of this infection in the general population, large 

numbers of patients would be examined, in order to determine reliably the statistical 

significance of observed differences.

(4) A novel polymerase chain reaction (PCR) would be developed, in an attempt to 

increase the sensitivity of detection of this infection.

This study was designed to take account of several potential confounding 

variables, i.e. age, sex, smoking habit, diabetes mellitus and social deprivation. In 

patients with cardiovascular disease, serum cholesterol and triglycerides, plasma 

fibrinogen, fibrin D-dimers and von Willebrand factor were also measured, and an 

attempt was made to detect interactions of these factors with any association between 

C. pneumoniae and cardiovascular disease.
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2.2. Hypotheses to be tested

The following two-tailed hypotheses were formulated at the beginning of this project.

• In the multi-racial population served by Birmingham City Hospital, there 

would be a statistically significant difference between the proportions of Caucasian, 

Asian and Affo-Caribbean people who have serological evidence of acute (re)infection 

or previous infection with C. pneumoniae by MIF.

• In each of the ethnic groups, serological evidence of acute (re)infection or 

previous infection with C. pneumoniae would show demonstrable associations with 

the following conditions.

(1) acute exacerbations of asthma and chronic severe asthma

(2) acute exacerbations of chronic obstructive pulmonary disease (COPD)

(3) unstable angina and acute myocardial infarction

(4) acute stroke syndromes

(5) chronic severe essential hypertension (HT)

• Among patients with HT, there would be a demonstrable difference between 

those with echocardiographic evidence of LVH and those with no detectable LVH, in
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the proportion of patients who had laboratory evidence of acute (re)infection or 

previous infection.

In view of the reported association of C. pneumoniae infection with COPD, and 

with some types of asthma, it is appropriate to ask \\diether steroid medication— 

widely used in both conditions—might indirectly predispose to infective 

exacerbations, with potentially serious implications—including, perhaps, the need to 

add anti-chlamydial antibiotics to steroid therapy in the treatment of exacerbations. A 

further hypothesis was therefore formulated.

• Immunosuppression by steroids would have a demonstrable influence on titres 

of IgG antibodies against C. pneumoniae.
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3. Materials and methods

3.1. Study design

In all of the studies that are comprised by this project, there were significant 

differences between control patients and those who had the conditions under scrutiny 

(hereafter referred to as “index diseases”), in their distributions of age, sex, ethnic 

origin, social deprivation, smoking habit, use of steroid medication and diabetes 

mellitus. An attempt was made to take these potential confounding variables into 

account, by means of logistic regression analysis. The relationships of C. pneumoniae 

infection to ethnic origin and the use of steroid medication were explored in control 

patients only, so as to minimise the confounding effects of any (non-infectious) ethnic 

predispositions to the index diseases.

An attempt was also made to match each index patient with either one or two 

controls (depending on the study), for as many potential confounding factors as 

possible. To satisfy the stringent matching criteria applied in this project, it was 

considered necessary in the beginning to recruit a pool of over 1,000 potential control
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subjects, excluding those for whom adequate specimens and diagnostic or 

demographic data were not available, or who were not Caucasian, Asian or Afro- 

Caribbean.
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3.1.1. Recruitment criteria: index disease and 

control populations

Approval for this project was obtained from the Hospital Ethical Committee at the 

City Hospital NHS Trust, Dudley Road, Birmingham. All subjects participating in 

this study gave their informed consent to do so, having received an information sheet, 

as shown in Appendix 1. In-patients were recruited throughout a 27-month period 

(January 1993-March 1995), chiefly from patients admitted via the Accident and 

Emergency Department. All patients were initially considered to be eligible. 

Recruitment was prospective and continued at a steady rate, so that those who were 

eventually included in this study were admitted consecutively throughout the 

27-month period. Patients with chronic severe asthma and chronic systemic HT were 

recruited from out-patient clinics, the former throughout a 30-month period (March 

1991-September 1993) and the latter throughout a 24-month period (March 1993- 

March 1995). Exclusion criteria were hyper-gammaglobulinaemia, known connective 

tissue disease or other auto-immune disease, and known or suspected immuno

deficiency.

Throughout this period, admission lists were collected each morning from the 

Accident and Emergency Department at Birmingham City Hospital, and records 

relating to all adults admitted during the preceding 24 hours were rapidly examined.
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Where the provisional diagnosis made by the admitting physician fell within one of the 

categories (hereafter referred to as “index diseases”) selected for this project, further 

details were obtained, usually by examining the hospital case notes or by questioning 

the admitting clinician, and potential index and control in-patients were recruited and 

bled. In addition to the daily admission lists, the hospital’s computerised patient 

administration system and computerised records of clinic attendance and 

investigations were used to guide the initial classification of in-patients. Attempts- 

were also made to confirm the diagnoses and all demographic details by other means,

i.e. examination of the hospital case notes and clinic letters, personal interview and/or 

postal questionnaires. Case notes were continuously reviewed, and the provisional 

diagnosis made at admission was checked against the responsible Consultant's formal 

diagnosis at discharge, allowing the revision of case/control classification in the light 

of new diagnostic information. Questionnaires were sent to all of the in-patients who 

were recruited, to confirm demographic details (see Appendix 1). For out-patients 

recruited to the chronic severe asthma and chronic hypertension studies, demographic 

information was obtained by research staff at the Chest Research Institute, 

Birmingham Heartlands Hospital and the University Department of Cardiology, 

Birmingham City Hospital, using computer-generated forms.

In-patients were also sent a request to attend for convalescent blood sampling and 

a pathology form for this purpose. The second serum specimen was only examined if 

it was received within 160 days of the initial specimen, since it was considered that
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sera obtained after this time could no longer be regarded as convalescent. Following 

recruitment, patients were rejected fi'om the project if adequate specimens were not 

available, if they were not Caucasian, Asian or Affo-Caribbean, if the diagnosis was 

uncertain, or (for controls) if they developed evidence of any concomitant active 

respiratory or cardiovascular disease.
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3.1.1.1. Control subjects

Patients assigned to this diagnostic category had been admitted to hospital for acute 

non-cardiovascuiar, non-pulmonary disorders, having no evidence (by their own 

accounts and from the hospital’s records) of co-existing active cardiac, vascular or 

pulmonary disease; thus there is no reason to suspect that they were predisposed to 

acquire C. pneumoniae infection.
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3.1.1.2. Acute asthma (AA)

Acute asthma (AA) patients were recruited on the basis of episodes of wheezing 

requiring immediate treatment with nebulised bronchodilators, on which they must 

show rapid chnical improvement. Further requirements for inclusion in this group 

were the absence of chronic bronchitis or emphysema (both from the patient’s 

testimony and from the hospital case records) and the absence of a history of chronic 

sputum production. Where the responsible physician was in doubt about the 

diagnosis of asthma, the patient underwent formal measurements of the forced 

expiratory volume in 1 second (FEVJ, the forced vital capacity (FVC) and the peak 

expiratory flow (PEF). The criteria for inclusion were then FEVj/FVC ratio <0-7, 

with an improvement of >15% in FEVj, FVC or PEF (or 0-2 litre in FEV, alone) after 

nebulised ^2-agonist. Cases in which the diagnosis was uncertain, or which were 

complicated by active cardiovascular disease, were excluded from the study.
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3.1.1.3. Chronic asthma (CA)

Cases of "brittle" asthma were identified by means of the West Midlands Thoracic 

Rare Respiratory Diseases Reporting Scheme, and patients fi'om this group aged 16 

years and over were recruited fi'om hospital admissions and out-patient clinics at the 

Birmingham Heartlands Hospital (which also serves the North Birmingham Health 

District), over the 30-month period (March 1991-September 1993). Written 

informed consent to participate in this study was obtained from all patients before 

recruitment.

CA patients were bled at routine out-patient appointments. They also underwent 

full pulmonary function testing, including dynamic and static lung volumes, airway 

resistance, flow-volume loops and gas difiusion, and reversibility of air-fiow 

obstruction by salbutamol 5 mg and ipratropium bromide 500 pg. Each patient 

recorded PEF four times daily.

Information on the presence of diabetes mellitus was not available for CA patients. 

For these patients only, diabetes was therefore not included in the logistic regression 

analysis.
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Type 1 “brittle” asthma

Out-patients attending the "brittle" asthma clinic at Birmingham Heartlands Hospital 

(also serving the population of North Birmingham), with >40% daily variation in PEF 

(measured by the patients) for >50% of the time over a period of at least 150 days. 

All were taking intensive bronchodilator therapy and inhaled steroids (beclomethasone 

dipropionate, budesonide or fluticasone propionate) at a dose of ^ ,0 0 0  pg d"\ a 

non-steroidal inhaled prophylactic agent (sodium cromoglycate or nedocromil) and 

recurring courses or maintenance doses of oral prednisolone.

Type 2 “brittle” asthma

Out-patients attending the "brittle" asthma clinic at Birmingham Heartlands Hospital, 

having previously had two or more life-threatening exacerbations of otherwise stable 

asthma, resulting in loss of consciousness or type II respiratory failure, with onset 

over <30 min and recovery within 4 hours of admission to hospital, and currently on 

intensive bronchodilator and steroid therapy.

Chronic severe asthma

Out-patients attending asthma clinics at Birmingham Heartlands Hospital, with non- 

brittle asthma requiring intensive bronchodilator and steroid therapy.
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3.1.1.4. Chronic obstructive pulmonary disease 

fCOPD)

Patients with COPD were recruited on the basis of acute exacerbations of known 

chronic bronchitis or emphysema as the primary indication for admission to hospital. 

The criteria for diagnosing an exacerbation were those of Anthonisen et al. 

(Anthonisen et al., 1987), i.e. at least two of increased dyspnoea, increased sputum 

volume and sputum purulence, or one of these with fever. In most cases, the severity 

of stable COPD before the exacerbation was not known. However, cases in which 

the diagnosis of COPD was uncertain were excluded from this study, as were those 

that had been complicated by active cardiovascular disease.
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3.1.1.5. Unstable angina fUA)

Patients with acute UA were recruited on the basis of retrosternal pain of myocardial 

type and/or dyspnoea, with new electrocardiographic (ECG) signs of myocardial 

ischaemia, as the primary indication for admission to hospital. In this setting, UA 

was defined by normal serum concentrations of aspartate transaminase (AST) and 

creatine kinase (CK). Cases in which the diagnosis was uncertain, or which were 

complicated by active pulmonary disease, were excluded from this study.
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3.1.1.6. Acute myocardial infarction (Ml)

Patients with acute MI were recruited on the basis of retrosternal pain of myocardial 

type and/or dyspnoea, with new ECG signs of myocardial ischaemia or new left 

bundle branch block, as the primary indication for admission to hospital. In this 

setting, MI was defined by AST >40 iu 1  ̂ or CK >200 iu 1 \  Cases in which the 

diagnosis was uncertain, or which were complicated by active pulmonary disease, 

were excluded from this study.
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3.1.1.7. Acute stroke syndromes

The World Health Organisation definition of stroke was applied in this study, i.e. 

rapidly developing signs of focal or global disturbance of cerebral function, with no 

apparent cause other than cerebrovascular disease. In this setting, fully evolved 

strokes were diagnosed when clinical neurological deficit persisted for more than 24 

hours or led to death, and transient ischaemic attacks when it resolved within 24 

hours. Cases in which the diagnosis was uncertain, including those in which 

neurological deficit had resolved by the time of admission, were excluded from the 

study. Cases were also excluded if they were complicated by clinical or 

electrocardiographic evidence of acute myocardial ischaemia, or by clinical or 

radiological evidence of active pulmonary disease. Because cardiac disease so 

commonly accompanies cerebrovascular ischaemia, patients with chronic cardiac 

disease were not excluded.

57



3.1.1.8. Essential hypertension (HT)

Patients in the chronic HT group were recruited from out-patients attending the 

hypertension clinic at Birmingham City Hospital. All had had systemic blood 

pressures greater than 160/90 on two or more occasions, and were taking anti- 

hypertensive medication. Predisposing conditions (such as Cushing’s and Conn’s 

syndromes, phaeochromocytoma and renal artery stenosis) had been excluded, where 

appropriate. Evidence of end-organ damage (renal failure or proteinuria, hypertensive 

retinopathy or other active cardiovascular disease) was not required for recruitment.
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3.1.2. Demographic data collection

For each patient, admission date, age, sex, smoking habit, drug therapy and medical 

history were recorded within 72 hours by the admitting medical staff. Ethnic origin 

was recorded as accurately as possible. Ethnic origin, smoking habit and use of 

steroid medication were later confirmed by a questionnaire, shown in Appendix 1.

Patients were initially classified as “White”, “Afiican”, “(Affo-)Caribbean”, 

“Pakistani”, “Indian”, “Bangladeshi”, “Chinese”, “South-East Asian” or “Other”. In 

all cases of doubt, ethnic origin was established from postal questionnaires or, if these 

were not returned, from hospital records. Only patients who were unequivocally 

“White”, “Pakistani”, “Indian”, “Bangladeshi” or “(Afro-)Caribbean” were included in 

the analysis of results, under the headings Caucasian, Asian and Afro-Caribbean.

A Townsend deprivation index (Townsend ei al., 1989) was assigned by linking 

postcode sectors to census enumeration districts for each patient recruited to this 

project from the West Midlands conurbation.

After recruitment, attempts were made to confirm all demographic details in 

relation to the in-patients, by examining the hospital case notes and clinic letters, by 

personal interview and/or by postal questionnaire. For the out-patients, this 

information was obtained by other research staff, and was considered not to need 

independent confirmation.
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In cases where it proved impossible to confirm ail of the potential confounding 

variables examined in this project (age, sex, smoking habit, use of steroid medication, 

presence of previously diagnosed diabetes mellitus and Townsend score), the results 

of serology were included in univariate analyses, but were excluded from analyses in 

which these variables were examined, i.e. matches with index disease patients and 

multi-factorial analyses of unmatched data.

A multiple logistic regression model was used to calculate summary risks of acute 

or chronic C  pneumoniae infection (estimated by odds ratios, OR) stratified by all of 

these factors.
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3.1.3. Criteria for matching

An attempt was made to match each index patient with either one or two controls 

(depending on the study), for broad ethnic origin (Caucasian, Asian or Afro- 

Caribbean), age (±10  years), sex and smoking habit (current or previous versus 

never). For the analysis of ethnic origin, double-matching was used, i.e. each of the 

Asian and Afro-Caribbean patients was matched with two Caucasians. For this 

purpose, control patients were all entered into a pool. Each was available for 

comparison with index patients in more than one diagnostic category, as long as 

selection criteria (age, sex, racial origin and current smoking habit) were matched 

between index and control patients, but only once within each category.

No attempt was made to identify matched out-patient controls for the CA and HT 

patients, owing to the relatively small numbers recruited. Antibody titres from these 

out-patients were therefore compared with those from the control in-patients. 

Because the out-patients were not acutely ill when bled, evidence of acute 

C. pneumoniae (re)infection was not expected; they were therefore compared with 

control patients only with respect to previous infection.

Matching was carried out after recruitment was completed, on a Dell 386SX 

personal computer, using a self-devised programme written into a Microsoft Access 

database.
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3.1.4. SampUna and clinical investigations

Blood was taken from in-patients by the admitting physician on arrival in hospital (or 

within 24 hours, where immediate venepuncture was impossible). All in-patients were 

asked to return 2-3 months after discharge for convalescent blood sampling, and out

patients were re-bled at routine clinic visits. Serum (2-5 ml) was obtained by 

centrifugation within 6 hours, and stored at ~20°C until analysis: testing of admission 

and convalescent sera was deferred until both specimens were available. Each blood 

sample was labelled only with a serial number: thus the investigator was blind to all 

patient data at the time of testing, and remained so until statistical analysis of the 

results.

Rheumatoid factor was assayed in patients in whom connective tissue diseases 

were suspected on clinical grounds, despite insufficient evidence to exclude them from 

the study. The assay was performed by latex agglutination: this was done by the 

investigator in most cases(approximately 70%), and by staff at the Department of 

Immunology, City Hospital, in the remainder. C. pneumoniae IgM antibodies were 

discounted for serological classification where rheumatoid factor was present, because 

of its non-specific IgM reactivity (Mahony ei al., 1986).

For PCR analysis, whole blood was also collected into EDTA tubes, initially stored 

at 4°C, but transferred to -20°C within 72 hours.
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CK and AST were measured in all patients with chest pain of ischaemic type. 

From patients admitted with acute cardiovascular disease and strokes, fasting blood 

samples were taken within 24 hours for serum cholesterol and triglyceride 

measurements. These investigations were ordered by the admitting physician, and 

were not confined to any part of the study period or to any discernible sub-group of 

patients. CK, AST and fasting serum cholesterol and triglyceride were measured in 

an auto-analyser in the Department of Clinical Chemistry, City Hospital. Plasma 

fibrinogen and von Willebrand factor were also measured in all patients with stroke 

syndromes who presented within 12 hours of their onset—the time restriction being 

designed to avoid confusion with acute phase responses. These assays were 

performed by Dr AD Blann at the Department of Clinical Chemistry, Manchester 

University.

In patients with stroke syndromes as the criterion for recruitment to this study, 

cerebral computed tomography (CT) and Doppler ultrasound examination of the 

carotid arteries were performed within 10 days of admission. These were done chiefly 

by one consultant radiologist (Dr G Sagar), but occasionally by other radiologists at 

the City Hospital.

Some of the HT patients underwent electrocardiography, echocardiography, 

plasma fibrinogen, fibrin D-dimer and von Willebrand factor estimations. These 

plasma measurements, which were ordered by the responsible physician, were not
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confined to any part of the study period or to any discernible sub-group of patients. 

Left ventricular mass index (LVMI) was estimated by echocardiography, using the 

formula of Devereux and the Penn conventions of measurement (Devereux and 

Reichert, 1977; Sahn et a l, 1978). All echocardiography was performed by a single 

experienced cardiologist (Dr GYH Lip). Left ventricular hypertrophy (LVH) was 

defined by LV mass >135 g m”̂  in males or >110 g m"̂  in females as estimated by 

echocardiography, and by electrocardiography (ECG) using the criteria of Sokolow 

and Lyon, i.e. S in Vi + R in Vs or Ve >35 mm.

CA and HT patients were bled at routine out-patient appointments.
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3.1.5. Statistical analysis

Raw frequencies of acute (re-)mfection and previous infection were initially compared 

between each index disease or ethnic group and controls by simple univariate 

analyses, using tests. Next, a logistic regression modelling method was applied, 

implemented in the EGRET statistical package (Statistics and Epidemiology Research 

Corporation, 1993), to the index disease and control groups, exploring the influences 

of ethnic origin, age, sex, smoking habit, diabetes mellitus, steroid use and Townsend 

score on any association of C  pneumoniae antibody levels with index disease or 

control classification.

Matched groups were derived as described above. For the hypothesis underlying 

each stage of this project, a  (two-tailed) was set at 0*025, giving a 5% (maximum) 

probability of incorrectly rejecting the null hypotheses, and p was set at 0*20, giving 

the study a power of 1~P = 80%. Initial studies demonstrated antibodies at this titre 

in around 13% of the local population. This agreed well with other published studies, 

from which it had been predicted that the prevalence of IgG anti-C. pneumoniae 

antibodies at titres of >64 would be approximately 15-20% (Forsey et al.̂  1986; 

Grayston, 1989; Chirgwin et al., 1991). Applying the z statistic, it was estimated that 

72-162 matched pairs would be required to detect an anticipated difference of 10- 

15% between the proportions of people in any two groups with antibody titres of >64
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(Hulley and Cummings, 1988).

After matching, a conditional logistic regression method for matched data (also 

from the EGRET package) was used to explore possible associations of 

C  pneumoniae antibody levels and the matched variables with index disease or 

control classification. The influences of these characteristics, and of others for which 

matching was not achieved or data sparse in the matched patients, i.e. steroid use, 

diabetes mellitus and social deprivation, were examined in the 1,518 unmatched 

control patients only by logistic regression for unmatched data alone, also using the 

EGRET package. Hence ORs were derived, expressing the associations of index 

disease classification with acute C. pneumoniae (re)infection and previous infection, 

adjusted for potential confounding factors.

Finally, where appropriate, general linear model analyses of variance were 

performed on serum concentrations of cholesterol and triglyceride, plasma 

concentrations of fibrinogen, fibrin D-dimer and von Willebrand factor and left 

ventricular mass index (LVMI), stratifying data from the entire study population by all 

potentially associated factors. Because the cholesterol, triglyceride and fibrin D-dimer 

concentrations had skewed distributions in the patients recruited to this study, their 

logarithmic (loge) transforms were used for these analyses, in order to stabilise 

variance.
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3.2. Serology: method

All serology was carried out by the author, in the Clinical Virology Department at 

Birmingham City Hospital. Sera were tested using MAXISCREEN CHLAMYDIA 

MIF slides (10 International Ltd., London) and fluorescein isothiocyanate (FITC)- 

conjugated anti-human immunoglobulins, by the author only. These slides allow the 

measurement of serum levels of type-specific IgG, IgM and IgA antibodies against 

C. pneumoniae (IOL-207) (Moss et a i, 1993). Each sUde has 18 wells, each 

containing 4 antigen dots, as shown in Figure 3.2.0.0.1.
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Figure 3.2.0.0.1. Arrangement of dots in 1 well, as seen under 

microscope, with slide label to the right

C  psittaci C. pneumoniae

Negative control C. trachomatis
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Only an even pattern of elementary body fluorescence was regarded as positive. In 

every batch of slides tested, two control serum preparations known to be positive for 

this organism (one from a patient with proven C. pneumoniae infection, kindly 

provided by Dr M Sillis, and one supplied by 10 International Ltd, London) and two 

negative controls (one supplied by 10 International Ltd, London, and one micro

filtered phosphate-buffered saline [PBS] control) were each applied to two slides. All 

sera were screened at a dilution of 1:8. Thereafter, positive sera were tested at 

dilutions of 1:8-l : 1,024.

Acute infection or reinfection just prior to entry into the study was presumed to be 

indicated by titres of IgG >512, IgM >8 or—in patients who provided convalescent 

samples—IgG rising fourfold between initial and convalescent sampling. Titres 

indicating previous infection without recrudescence were presumed to be IgG 64-256 

or IgA >8, provided that IgM could not be detected and there was no significant rise 

in IgG.

Each blood sample was labelled only with a serial number, so that the identity of 

the donor and reason for admission were unknown to the investigator at the time of 

testing. All records of identifying characteristics (name, date of birth, unit number 

etc.) were destroyed after statistical analysis.
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3.2.1. Screening micro-immunofluorescence

Neat Dako FITC-conjugated anti-human total immunoglobulin was spun at 6,000 x g 

for 6 min. One hundred pi of the supernatant conjugate was diluted 1:100 with 

micro-filtered PBS, vortexed and then stored at 4°C until use. Before application to 

the MIF slides, it was again spun at 1,500 x g  for 25 min, in order to remove non

specific fluorescence due to crystalline debris.

On each day of MIF testing, 264 frozen sera were tested simultaneously, i.e. 132 

matched index and control pairs. Before testing, they were reassorted into a random 

order, so that the investigator was unable to predict fi'om their order which came from 

index and which from control patients. After reassortment, the serum numbers were 

written down in their new order. Each number had up to 5 digits, and there was no 

way of knowing whether any of them corresponded to an index or to a control 

patient, when MIF patterns were recorded. The sera were then spun at 1,000 x g  for 

12 min.

The sera were diluted 1:8, then aliquoted onto 16 MIF slides. The 16 slides were 

loaded into plastic racks, with at least 5 mm separation between adjacent slides: the 

racks were placed in a moist chamber and incubated for 30 minutes at 37°C. After 

this, they were washed (using a magnetic stirrer) in micro-filtered PBS for 15 minutes 

and in micro-filtered distilled water for 15 minutes, drained, and then dried in a gentle
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stream of cold air for 10 min.

Twenty-five pi of an FITC-conjugated anti-human immunoglobulin was carefully 

discharged into each well on the MIF slides. The racks were placed in a moist 

chamber and incubated again for 30 minutes at 37°C.

A drop of concentrated Evans’ blue was added to 300 ml of micro-filtered PBS. 

The racks were washed in this solution for 15 minutes, and again in distilled water for 

15 minutes, drained, and then dried in a gentle stream of cold air for 10 min.

The slides were mounted with a few drops of mountant and large cover slips, and 

taken for examination under UV fluorescence microscopy.

The results of microscopy were entered onto a standard form, shown in Appendix

1.
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3.2.2. Detailed micro-immunofluorescence

Neat Dako FITC-conjugated anti-human IgG, FITC-conjugated anti-human IgM and 

FITC-conjugated anti-human IgA were spun at 6,000 x g  for 6 min. Fifty pi of 

supernatant from each conjugate was diluted 1:100 with micro-filtered PBS and 

vortexed, then stored at 4°C until use. Before application to the MIF slides, each 

conjugate was again spun at 1,500 x g  for 25 min, in order to remove non-specific 

fluorescence from crystalline debris.

All sera that had been shown, by screening MIF, to have antibodies detectable at 

1:8 dilution were recovered from the 4°C refngerator. The sera were then spun at 

1,000 X g  for 12 min, before being further diluted to 1:16, 1:64, 1:128, 1:256 and 

1:512 in micro-filtered PBS, in wells of pre-labelled 96-well ‘U-bottomed’ micro-titre 

plates, using separate tips for all sera. The diluted sera were then transferred to MIF 

slides, and two positive control sera, one negative control serum and one aliquot of 

micro-filtered PBS were added to each slide.

The MIF slides were loaded into plastic racks, incubated, washed and dried as 

already described. The IgG, IgM and IgA conjugates were each applied to two 1:8 

dilutions of every serum sample, and the IgG conjugate was applied to 1:16, 1:64, 

1:128, 1:256 and 1:512 dilutions. The slides were again incubated, washed (using 

dilute Evans’ blue in PBS) and dried, mounted, and taken for examination under UV
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fluorescence microscopy. The results of microscopy were entered onto a standard 

form, shown in Appendix 1.

This procedure was thus carried out twice with IgG, IgM and IgA conjugates for 

all sera at 1:8 dilution only. Where there was a discrepancy between first and second 

tests, i.e. one test gave a negative and the other a positive result, the latter was 

discarded.
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3.3. Polymerase chain reaction

3.3.1. Development

3.3.1.1. General conditions

This PCR assay was developed in a dedicated Class III microbiological safety cabinet 

situated within a room with laminar air flow, in a university department where 

chlamydiae had never been handled. This room was quite separate from the 

laboratories where sample preparation and analysis of the amplified products were 

carried out. Gloves were worn at all stages, and frequently changed. One set of 

micro-pipettes (Gilson Pipetman) was used for tubes known to contain 

C. pneumoniae DNA, and another set for all other tubes, except for clinical template 

DNA preparations which were handled entirely with positive displacement micro

pipettes.
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3.3.1.2. Primer design

A primer design programme, named "PRIMER”, from the Massachusetts Institute of 

Technology, was used. The following principles were assumed.

(1) The primers must be 15-30 nucleotides long: the probability of the sequence to 

which each primer was complementary recurring would then be in the order of 

4-i5_4‘30 (not allowing for tandem repeats).

(2) They should not contain single-nucleotide runs, and should avoid sequences 

that are predicted to produce secondary structures, especially hairpin loops.

(3) They must have little complementarity to each other.

(4) They should be designed in such a way that the last four bases at least were not 

found at corresponding sites in related species.

(5) The overall GC:AT ratio for each primer should be ~50%, with a higher 

GC:AT ratio at the 3' end (where the primer binds Taq polymerase to initiate 

replication), but no poly-guanine runs.

The Wallace equation (below) was used to estimate the optimal annealing 

temperature (T^J:

2 X [no. of AT base pairs] + 4 x [no. of GC base pairs] »
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It was decided that primers for a nested PCR should be derived from the open 

reading frame of the MOMP gene (ompA) of C. pneumoniae IOL-207, as determined 

by Carter et al., 1991. This is shown below.
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Figure 3.3.1.2.1. Open reading frame of IOL-207 ompA gene

5 ' ATG AAA AAA CTC TTAis 

GGT TCT GTC CGC TCCw 

GAT CCA AGC TTA TTAios 

GGA GAT CCT TGC GATiso 

TTA CGT GCT GGA TTTiw 

AAA GTA GAT GCA CCT240 

GGA TCC GCT GCT GCA2S5 

CCG GCC TAC AAT AAG330 

GCA GGC TTC ATT GCC375 

TGT ACT TTA GGA GCT420 

GCG TTC AAT CTC GTT4«  

AAT GCA AAT GAA CTAsio 

GAA CTT TAC ACA GACsss 

GGA GCC TTA TGG GAAmo 

CAA TAT GCA CAG TCCms 

TGT AAC GTA TCG CAAëw 

GGC GTT GCT TTC CCC735 

ACT GGA ACA AAG TCT7W 

GGA GCC TCT CTA TCT»25 

GGA GTA CAA TGG TCT»7o 

ATT GCT CAG CCA AAAjis 

TGG AAC CCT TCT TTAwo 

GAT TCG TTC TCA GACioos 

AAG TTT AAA TCT AGAioso 

TTA GTT GAT GCT GAT1095 

ATT AAC GAG AGA GCTim

AAG TCG GCG TTA TTA30 

TTA CAA GCC TTG CCT75 

ATT GAT GGT ACA ATA120 

CCT TGC GCT ACT TGG165 

TAC GGA GAC TAT GTT210 

AAA ACA TTT TCT ATG255 

AAC TAT ACT ACT GCC300 

CAT TTA CAC GAT GCAms 

TTA AAC ATT TGG GAT390 

TCT AAT GGT TAC ATT435 

GGT TTA TTC GGA GTTm, 

CCA AAC GTT TCT TTA525 

ACC TCT TTC TCT TGGs7« 

TGC GGT TGT GCA ACT615 

AAA CCT AAA GTT GAAmo 

TTC TCT GTA AAC AAA705 

TTG CCA ACA GAC GCT750 

GCG ACC ATC AAT TAT7w 

TAC AGA CTA AAC TCTm 

CGA GCA ACT TTT GATsss 

CTA CCT ACA GCT GTT»3o 

CTA GGA AAT GCC ACA$75 

TTC ATG CAA ATT GTT1020 

AAA GCT TGT GGA GTTioos 

AAA TGG TCA CTT ACTiiio 

GCT CAC GTA TCT GGTiiss

TCC GCC GCA TTT GCT45 

GTA GCG AAC CCT TCTw 

TGG GAG GGT GCT GCA135 

TGC GAC GCT ATT AGCioo 

TTC GAC CGT ATC TTA225 

GGA GCC AAG CCT ACT270 

GTA GAT AGA CCT AACiis 

GAG TGG TTC ACT AATjm 

CGC TTT GAT GTT TTCws 

AGA GGA AAC TCT ACA4so 

AAA GGT ACT ACT GTA4M 

ACT AAC GGA GTT GTTs40 

AGC GTA GGC GCT CGTsss 

TTG GGA GCT GAA TTCmo 

GAA CTT AAT GTG ATC67S 

CCC AAG GGC TAT AAA720 

GGC GTA GCA ACA GCT745 

CAT GAA TGG CAA GTAsio 

TTA GTG CCA TAC ATTsss 

GCT GAT AAC ATC CGCwo 

TTA AAC TTA ACT GCA$4S 

GCA TTG TCT ACT ACTwo 

TCC TGT CAG ATC AACioas 

ACT GTA GGA GCT ACTioso 

GCA GAA GCT CGT TTA1125 

CAG TTC AGA TTC TAA1170 3 '
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Choice of primers for first stage

External primers were selected, corresponding to bases 797-816 and bases 1139- 

1158, as shown below.

(ext 1) SENSE: S' AT GAA TGG CAA GTAmo GGA GCC 3'

i n i  2) ANTI-SENSE: 5' CTGiis6 ACC AGA TAC GTG AGCiMi AG 3'

Both contained 20 bp. There were no single-nucleotide runs, and significant 

secondary structure was not likely. G:C ratios were 50% and 55%, both primers 

ended in G or C at the 3' end, without poly-guanine runs, and optimum annealing 

temperatures (predicted by the Wallace equation) were 60°C and 62°C, respectively. 

Primer dimérisation was possible, on the basis of up to 30% interrupted hybridisation, 

as follows:

5' ATGAATGGTAAGTAGGAGTC 3'

3' GACGAGTGGATAGAGGAGTG 5'

Flanking 322 bp, these primers were expected to form a 362 bp external PCR 

amplicon.
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Choice of primers for second stage

(int 1) SENSE: S' TGG TCT.ro CGA GTA ACT TTT GATwis G 3'

{inti )  ANTI-SENSE: S’ AGG TGG TAG AGTnwai AAC TGG AGA 3'

For internal primers, a 22mer was chosen from positions 865 to 886 and a 21mer 

from positions 1057 to 1077; their optimum anneahng temperatures were predicted 

from the Wallace equation to be 64°C and 62°C. These flanked a 170 bp region 

(positions 888 to 1056), including the 168 bp consensus sequence of the MOMP 

variable domain IV fragment, common to all species of C. pneumoniae studied by 

Gaydos et a l, 1992. Thus they formed a 213 bp internal (nested) PCR amplicon, 

likely to be unique to this species. The GC:AT ratio of the 362 bp external PCR 

amplicon was 68%, and the G:C ratio was 92%. The GC:AT ratio of the 213 bp 

internal PCR amplicon was 67%, and the G:C ratio was 79%.

All primers were synthesised by Alta Bioscience Ltd. (University of Birmingham, 

U.K.), using an automated oligonucleotide synthesiser.
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3.3.1.3. Mismatched primer check

The PCR was performed under optimum conditions (as defined below), using all 

possible combinations of two primers fi*om these two pairs, to detect whether they 

could produce amplicons other than the 362 bp and 213 bp fragments described 

above.

Detection of the MOMP amplicon, throughout this project, was by electrophoresis, 

using a plasmid pBR322 Hae HI digest for molecular weight markers (shown in 

Figure 3.3.1.2.2 with a 440 bp fi*agment, and in Figure 3.3.1.2.3 with the 362 bp 

amplicon generated by the external PCR reaction.)
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Figure 3.3.1.2.2. Plasmid pBR322 Hae III digest and 440 bp control marker
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Figure 3.3.1.2.3. Plasmid pBR322 Hae III digest and 362 bp amplicon
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3.3.2. Establishment of optimum conditions

3.3.2.1. Nucleotide and primer concentrations

Primers must be present in the reaction in excess. This carries two disadvantages: too 

much primer inhibits Taq polymerase, and even moderately high concentrations may 

result in "primer dimers". Therefore, amplification from each stage of the nested PCR 

was tested at concentrations of primers ranging over 1-10 pmol 1”^ i.e. 50-100 pmol 

per 100 pi reaction (each primer), and dNTP concentrations of 100-200 pmol 1”^ i.e. 

10-20 nmol per 100 pi reaction (each dNTP).
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3.3.2 2. Annealing temperatures, magnesium 

concentration and cycle number

In a series of experiments, the PCR was performed with each primer pair at annealing 

temperatures of 50°C, 55°C and 60°C, at magnesium concentrations of 1*5, 2*5 and 

3-5 mmol 1’^ and for 20 and 30 cycles of amplification. The template in each case 

was a preparation of DNA extracted from McCoy cell cultures of C. pneumoniae 

TW-183 by guanidium thiocyanate, containing predominantly McCoy cell {i.e. 

human) DNA, and estimated by scanning spectrophotometry at approximately 10 ng 

Water was added to make 1:1, 1:10, 1:10 ,̂ 1:10 ,̂ 1:10 ,̂ 1:10 ,̂ 1:10  ̂and 1:10  ̂

dilutions, and all eight titres were subjected to PCR at all combinations of annealing 

temperature, magnesium concentration and cycle number. Each 100 pi reaction mix 

contained Tm-HCl (pH 8*3) at 10 mmol 1“^ potassium chloride at 50 mmol 1'̂  and 

gelatin at 0-001% (w/v), and each was covered with 50 pi of mineral oil before the 

addition of the DNA template (2-5 pi) and 2-5 units of Taq DNA polymerase. Ten pi 

of each external primer product was transferred to the internal reaction. In both 

reactions, the first cycle consisted of 3 min dénaturation at 94°C, 1 min annealing at 

the selected temperature and 30 s extension at 72°C. Subsequent cycles consisted of 

30 s dénaturation at 94°C, 20 s at the selected annealing temperature and 20 s 

extension at 72°C. A final holding temperature of 72°C was applied for 5 min, before 

the PCR products were rapidly frozen to “20°C.

84



3.3.3. Sensitivity of the polymerase chain 

reaction

The sensitivity of the assay was initially evaluated using C. pneumoniae IOL-207 

genomic DNA, kindly donated by Dr A Cunningham of Southampton University, and 

was optimised using extracts of genomic DNA from C. pneumoniae TW-183 grown 

in McCoy cells, as described below.
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3.3.3.1. Attempted purification of C. pneumoniae and 

C. trachomatis genomic DNA

In an attempt to guarantee its identity and purity, C  pneumoniae genomic DNA was 

extracted from cultures of the organism, using guanidium thiocyanate and 

phenol/chloroform/isoamyl alcohol (PCI) extraction. For confirmation of specificity, 

DNA from several chlamydiae was obtained from other laboratories, as discussed 

below. C trachomatis genomic DNA could not be found: it was therefore necessary 

to extract it in the same way.

Preparation of C. pneumoniae and C. trachomatis 

cultures

Preparation of cultures was done by associates of Dr J Pearce at the School of 

Biological Sciences, Birmingham University.

HL cells were seeded in 75 cm2 tissue culture flasks, and grown to confluence over 

72 hours. The monolayers were pre-incubated for 15 min in Hanks’ balanced salt 

solution (without Ca2+), supplemented with 15 pg of diethyl-aminoethyl- (DEAE)- 

dextran per ml, at 37°C. They were then inoculated with C. pneumoniae or 

C  trachomatis, and centrifuged at 1200 x g for 1 hour at 37°C. The medium was 

then replaced with Eagle's modification of minimal essential medium (EMEM)
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containing 10% fetal calf serum, 2 mmol L-glutamine, 1% vitamins, 18 gg ml'i 

gentamicin, 23 gg ml"i vancomycin, 2-5 gg ml‘i amphotericin B and 1 gg ml"* 

cycloheximide. These preparations were incubated for 72 h at 37°C in an atmosphere 

containing 5% CO2

Isolation of C. pneumoniae and 0. trachomatis 

elementary bodies

The HL cells were sonicated, transferred to centrifuge tubes and spun at 500 x g  for 

10 min at 4°C, discarding the pelleted cell debris. The supernatants were then spun 

again at 30,000 x g  for 30 min. The pooled pellets from this differential 

centrifugation were homogenised in 2 ml of SPG (20 mmol T* phosphate buffer 

containing 0 2 mol 1’  ̂ sucrose, 49 mmol 1"̂  glutamine, 10% fetal calf serum, 

18 gg ml"i gentamicin, 23 gg ml"i vancomycin and 2*5 gg ml"* amphotericin B). This 

suspension was transferred to a centrifuge tube, and 2 ml of a 30% Urografin solution 

(3*9 g of sodium amidotrizoate, 26 g of meglumine amidotrizoate and 146 mg of 

iodine per 100 ml) was carefully deposited with a sterile plastic Pasteur pipette in a 

layer beneath the elementary body suspension. It was then spun at 53,000 x g  for 1 

hour at 4°C. The resulting pellet, consisting almost only of chlamydial elementary 

bodies, was washed once in Hanks’ balanced salt solution, spinning at 1,000 x g  for 

10 min, and resuspended in SPG. It was then stored in SPG at ~70°C until use.
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Elementary bodies were pelleted by centrifugation at 500 x g  for 30 min, 

resuspended in 5 ml of 0-2 mol 1'̂  sodium acetate, pH 6*9, with 10 mmol 1"̂  

magnesium sulphate, and dispersed by vortexing with glass beads.

50 pi of DNase I {Sigma molecular biology grade, enzyme solution at 9-5 mg ml” )̂ 

was added, and incubated at 37°C for 1 hour to digest any remaining eukaryotic 

DNA. This reaction was stopped by adding EDTA to a concentration of 50 mmol 1’ .̂

Preparation ofC. pneumoniae andC. trachomatis 

DNA

The elementary bodies were pelleted by centrifugation at 500 x g  in a Sorvall 

centrifuge at 4°C for 1 hour. The pellet was resuspended in 2 ml of saline- 

Tris/EDTA: 0*15 mol Pi NaCl, 10 mmol l"i Tris, pH 7-4, 1 mmol EDTA. RNase 

A (Sigma, molecular biology grade) was added to 20 pg ml"\ and incubated at 37°C 

for 45 minutes. The elementary bodies were then re-pelleted in the same way, and 

lysed in 5 ml of 50 mmol 1”  ̂ rm-HCl pH 7-5, 20% (w/v) sucrose, 20 mmol 1"̂  EDTA, 

25 mmol 1"* dithiothreitol, 1% (w/v) Sarkosyl and 200 pg ml'* proteinase K at 55°C 

for 2 hours.
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Extraction of chlamydial genomic DNA by 

phenol/chloroform/isoamyi alcohol

DNA extraction was done according to the method described in Sambrook’s textbook 

(Sambrook et al., 1989). The nucleic acids were extracted once with PCI and once 

with chloroform/isoamyl alcohol alone, then precipitated with 2 volumes of ice-cold 

ethanol. The precipitate was centrifuged at 5,000 x g  for 10 min: the supernatant was 

decanted, and the pellet washed with 70% ethanol. It was again centrifuged at 5,000 

X g  for 2 min, the supernatant was removed, and the pellet was dried in a vacuum 

dessicator. The resulting purified chlamydial DNA was resuspended in 50 pi of ultra

filtered water containing 50 pg ml'^ RNase, and stored at ~20°C.

Extraction of chlamydial genomic DNA, using guanidium 

thiocyanate

This was done according to the method of Pitcher et al., 1989. From a HL cell 

culture preparation, 1*5 ml was spun at 500 x g  for 15 minutes at 4°C, giving a pellet 

the size of a rice grain. The supernatant was discarded, and 100 pi of TE buffer (pH 

8 0) was added. The tube was vortexed for 15 s to resuspend, then cooled on ice.

A mixture of 1 25 M guanidium thiocyanate, 0*025 M EDTA and 0 5% Sarcosyl 

(GES reagent) was made as shown in Appendix 3.1.
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Five hundred pi of cold GES reagent was added to the HL cell culture preparation, 

and agitated gently with a Gilson micro-pipette until all visible tissue was lysed. Then 

0*25 ml of cold 7-5 M ammonium acetate was added, and the preparation was left on 

ice for 10 min.

Five hundred pi of 24:1 chloroform/pentan-2-ol was added at laboratory 

temperature, and vortexed until the phases were mixed. The mixture was transferred 

by micro-pipette to a new 1-5 ml Eppendorf tube, to limit the cany-over of guanidium 

(which inactivates Taq polymerase).

The tube was spun at 18,800 x g  for 10 min at 4°C. The aqueous (upper) phase, 

consisting of ~600 pi, was transferred to two 1*5 ml Eppendorf tubes. To each, two 

volumes {i.e. 600 pi) of cold absolute ethanol was added, to precipitate chlamydial 

DNA and RNA. The tubes were mixed by inversion, and left at ~20°C for 45 

minutes.

The tubes were spun at 6,500 x g  for 10 min at 4°C. The supernatants were 

carefully removed with a micro-pipette, and discarded. Each pellet, containing fibrous 

nucleic acids, was washed three times with 1 ml of 70% ethanol. Pellets were then 

dried in a vacuum dessicator at 50°C for 10 minutes.

Each nucleic acid pellet was redissolved in 50 pi of water, containing DNase-free 

RNase A 20 pg ml"\ over 48 hours at 4°C. After dissolution was complete, the
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nucleic acid solutions were pooled. Five pi of the resulting solution was taken for 

electrophoresis, and the remainder stored at “20°C.

One lane of the C pneumoniae genomic DNA solution was run alongside 3 pi of a 

kilobase marker digest, on a 2% agarose/TAE gel at 120 V for 50 min. This was 

stained with ethidium bromide 0*5 pg pl"i for 30 min, and the bands were visualised 

on a long-wave UV transilluminator.

91



3.3.3 2. Measurement of C. pneumoniae genomic 

DNA concentration in stock preparations

Before sensitivity could be tested, the concentrations of stock solutions of genomic 

DNA were measured by three methods; spectrophotometry, a chemical technique 

(Dische’s diphenylamine assay) and quantification by ethidium bromide fluorescence.

Spectrophotometry

The concentrations of stock solutions of genomic DNA were estimated by 

spectrophotometry at 260 nm, at which an absorbance [OD260] of 1 *0 corresponds to 

50 pg ml"̂  of DNA Absorbance was also measured at 280 nm, where DNA does not 

absorb but contaminating proteins do, to assess product purity: this was considered to 

be acceptable if the ratio of OD260 to OD280 was greater than 1-8.

Diphenylamine assay

This was performed according to the method of Dische, 1930 (Herbert et al., 1971).

This is an assay for fî ee 2-deoxyribose: the blue colour produced by these sugars 

on heating with diphenylamine in glacial acetic acid containing 2-75% sulphuric acid is 

measured by scanning spectrophotometer. Pyrimidine deoxyribonucleotides show a
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very weak reaction in this assay, whereas preparations consisting entirely of purines 

give twice the intensity of colour reaction normally produced by DNA. The 

modification of Burton (1956) entails the addition of acetaldehyde and incubation at 

30°C for 17 hours, rather than heating to 1 0 0 °C: this significantly enhances the 

sensitivity and specificity of the test.

Three hundred mg of diphenylamine was dissolved in 20 ml of glacial acetic acid. 

Three hundred pi of concentrated (98%) H2SO4 was added. One ml of acetaldehyde 

was dissolved rapidly in 47*5 ml of water, and 100 pi of this dilute solution was added 

to the reagent. One ml of this preparation was added to each of the reaction tubes, 

and all tubes were incubated at 30°C for 17-18 hours.

The concentration of stock solution of genomic DNA was then estimated by 

spectrophotometry at 600 nm, compared with deoxyribose standards prepared as 

shown in Appendix 3.2.

Ethidium bromide fluorescence quantification of 

dsDNA: mlnlgel method

Standard dilutions of phage X dsDNA were prepared, at 250, 125, 36*25, 25, 18*13, 

9*06 and 4*53 ng pl’k A stock solution of C  pneumoniae genomic DNA was diluted 

1 :1 0 , and both the dilute and neat solutions were tested.
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Five hundred and sixty mg of ultra-pure agarose was added to 70 ml of in a 100 ml 

conical flask, and heated by microwave for 1-5 min at high power. Ethidium bromide 

was added to the molten agarose solution {i.e. 3*5 pi of a 10 pg pi"! solution). When 

the agarose solution had cooled to hand-hot, it was cast using a well comb.

Two pi of each DNA preparation was mixed with 0-4 ml of gel-loading buffer. 

Electrophoresis was carried out at 70 V for 1 hour on a 5 mm thick, 1 x TAE buffer, 

0 8 % agarose gel containing ethidium bromide at 0-5 pg ml"i. The gel was destained 

by immersion for 5 min in 1 x TAE buffer containing 0 01 M MgCb Bands were 

visualised using short-wave ultraviolet irradiation, and photographed.
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3.3.3 3. Limit of detection of C. pneumoniae DNA in 

mixtures with other DNA

Dilutions of positive control DNA were mixed with a constant amount of negative 

control DNA. These mixtures were subjected to amplification by PCR, using the 

external primers, for 30 cycles. The products were amplified again, using the internal 

primers, for 30 cycles; water (as a negative control) and the original template (as a 

positive control) were run in adjacent lanes.

95



3.3.3 4. Limit of detection of C. pneumoniae DNA in 

human sputum

Using optimum conditions from previous experiments, the nested PCR was run on 

four specimens of sputum from a clinical microbiology laboratory, “spiked” with 

C. pneumoniae DNA in copy numbers of 0-100,000 (approximately) before 

homogenisation. These results were compared with those of PCR on DNA extracted 

from the same sputa with guanidium thiocyanate.
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3.3.4. Specificity of the polymerase chain 

reaction

3.3.4.1. Confirmation of PCR product structure

The specificity of the 213 base pair C  pneumoniae MOMP PCR product was 

confirmed by sequencing it, and comparing the base order with published sequences.

Preparation, puri^cation and quantitation of PCR 

product

The 213 bp C. pneumoniae MOMP amplicon was generated by PCR, purified by phenol/chloroform 

extraction and quantified by spectrophotometry.

A 213 bp C. pneumoniae MOMP amplicon was generated by PCR. Five pi of each of 

the resulting PCR product solutions was removed for electrophoresis, and the 

remainder stored at -20°C, to await subsequent recombination of the MOMP 

amplicon with cleaved plasmid.

Two lanes of the MOMP amplicon, three of the PCR negative control preparations 

and three positive control preparations were electrophoresed for 4 hours at 60 V on a 

5 mm thick, 4% agarose/1 x TAE gel, alongside 2 pi of plasmid pBR322 Hae III
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digest. The gel was stained with ethidium bromide for 20 min and visualised on a 

long-wave UV transilluminator, to confirm the presence of bands at 213 bp in the two 

positive control lanes only.

The residue of the PCR product was purified by phenol/chloroform extraction 

using the technique of Sambrook et al., 1989, as follows.

One volume of phenol/chloroform was added to the amplicon at laboratory 

temperature. The mixture was vortexed for 30 s, and centrifuged at 5,000 x g  for 3 

min, separating it into two phases. The aqueous phase was transferred to a new tube 

on ice, leaving the protein precipitate, and 0*1 volume of 3 mol 1”  ̂ sodium acetate (pH 

7*0) and 2 volumes of absolute ethanol were added. The mixture was shaken, and left 

on ice for 10 min, to precipitate DNA. It was then centrifuged at 5,000 x g for 8  min. 

The supernatant was aspirated with a micro-pipette and discarded, leaving a pellet, 

which was washed with 1 ml of 70-80% ethanol, vortexed for 5 s and centrifuged at

5,000 X g  for 2 min. Again, the supernatant was aspirated with a micro-pipette and 

discarded, and the pellet was dried in a vacuum dessicator for 10 min. It was finally 

redissolved in 100 pi of water, containing DNase-free RNase A at 20 pg ml"*, before 

concentration was measured by spectrophotometry.
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Restriction digest of phagemid IIKS+ DNA, and

separation on agarose gei

The phagemid p&uescript IIKS + was cleaved with Eco RV restriction endonuclease, and visualised 

on an agarose gel.

Ten |il of aqueous phagemid pBiuescnpt IIKS+ solution (containing 2 pg of phagemid) 

was diluted with 4 pi of 10 x "One-Phor-All" restriction enzyme reaction buffer 

(Pharmacia) and 4*67 pi of ultra-filtered water, on ice. To this dilute solution, 1*33 

pi of 15,000 iu ml”i Eco KV endonuclease solution (Pharmacia) was added, i.e. 20 

units of the enzyme. The mixture was incubated at 37°C for 60 min, allowing 

maximal digestion.

This phagemid digest was then electrophoresed at 70 V for 1*5 hours in two 10 pi 

aliquots alongside two lanes of a kilobase ladder (an Eco RUHin dm  digest of X 

DNA), on a mini-gel containing 0*8% ultra-pure agarose with ethidium bromide in 

TAE buffer. It was photographed on a long-wave UV transilluminator using a 10 s 

exposure, and the UV light was immediately turned off, to minimise damage to the 

DNA. In this way, the presence of phagemid digest was confirmed.
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Recovery of linearised phagemid psiuescnpt HKS+ DNA 

from agarose gei

The agarose gel was dissolved in sodium iodide, and the Eco RV-cleavedphagemidpBluescript IIKS+ 

extracted on a silica matrix, then dissolved in water.

Using a scalpel and plastic ruler, the more slowly migrating (linearised phagemid) 

DNA bands were carefully excised from the ethidium bromide-stained mini-gel with a 

scalpel. The excised blocks of gel were cut—as closely to the margins of the DNA 

band as possible—into several ~2 mm cubes, to aid dissolution. A sterile plastic 

Eppendorf tube was weighed empty and containing the excised blocks of gel, and the 

volume of gel was estimated (assuming that 1 g = 1 ml).

A volume of sodium iodide equal to three times that of the gel cubes was added, thus 

keeping the concentration of iodide above 4 mol T \ which prevents dissolution of the 

DNA. The mixture was then incubated in a 45°C water bath for 5 min, vortexing 

briefly after 2  min, to ensure complete dissociation of the gel.

The "Glassmilk" silica matrix was vortexed for at least 1 min, to resuspend it. Five pi 

of "Glassmilk" was added to the sodium iodide/DNA solution, and mixed by 

vortexing. The mixture was then placed on ice for 5 min to allow binding of DNA to 

the silica matrix, vortexing again every 1-2 min to ensure that the "Glassmilk" stayed 

in suspension.
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The suspension was spun for 5 s at full speed. The supernatant (sodium iodide) 

was removed with a micro-pipette, the white pellet (silica + adsorbed DNA) was spun 

again for 2  s, and the supernatant was removed as before.

Four hundred pi of "New Wash" (at ~20°C) was added to the pellet, on ice. It was 

resuspended by vortexing for 1 min, then centrifuged for 5 s at full speed. The pellet 

was washed again twice by resuspension in 400 pi of ice-cold "New Wash" and 

centrifugation.

The pellet was resuspended in 15 pi of sterile ultra-filtered water (as eluent), 

vortexing for 1 min, then incubated in a 45° C water bath for 3 min and centrifuged at 

high speed for 30 s. The supernatant eluate (aqueous DNA) was aspirated, and 

placed in a new, freshly autoclaved tube.

Five pi of the eluate was electrophoresed alongside one lane of a kilobase ladder 

{Eco RVHin Æ I X digest), on a 0-8% agarose/ethidium bromide in TAE mini-gel, at 

70 V for 1-2 hours, and visualised on a long-wave UV transilluminator. The 

presence of Eco 7?V-cleaved phagemid was thus confirmed.
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Preparation of T-vector from phagemid pauMcnp, WKS+

Thymidine tails were added to the Eco RV-cleaved phagemid pBluescript IIKS +, and the resulting 

reagent was incubated with the 213 bp C. pneumoniae MOMP amplicon in the presence of Taq 

polymerase, producing a "T-vector” suitable for incorporation into a bacterial genome.

Ten pi of the aqueous eluate of Eco /?V-cleaved phagemid psiueschpt IIKS+ was added 

to PCR buffer with 2 mM dXTP and native Taq DNA polymerase, as follows:

Ultra-filtered water 59 pi
10 X buffer 10 pi

500 mM KCl
100 mM Tris HCl pH 8 3 @ 25°C 
15 mM MgCb
0 01 % w/v C600 pg ml *) gelatin

dTTP, 10 mM soln 20 pi (final cone 2 mM)
Linearised phagemid 10 pi (containing 1-5-2 pg)
Taq DNA polymerase 1 pi (i.e. 1 unit)

This was incubated at 72°C for 2 hours, making a “T-vector” {i.e. dTTP-tailed, 

E g o  i?V-cleaved phagemid pBiuescnpt IIKS+X then resuspended by vortexing briefly 

with 50 pi of ultra-filtered water.

To a 0*5 ml Eppendorf tube was added:

1 pi C13-3 ng) of dilute T-vector (i.e. dTTP-tailed, Eco i?V-cleaved phagemid j)BiutscriptiiKS+̂  
prepared as above)_____________________________________________________________
1 pi of T4 DNA ligase (NEB: 400 Weiss units)

12 pi of 10 mmol 1 rATP
2 pi of 10 X blunt-cnded ligation buffer
5 pi of the 213 bp MOMP amplicon
9 pi of ultra-filtered water

This mixture was spun at high speed in a bench-top micro-centrifuge for 15 s, then 

left at room temperature for 3 hours, before being transferred to a “20°C freezer to
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await bacterial transformation. In this way, the 213 bp C. pneumoniae MOMP 

amplicon was cloned into the Eco /?V-cleaved phagemid pBiuescnpt IIKS+ as a blunt- 

ended fragment.

Sub-cloning of PCR product in E. coli XL-lmû

The recombinant phagemid T-vector was used to transform competent cells q/" Escherichia coli XL- 

iBlue by electroporation.

A dry, sterile Bio-Rad Gene Puiser cuvette was irradiated on a long-wave ultra-violet 

(UV) trans-illuminator, and then placed on ice.

A 40 |il aliquot of Escherichia coli strain XL-lBiue, previously grown on a rotary 

shaker in 1 0 0  ml of L-broth + tetracycline, to an optical density at 540 nm (OD540) of 

1 0 , was briefly thawed. One pi of the phagemid/amplicon/buffer mixture, prepared 

as above, was added to this culture suspension on ice, and transferred to the cuvette, 

which was immediately placed in a Bio-Rad Pulse Controller Module with the 

following settings; potential difference 2*5 kV, resistance 200 Q, capacitance 25 pF, 

gap 4 8  ms.

An electric field was applied for 4 8  ms, and the cuvette was removed from its 

carriage. Within 1 minute, 1 ml of sterile nutrient broth was added to the cuvette, to 

salvage the cells. The contents of the cuvette were transferred rapidly to a sterile
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glass bijoux bottle, which was then incubated at 37°C for 45 min, on an orbital shaker.

The electroporation procedure was repeated with each of two hgation controls 

(uncut phagemid and dilute T-vector without DNA insert).

Twelve pi of isopropyl p-D-thiogalactopyranoside (IPTG) was added to 120 pi of 

5-bromo-4-chloro-3-indolyl-galactopyranoside (X-gal), and made up to 300 pi with 

6 6  pi of sterile ultra-filtered water. One hundred pi of this mixture was poured onto 

each of three sterile, ampicillin- and tetracycline-treated agar plates, and spread evenly 

over it with a flamed glass spreader. The plates were then dried, upside down, in a 

37°C warm room, for 2 0  min.

One hundred pi of the ligation preparation/electroporated cell suspension/nutrient 

broth mixture, having completed 45 minutes’ incubation, was poured onto an 

IPTG/X-gal/ampicillin-tetracycline agar plate, and spread evenly with a flamed glass 

spreader. This plating out was repeated with each of the ligation control preparations. 

The plates were then left in a humidified 37°C incubator for 16-24 hours.

Following the first attempt at transformation, no bacterial growth was obtained. 

At the second attempt, only white colonies were seen, but after placing the Petri dish 

in a 4°C refiigerator for 2  hours, both blue colonies (untransformed) and white 

colonies (transformed with successfully ligated recombinant phagemids) were clearly 

differentiated. Three persistently white colonies were chosen for further study.
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Enrichment culture of colonies containing 

recombinant phagemid and DNA insert

Colonies q/" Escherichia coli XL-lBlue that had been successfully transformed with the recombinant 

phagemid T-vector—as indicated by negative X-gal reactions—were selected for cloning, and 

cultured overnight.

Three ampicillin plates were dried for 10-15 min at 37°C. The white colonies were 

harvested with a flamed loop, and each plated out from a primary pool on a fresh 

ampicillin plate, which was left in a 37°C humidified incubator overnight.

Fifty ml of fresh Luria-Bertani (LB) medium was made for enrichment culture of 

the white colonies, as follows.

500 mg tryptone (Bacto)
250 mg yeast extract (Bacto)
500 mg sodium chloride
50 ml ultra-filtered water
^J^djusted^^l̂ wit̂ COTicentrat̂ ^odiunUî d^

This medium was autoclaved at 100 kPa (15 p.s.i.) for 20 min, then treated with 

ampicillin 100 pg ml"\ i.e. 50 pi of the stock ampicillin solution of 100 mg ml“̂

The white colonies were then inoculated to 20 ml aliquots of Luria-Bertani 

medium with ampicillin 1 pg ml"\ and incubated in conical flasks at 37°C on a 

rotatory shaker for 14-18 hours.
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Confrmation of recombinant phagemid with DNA 

insert

Cloned recombinant nucleic acid was extracted by lysis ofE. coli XL-\Blue, RNA removed by RNase, 

and the presence of phagemid with DNA insert confirmed by electrophoresis.

One thousand, two hundred and fifty of each overnight (log-phase) E. coli XL-l5 /«e

culture in Luria-Bertani medium with ampicillin was transferred into a sterile, labelled 

15 ml Eppendorf tube. This was centrifuged at 5,000 x g  for 30 s, after which the 

supernatant was aspirated and discarded. The remaining pellet, consisting of 

transformed E. coli XL-lme, was resuspended in 1 0 0  pi of ice-cold resuspension 

buffer, consisting of 50 mmol glucose, 25 mmol 1”̂  Tris HCl (pH 8  0) and 10 mmol 

EDTA (pH 8  0) without lysozyme, by vortexing for 30 s. Two hundred pi of lysis 

buffer, consisting of 0  2  mol 1”  ̂ sodium hydroxide and 1% sodium dodecyl sulphate, 

was freshly prepared and added to each preparation, which was shaken and left on ice 

for 5 min to lyse. Finally, 150 pi of ice-cold neutralisation buffer was added, from a 

stock solution consisting of 60 ml of 5 mmol T* potassium acetate (pH 4*8), 11*5 ml 

of glacial acetic acid and 28*5 ml of ultra-filtered water. Again, the preparation was 

shaken and left on ice for 5 min.

Each preparation was centrifuged at 5,000 x g  for 3 min. Four hundred pi of each 

supernatant was mixed by vortexing with 400 pi of PCI at laboratory temperature, 

and centrifuged at 5,000 x g  for 3 min. Phagemid and bacterial DNA and RNA was
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precipitated from the aqueous phase by mixing with 40 pi of 3 moi 1“  ̂ sodium acetate 

(pH 7-0) and 800 pi of absolute ethanol and leaving on ice for 10 min. Each 

preparation was then centrifuged at 5,000 x g  for 8  min, and the supernatant was 

discarded. The pellet was washed with 1 ml of 70-80% ethanol, vortexed for 5 s and 

spun at 5,000 x ^  for 2 min. The supernatant was again discarded, and the pellet 

dried in a vacuum dessicator at medium temperature for 10 min. The pelleted nucleic 

acids were redissolved in 50 pi of water with 20 pg ml"̂  DNase-free RNase A.

A DNA suspension buffer was made, as follows:

14 pi of 10 X ”One-Phor-Air digestion buffer (to make 1 x buffer strength, suitable for Eco /?!)
83 ni of ultra-filtered water
1 îl of DNase-free RNase A (10 mg ml  ̂ stock solution)
14 nl of Eco Rl

A restriction digest was set up with 20 pi of this freshly prepared DNA suspension 

buffer and 5 pi of the phagemid DNA mini-prep, and incubated at 37°C for 60 min.

Five pi of the purified, cleaved DNA from each recombinant mini-prep was 

electrophoresed alongside 3 pi of an Eco RVHin dlW X digest kilobase ladder and 3 pi 

of a plasmid pBR322 Hae III digest, at 200 V for 1-2 hours. As a control, 5 pi of the 

Eco i?V-cleaved phagemid was run without an insert. The gel was washed in 

ethidium bromide on an orbital shaker for 2 0  min, and the bands visualised on a long

wave UV transilluminator. Both the cleaved phagemid without insert (at ~2-9 kbp) 

and DNA from the recombinant miniprep (at ^31 kbp) were observed.
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Infection with heiper phage

Bacterial cells containing the recombinant DNA were grown to log phase, and infected with the 

helper phage R408.

Sixty ml of "Superbroth" was made up, as follows.

300 mg sodium chloride
1-2 g yeast extract {Bacto)
21 g tryptone {Bacto)
60 gl of 10 M sodium hydroxide
Make up to 60 ml with ultra-filtered water
Adjust pH to 7-4 with cone, sodium hydroxide

This "Superbroth" was divided into four 15 ml aliquots in 100 ml conical flasks, 

one labelled "SB OD blank", capped with aluminium foil and autoclaved at 100 kPa 

(15 p.s.i.) for 20 min.

A single white colony of the Escherichia coli strain XL-Ib/mc (transformed by the 

recombinant phagemid) was scraped from an ampicillin-tetracycline agar plate, and 

transferred to a Luria-Bertani/ampicillin broth. This was incubated overnight at 37°C 

in a sterile conical flask on a rotatory shaker.

3 5 ml of Luria-Bertani broth, put aside for calibration of the photo-densitometer, 

was transferred from the flask labelled "LB OD blank" to a clean 4 ml clear plastic 

cuvette in a photo-densitometer, and 3*5 ml of each XL-ls/«e culture was added to 

subsequent cuvettes. The wavelength was set to 600 nm and the photo-densitometer 

blanked on chamber 1 , then ODgoo was read for each culture.
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Fifteen ml of ” Superbroth" was inoculated with 750 pi of each overnight culture. 

The "SB OD blank" broth was used to blank the photo-densitometer, and the ODeoo was 

checked. Each inoculum was adjusted to an ODeoo of 0* 1.

The "Superbroth" inocula were agitated in 250 ml conical flasks on a rotatory 

shaker at 37°C for approximately 1 hour, until log phase—that is, for long enough to 

obtain an ODôoo of 0*3 (corresponding to a bacterial count of 2-5 x 10* ml" )̂. The 

ODôoo was then checked on 1-5 ml samples of the broths.

The residue was aliquoted into three 4*5 ml fractions, and the rest of the 

purification procedure was performed in triplicate.

The remaining 3 5 ml aliquots of each broth were inoculated with the M l3 helper 

phage-derived single-stranded DNA cloning vector R408, at three multiplicities of 

infection: 2 0 :1 , 1 0 :1  and 1 :1 . (Twenty to one means 2 0  helper phages per bacterial 

cell, and corresponds to a solution of R408 at 5 x lo^ ml"V) Incubation was 

continued on a rotatory shaker at 37°C for 8  hours.

Isolation of cloned phagemid with DNA insert

The cloned recombinant was purified from transformed bacterial cells in single-stranded form by 

heating the cells, spinning the cellular debris, precipitation by ammonium acetate and PCI 

extraction.

After incubation with R408, the "Superbroth" cultures were transferred
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to several sterile 1*5 ml Eppendorf tubes, heated to 65°C for 15 min and spun down in 

a micro-centrifuge at 5,000 x ^  for 2 min. One ml of each of the supernatants was 

removed for storage at 4°C overnight.

DNA dissolved in each 1 ml aliquot of XL-lB/«e/R408 culture supernatant was 

precipitated by adding 250 pi of 7*5 M ammonium acetate:20% PEG (pH 7*5) 

solution, inverting to mix, and leaving to stand at laboratory temperature for 15 

minutes. The tubes were spun at 5,000 x g  for 20 min, and the supernatants 

discarded.

Each pellet was resuspended by gentle vortexing in 250 pi of TE buffer (10 mmol 

Trw-HCl, pH 7-5: 1 mmol 1”̂  EDTA). Two hundred and fifty pi of buffer- 

saturated PCI was added, vortexed for 1 minute and spun at 5,000 x g  for 3 min. The 

aqueous (upper) phase was transferred to a fresh tube, and the extraction repeated 

until no interphase was left. Then an equal volume of chloroform was added, 

vortexed for 1 min and spun at 5,000 x g  for 3 min. The aqueous (upper) phase was 

transferred to a fresh tube.

An equal volume of 7*5 M ammonium acetate (pH 7-5) and 2 volumes of cold 

absolute ethanol were added, and allowed to stand on ice for 15 min. The 

preparations were then centriftiged at 5,000 x g  for 30 min, to spin down the very 

light single-stranded DNA, and the supernatants decanted.
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The DNA pellet (which could not be seen) was carefully washed with 80% ethanol, 

dried in a vacuum dessicator set at medium drying temperature for 1 0  min, and 

dissolved in 20 pi of ultra-filtered water. All the DNA solutions from each white 

colony were pooled.

This yielded 1-2 pg of single-stranded DNA. Five pi was analysed on a 1% 

agarose in TAE mini-gel, alongside 3 pi of an Eco FUHin efrll X digest kilobase 

ladder, at 200 V for 1-2 hours. As a control, 5 pi of the Eco 7?V-cleaved phagemid 

without insert was also run. The gel was washed in ethidium bromide on an orbital 

shaker for 20 min, and the bands visualised on a long-wave UV transilluminator.

Sequencing of cloned phagemid with DNA insert

The cloned recombinant was sequenced by a variation of Sanger's dideoxy method.

SEQUENASE Version 2.0 is a variant of bacteriophage T7 DNA polymerase lacking 

3'—>5' exonuclease activity, created by in vitro genetic manipulation. Sequencing by 

this protocol makes use of Sanger's 2', 3 '-dideoxynucleoside 5'-triphosphate chain 

termination method, and a radioactively labelled nucleotide ([a-35S]dATP) for chain 

visualisation by autoradiography after separation by high-resolution gel 

electrophoresis. Template DNA was annealed to a synthetic oligonucleotide primer; 

the primer was extended to random lengths by Sequenase, using limiting 

concentrations of deoxynucleoside triphosphates (including [a-35S]dATP for radio-
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labelling). Finally, the chains were extended slightly in non-limiting concentrations of 

deoxynucleoside triphosphates with a chain-terminating dideoxynucleoside 

triphosphate. The reactions were stopped by EDTA and formamide, and the products 

were denatured by heating and run on thin gels.

The addition of pyrophosphatase to the reaction mixture prevents 

pyrophosphorolysis and consequent reversal of DNA polymerisation, which accounts 

for band weakening where termination reactions have been run for > 30 minutes.

Annealing reaction

The following were added to a 1 *5 ml Eppendorf tube:

Primer Ipl
Reaction buffer 2g l
DNA template 7 pi

The tube was capped and warmed to 65 °C for 2 minutes, allowed to cool slowly to 

laboratory temperature over 30 minutes, then placed on ice.

Labelling reaction

The following were added to the annealed template-primer:

Dithiothreitol 0-1 mol T̂ 2pl
1:5 dilution of dGTP labelling mix 5fU
[a-^^S]-dATP 3pl
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Working on ice, 0*5 gl of pyrophosphatase was added to 6*5 pi of the Enzyme 

Dilution Buffer provided in the Sequenase kit, and 1 pi of Sequenase was added to 

this solution at ~20°C. Two pi of this diluted Sequenase was added to the annealed 

template-primer labelling mix, and incubated for 2-5 minutes at laboratory 

temperature

Chain termination reactions for guanine, cytosine, adenosine and thymine were 

carried out in four tubes, according to the manufacturer’s instructions, incubating the 

termination reactions at 37°C for 5 minutes.

Sequencing samples were denatured by heating to 95°C for 3 min, then cooled 

rapidly on ice. Denatured samples were applied to a 0*4 mm Sequi-Gen (acrylamide) 

nucleic acid sequencing gel with syringes and hypodermic needles. Electrophoresis 

continued for 6  hours, after which the gel was soaked in 5% acetic acid and 15% 

methanol for 15 min to remove urea, then dried at 80°C.

The dried gel was applied directly to radiographic film, and the nucleotide 

sequence read from this film by eye.

113



3.3.4 2. Database search for primer cross-reactivitv

The SEQNET computer database (GenBank) at the Daresbury laboratories in 

Warrington was searched (by FASTA), to detect potential interactions of the primers 

chosen for this assay and genomic DNA from organisms other than C. pneumoniae.
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3.3.4 3. Trials with sputa

Nested PCR was carried out on preparations made from seven sputum samples kindly 

donated by Dr M Sillis (Norwich Public Health Laboratory), designated SpA-SpG. 

Of these, SpC, SpE, SpF and SpG came from patients known (through serological 

studies) to be infected with C. pneumoniae, while SpA, SpB and SpD were from 

patients infected with C. psittaci. The investigator was blinded to this information 

while performing PCR.

Sputa were liquefied at Norwich PHL before being sent to Birmingham, as follows. 

Each sputum specimen was treated with an equal volume of freshly prepared 2% w/v 

A-acetyl-L-cysteine + 20 mM sodium hydroxide for 10-30 min (depending on sputum 

tenacity) in an orbital shaker, in order to achieve mucolysis and sputum liquefaction. 

Each was then vortexed for 5 min to achieve complete lysis, and transferred to a 

freshly autoclaved 20 ml V-bottomed universal container. Twice the volume of PBS 

(pH 7.2) was added, and each preparation was spun at 3,000 x g  for 20 min. This 

wash was repeated once. The supernatants from these steps were again spun at

10,000 X g  for 45 min.

Each specimen was centrifuged once more on arrival in Birmingham, and the 

pellets were resuspended in 100 pi of Tween-Nonidet-proteinase mixture (TNP), 

containing 0*5% Tween-20, 0*5% Nonidet P-40 and 100 pg ml"* proteinase K. 

Specimens were incubated for 1 hour at 60°C, then heated on a thermal block to
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100°C for 10 min, to inactivate proteinase K. Five pi of the resulting crude 

preparation was used for PCR.
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3.3.4 4. Other chlamydial genomic DNA

Nested PCR was performed, with a range of Chlamydia spp. DNA preparations.

(1) C  pecorum P787 (ovine arthritis strain) DNA, extracted by phenol/chloroform,

kindly donated by Dr C Storey. This isolate was judged to be C. pecorum by 

its MOMP suggest and by a series of Southern blot analyses. Two pg of 

DNA were dissolved in 20 pi of sterile TE buffer (pH 8 0): I pi {i.e. 100 ng) 

was used for external PCR.

(2) C. pneumoniae IOL-207 (human conjunctivitis strain) DNA, kindly donated by 

Dr A Cunningham), was extracted by guanidium thiocyanate as described. 

Two pi were used for external PCR.

(3) C. pneumoniae TW-183 (conjunctivitis strain) DNA, kindly donated by Dr JD 

Trehame, was extracted by guanidium thiocyanate. Two pi were used for 

external PCR.

(4) C. pneumoniae TW-183 DNA, kindly donated by Dr A Cunningham, was 

extracted by guanidium thiocyanate. Two pi were used for external PCR.

(5) C. trachomatis DNA, kindly donated by Dr J Pearce, was extracted by 

guanidium thiocyanate. Two pi were used for external PCR.

(6) C. psittaci A22 (ovine abortion strain) DNA, extracted by phenol/chloroform,
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kindly donated by Dr A Herring. Three gg of DNA were dissolved in 30 gl of 

sterile TE buffer (pH 8*0): 1 gl {i.e. 100 ng) was used for external PCR.

(7) C. psittaci 725 (avian strain) DNA, extracted by phenol/chloroform, kindly 

donated by Dr A Herring. Three gg of DNA were dissolved in 30 gl of sterile 

TE buffer (pH 8 0): 1 gl {i.e. 100 ng) was used for external PCR.

The products of external and nested PCRs were run on 2% agarose gels at 150 V 

for 1 hour, then stained with 10 gl ethidium bromide for 30 min. The molecular 

weight marker was pBR 322 Hae IQ digest.
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3.3.4 5. Other sources of genomic DNA

The specificity of the PCR was further tested with the following DNA preparations:

(1) Human DNA fi-om uninfected McCoy cells (extracted by guanidium 

thiocyanate), and fi*om the investigator's buccal cells (obtained by scraping and 

mouth washes, followed by boiling at 100°C for 5 min).

(2) DNA from 72 hour growths of laboratory isolates of the following bacteria: 

Streptococcus pneumoniae. Staphylococcus aureus, Haemophilus influenzae, 

Moraxella catarrhalis, Klebsiella pneumoniae. Pseudomonas aeruginosa and 

Legionella pneumophila. The first six of these species were obtained from 

stock cultures (from the National Collection of Type Cultures) kept at the 

Microbiology Dept, at the City Hospital, Birmingham, and the last was kindly 

donated by the Microbiology Dept, at Birmingham Heartlands Hospital. 

Gram-positive bacteria were pre-treated with lysozyme, and genomic DNA 

was extracted from all bacteria by guanidium thiocyanate as described (giving 

visible precipitates of DNA in all cases).

(3) Genomic DNA from Mycoplasma pneumoniae, kindly donated by Dr D 

Pitcher.

(4) Genomic DNA from a respiratory tract isolate of adenovirus in M27 cell
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culture, extracted by guanidium thiocyanate (with a visible DNA precipitate).

(5) Genomic DNA from a respiratory tract isolate of enterovirus in M27 cell 

culture, extracted by guanidium thiocyanate (with a visible DNA precipitate).

(6) Genomic DNA from a respiratory tract isolate of herpesvirus in Vero cell 

culture, extracted by guanidium thiocyanate (with a visible DNA precipitate).

(7) NEGATIVE CONTROL: phage X DNA (Sigma).
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3.3.5. Choice of clinical material

3.3.5.1. Trials with throat swabs

Throat swabs were taken from normal volunteers, and the buffy coat was aspirated 

from a patient with a leukocytosis. DNA was extracted: 5 pi of one extract was 

added to each external PCR tube in a titration series. The efficacy of amplification by 

PCR was assessed in bufiy coat extract and in throat swab eluate.
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3.3.5 2. Application to whole blood specimens

Whole blood DNA from 333 control patients was also examined by PCR, as follows.

One ml of autoclaved nanopure water was added to an Eppendorf tube.

An EDTA tube was shaken vigorously to dislodge clots, and vortexed at high 

speed for 10 s to reconstitute the blood.

Five pi of whole blood was added to the Eppendorf tube, which was mixed by 

inversion ten times.

All Eppendorf tubes were spun at 5,000 x ^  for 2 min, and their supernatants 

discarded, preserving the pellets.

Two hundred pi of InstaGene matrix was added to each Eppendorf tube, and all 

were incubated at 56°C for 15 min.

The Eppendorf tubes were placed in boiling water for 7 min, vortexed at high 

speed for 9 s, then spun at 5,000 x g  for 2 min. Finally, they were put into the ~20°C 

freezer, to await PCR.
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4. Results

4.1. Patient recruitment

From daily admission lists in the Accident and Emergency Department, over 3,500 

newly admitted patients were found during the two years of this study, in whom the 

initial diagnoses made by the admitting physician allowed provisional allocation to one 

of the (index or control) categories selected for this project. Further details were 

obtained in relation to these patients, usually by examining their case notes or by 

questioning their physicians or surgeons, and 2,914 in-patients and 186 out-patients 

were recruited as possible subjects for research. Three hundred and twelve potential 

control subjects and 108 potential index group patients were excluded from the 

project by the criteria stated above, and 53 (all potential control patients) refused to 

participate. In the light of the responsible consultants’ formal diagnoses at discharge 

and new diagnostic information from the hospital case notes, 2,494 in-patients and 

181 out-patients were eventually included in the studies that are comprised by this 

project.

Hospital case notes were obtained for 2,317 of the 2,494 in-patients, and were 

scrutinised for the diagnoses and demographic characteristics. In the 177 in-patients
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remaining, this information was obtained from clinic letters and from the returned 

questionnaires. Eight hundred and fourteen in-patients were personally interviewed 

by the investigator, and 616 returned their questionnaires with adequate answers The 

diagnoses and demographic details relating to the 181 out-patients had been recorded 

by other research staff.

The diagnoses were thus considered to be reliable in all 2,675 patients. All of the 

potential confounding variables examined in this project (age, sex, smoking habit, use 

of steroid medication, presence of previously diagnosed diabetes mellitus and 

Townsend score) were confirmed in all of the index patients, but in only 1,103 of the 

1,518 control subjects. Therefore, although results from the remaining 415 controls 

were used (when appropriate) in univariate analyses, they were excluded from 

matches with index disease patients and multi-factorial analyses of unmatched data.

Of the entire study population, 1,917 patients (71-7%) were of Caucasian, 485 

(181%) of Asian and 273 (10*2%) of Afro-Caribbean origin. One thousand, five 

hundred and twenty-two (56-9%) were male and 1,153 (43*1%) female. These 

proportions were similar for index and control groups, and close to those shown in 

the most recent (1991) government census of the local population. The age range 

was 15-89 years (mean 58 8, SD 16*8).

A Townsend deprivation index was assigned by linking postcode sectors to census 

enumeration districts for each of the 1,815 patients recruited from the West Midlands
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conurbation. Scores, which were derived from the 1991 census by the Department of 

Public Health Epidemiology at the University of Birmingham, ranged from “ 7-0 

(affluent) to 10 2 (deprived), with a mean of 4-5 (SD 3-5). Six hundred and fifty-eight 

of 669 amalgamated postcode sectors in this conurbation were included in the studies 

that comprise this project.
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4.1.1. Control group

Of the 2,494 in-patients, 1,518 were control subjects, defined by admission for acute 

non-cardiovascular, non-pulmonary disorders. The demographic characteristics of 

this group are shown in Table 4.1.1.0.1.

Table 4.1.1.0.1. Demographic characteristics of control group.

Number 1,518
Ethnic origin Caucasian 1,061 (699%)

Asian 290 (19 1%)
Afro-Caribbean 167(11-0%)

Age (years) Range 16-88
Mean 56-5 (SD 18-0)

Sex Male 844 (55-6%)
Female 674 (44-4%)

Townsend score Mean 46
Standard deviation 3-5

Smoking habit Current 448 (29-5%)
Previous (>3 months) 264 (17-4%)
Never 689 (45-4%)

Steroid use Inhaled only 61 (4-0%)
Systemic 52 (3-4%)
None 1,393 (91-8%)

Diabetes mellitus Insulin-dependent 54 (3-6%)
Non-insulin-dependent 86 (5-7%)
Unknown 58 (3-8%)
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In the control patients, the primary indications for admission to hospital were as 

follows;

• 460 (30*3%) with abdominal pain, for which causes were established in 403

cases

• 91 with chest pain, not suggestive of myocardial ischaemia, for which no

cause was found

• 85 with malignant disease

• 77 with fractures of various bones

• 64 with urinary obstruction

• 44 with complications of diabetes mellitus

• 697 with other miscellaneous medical and surgical diagnoses

Convalescent sera were received within 160 days of the initial serum sample in 282 

(18 6%) of these patients.

After excluding all patients who were known to have connective tissue or other 

auto-immune disease, there remained in the study 133 controls in whom connective 

tissue diseases were suspected on clinical grounds, and who were therefore tested for 

the presence of rheumatoid factor. Where this test was positive, in 24 controls, the
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finding of IgM antibodies was discounted for the diagnosis of acute C  pneumoniae 

infection.

Acute infection was diagnosed solely on the basis of IgM titres in 30 controls, of 

whom 22 would otherwise have been defined by their IgG titres as previously 

infected. Eleven of the controls were older than 60 years, and therefore within the 

age group that has been associated with unsuspected rheumatoid factor production 

(Verkooyen et a l, 1992).

Two hundred and eighty-two control patients (18*6% of the entire study 

population) attended for convalescent blood sampling within 160 days, at a mean of 

121*0 (SD 60*1) days following admission. After 160 days, it was judged that sera 

could no longer be regarded as convalescent, and they were discarded.
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4.1.1.1. Ethnie groups among control subjects

In order to limit bias due to racial predilections for disease and chance variation in the 

relationship of ethnic origin to particular diseases, the study of C  pneumoniae 

infection in relation to ethnic origin was conducted among the 1,518 control patients 

only. The demographic characteristics of the ethnic groups in this population are 

shown in Table 4.1.1.1.1. One thousand and sixty-one (69*9%) were of Caucasian, 

290 (19 1%) of Asian and 167 (11*0%) of Afro-Caribbean origin. A Townsend index 

of social deprivation was assigned for each of the 1,124 patients who lived in the 

West Midlands conurbation: scores ranged from ~7*0 (affluent) to 10 2 (deprived), 

with a mean of 4-4 (SD 3-5). As stated above, reliable information on all of the 

potential confounding variables examined in this study (age, sex, smoking habit, use 

of steroid medication, presence of previously diagnosed diabetes mellitus and 

Townsend score) was obtained for only 1,103 subjects: other subjects were therefore 

not included in the analysis of unmatched data.
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Table 4.1.1.1.1. Demographic characteristics of ethnic groups (1,518

unmatched controls).

Caucasian Asian Afro-Caribbean
Number (% study population) 1,061 (69-9%7) 290(19*1%) 167(11*0%)
Age (years) Range 18-88 16-84 18-83

Mean 595 49*0 50*6
Std. deviation 174 17*3 18*0

Sex Males ethnic group) 603 (56 8%) 152 (52 4%) 89 (53*3%)
Females 458 (43 2%) 138 (47*6%) 78 (46*7%)

Smoking habit Current (% ethnic group) 359 (33 8%) 37 (12*8%) 52 (31*1%)
Previous (>3 months) 232 (21 9%) 14 (4*8%) 18 (10*8%)
Never 395 (37-2%) 218 (75*2%) 76 (45*5%)
Unknown 75 (7-1%) 21 (7*2%) 21 (12*6%)

Steroid use Inhaled ethnic group) 52 (4 9%) 8 (2*8%) 1 (0*6%)
Systemic 37 (3 5%) 6 (2*1%) 9 (5*4%)
None 964 (90 9%) 275 (94*8%) 154 (92*2%)
Unknown 8 (0 8%) 1 (0*3%) 3 (1*8%)

Diabetes mellitus Insulin-dependent 26 (2 5%) 16 (5*5%) 12 (7*2%)
Non-insulin-dependent 38 (3 6%) 29 (10*0%) 19(11*4%)
Unclassified diabetes 27 (2 5%) 16 (5*5%) 15 (9*0%)

Townsend scores Mean 3-7 5*7 7*0
Std. deviation 3-5 3*1 2*3
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Two hundred Caucasian, 49 Asian and 33 Afro-Caribbean patients (18*6% of 

the entire study population) attended for convalescent blood sampling within 

160 days, at a mean of 98*5 (SD 37 0) days following admission.

After excluding all patients who were known to have connective tissue or 

other auto-immune disease, there remained in the control group 77 Caucasians,

45 Asians and 11 Afro-Caribbeans in whom connective tissue diseases were 

suspected on clinical grounds, and who were therefore tested for the presence 

of rheumatoid factor. Where this test was positive, in 14 Caucasians, 9 Asians 

and 1 Afro-Caribbean, the finding of IgM antibodies was discounted for the 

diagnosis of acute C. pneumoniae infection.

Acute infection was diagnosed solely on the basis of IgM titres in 16 Caucasians, 6 

Asians and 8 Afro-Caribbeans in this population, of whom 13 Caucasians, 3 Asians 

and 6 Afro-Caribbeans would otherwise have been defined by their IgG titres as 

previously infected. Eight, 1 and 2, respectively, were older than 60 years, and 

therefore within the age group that has been associated with unsuspected rheumatoid 

factor production. Of these, 3 Caucasians, 1 Asian and 2 Afro-Caribbeans 

subsequently took part in the matched analysis. There were therefore 6 patients in the 

analysis of ethnic groups who might conceivably have been identified wrongly as 

having acute infection.
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4.1.1.2. Steroid use among control subjects

One thousand, five hundred and six subjects were included in the analysis of steroid 

use: their demographic characteristics are shown in Table 4.1.1.2.1. Sixty-one (41%) 

were on inhaled steroids, 52 (3*5%) on oral prednisolone and 1,393 (92-5%) on no 

steroid or other immuno-suppressive medication. Townsend scores of social 

deprivation were assigned to 1,114 who lived in the West Midlands conurbation. 

Again, reliable information on all of the potential confounding variables examined in 

this study (ethnic origin, age, sex, smoking habit, diabetes mellitus and Townsend 

score) was obtained for only 1,103 subjects, so that the others could not be included 

in the logistic regression analysis.

Thirty-three steroid users and 249 non-users (29-2% and 17*9%, 

respectively) attended for convalescent blood sampling within 160 days, at a 

mean of 98 5 (SD 37-0) days following admission.

After excluding all those who were known to have connective tissue or other 

auto-immune disease, there remained in this analysis 20 steroid users and 112 

non-steroid users in whom connective tissue diseases were suspected on clinical 

grounds, and who were therefore tested for the presence of rheumatoid factor. 

Where this test was positive, in 4 steroid users and 20 non-steroid users, the 

finding of IgM antibodies was discounted for the diagnosis of acute
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c. pneumoniae infection.

Acute infection was diagnosed solely on the basis of IgM titres in 2 steroid 

users and 27 non-steroid users, of whom 1 steroid user and 20 non-steroid users 

would otherwise have been defined by their IgG titres as previously infected. 

Two steroid users and 9 non-steroid users were older than 60 years, and 

therefore within the age group that has been associated with unsuspected 

rheumatoid factor production.

133



Table 4.1.1.2.1. Demographic characteristics of steroid groups (1,506

patients).

Steroid users Non-steroid users
Number 113 (7 5%) 1,393 (92 5%)
Steroid type Inhaled

Oral (prednisolone)
61 (540%) 
52 (46 0%)

Age (years) Range 21-87 16-88
Mean 61 2 (SD 16 3) 56-2 (SD 18-1)

Sex Males 65 (57 5%) 773 (55-5%)
Females 48 (42 5%) 620 (44-5%)

Ethnic origin Caucasian 89 (78 8%) 964 (69 2%)
Asian 14 (12 4%) 275 (19-7%)
Afro-Caribbean 10 (8 8%) 154(11-1%)

Smoking Current 30 (26 5%) 418 (30-0%)
Previous (>3 months) 34 (30-1%) 230 (19-7%)
Never 46 (40 7%) 643 (46-2%)
Unknown 3 (2-7%) 102 (7-3%)

Diabetes mellitus Insulin-dependent 26 (2 5%) 16 (5-5%)
Non-insulin-dependent 38 (3 6%) 29 (10-0%)
Unclassified diabetes 27 (2-5%) 16 (5-5%)

Townsend scores Mean 3-7 5-7
Std. deviation 3-5 3-1
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Approximately 4% of control patients were taking inhaled steroids at the time of 

admission to hospital. However, these patients, who were examined very carefully, 

were all considered to have no evidence of active pulmonary disease (and therefore 

lacked standard indications for inhaled steroids). Control patients who were taking 

systemic steroids all did so for non-pulmonary, non-cardiovascular diseases. The use 

of logistic regression analysis should adjust for any confounding effects of these 

medications.
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4.1.2. Index disease groups

In the remaining 976 in-patients and 181 out-patients (those with index diseases), the 

salient details were as shown below.

4.1.2.1. Acute asthma (AA)

Twenty-seven potential AA patients were excluded from this study by the criteria 

stated above, and 7 refused to participate. One hundred and twenty-three were 

recruited: their demographic characteristics are shown in Table 4.1.2.2.1. In four 

cases, the responsible physician was uncertain about the diagnosis, and referred these 

patients for formal pulmonaiy function testing. They were included in this study on 

the basis of FEVj/FVC ratio <0*7, with an improvement of >15% in FEVj, FVC or 

PEF (or 0 2 litre in FEVj alone) after nebulised p2-agonist.

Twenty-nine AA patients (23 6%) attended for convalescent blood sampling within 

160 days, at a mean of 134-4 (SD 87-7) days following admission.

Rheumatoid factor was measured in 13 AA patients in whom connective tissue 

diseases were considered possible on clinical grounds. This test was positive in 4 

patients, in whom the finding of IgM antibodies was therefore discounted. After these 

precautions, there remained 2 patients in whom acute C. pneumoniae infection was
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detected solely on the basis of IgM titres, both of whom would otherwise have been 

defined by their IgG titres as previously infected. Neither of these was older than 60 

years, and therefore within the age group that has been associated with unsuspected 

rheumatoid factor production. Neither took part in the matched analysis.
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4.1.2.2. Chronic asthma (CA)

Forty-six (2*7%) were assigned to the CA group. Seventeen of these (4 male) had 

type 1 and 11 (4 male) type 2 “brittle” asthma, and 18 (4 male) were stable severe 

chronic asthmatics (Table 4.1.2.2.1).

Table 4.1.2.2.1. Demographic characteristics of asthma and control groups 

(unmatched).

Patients AA CA Controls
123 46 1,518

Ethnic origin Caucasian 67 (54 5%) 45 (97-8%) 1,061 (69-9%)
Asian 39 (317%) 0 290(19-1%)
Afro~Caribbean 17(13-8%) 1 (2-2%) 167(11-0%)

Age (years) Range 16-82 15-62 16-88
Mean 45-5 (SD 36-2 (SD 56-5 (SD

16-2) 11 4) 18-0)
Sex Male 47 (38-2%) 14 (30-4%) 844 (55-6%)

Female 76 (61-8%) 32 (69-6%) 674 (44-4%)
Smoking Current 27 (22-0%) 13 (28-3%) 448 (29-5%)

Previous (>3 months) 12 (9-8%) 6 (13-0%) 264 (17-4%)
Never 82 (66-6%) 21 (45-7%) 689 (45-4%)

Steroid use Inhaled only 44 (35-8%) 43 (93-5%) 61 (4-0%)
Systemic 25 (20-3%) 3 (6-5%) 52 (3-4%)
None 53 (43-1%) 0 1,393 (91-8%)

Townsend score Mean 5-1 1-1 4-6
Std. deviation 3-1 3-8 3-5

Diabetes mellitus Insulin-dependent 1 (0-8%) (Data not 54 (3-6%)
Non-insulin-dependent 10 (8-1%) available) 86 (5-7%)
Unknown 10 (8-1%) 58 (3-8%)
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4.1.2.3. Acute purulent exacerbations of known 

chronic bronchitis or emphysema

Thirty-one potential COPD patients were excluded from this study by the criteria 

stated above, and 4 refused to participate. One hundred and ninety-nine were 

recruited with COPD: their demographic characteristics are shown in Table 4.1.2.3.1.

Table 4.1.2.3.1. Demographic characteristics of COPD and control groups 

(unmatched)

Patients COPD Control
199 1,518

Ethnic origin Caucasian 180 (90 5%) 1,061 (69*9%)
Asian 16 (8 0%) 290 (19 1%)
Afro-Caribbean 3 (15%) 167 (110%)

Age (years) Range 47-89 16-88
Mean 70 1 56-5
Std. deviation 78 180

Sex Male 130 (65 3%) 844 (55 6%)
Female 69 (34 7%) 674 (44 4%)

Smoking Current 79 (39 7%) 448 (29 5%)
Previous (>3 months) 98 (49 2%) 264 (17 4%)
Never 21 (106%) 689 (45 4%)

Diabetes mellitus Insulin-dependent 1 (05%) 54 (3 6%)
Non-insulin-dependent 10 (5 0%) 86 (5 7%)
Unknown 3 (15%) 58 (3 8%)

Steroid use Inhaled only 75 (37 7%) 61 (40%)
Systemic 40 (20 1%) 52 (3-4%)
None 84 (42 2%) 1,393 (91 8%)

Townsend scores Mean 48 45
Std. deviation 31 3-5
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Fifty-three COPD patients attended for convalescent blood sampling within 160 

days, at a mean of 119-9 (SD 72-0) days following admission. In the COPD and 

control groups, the proportions of subjects supplying convalescent sera within this 

period were 26-6% and 18-6%, respectively.

Rheumatoid factor was measured in 23 COPD patients in whom connective tissue 

diseases were considered possible on clinical grounds. This test was positive in 12, in 

vdiom the finding of IgM antibodies was therefore discounted. After these 

precautions, there remained 5 COPD patients in whom acute C. pneumoniae infection 

was detected solely on the basis of IgM titres, of whom 4 would otherwise have been 

defined by their IgG titres as previously infected. All 4 were older than 60 years, and 

therefore within the age group that has been associated with unsuspected rheumatoid 

factor production: of these, 3 subsequently took part in the matched analysis.
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4.1.2.4. Unstable angina and acute myocardial 

infarction

Twenty-seven potential myocardial ischaemia patients were excluded from this study 

by the criteria stated above, and 12 refused to participate. Four hundred and seventy- 

eight had been admitted with retrosternal pain and/or dyspnoea, thought to be 

consistent with acute myocardial ischaemia, and definite electrocardiographic signs of 

ischaemia; their demographic characteristics are shown in Table 4.1.2.4.1. Two 

hundred and sixty were diagnosed with UA and 218 with MI, according to the criteria 

stated above.
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Table 4.1.2.4.1. Demographic characteristics of UA, Ml and control groups 

(unmatched).

Patients Unstable
angina

Myocardial
infarction

Control patients

Number 260 218 1,518
Ethnic origin Caucasian 187 (71 9%) 169 (77-5%) 1,061 (69-9%)

Asian 55 (212%) 37(17-0%) 290(19-1%)
Afro-Caribbean 18 (6 9%) 12 (5-5%) 167(11-0%)

Age (years) Range 37-85 39-86 16-88
Mean 641 65-8 56-5
Standard deviation 101 10-0 18 0

Sex Male 173 (66 5%) 150 (68-8%) 844 (55-6%)
Female 87 (33 5%) 68 (31-2%) 674 (44-4%)

Smoking Current 58 (22-3%) 56 (25-7%) 448 (29-5%)
Previous (>3 months) 98 (37 7%) 67 (30-7%) 264 (17-4%)
Never 99 (38-1%) 89 (40-8%) 689 (45-4%)

Diabetes mellitus Insulin-dependent 21 (81%) 10 (4-6%) 54 (3-6%)
Non-insulin-dependent 24 (9'2%) 16 (7 3%) 86 (5-7%)
Diabetes, type unknown 14 (5 4%) 10 (4-6%) 58 (3-8%)

Steroid use Inhaled only 9 (3 5%) 4(1-8%) 61 (4-0%)
Systemic 6 (2 3%) 4 (1-8%) 52 (3-4%)
None 241 (92 7%) 208 (95-4%) 1,393 (91-8%)

Townsend scores Range -6 1 -9  8 -70-9-8 -70-10-2
Mean 4 5 3-8 4-5
Standard deviation 34 3-7 3-5
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Eighty-two (315%) of the UA and 62 (284%) of the MI patients attended for 

convalescent blood sampling within 160 days, at a mean of 95*7 (SD 38 2) days 

following admission. Their demographic characteristics were similar to those of the 

study groups that they represented (Table 4.1.2.4.2).
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Table 4.1.2.4.2. Demographic characteristics of patients who gave 

convalescent sera.

Patients UA MI Control
Number 82 62 282
Ethnic origin Caucasian 64 (78 0%) 49 (79-0%) 200 (70-9%)

Asian 11 (13-4%) 9 (14-5%) 49 (17-4%)
Afro-Caribbean 7 (8-5%) 4 (6-5%) 33 (11-7%)

Age (years) Range 42-81 40-82 20-84
Mean 642 64-8 58-6
Standard deviation 10 1 9-6 15-5

Sex Male 55 (67 1%) 43 (69 4%) 185 (65-6%)
Female 27 (32 9%) 19 (30-6%) 97 (34-4%)

Smoking Current 18 (22 0%) 13 (21-0%) 69 (24-5%)
Previous (>3 months) 34 (41 5%) 26 (41-9%) 84 (29-8%)
Never 28 (34 1%) 21 (33-9%) 121 (42-9%)

Diabetes mellitus Insulin-dependent 9(11-0%) 3 (4-8%) 10 (3-6%)
Non-insulin-dependent 6 (7-3%) 5 (8-1%) 19 (6-7%)
Diabetes, type unknown 6 (7-3%) 1 (1-6%) 13 (4-6%)
Not diabetic 61 (744%) 53 (85 5%) 240 (85 1%)

Steroid use Inhaled only 5 (6-1%) 1 (1-6%) 19 (6-7%)
Systemic 2 (2-4%) 2 (3-2%) 14 (5-0%)
None 74 (90-2%) 58 (93-5%) 249 (88-3%)

Townsend scores Range - 1 9 - 9 8 -70-9-8 -5-2-98
Mean 4-3 3-7 4-4
Standard deviation 3-3 3-8 3-6
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After excluding patients known to have connective tissue or other auto-immune 

disease, there remained 23 UA and 8 MI patients in whom connective tissue diseases 

were suspected on clinical grounds, and who were therefore tested for the presence of 

rheumatoid factor. Where this test was positive, in 6 and 1, respectively, the finding 

of IgM antibodies was discounted for the diagnosis of acute C. pneumoniae infection. 

Acute infection was diagnosed solely on the basis of IgM titres in 5 UA and 7 MI 

patients, of whom 3 UA and 6 MI patients would otherwise have been defined by 

their IgG titres as previously infected. Four UA and 5 MI patients were older than 60 

years, and therefore within the age group which has been associated with unsuspected 

rheumatoid factor production. Of these, 4 UA and 4 MI patients subsequently took 

part in the matched analysis. There were 8 myocardial ischaemia and 5 control 

patients in the matched analysis who might conceivably have been identified wrongly 

as having acute infection.

Fasting serum total cholesterol was measured in 80 UA, 55 MI and 422 control 

patients, and fasting serum triglyceride in 73 UA, 54 MI and 419 control patients.
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4.1.2.5. Stroke syndromes (CVA)

Twenty-six potential stroke/TIA patients were excluded by the criteria stated above. 

One hundred and seventy-six patients were recruited with acute neurological 

dysfunction: fully evolved stroke syndromes were eventually diagnosed in 164 and 

transient ischaemic attacks (TIA) in 12. Their demographic characteristics are shown 

in Table 4.1.2.5.1.

Thirty-one stroke/TIA patients (176%) attended for convalescent blood sampling 

within 160 days, at a mean of 986 (SD 36 7) days following admission. Their 

demographic characteristics were broadly similar to those of the population that they 

represented (Table 4.1.2.5.2).

After excluding patients with known connective tissue or other auto-immune 

disease, there remained in the study 21 stroke/TIA patients in whom connective tissue 

diseases were suspected on clinical grounds, and who were therefore tested for the 

presence of rheumatoid factor. Where this test was positive, in 4 patients, the finding 

of IgM antibodies was discounted for the diagnosis of acute C. pneumoniae infection. 

Acute infection was diagnosed solely on the basis of IgM titres in 14, of whom all 

would otherwise have been defined by their IgG titres as previously infected. Nine 

were older than 60 years, and therefore within the age group which has been 

associated with unsuspected rheumatoid factor production.
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Table 4.1.2.5.1. Demographic characteristics of stroke/TIA and control

groups (unmatched).

Patients Stroke/TIA Control patients
176 1,518

Ethnic origin Caucasian 129 (73 3%) 1,061 (699%)
Asian 30 (17 0%) 290(19-1%)
Afro~Caribbean 17 (9 7%) 167 (11-0%)

Age (years) Range 35-86 16-88
Mean 67 9 56-5
Std. deviation 106 18-0

Sex Male 103 (58 5%) 844 (55-6%)
Female 73 (41 5%) 674 (44-4%)

Smoking Current 58 (34 7%) 448 (29-5%)
Previous (>3 months) 35 (210%) 264 (17-4%)
Never 67 (40 1%) 689 (45-4%)

Diabetes mellitus Insulin-dependent 4 (8 1%) 54 (3-6%)
Non-insulin-dependent 12 (9 2%) 86 (5-7%)
Diabetes, type unknown 19 (5 4%) 58 (3 8%)

Steroid use Inhaled only 1 (06%) 61 (4-0%)
Systemic 1 (06%) 52 (3-4%)
None 158 (94 6%) 1,393 (91-8%)

Townsend scores Range -4 2 -9  8 ^•0-10-2
Mean 5 1 4-5
Std. deviation 3 3 3-5
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Table 4.1.2.5.2. Demographic characteristics of patients who gave

convalescent sera

Patients Stroke/TIA Controls
Number 31 282
Ethnic origin Caucasian 24 (77 4%) 200 (70 9%)

Afro-Caribbean 1 (32%) 33(11*7%)
Asian 6 (19 4%) 49(17-4%)

Age (years) Range 43-82 20-84
Mean 63'6 58-6
Std. deviation 8-6 15-5

Sex Male 18(581%) 185 (65-6%)
Female 13 (41 9%) 97 (34-4%)

Smoking Current 12 (38 7%) 69 (24-5%)
Previous (>3 months) 8 (25-8%) 84 (29-8%)
Never 10 (32 3%) 121 (42-9%)
Unknown 1 (32%) 8 (2-8%)

Diabetes mellitus Insulin-dependent 0 10 (3-5%)
Non-insulin-dependent 2 (6 5%) 19 (6-7%)
Diabetes, type unknown 4 (12 9%) 13 (4-6%)
Not diabetic 25 (80 6%) 240 (85-1%)

Steroid use Inhaled only 0 19 (6-7%)
Systemic 0 14 (5-0%)
None 31 (100%) 249 (88-3%)
Unknown 0 0

Townsend scores Range "4-2-9-8 "5-2-9-8
Mean 5 5 4-4
Std. deviation 4-8 3-6
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Fasting serum total cholesterol concentrations were measured in 30 stroke/TIA 

patients, and fasting serum triglyceride levels in 28. Plasma fibrinogen was measured 

in 71, and plasma von Willebrand factor in 69. Seventy-five underwent CT brain 

scanning, and 47 carotid artery ultrasound examination.
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4.1.2.6. Hypertension (HT)

Twenty-seven potential HT patients were excluded from this study by the criteria 

stated above. One hundred and thirty-five were recruited; their demographic 

characteristics are shown in Table 4.1.2.6.1.
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Table 4.1.2.6.1. Demographic characteristics of HT and control groups

(unmatched).

Patients HT Controls
Number 135 1,518
Ethnic origin Caucasian 79 (58 5%) 1,061 (699%)

Afro-Caribbean 38 (28 1%) 167 (110%)
Asian 18 (13 3%) 290(19-1%)

Age (years) Range 23-81 16-88
Mean 550 56-5
Standard deviation 142 18-0

Sex Male 61 (452%) 844 (55-6%)
Female 74 (54 8%) 674 (44-4%)

Smoking Current 28 (20-7%) 448 (29-5%)
Previous (>3 months) 29 (21 5%) 264 (17-4%)
Never 77 (57 1%) 689 (45-4%)

Diabetes mellitus Insulin-dependent 0 54 (3-6%)
Non-insulin-dependent 2 (15%) 86 (5-7%)
Diabetes, type unknown 3 (2 2%) 58 (3-8%)

Steroid use Inhaled only 0 61 (4-0%)
Systemic 0 52 (3-4%)
None 135(100%) 1,393 (91-8%)
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After excluding ail patients known to have connective tissue or other auto-immune 

disease, there remained in the study 5 in whom connective tissue diseases were 

suspected on clinical grounds, and wdio were therefore tested for the presence of 

rheumatoid factor. Where this test was positive, in 2 patients, the finding of IgM 

antibodies was discounted for the diagnosis of acute C. pneumoniae infection. Acute 

infection was diagnosed solely on the basis of IgM titres in 5 patients, all of whom 

would otherwise have been defined by their IgG titres as previously infected. Two 

were older than 60 years, and therefore within the age group that has been associated 

with unsuspected rheumatoid factor production. Both subsequently took part in the 

matched analysis. These 2, and 1 control, in the matched analysis might conceivably 

have been identified wrongly as having acute infection.

The presence or absence of LVH was ascertained by echocardiography, estimation 

of LVMI and ECO in 127 (94 1%) of the HT patients, and the coefficient of variation 

in this measurement was <5%. Plasma fibrinogen, fibrin D-dimer and von Willebrand 

factor were measured in 118 (87*4%), 115 (85*2%) and 120 (88-9%) of the HT 

patients, respectively.
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4.2. Serology

4.2.1. Performance of serology

Positive and negative control preparations gave the expected results, throughout this 

study.
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4.2.2. Control population

4.2.2.1. Effects of race 

Unmatched analysis

Serological results are shown in Table 4.2.2.1.1. On analysis, the distributions of 

the three possible serological outcomes (acute (re)infection, previous infection and 

none) differed significantly (p <0*05) between the Afro-Caribbean and Caucasian 

groups, but not between Asians and Caucasians or between Afro-Caribbeans and 

Asians.

Table 4.2.2.1.1. Effect of ethnic origin (unmatched analysis).

Unmatched Ethnic Groups
Patients Serological classification
Group n Acute (re)infection Previous infection No infection
7. Caucasians 1,061 51 (48%) 119(11-2%) 891 (84-0%)
2. Asians 290 19 (6-6%) 39 (13-4%) 232 (80-0%)
3. Afro-Caribbeans 167 17 (10 2%) 35 (21-0%) 115(68 9%)
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Matched analysis

Matching was achieved, on the criteria stated above, between 169 Asians and 338 

Caucasians, and between 141 Afro-Caribbeans and 282 Caucasians (Table 4.2.2.1.2). 

By conditional logistic regression analysis, the OR comparing matched Afro- 

Caribbean and Caucasian patients for acute (re)infection was 5*5 (95% confidence 

intervals [Cl] 2*0-15*0, p  <0*05), and for previous infection, 1*9 (95% Cl 1 *0-3*7, 

p  <0*05). Ignoring IgM antibody titres from the 6 matched patients over 60 years of 

age, not tested for rheumatoid factor, in whom acute C  pneumoniae infection was 

detected solely on the basis of IgM would not have reduced the difference between 

levels of acute (re)infection in the Afro-Caribbean and Caucasian groups. Between 

Asians and Caucasians, there were no significant differences.

Age, sex and smoking habit showed no apparent statistical interactions {i.e. effect 

modifications in different subgroups) with serological evidence of C. pneumoniae 

infection. Logistic regression using the entire unmatched data set, which also 

permitted adjustment for diabetes mellitus and Townsend score, showed no significant 

interactions of these factors either. In relation to the apparent associations between 

C. pneumoniae infection and ethnic origin, the conclusions using this method were 

similar to those of the matched analysis.
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Table 4.2.2.1.2. Effect of ethnic origin (matched analysis).

Matched Ethnic Groups
Patients Serological classification
Group n Acute (re)infection Previous infection No infection
1. Asians 169 16 (9 5%) 16 (9 5%) 137(81-1%)
2. Matched Caucasians 338 18 (5 3%) 38(11-2%) 282 (83-4%)
3. Afro-Caribbeans 141 15 (10 6%) 24 (17-0%) 102 (72-3%)
4. Matched Caucasians 282 9 (3 2%) 32(11-3%) 241 (85-5%)

4.2.2.2. Effects of steroid medication 

Univariate anaiysis

Serological results are shown in Table 4.2.2.2.I. On analysis, the distributions of 

the three possible serological outcomes—acute (re)infection, previous infection and 

none—differed between the steroid users and non-steroid users with a probability 

level of p  <0*05, there being a higher incidence of previous infection in the steroid 

users.

Table 4.2.2.2.1. Steroid users versus non-steroid users: unmatched data

Patients Serological classification
Group n Acute (re)infection Previous infection No infection
Steroid users 113 6 (5 3%) 22 (19-5%) 85 (75-2%)
Non-steroid users 1,393 80 (5 7%) 168(12-1%) 1,145 (82-2%)
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Matched analysis

Matching was achieved for ethnic origin, age, sex and smoking habit, by the criteria 

stated above, between all 113 steroid users and 113 non-steroid users (Table 

4.2.2.2.2). Using conditional logistic regression for matched data to adjust for these 

variables, and a log-linear multiple logistic regression modelhng method for 

unmatched data to adjust for diabetes mellitus and social deprivation, the OR for the 

probability of previous C. pneumoniae infection in the steroid users relative to all non

steroid users was calculated at 2-1 (95% Cl 1 *4-3*8). The OR for acute (re)infection 

was 0*6 (95% Cl: 0*2-1 *9). Omitting IgM antibody titres from the 11 matched 

patients over 60 years of age, not tested for rheumatoid factor, in whom acute 

C. pneumoniae infection was detected solely on the basis of IgM would not have 

altered the lack of association between steroid use and acute (re)infection.

Ethnic origin, age, sex and smoking habit showed no apparent statistical 

interactions {i.e. effect modifications in different subgroups) with serological evidence 

of C. pneumoniae infection. Logistic regression using the entire unmatched data set, 

which also permitted adjustment for diabetes mellitus and Townsend score, showed 

no significant interactions of these factors either. In relation to the C  pneumoniae- 

steroid association, the conclusions using this method were similar to those of the 

matched analysis, and the details are not presented here.

157



Table 4.2.2.2 2. Steroid users versus non-steroid users: matched data

Patients Serological classitication
Group n Acute (re)infection Previous infection No infection
Steroid users 113 6 (5 3%) 22 (19 5%) 85 (75 2%)
Non-steroid users 113 6 (5 3%) 15 (13 3%) 92 (814%)
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4.2.3. Index disease populations

4.2.3.1. C. pneumoniae and asthma 

Unmatched analysis

Immunoglobulin titres and serological classifications are shown in Table 4.2.3.1.1. 

On and logistic regression analyses, there was no significant difference in the 

distributions of the three possible serological outcomes—acute (re)infection, previous 

infection and none—between the AA and control groups.

Logistic regression analysis, taking into account ethnic origin, age, sex, Townsend 

score, smoking habit, steroid use and diabetes mellitus revealed no associations of AA 

with either acute C pneumoniae (re)infection or previous infection, i.e. 95% Cl for 

all OR included 10. The OR for acute and previous C. pneumoniae infection in AA 

versus control subjects, unadjusted and adjusted by logistic regression for ethnic 

origin, sex, smoking habit, age and Townsend score, are also shown in Table 4.2.3.1.1 

(with 95% Cl). There was no evidence of statistical interactions {i.e. effect 

modification) of these potential confounding factors with the lack of association 

between C. pneumoniae and AA.
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Table 4.2.3.1.1. AA versus control groups: unmatched analysis

Patients AA Controls
Number 123 1,518

IgG titres
Range 0-512 0-512
Median 0 0
Mean 243 19 6

Acute
(re)infection

Number (% o f group) 7 (5'7%) 87 (5-7%)
Odds ratio 
(95% Cl)

Unadjusted 10 (0 5, 2 3) 10
Adjusted 0 8 (0 3, 2 1) 10

Previous
infection

Number (% of group) 18 (14 6%) 193 (12-7%)
Odds ratio 
(95% Cl)

Unadjusted 1 2 (0 7, 2 0) 10
Adjusted 0-9 (0 5, 17) 1-0

No infection Number (% of group) 98 (79-7%) 1,238(81 6%)
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Matched analysis

Matching was achieved, on the criteria stated above, between 100 AA and 100 

control patients (Table 4.2.3.1.2). Again, there was no discernible association 

between AA and C  pneumoniae infection. Ignoring IgM antibody titres from the 11 

matched patients over 60 years of age, not tested for rheumatoid factor, in whom 

acute C. pneumoniae infection was detected solely on the basis of IgM would have 

made no difference to this lack of association.

Table 4.2.3.1.2. AA versus control groups: matched analysis

Patients Serological classification
Group n Acute (re)infection Previous infection No infection
AA (matched) 100 7 (7 0%) 18 (18 0%) 75 (75 0%)
Control (matched) 100 4 (4 0%) 17 (17 0%) 17 (79 0%)
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c. pneumoniae and severe chronic asthma

The results from this group are shown in Table 4.2.3.1.3. Two of the type 2 "brittle" 

asthmatics appear to have had acute (re)infection at or shortly before the time of 

sampling.

Serological evidence of previous C  pneumoniae infection was found in 34 7% of 

CA patients, and in 12 7% of controls (Table 4.2.3.1.3). On % analysis, the 

distributions of the three possible serological outcomes—acute (re)infection, previous 

infection and no infection—differ significantly between these two groups (p <0 05). 

Logistic regression analysis, taking into account ethnic origin, age, sex, Townsend 

score and smoking habit, revealed a significant association of CA with previous 

C pneumoniae (re)infection, the adjusted OR being 4 0 (95% Cl 16, 10*0).

By logistic regression analysis, there appear to be no noteworthy statistical 

interactions {i.e. effect modification) of ethnic origin, age, sex, steroid medication, 

smoking habit or Townsend score with the C. pneumoniae-QK association. The 

numbers of patients recruited are too small to permit a rigorous comparison of the 

three subgroups of chronic severe asthma (type 1 “brittle” asthma, type 2 “brittle” 

asthma and stable severe chronic asthma without wide PEF variability) that were 

included in this study.
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Table 4.2.3.1.3. CA versus control groups; unmatched analysis

Patients Chronic asthmatics (CA) Controls
All Type 1 Type 2 Stable

Number 46 17 11 18 1,518

IgG
Range 0-256 0-512
Median 16 0
Mean 33-7 19*6

Acute
infection

Number (%) 2 (4 3%) 0 2 (18*2%) 0 87 (5*7%)
OR
rc/;

Unadj 1*0 (0-2, 4-3) 1*0
Adi 1-0 (O'1,8*7) 1*0

Previous
infection

Number (%) 16 (34*8%) 7 (41*2%) 3 (27*3%) 6 (33*3%) 193 (12*7%)
OR Unadj 3*7 (2*0, 6*9) 1*0

Adj 4*0 (1*6, 10*0) 1*0
None Number (%) 28 (60*9%) 10 (71*4%) 6 (58*8%) 12 (66*7%) 1.238 (81*6%)
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4.2.3 2. C. pneumoniae and COPD 

Unmatched analysis

Serological results are shown in Table 4.2.3.21. On analysis, the 

distributions of the three possible serological outcomes—acute (re)infection, 

previous infection and none—differed between the COPD and control groups 

with a probability level of /?<0*01, with higher incidences of both acute and 

previous infection in the COPD than in the control group.
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Table 4.2.3.2.1. COPD versus control groups; unmatched analysis

Patients Serological classification
Group n Acute (re)infection Previous infection No infection
COPD 199 26 (131%) 49 (24*6%) 124 (62*3%)
Control 1^18 87 (5-7%) 193 (12-7%) 1,238 (81*6%)
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Matched analysis

Matching was achieved, on the criteria stated above, between 163 COPD and 

163 control patients (Table 4.2.3.2.2). Conditional logistic regression analysis 

suggested associations of COPD with acute C  pneumoniae (re)infection, the 

adjusted odds ratio (OR) being 2*8 (95% Cl 1-3-6* 1), and with previous 

infection (OR = 2-0, 95% Cl 1-2-3-4). Ignoring IgM antibody titres from the 7 

matched patients over 60 years of age, not tested for riieumatoid factor, in 

whom acute C  pneumoniae infection was detected solely on the basis of IgM 

would have slightly magnified the difference {p <0-05) between levels of acute 

(re)infection in the COPD and control groups.

A logistic regression analysis on data from the unmatched control subjects 

alone showed no significant statistical interactions of ethnic origin, or of age, 

sex, smoking habit, diabetes mellitus, steroid use or Townsend score, with 

serological evidence of C  pneumoniae infection.

Table 4.2.3.2.2. COPD versus control groups: matched analysis

Patients Serological classification
Group n Acute (re)infection Previous infection No infection
COPD (matched) 163 21 (12'9%) 39 (23*9%) 103 (63-2%)
Control (matched) 163 12 (7-4%) 25 (15 3%) 126 (77*3%)
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4.2.3 3. C. pneumoniae and myocardial ischaemia 

Unmatched analysis

Serological results are shown in Table 4.2.3.3.1. By logistic regression analysis, the 

distributions of the three possible serological outcomes—acute (re)infection, previous 

infection and none—differed between the UA, MI and control groups with a 

probability level of p  <0 05, with higher incidences of both acute and previous 

infection in the UA and MI groups than in the control group. In the UA, MI and 

control groups, the proportions of patients with serological evidence of acute 

C pneumoniae infection in whom there was a four-fold rise in IgG were 72-4%, 

70 0% and 70 1%. Because many subjects failed to provide convalescent sera, the 

analyses were repeated using only results from acute sera. This yielded similar results, 

still with significant differences in the distribution of serological classifications 

between the UA and control groups and between the MI and control groups 

ip <0*05), but no significant difference between the UA and MI groups.

There appeared to be no statistically significant interactions of ethnic origin, age, 

sex, smoking habit, steroid use, diabetes mellitus or Townsend score with the 

C. pneumoniae-m^oQZiôÀdX ischaemia associations.
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Table 4.2.3.3.1. Unstable angina and myocardial infarction versus control 

groups: unmatched analysis

Patients Serological classification
Group n Acute (re)infection Acute (re) infection 

(acute sera only)
Previous infection No infection

UA 260 29(11-2%) 8(31%) 68 (26 2%) 163 (62 7%)
MI 218 29 (13-3%) 10 (46%) 53 (24-3%) 136 (62-4%)
Control 1,518 87 (5-7%) 37 (24%) 193 (12-7%) 1,238 (81-6%)
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Matched analysis

Matching was achieved, on the criteria stated above, between 205 UA and 205 

control patients, and between 165 MI and 165 control patients (Table 4.2.3.3.2). 

Logistic regression analysis suggested associations of UA with both acute 

C. pneumoniae (re)infection (raw odds ratio = 2*5, 95% confidence intervals l*6-4*0) 

and previous infection (raw OR = 3*0, 95% Cl l-9^-7). After adjusting by logistic 

regression for ethnic origin, age, sex, smoking habit, diabetes mellitus, steroid use, 

and Townsend score, the odds ratios were 2*4 (95% Cl 15-3 9) and 3*1 (2-2-4*4), 

respectively. Among matched UA patients, the distribution of the three possible 

serological outcomes—acute (re)infection, previous infection, and no infection— 

differed from that among matched control patients with a probability of p  <0 05. MI 

also appeared to be associated with acute (re)infection (raw OR = 2-5, 1 *6-4*0) and 

previous infection (raw OR =3*1, 1 *9-4*8). After adjusting by logistic regression for 

the same seven potential confounding variables, the odds ratios were 2*7 (1 *7-4*5) 

and 3*1 (2* 1-4*5), respectively. Again, the distribution of serological outcomes 

differed from that of the matched controls at p  <0*05. These differences were also 

significant at p  <0*05 when only serological analyses of acute sera were taken into 

account. Ignoring IgM antibody titres from the 13 matched patients over 60 years of 

age, not tested for rheumatoid factor, in whom acute C. pneumoniae infection was 

detected solely on the basis of IgM would have slightly reduced the difference
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between levels of acute (re)infection, though it would still have been significant at 

p  <0 05.

Table 4.2.3 3.2. Unstable angina and myocardial infarction versus control 

groups: matched analysis

Patients Serological classification
Group n Acute (re)infection Acute (re)infection 

(acute sera only)
Previous infection No infection

UA
(matched)

205 24(11-7%) 7 (3 4%) 56 (27-3%) 125 (61-0%)

Control
(matched)

205 14 (6-8%) 5 (2 5%) 15 (7-3%) 176 (85-9%)

Ml
(matched)

165 20(12-1%) 7 (42%) 41 (24-8%) 104 (63-0%)

Control
(matched)

165 16 (9-7%) 6 (3 6%) 23 (13-9%) 126 (76-4%)
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There appeared to be no statistically significant interactions of ethnic origin, age, 

sex, smoking habit, steroid use, diabetes mellitus or Townsend score with the 

C. /?wew/77o/i/ae-myocardial ischaemia associations.

Serum lipid profiles

Because the cholesterol and triglyceride concentrations both had very skewed 

distributions, general linear model analyses of variance were perfoimed on their 

logarithmic (loge) transforms, in order to stabilise variance. Tables 4.2.3.3.3 and 

4.2.3.3.4 show mean values (with 95% Cl) of lipid levels for the entire study 

population, ranked by serological classification, diagnostic group and any other 

variable for which a significant association with lipids was evident, after adjustment by 

general linear model analysis of variance for multiple variables as stated above. 

Predictably, UA and MI patients had higher serum concentrations of both cholesterol 

(p <0 001) and triglyceride (p <0*001) than controls. Cholesterol levels were higher 

in females than males (p <0*001). Triglyceride levels were higher in Asians, and lower 

in Afto-Caribbeans, than in Caucasians (p <0*001), and higher in diabetics than non

diabetics (p <0*001).

In patients with serological evidence of acute (re)infection, previous infection and 

no infection, after adjustment by regression analysis for variations in ethnic origin, 

age, sex and smoking habit, mean serum concentrations of cholesterol were
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5 8 (5 1-6 6), 5 8 (5 3-6-4) and 5 6 (5-4-5 9) mmol I \  and of triglyceride, 

2 1 (1-6-2-7), 1-9 (1-6-2-3) and 19 (1.7-2.0) mmol 1 \  There were thus no

significant differences in these variables between patients with previous infection, 

acute (re)infection, and no infection.

Table 4 2.3.3.3. Adjusted means of serum total cholesterol (mmol I"") derived 

from analysis of log, (cholesterol)

Comparison n Adjusted mean 95% Cl
Cholesterol in acute (re)irifection 35 5-8 51—6-6
Cholesterol in previous infection 81 5-8 5-3-6-4
Cholesterol in non-infected patients 442 5-6 5-4-5-9
Cholesterol in UA patients 80 6-5 5-8-7-0
Cholesterol in Ml patients 55 6-2 5-6-6 8
Cholesterol in control patients 422 5-1 4-8-5-4
Cholesterol in males 311 5-5 51-5-8
Cholesterol in females 247 6-1 5-7—6-5

172



Table 4.2.3.3 4. Adjusted means of serum triglyceride (mmol l">)

Comparison n Adjusted mean 95% Cl
Triglycerides in acute (re)infection 34 2 1 1 6 -2 7
Triglycerides in previous infection 79 19 16—2 3
Triglycerides in non-in fected patients 432 19 17-2 0
Triglycerides in UA patients 73 24 2 0 -2 8
Triglycerides in Ml patients 54 20 1-7-2-5
Triglycerides in control patients 419 16 1-4-1-9
Triglycerides in Caucasians 371 20 1-8-2-3
Triglycerides in Asians 120 26 2-2-3-0
Triglycerides in Afro-Caribbeans 54 15 1-2-1-8
Triglycerides in diabetics 84 25 21-3-0
Triglycerides in non-diabetics 461 1-5 1-4-1-7
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4.2.3 4. C. pneumoniae and cerebral ischaemia 

Unmatched analysis

Serological results are shown in Table 4.2.3.4.1. Of the 176 patients in the 

stroke/TIA group, 24 (13 6%) had serological evidence of acute (re)infection, 57 

(324%) previous infection, and 95 (540%) no infection. In the control group of 

1,518 subjects, 87 (5 7%) had evidence of acute (re)infection, 193 (127%) previous 

infection, and 1,238 (816%) none. On % analysis, there was a statistically significant 

difference (p <0 05) between the stroke/TIA and control groups in the distribution of 

the three possible serological classifications—acute (re)infection, previous infection 

and none.

Logistic regression analysis suggested statistically significant associations of 

stroke/TIA with both acute and previous C. pneumoniae infection. After adjustment 

for ethnic origin, age, sex and smoking habit, the ORs for stroke/TIA were 4 4 (95% 

Cl 2 6-7 5) for acute (re)infection, and 4 5 (3 0-6 7) for previous infection. This 

analysis would be changed very little by ignoring IgM antibody titres fi'om the 9 

stroke/TIA patients and 11 controls over 60 years of age who were not tested for 

rheumatoid factor and in whom acute C  pneumoniae infection was detected solely on 

the basis of IgM.
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Table 4.2.3.4.1. Stroke/TIA versus control groups: unmatched analysis

Patients Serological classification
Group n Acute (re)mfection Previous infection No infection
Stroke/TIA 176 24 (13 6%) 57 (32 4%) 95 (54 0%)
Control 1,518 87 (57%) 193 (12 7%) 1,238(81-6%)
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Among the stroke/TIA patients, cerebral CT scans (Table 4.2.3.4.2) showed major 

non-haemorrhagic infarcts in 26, small-vessel infarcts in 23, intracerebral haemorrhage 

in 13 and no abnormality in 13 (12 of whom had TIAs). Carotid artery ultrasound 

examination (Table 4.2.3.4.3) showed arterial plaques in 35 stroke/TIA patients (29 

of whom had clinical evidence of cerebral infarction).

With regard to CT scan findings, serological results indicated acute (re)infection, 

previous infection, and none in 269%, 26 9% and 46 2% of patients with major non- 

haemorrhagic infarcts; 174%, 43 4% and 39 1% of those with small-vessel infarcts; 

23 1%, 462% and 308% of those with intracerebral haemorrhage; and 15 4%, 462% 

and 38 5% of those with no abnormality. By ^  analysis, there was no significant 

variation among the four categories in their distributions of acute (re)infection, 

previous infection and none.

With regard to carotid artery ultrasound examination, acute (re)infection, previous 

infection and none were found in 171%, 34-3% and 48 6% of patients with arterial

plaques, compared with 16 7%, 41 7% and 41-7% of those without plaques. Again, 

there was no significant difference between the two groups in this respect.
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Table 4.2.3.4 2. Brain computed tomography findings and serological 

classification

Patients Serological classification
CT classification n Acute (re)infection Previous infection
Major non-haemorrhagic infarction 26 1 (26 9%) 1 (26 9%)
Bilateral small-vessel infarcts 23 4 (17 4%) 10 (43 4%)
Intracerebral haemorrhage 13 3 (23 1%) 6 (46 2%)
No abnormality 13 2 (15 4%) 6 (46 2%)

Table 4.2.3.4 3. Carotid arterial ultrasound findings and serological 

classification

Patients Serological classification
Ultrasound classification n Acute (re)infection Previous infection
Arterial plaques 35 6(17.1%) 12 (34 3%)
No arterial plaques 12 2 (16-7%) 5 (41 7%)
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Matched analysis

Matching was achieved, on the criteria stated above, between 131 stroke/TIA and 131 

control patients (Table 4.2.3.4.4). Conditional logistic regression analysis suggested 

associations of stroke/TIA with both acute C. pneumoniae (re)infection (OR = 11*0, 

95% Cl 2-5^8*7) and previous infection (OR = 3-6, 95% Cl 1 •8-7-3). The 

difference between the distributions of the three possible serological classifications— 

acute (re)infection, previous infection or none—in the stroke/TIA and matched 

control groups was significant at a probability level ofp  <0-01 (Table 4.2.3.4.4). The 

difference between levels of acute (re)infection would have been reduced by ignoring 

IgM antibody titres from the 7 matched patients over 60 years of age who were not 

tested for rheumatoid factor, in whom acute C. pneumoniae infection was detected 

solely on the basis of IgM, but it would still have been significant at p  <0 05.

There were no noteworthy statistical interactions {i.e. effect modification) by 

ethnic origin, age, sex, smoking habit, diabetes mellitus or steroid use with the 

C. pneumoniae-stiokQ/TlA associations.
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Table 4.2.3.4.4. Stroke/TIA versus control groups; matched analysis

Patients Serological classification
Group n Acute (re)infection Previous infection
Stroke/TIA 131 20 (15*3%) 44 (33 6%)
Control 131 4 (31%) 20 (15 3%)
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Cholesterol, triglyceride, fibrinogen and von 

Wlllebrand factor levels

Tables 4.2.3.4.5-4.2.3.4 8 show mean values (with 95% Cl) of all these factors, 

grouped by serological classification and other variables for which a statistically 

significant association was evident, after adjustment by general linear model analysis 

of variance for multiple variables as stated above. Serum cholesterol concentrations 

were higher among stroke/TIA patients than controls (p <0 03), and higher among 

females than males (p <0 01). Triglyceride levels were higher in Asians, and lower in 

Afi-o-Caribbeans, than in Caucasians <0 001), and higher in diabetics than non

diabetics (p <0 001). Plasma fibrinogen concentrations were significantly higher 

among diabetics than non-diabetics (p <0 01), and von Willebrand factor 

concentrations were higher in females than males (p <0*01).

In stroke/TIA patients with serological evidence of acute (re)infection, previous 

infection and no infection, mean fasting serum concentrations of cholesterol were 5 8 

(95% Cl 5 0-6 6), 5 8 (5 2-6 4) and 5 5 (5 2-6 0) mmol 1 % and of triglyceride, 2 2 

(1 7-2 9), 1 9 (1 6-2 3) and 19 (17-2 2) mmol 1 \  Mean plasma concentrations of 

fibrinogen were 11 2 (9 7-12 3), 11 5 (10 3-12 6) and 12 1 (10 9-13 2) pmol 1 % and 

of plasma von Willebrand factor, 147 (127-167), 156 (139-172) and 150 (136-164) 

iu dl \  respectively. After adjustment by regression analysis for variations in ethnic 

origin, age, sex and smoking habit, there were no significant differences in serum
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lipids, plasma fibrinogen or plasma von W^ebrand factor between stroke/TIA patients 

with acute C. pneumoniae (re)infection, previous infection and none.

Table 4.2.3.4.5. Adjusted means of serum total cholesterol (mmol I

Comparison n Adjusted mean 95% Cl
Cholesterol in acute (re)infection 25 5-8 5*0-6’6
Cholesterol in previous infection 57 58 5 2 -6 4
Cholesterol in non-infected patients 369 5*5 5 2 -6 0
Cholesterol in stroke/TIA patients 30 6*1 5 4 -6 9
Cholesterol in control patients 421 5-3 5 0 -5 7
Cholesterol in males 249 54 49-5-8
Cholesterol in females 202 6 1 56—6 6

Table 4.2.3 4.6. Adjusted means of serum triglyceride (mmol M)

Comparison n Adjusted mean 95% Cl
Triglycerides in acute (re)infection 25 2-2 1-7-2-9
Triglycerides in previous infection 57 1-9 1-6-2 3
Triglycerides in non-infected patients 365 1-9 1-7-2-2
Triglycerides in Caucasians 301 2-0 1-8-2-4
Triglycerides in Asians 97 2-6 2-2-3-1
Triglycerides in Afro-Caribbeans 49 1-6 1-3-1-9
Triglycerides in diabetics 73 2-5 2-1-3-0
Triglycerides in non-diabetics 374 1-7 1-4-19
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Table 4.2.3.4 7. Adjusted means of plasma fibrinogen in stroke/TIA patients

(g r)

Comparison n Adjusted mean 95% Cl
Fibrinogen in acute (re)infection 15 3-8 3 3-42
Fibrinogen in previous infection 25 3 9 3*5-4*3
Fibrinogen in non-infected patients 31 41 3-7^-5
Fibrinogen in diabetics 12 43 3 8-48
Fibrinogen in non-diabetics 59 3-5 3*3-3-7

Table 4.2.3 4.8. Adjusted means of plasma von Willebrand factor in 

stroke/TIA patients (iu dP)

Comparison n Adjusted mean 95% Cl
Von Willebrand factor in acute (re)infection 15 147 127-167
Von Willebrand factor in previous infection 23 156 139-172
Von Willebrand factor in non-infected patients 31 150 136-164
Von Willebrand factor in males 41 143 131-155
Von Willebrand factor in females 28 159 144-174
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4.2.3 5. C. pneumoniae and systemic hypertension 

Results

Unmatched analysis

Serological results are shown in Table 4.2.3.5.1. On analysis, the distributions of 

the three possible serological outcomes—acute (re)infection, previous infection and 

none—differed between the HT and control groups with a probability level of 

/7 <0*001, there being a significantly higher incidence of previous C. pneumoniae 

infection in the HT group than in the control group.

Table 4.2.3.5.1. HT versus control groups: unmatched comparisons

1 Patients n Previous infection Acute infection No infection I
I h t 135 46(34-1%) 10 (7-4%) 79 (58-5%) 1
1 Control 1,518 193 (12-7%) 87 (5-7%) 1,238(81-6%) 1
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Chlamydia pneumoniae and LVH in hypertension

Among 127 of the HT patients, ECG and echocardiography showed LVH in 92 and 

were normal in 35 (Table 4.2.3.5.2). Mean LVMI measurements were 173*5 and 

124*1 g m"2, respectively. Serological results indicated previous infection, acute 

(re)infection and no infection in 34*8%, 5*4% and 59*8% of patients with LVH, and 

31*4%, 2*9% and 65*7% of those with no LVH. By % analysis, there was no 

significant variation between the two categories in their distributions of previous 

infection, acute (re)infection and none.

Table 4.2.3.5.2. ECG/echocardiographic findings and serological 

classification in HT patients only

1 ECG/echocardiographic classification n Previous infection Acute infection No infection 1
1 Left ventricular hypertrophy 92 32 (34 8%) 5 (5 4%) 55(59-8%) 1
1 No left ventricular hypertrophy 35 11 (31 4%) 1 (29%) 23(65-7%) 1
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Fibrinogen, fibrin D-dimer and von Willebrand factor levels

In HT patients with serological evidence of previous infection, acute (re)infection and 

no infection, after adjustment by regression analysis for variations in ethnic origin, 

age, sex and smoking habit, mean plasma concentrations of fibrinogen were 

10 9 (95% Cl 9 4-12 6), 10 9 (8 8-12-9) and 11 5 (10 0-12 9) pmol P ; of fibrin D- 

dimer, 273 (184-405), 253 (150-424) and 228 (156-333) ng dl"\ and of von 

Willebrand factor, 120 (110-131), 120 (101-140) and 125 (115-135) iu d P , 

respectively. There were thus no significant differences in these variables between HT 

patients with previous infection, acute (re)infection and no infection. Plasma 

fibrinogen concentrations were significantly higher among diabetics than non-diabetics 

ip <0 05), while von Willebrand factor concentrations showed a steady increase with 

advancing age {p <0*05), and were higher in Afro-Caribbeans and Asians than in 

Caucasians {p <0*05). Fibrin D-dimer levels showed no apparent association with any 

variable (Tables 4.2.3.5.3-4.2.3.5 5).

Table 4.2.3.5.3. Adjusted means of plasma fibrinogen in HT patients (g M)

Comparison n Adjusted mean 95% Cl
Fibrinogen in diabetics 4 2-5 2 1 -3 0
Fibrinogen in non-diabetics 114 1-5 14 -17
Fibrinogen in previous infection 42 3-7 3-2^ 3
Fibrinogen in acute (re)infection 9 3-7 3 0-4 4
Fibrinogen in non-in fected patients 67 3-9 3 4—4 4
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Table 4.2.3.5 4. Adjusted m eans of plasma fibrin D-dimer in HT patients (ng

dh)

Comparison n Adjusted mean 95% Cl
Fibrin D-dimer in previous infection 40 273 184-405
Fibrin D-dimer in acute (re)infection 9 253 150-424
Fibrin D-dimer in non-in fected patients 66 228 156-333

Table 4.2.3.5 5. Adjusted means of plasma von Willebrand factor 

concentrations in HT patients (iu dl">)

Comparison n Adjusted mean 95% Cl
Von Willebrand factor at af̂ e <47years 37 108 97-1198
Von Willebrand factor at age 48-62 years 37 113 101-125
Von Willebrand factor at age 63-72years 34 125 112-138
Von Willebrand factor at age >73 years 12 141 123-160
Von Willebrand factor in Caucasians 69 109 99-118
Von Willebrand factor in Afro-Caribbeans 36 127 116-138
Von Willebrand factor in Asians 15 131 114-148
Von Willebrand factor in previous infection 42 120 110-131
Von Willebrand factor in acute (re)infection 9 120 101-140
Von Willebrand factor in non-infected patients 69 125 115-135
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Matched analysis

Matching was achieved, on the criteria stated above, between 123 HT and 123 

control patients (Table 4.2.3.5.6). Of the matched HT patients, 43 (35-0%) had 

serological evidence of previous infection, 9 (7*3%) acute (re)infection, and 71 

(57*7%) no infection. Of the matched control subjects, 22 (17-9%) had evidence of 

previous infection, 11 (8 9%) acute (re)infection, and 90 (73*2%) no infection (Table 

4.2.3.5.7). Conditional logistic regression analysis suggested associations of HT with 

previous C. pneumoniae infection (OR 2*5, 95% Cl 1 *3-4*7), but not with acute 

(re)infection (OR 1*0, 95% Cl 0 4-2*6). Among matched HT patients, the 

distribution of the three possible serological outcomes—acute (re)infection, previous 

infection and none—differed from that among matched control patients with a 

probability of p  <0*05, but this difference was entirely due to levels of previous 

infection. Omitting IgM antibody titres from the 3 matched patients over 60 years of 

age, not tested for rheumatoid factor, in whom acute C. pneumoniae infection was 

detected solely on the basis of IgM would not have altered the lack of association 

between hypertension and acute (re)infection.

There was no evidence of statistical interactions of ethnic origin, age, sex or 

smoking habit with the C. pneumoniae-YH association. The analysis of unmatched 

groups was in agreement with the matched analysis, and revealed no interactions of 

diabetes mellitus or Townsend score with the C. pneumoniae-HT association.
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Table 4.2.3.5 6. Demographic characteristics of HT and control groups

(matched)

Demographic characteristics HT Controls
Number 123 123
Ethnic origin Caucasian 67 (54 5%) 67 (54 5%)

Afro-Caribbean 38 (30*9%) 38 (30 9%)
Asian 18 (14 6%) 18 (14-6%)

Age (years) Range 23-77 18-86
Mean 550 54*7
Standard deviation 13 9 160

Sex Male 58 (47 2%) 58 (47 2%)
Female 65 (52 8%) 65 (52 8%)

Smoking Current 25 (20 3%) 25 (20 3%)
Previous (>3 months) 24 (19 5%) 24 (19 5%)
Never 74 (60 2%) 74 (60 2%)

Diabetes mellitus Insulin-dependent 0 3 (2 4%)
Non-insulin-dependent 2 (16%) 6 (4 9%)
Diabetes, type unknown 3 (2 4%) 8 (6 5%)
Not diabetic 118 (95 9%) 106 (86 2%)

Townsend score Median 6 6 4 0
Minimum 4*4 -4 8
Maximum 98 98

Table 4.2.3 5.7. HT and control groups: matched analysis

1 Patients n Previous infection Acute infection No infection I
123 43 (35 0%) 9 (7 3%) 71 (577%) 1

1 Control 123 22 (17*9%) 11 (89%) 90 (73-2%) 1
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4.2.4. Immunoglobulin synthesis

The frequencies with which different immunoglobulin profiles were produced in 

association with C  pneumoniae infection in these studies were also examined. The 

study categories in this analysis are identical to those described in earlier chapters of 

this Thesis.

4.2.4.1. Acute {re)infection

In patients with serological evidence of acute C. pneumoniae (re)infection, the 

frequencies with which IgM and IgA antibodies were detected are shown in Tables 

4.2.4.1.1 and 4.2.4.1.2. In general, IgM antibodies were found more often than IgA 

antibodies in all study categories. Nonetheless, there were too few infected patients 

to detect any significant differences between categories, or between matched index 

disease and control patients in any category, with respect to their immunoglobulin 

isotype responses.
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Table 4.2.4.1.1. Proportions with significant IgM and IgA antibody titres

among patients with serological evidence of acute C. pneumoniae

(re)infection (unmatched).

Patients with acute C. pneumoniae (re)infection; IgM and IgA ^8
Diagnostic group (number) n IgM ^8 IgA >8
All controls (1,518) 87 (5 7%) 33 (37-9%) 17(19-5%)
All acute asthmatics (123) 7 (5 7%) 3 (42-9%) I (14-3%)
All chronic asthmatics (46) 2 (4 3%) 2 (100%) I (50%)
All COPD (199) 26(13-1%) 8 (30-8%) 3(11-5%)
All unstable angina (260) 29(11-2%) 6 (20-7%) 2 (6-9%)
All acute Ml (218) 29 (13-3%) 8 (27-6%) 4 (13-8%)
All stroke/TIA (176) 24 (13-6%) 15 (62-5%) 8 (33-3%)
All hypertensives (135) 10 (7-4%) 6 (60%) 5 (50%)
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Table 4.2.4.1.2. Proportions with significant IgM and IgA antibody titres

among patients with serological evidence of acute C. pneumoniae

(re)infection (matched).

Patients with acute C. pneumoniae (re)infection: IgM and IgA ^8
Diagnostic group (number) n IgM >8
Matched acute asthmatics (100) 1 (7%) 3 (42-9%) 1 (14-3%)
Matched controls (100) 4 (4%) 0 0
Matched COPD (163) 21 (12-9%) 6 (28-6%) 2 (9-5%)
Matched controls (163) 12 (7 4%) 5 (41-7%) 3 (25%)
Matched unstable angina (205) 2 4 ( 11-7%) 5 (20-8%) 1 (4-2%)
Matched controls (205) 15 (7-3%) 4 (26-7%) 3 (20%)
Matched acute MI (165) 2 0 (12-1%) 6 (30%) 3 (15%)
Matched controls (165) 16 (9-7%) 4 (25%) 3 (18-8%)
Matched stroke/TIA (131) 20(15-3%) 13 (65%) 6 (30%)
Matched controls (131) 4 (3-1%) 1 (25%) 0
Matched hypertensives (123) 9 (7-3%) 5 (55-6%) 5 (55-6%)
Matched controls (123) 12 (9-8%) 4 (33-3%) 2 (16-7%)
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4.2 4.2. Previous infection

In patients with serological evidence of previous C. pneumoniae infection, the 

frequencies with which IgA antibodies were detected are shown in Tables 4.2.4.2.1 

and 4.2.4.2.2. It is clear that IgA antibodies do not discriminate between study 

categories or between index disease and control patients within any category.
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Table 4.2.4.2.1. Proportions with significant IgA antibody titres among

patients with serological evidence of previous C. pneumoniae infection

(unmatched).

Patients with previous C. pneumoniae infection: IgA >8
Diagnostic group (number) n IgA >8
All controls (1,518) 193 (12 7%) 31 (161%)
All acute asthmatics (123) 18 (14 6%) 1 (56%)
All chronic asthmatics (46) 16 (34 8%) 2 (12 5%)
All COPD (199) 49 (24 6%) 5 (10 2%)
All unstable angina (260) 68 (26 2%) 6 (8 8%)
All acute MI (218) 53 (24 3%) 11 (208%)
All stroke/TIA (176) 57 (32 4%) 7(12*3%)
All hypertensives (135) 46 (34 1%) 1 (22%)

(* IgM discounted as evidence of acute infection, because IgM rheumatoid factor also detected.)
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Table 4.2.4.2 2. Proportions with significant IgA antibody titres among

patients with serological evidence of previous C. pneumoniae infection

(matched).

Patients with previous C. pneumoniae infection: IcA^8
Diagnostic group (number) n IgA >8
Matched acute asthmatics (100) 18 (18%) 1 (56%)
Matched controls (100) 17 (17%) 1 (59%)
Matched COPD (163) 39 (23 9%) 5 (12 8%)
Matched controls (163) 25 (15 3%) 2 (8%)
Matched unstable anj îna (205) 56 (2 7 3 %) 2 (3 6%)
Matched controls (205) 15 (7 3%) 1 (67%)
Matched acute Ml (165) 41 (2 4 8 %) 4 (9 8%)
Matched controls (165) 23 (13 9%) 1 (4-3%)
Matched stroke/TIA (131) 44 (33 6%) 9 (20 5%)
Matched controls (131) 20 (15 3%) 3 (15%)
Matched hypertensives (123) 43 (35%) 7 (16 3%)
Matched controls (123) 22 (17 9%) 2 (9%)

(* IgM discounted as evidence of acute infection, because IgM rheumatoid factor also detected.)
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4.3. Polymerase chain reaction

4.3.1. Development

4.3.1.1. Mismatched primer check

The PCR was performed using all possible combinations of two primers from those 

selected for this assay. Amplification occurred with primers ext 1 and ext 2, and with 

primers int 1 and int 2, but with no other combination. It was concluded that there 

was no danger of amplification from mismatched primer pairs.
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4.3.2. Establishment of optimum conditions

4.3.2.1. Nucleotide and primer concentrations

Some of the resulting amplifications are shown in Table 4.3.2.1.1 and Figure 

4.3.2.11. In the external PCR, the most efiBcient amplification was achieved with 200 

pmol l"i each of dATP, dTTP, dCTP and dGTP and 10 pmol l"i each of the external 

primers ext 1 and ext 2. In the second-stage amplification using internal primers, the 

most eflScient amplification was achieved with 200 pmol l"i each of dATP, dTTP, 

dCTP and dGTP and 4 pmol l"i each of the internal primers int 1 and int 2.

Lane fdNTPl Primers fPrimerl
nmol 1 ’ nmol 1 '

1 Plasmid pBR322 Hae HI digest
2 200 external 6
3 200 external 8
4 200 external 10
5 200 internal 4
6 200 internal 6
7 100 external 6
8 100 external 8
9 200 external 10

Lane fdNTPl Primers rPrimer]
nmol 1 ’ kunol 1 ’

10 200 internal 4
11 200 internal 6
12 200 internal 8
13 150 external 6
14 150 external 8
15 150 internal 4
16 150 internal 6
17 150 internal 8
18 Plasmid pBR322 Hae III digest

Table 4.3.2.1.1. Establishment of optimal nucleotide and primer 

concentrations for polymerase chain reaction
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Figure 4.3.2.1.1. Establishment of optimal nucleotide and primer concentrations 
for polymerase chain reaction

I î  1 f  f  f  ï  ? î  'i“ V 'M '*  ¥  ' .M M *

OS

1 1
Lane [dNTP] Prim ers [Primer] Lane [dNTP] Prim ers [Primer]

1 Plasm id pB R 322 Hae  111 digest 10 200 internal 4
2 200 external 6 11 200 internal 6
3 200 external 8 12 200 internal 8
4 200 external 10 13 150 external 6
5 200 internal 4 14 150 external 8
6 200 internal 6 15 150 internal 4
7 100 external 6 16 150 internal 6
8 100 external 8 17 150 internal 8
9 200 external 10 18 Plasm id pB R322 H ae  111 digest



4.3.2 2. Annealing temperatures, magnesium 

concentration and cycle number

Some of the results for the internal amplification stage of the nested PCR are shown 

in Table 4.3.2.2.1 and Figure 4.3.2.2.1. The lanes in this gel contained magnesium at 

1-5, 2-0 or 2*5 mmol 1 ’ and DNA at 1:10  ̂ or 1:10  ̂ dilution, amplified by 30 or 20 

cycles, using an annealing temperature of 60°C or 50°C, as below.
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Lane DNA diln Cycles Anneal Lane [M r l DNA diln C\cles Anneal
Upper tier Lower tier
1 1*5 1:1 30 60°C 1 15 1:1 30 50°C
2 MW maricers 2 MW markers
4 15 1:10* 20 60°C 4 15 1:10* 20 50°C
5 20 1:10* 20 60°C 5 2-0 1:10* 20 50°C
7 2*5 1:10* 20 60°C 7 2-5 1:10* 20 50°C
8 1-5 l:10f 30 60°C 8 15 1:10* 30 50°C
10 20 l:10f 30 60°C 10 20 1:10* 30 50°C
11 2-5 l:10f 30 60°C 11 25 1:10* 30 50°C
13 1*5 1:10* 30 60°C 13 15 1:10* 30 50°C
14 20 1:10* 30 60°C 14 2-0 1:10* 30 50°C
16 2-5 1:10* 30 60°C 16 2 5 1:10* 30 50°C
17 15 1:10* 20 60°C 17 15 1:10* 20 50°C
19 20 1:10* 20 60°C 19 20 1:10* 20 50°C
20 2*5 1:10* 20 60°C 20 2-5 1:10* 20 50°C

Table 4.3.2.2.1. Annealing temperatures, magnesium concentration and 

cycle number
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For all of these reactions, the DNA template was C. pneumoniae genomic DNA, 

extracted with guanidium thiocyanate, as described. Stage 1 of the amplification 

process consisted of 3 min at 94°C, 1 min at the stated annealing temperature and 30 s 

at 72°C; stage 2 consisted of 30 s at 94°C, 20 s at the annealing temperature and 20 s 

at 72°C; and stage 3 was 5 min at 72°C.

2 0 0



Figure 4.3.2.2.I. Annealing temperatures, magnesium concentration and cycle number

213

213

L an e [Mg2+] D N A  d iln C ycles A nneal L ane [Mg2+] DNA d iln C ycles A n n ea l
U p p e r  tie r L ow er tie r
1 1-5 1::1 30 ôO^'C 1 15  1::1 30 50°C
2 M W  m arkers 2 M W  m arkers
4 1-5 1 106 20 60=C 4 15  1 106 20 50°C
5 2 0  1 106 20 60°C 5 2 0  1 106 20 5 0 ^ :
7 2-5 1 106 20 6 0 ^ 7 2-5 1 106 20 50°C
8 1 5  1 105 30 6 0 T 8 15  1 105 30 5 0 ^ :
10 2 0  1 105 30 60°C 10 2 0  1 105 30 50°C
11 2 5  1 105 30 ôO^'C 11 2-5 1 105 30 5 0 ^ :
13 1 5  1 106 30 60''C 13 1-5 1 106 30 5 0 ^ :
14 2 0  1 106 30 bO'-C 14 2 0  1 106 30 5 0 ^ :
16 2 5  1 106 30 60°C 16 2 5  1 106 30 5 0 ^ :
17 1-5 1 105 20 ÔO '̂C 17 1-5 1 105 20 5 0 ^ :
19 2 0  1 105 20 60°C 19 2 0  1 105 20 50°C
20 2 5  1 105 20 60°C 20 2 5  1 105 20 5 0 ^ :
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The optimum annealing temperature for the external primers was found to be 

50°C, and for the internal primers, 60°C. The optimum magnesium concentration for 

both reactions was 1*5 mmol l"i. A significantly better yield was obtained from each 

reaction after 30 cycles than after 20 cycles of amplification. Using these conditions, 

amplification was detected from 5 pi of a 1:10  ̂ dilution of C. pneumoniae DNA, 

containing approximately 500 fg of DNA.
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4.3.3. Sensitivity of the polymerase chain 

reaction

4.3.3.1. Attempted purification of C. pneumoniae and 

C. trachomatis genomic DNA

Preparation ofC. pneumoniae and C. trachomatis 

cultures

The culture of C. trachomatis and C  pneumoniae in HL cells was done by scientists 

well practised in this technique.

Isolation ofC. pneumoniae andC. trachomatis 

elementary bodies

Elementary bodies were washed and purified by differential centrifugation on 30% 

Urografin solution, as described. The final product was predicted to contain 

1 •0-5*0 X 10* inclusion-forming units per ml.
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Preparation ofC. pneumoniae and C. trachomatis 

DNA

Initial attempts at DNA extraction with PCI were unsuccessful. Extraction was 

therefore carried out using guanidium thiocyanate, as described.

Figure 4.3.3.1.1 shows the results of nested amplification of the C  pneumoniae 

genomic DNA solution prepared in this way, alongside 3 pi of a kilobase marker 

digest, on a 2% agarose/TAE gel at 120 V for 50 min, stained with ethidium bromide 

0*5 pg pl"i for 30 min.
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4.3.3 2. Measurement of C. pneumoniae genomic 

DNA concentration in stock preparations

Spectrophotometry

Using Spectrophotometry at 260 nm, the concentration of a stock solution of phage X 

dsDNA was correctly measured at 250 ng pl‘i. By contrast, the stock solution of 

C. pneumoniae whole genomic dsDNA (from elementary body extraction) had an 

OD260 of ~0*07, suggesting a concentration of only ~3-5 ng pl"\ The ratio of OD260 

to OD280 was ~l-5; the DNA was not, therefore, reliably measured by this technique.

Diphenylamine assay

The reagent blank (water) gave an ODgoo no higher than 0 02-0 03.

Beer’s law (i.e., ODeoo 4  is obeyed within a range of OD̂ oo of ~0-05-l*0 

(corresponding to ~5-100 pg of DNA). Neither the donated DNA nor the dilute 

C. pneumoniae genomic dsDNA solution used as template for the early PCR 

reactions could be detected by this method.
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Ethidium bromide fluorescence quantification of 

dsDNA: minigei method

The donated dsDNA solution was measured at 5-10 ng gl"* by this method. The 1:10 

dilution could not be detected. In the preparation of standard C. pneumoniae dsDNA 

solutions for PCR sensitivity testing, a working concentration of 10 ng pl'i for the 

donated DNA (and 1 ng pl"i for the 1:10 dilution) was assumed.
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4.3.3 3. Limit of detection of C. pneumoniae DNA in 

mixtures with other DNA

The limit of detection of the nested PCR, using the optimal conditions determined for 

each stage, was estimated to be 1 pi of a 1:1,000 dilution of this preparation, 

containing approximately 10^* g, or ~10^ copies. Using a pure preparation of 

C  pneumoniae genomic DNA, freshly extracted from elementary bodies with 

guanidium, the limit of sensitivity was 5 pi of a 1:10  ̂ dilution, containing 50 fg of 

DNA, or approximately 10 C. pneumoniae genomes. Assuming that the ratio of 

human to chlamydial DNA in this crude DNA preparation is at least 100:1, it is 

concluded that the sensitivity of this reaction is similar to that reported for other 

nested PCRs.
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4.3.3 4. Limit of detection of C. pneumoniae DNA in 

human sputum

Four human sputa were “spiked” with C. pneumoniae DNA at copy numbers of 

approximately 100,000, 10,000 and 0 before homogenisation. The results of nested 

PCR from these sputa and from guanidium thiocyanate extracts of the same sputa are 

shown below.
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upper tier Lower tier
Lane Lane
1 Control 213 bp internal amplicon 1 Control 213 bp internal amplicon
2 Plasmid pBR322 Hae III digest 2 Plasmid pBR322 Hae 111 digest
4 Sp 1 + C. pneumoniae DNA 100 000 copies 4 Guanidium extract of Sp 1 + 100 000 copies
5 Sp 1 + C pneumoniae DNA 10 000 copies 5 Guanidium extract of Sp 1 + 10 000 copies
7 Spl 7 Guanidium extract of Sp 1
8 Sp 2 + C. pneumoniae DNA 100 000 copies 8 Guanidium extract of Sp 2 + 100 000 copies
10 Sp 2 + C. pneumoniae DNA 10 000 copies 10 Guanidium extract of Sp 2 + 10 000 copies
11 Sp2 11 Guanidium extract of Sp 2
13 Sp 3 + C pneumoniae DNA 100 000 copies 13 Guanidium extract of Sp 3 + 100 000 copies
14 Sp 3 + C. pneumoniae DNA 10 000 copies 14 Guanidium extract of Sp 3 + 10 000 copies
16 Sp3 16 Guanidium extract of Sp 3
17 Sp 4 + C. pneumoniae DNA 100 000 copies 17 Guanidium extract of Sp 4 + 100 000 copies
19 Sp 4 + C. pneumoniae DNA 10 000 copies 19 Guanidium extract of Sp 4 + 10 000 copies
20 Sp4 20 Guanidium extract of Sp 4

Table 4.3.3.4.1. Amplification from human sputum
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There was no significant amplification fi-om sputa, but using the nested PCR, some 

amplification was seen fi’om the guanidium thiocyanate extract of one of them 

“spiked” with the highest copy number of C  pneumoniae DNA (Figure 4.3.3.4.1).
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Figure 4.3.3.4.1, Detection of C. pneumoniae DNA in human sputum

to
to

Upper tier Lower tier
Lane Lane
1 C ontrol 213 bp internal am plicon 1 C ontrol 213 bp internal am plicon
2 Plasm id pB R322 Hae III digest 2 Plasm id pB R322 Hae III d igest
4 Sp 1 + C. pneum oniae DNA x 100 000 copies 4 G uanidium  extract o f Sp 1 + 100 000 copies
5 Sp 1 + C. pneum oniae D NA  x 10 000 copies 5 G uanidium  extract o f  Sp 1 + 10 000 copies
7 Sp 1 7 G uanidium  extract o f Sp 1
8 Sp 2 + C. pneum oniae DNA x 100 000 copies 8 G uanidium  extract o f  Sp 2 + 100 000 copies
10 Sp 2 + C. pneum oniae DNA x 10 000 copies 10 G uanidium  extract o f Sp 2 + 10 000 copies
11 S p 2 11 G uanidium  extract o f  Sp 2
13 Sp 3 + C. pneum oniae DNA x 100 000 copies 13 G uanidium  extract o f  Sp 3 + 100 000 copies
14 Sp 3 + C. pneum oniae D NA  x 10 000 copies 14 G uanidium  extract o f  Sp 3 + 10 000 copies
16 Sp3 16 G uanidium  extract o f  Sp 3
17 Sp 4 + C. pneum oniae DNA x 100 000 copies 17 G uanidium  extract o f  Sp 4 + 100 000 copies
19 Sp 4 + C. pneum oniae DNA x 10 000 copies 19 G uanidium  extract o f  Sp 4 + 10 000 copies
20 S p 4 20 G uanidium  extract o f  Sp 4



4.3.4. Specificity of the polymerase chain 

reaction

4.3.4.1. Confirmation of PCR product structure

The 213 bp C. pneumoniae MOMP amplicon was cloned, and purified single-stranded 

DNA sequenced, as described. Sequencing was done on two occasions: an example 

is shown in Figure 4.3.4.1.1. The sequences obtained in this way, reading from the 

Eco R Y  restriction site in the phagemid pBiuescnpt IIKS+ poly-cloning site, had high 

homology with the published sequence of the MOMP gene of C pneumoniae lOL- 

207 (Carter ei al., 1991), as follows. (In this figure, ^  denotes a base that could not 

be determined with certainty from the autorad, owing to indistinct banding on the

gel.)
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Figure 4.3.4.1.1. Sequencing gel: autoradiographs

to
-p̂



Figure 4.3.4.1.2. Sequences obtained from autoradiographs

^Sequence read from first autorad 

^Sequence read from second autorad 

^Consensus sequence from autorads 

^̂ Published sequence 

A

® T G G T C T C G A G C A 1 C T T T 1 G A T G C T G A T A A C A T C ^ G C A T T G C T C  

^ T G G T C T C G A G C  A 1 C T T T 2 C G A T G C T G A T A A C  ATC^ CGC A T T G C T C

P t g g t c t c g a g c a a c t t t t g a t g c t g a t a a c a t c c g c a t t g c t c

C A A A 2 C C T A C 2 : T A C  A G C 2 [ G T T T ^ A A 1 C T J : A A C T G C  A T G ^ A A '  

® A G C C A A A A C T A C C T A C A G C T G T T T T A A A C T T A A C T G C A T G G A A  

^ A G C C A A A A C T A C C T A C A G C T G T T T T A A A C T T A A C T G C A T G G A A  

^ A G C C A A A A C T A C C T A C A G C T G T T T T A A A C T T A A C T G C A T G G A A  

^ C A T A C T T T A C T A G A A A A T G C C A C A G C A T A G T C T A C T A C T G A T  

® C C C T T C T T T A C T A G A A A A T A C C A C A  A C A T T G T A A A C T A C T G A T  

^ C C C T T C T T T A C T A G A A A A T G C C A C A G O A T T G T C T A C T A C T G A T  

P C C C T T C T T T A C T A G G A A A T G C C A C A G C A T T G T C T A C T A C T G A T  

^ T C G T T C T C A G A C T T C A T G C A A A T T G T T T C C T G T C A G A T C A A C A  

® T C G T T C T C A G A C T T C A T G C A A A T T G T T T C C T G T C A G A T C A A C A  

^ T C G T T C T C A G A C T T C A T G C A A A T T G T T T C C T G T C A G A T C A A C A

P t c g t t c t c a g a c t t c a t g c a a a t t g t t t c c t g t c a g a t c a a c a

^ A G T T T A A A T C T A G A A A A G C T T G T G G A G T T A C C T G T A G G A G C T

BA G T T T A A A T C T A

^ A G T T T A A A T C T A G A A A A G C T T G T G G A G T T A C C T G T A G G A G C T

P a g t t t a a a t c t a g a a a a g c t t g t g g a g t t a c a t g t a g g a g c t
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The sequence of the 213 bp amplicon was determined three times in this manner. 

There were only five places where it did not agree with the published sequence, where 

banding on the gel was indistinct.
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4.3 4.2. Database search for primer cross-reactivitv

Using the Daresbury database of published genomic DNA sequences, a moderately 

good fit (defined by a F AST A score of >65) was found between the primers chosen 

for this assay and some organisms other than C  pneumoniae, as follows:

Primer ext 1: 

Primer ext 2: 

Primer int 1:

Primer int 2:

C psittaci MOMP 

no fit detected 

C. psittaci MOMP 

C. trachomatis MOMP 

C. psittaci MOMP

It can be seen that, although the internal primers might amplify DNA from the 

MOMP of C. psittaci, the nested PCR should be specific for C  pneumoniae. No 

other organisms whose genomic nucleotide sequences are in the Daresbury database 

should be recognised by this assay.
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4.3 4.3. Trials with sputa

Nested PCR was carried out on preparations made from seven sputum samples from 

Norwich Public Health Laboratory, as described. SpA, SpB and SpD were from 

patients known to be infected with C. psittaci, while SpC, SpE, SpF and SpG were 

from patients infected with C  pneumoniae. All seven were negative for 

C.pneumoniae by first stage (external) PCR (Table 4.3.4.3.1 and Figure 4.3.4.3.1), 

although a positive control template (DNA extracted from C  pneumoniae IOL-207) 

mixed with aliquots of SpA and SpC-SpG was successfully amplified. Using the two- 

stage (nested) reaction, three of the four sputa (Sp C, Sp E and Sp G) from patients 

with C  pneumoniae infection tested positive, but none of the sputa from patients with 

C. psittaci infection were positive (Table 4.3.4.3.2 and Figure 4.3.4.3.2).

Lane
1 Plasmid pBR322 Hae HI digest
2 SpF (external PCR)
3 SpB (external PCR)
4 SpA (external PCR)
5 SpG + IOL-207 DNA (external PCR)
6 SpE (external PCR)

Lane
7 SpD (external PCR)
8 SpC (external PCR)
9 SpD + IOL-207 DNA (external PCR)
10 SpA + IOL-207 DNA (external PCR)
11 SpG (external PCR)

Table 4.3.4.3.1. Sputum preparations SpA-SpG: external PCR
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Lane
1 Plasmid pBR322 Hae III digest
2 SpF (nested PCR)
3 SpA (nested PCR)
4 SpD + IOL-207 DNA (external PCR)
5 SpA + IOL-207 DNA (external PCR)

■6 SpG + IOL-207 DNA (external PCR> -
7 SpB (nested PCR)
8 SpD (nested PCR)

Lane
9 SpE (nested PCR)
10 SpG (nested PCR)
11 SpE + IOL-207 DNA (external PCR)
12 SpC + IOL-207 DNA (external PCR)
13 SpF + IOL-207 DNA (external PCR)
14 SpC (nestedPCR)
15 SpB 4- IOL-207 DNA (external PCR)
16 Plasmid pBR322 Hae III digest

Table 4.3.4 3.2. Sputum specimens SpA-SpG: external PCR with 

C. pneumoniae DNA, and nested PCR
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Figure 4.3.4.3.I. Sputum preparations SpA-SpG: external PCR

L an e
1
2
3
4
5
6

Plasm id pB R322 H ae  111 digest 
SpF  (external PCR)
SpB (external PCR)
SpA  (external PCR)
SpG + lO L -207 D N A  (external PCR) 
SpE (external PCR)

362

• S W . ’- - ' -  ' 1

L #  1

L ane
7 SpD  (external PCR)
8 SpC (external PCR)
9 SpD  + lO L -207  D N A  (external PCR)
10 SpA  + lO L -207 D N A  (external PCR)
11 SpG (external PC R)



Figure 43.4.3.2. Sputum specimens SpA-SpG: external PCR with 
C. pneumoniae DNA, and nested PCR

9 10 11 
I I I

12 13 14 15 16
I I I I I

362

213

L an e L ane
1 Plasm id pB R 322 H ae  III digest 9 SpE (nested PCR)
2 SpF (nested PCR) 10 SpG (nested PCR)
3 SpA  (nested PCR) 11 SpE + IO L-207 D NA  (external PCR)
4 SpD  + IO L-207 D N A  (external PCR) 12 SpC + IO L-207 D NA  (external PC R)
5 SpA  + IO L -207 D N A  (external PCR) 13 SpF + IO L-207 DNA (external PC R)
6 SpG  + IO L-207 D N A  (external PCR) 14 SpC (nested PCR)
7 SpB (nested PC R) 15 SpB + IO L-207 D NA  (external PCR)
8 SpD  (nested PC R) 16 Plasm id pB R322 H ae  III d igest
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4.3.4.4. Other chlamydial genomic DNA

DNA from C pecorum, C. trachomatis and C psittaci (ovine abortion and avian) 

were all tested and gave no amplification, except for weak amplification of 

C pecorum DNA by the external primers only. By contrast, all three strains of 

C. pneumoniae DNA tested (IOL-207 and two strains of TW-183) gave positive 

results (Tables 4.3.4.4.1 and 4.3.4 4.2, and Figures 4.3.4.4.1 and 4.3.4.4.2).

Lane Lane
1 Plasmid pBR322 Hae HI digest 6 C. trachomatis
2 C. pecorum P787 7 C. psittaci A22
3 C. pneumoniae IOL-207 8 C. psittaci 725
4 C. pneumoniae TW-183 9 C. pneumoniae DNA (positive control)
5 C. pneumoniae TW-183

Table 4.3.4.4.1. Other 

chiamydiae: external PCR
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Lane
1 Plasmid pBR322 Hae HI digest
2 Positive control; C. pneumoniae DNA
3 C. pneumoniae IOL-207
4 C. pneumoniae TW-183
5 C. pneumoniae TW-183
6
7
8 C. pecorum P787

Lane
9 C. trachomatis
10 Negative control: Phage lambda DNA
11 C. psittaci A22
12 C. psittaci 725
13
14 Positive control: C. pneumoniae DNA
15
16 Phage lambda DNA (negative control)

Table 4.3.44.2. Other chiamydiae: nested PCR
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Figure 4.3.4.4.I. Other chiamydiae: external PCR

K)K)

Lane
1
2
3
4
5

Plasm id pB R322 H ae  111 digest 
C. pecorum  P787 
C. pneum oniae  lO L-207 
C. pneum oniae  TW -183 
C. pneum oniae  T W -183

362

C. trachom atis 
C. p sittaci A22 
C. psittac i 725
C. pneum oniae  D N A  (positive control)



Figure 4.3.4.4.2. Other chiamydiae: nested PCR

213

Lane Lane
1 Plasm id pB R 322 H ae 111 digest 9 C. trachom atis
2 Positive control: C. pneum oniae DNA 10 N egative control: Phage lam bda DNA
3 C. pneum oniae lO L -207 11 C. psittaci A22
4 C. pneum oniae T W -183 12 C. psittaci 725
5 C. pneum oniae T W -183 13
6 14 Positive control: C. pneum oniae D NA
7 15
8 C. pecorum  P787 16 Phage lam bda D N A  (nagative control)

VI(N(N



4.3.4 5. Other sources of genomic DNA

Guanidium thiocyanate extracts of genomic DNA from Streptococcus pneumoniae. 

Staphylococcus aureus, Haemophilus influenzae, Moraxella catarrhalis, Klebsiella 

pneumoniae. Pseudomonas aeruginosa, Legionella pneumophila and respiratory tract 

isolates of adeno-, entero- and herpesviruses were prepared, and Mycoplasma 

pneumoniae DNA was obtained from the Mycoplasma Reference Laboratory at the 

Public Health Laboratory Service in Colindale.

Neither these microbial DNA extracts nor two human DNA extracts from skin 

scales were amplified by external, internal or nested PCR, despite satisfactory 

amplification of positive control DNA (Table 4.3.4.5.1 and Figure 4.3.4.5.1).
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Upper tier Lower tier
Lane Lane
1 Positive control; C. pneumoniae DNA 1 Positive control: C. pneumoniae DNA
2 Plasmid pBR322 Hae HI digest 2 Plasmid pBR322 Hae III digest
4 Streptococcus pneumoniae 4 Legionella pneumophila
5 Streptococcus pneumoniae 5 Legionella pneumophila
7 Staphylococcus aureus 7 Mycoplasma pneumoniae
8 Positive control: C. pneumoniae DNA 8 Mycoplasma pneumoniae
10 Haemophilus influenzae 10 Adenovirus (clinical isolate)
11 Haemophilus influenzae 11 Enterovirus (clinical isolate)
13 Moraxella catarrhalis 13 Herpesvirus (clinical isolate)
14 Moraxella catarrhalis 14 Herpesvirus (clinical isolate)
16 Klebsiella pneumoniae 16 Human DNA extract Aom skin scales
17 Klebsiella pneumoniae 17 Human DNA extract from skin scales
19 Pseudomonas aeruginosa 19 Negative control: phage lambda DNA
20 Pseudomonas aeruginosa 20 Negative control: phage lambda DNA

Table 4.3.4.5.1. Other sources of genomic DNA: nested PCR
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Figure 4.3.4.5.I. Other sources of genomic DNA: nested PCR

213

213

U p p e r t ie r L o w er tie r
L an e L an e
1 Positive control: C. pneumoniae DNA 1 Positive control: C. pneum oniae D NA
2 Plasm id pB R 322 H ae III digest 2 Plasm id pB R 322 H ae III d igest
4 Streptococcus pneum oniae 4 Legionella pneum ophila
5 Streptococcus pneumoniae 5 Legionella pneum ophila
7 Staphylococcus aureus 7 M ycoplasm a pneum oniae
8 Positive control: C. pneumoniae D NA 8 M ycoplasm a pneum oniae
10 H aem ophilus influenzae 10 A denovirus (clinical isolate)
11 H aem ophilus influenzae 11 E nterovirus (clinical isolate)
13 M oraxella catarrhalis 13 H erpesvirus (clinical isolate)
14 M oraxella catarrhalis 14 H erpesvirus (clinical isolate)
16 K lebsiella  pneum oniae 16 H um an D N A  extract from  skin scales
17 K lebsiella  pneum oniae 17 H um an D N A  extract from  skin scales
19 Pseudom onas aeruginosa 19 N egative control: phage lam bda DNA
20 Pseudom onas aeruginosa 20 N egative control: phage lam bda D NA



4.3.5. Choice of clinical material

4.3.5.1. Trials with throat swabs

The eflScacy of amplification by PCR was not affected by the huffy coat extract, but with 

throat swab eluate, it was reduced by a factor of up to 10̂ .

4.3.5.2. Application to whole blood specimens

DNA was extracted from 333 control patients using InstaGene. C. pneumoniae DNA 

was sought by direct PCR amplification, and was found in only 4 patients, of whom 3 

had no detectable chlamydial antibodies on MIF.
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5. Discussion

5.1. Introduction

C. pneumoniae has excited considerable attention in recent years, being a respiratory 

pathogen encountered by large numbers of people world-wide. Associations have been 

made with a wide variety of diseases, and it seems probable that this organism, like other 

species in the genus Chlamydia, commonly produces chronic manifestations. However, 

data have often been scanty, all of the available diagnostic tests have shortcomings, and 

their interpretation has been confounded by the long persistence of the organism and the 

unpredictable nature of the serological response to repeated infection. It is difiBcult to 

prove a causative role for this agent in any disease, Koch’s postulates being practically 

impossible to satisfy, and the studies reported here merely demonstrate evidence of 

previous C. pneumoniae infection.
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5.2. Data theory

5.2.1. Justification of methodological approach

Strategies to take account of potential confounding variables are essential in studies of 

C. pneumoniae antibodies. Such variables include increasing age (Paltiel et al., 1995), 

male sex (Karvonen et al., 1994; Paltiel et al., 1995) and smoking (Hahn and 

Golubjatnikov, 1992; Karvonen et al., 1994; Paltiel et al., 1995). Other potential 

confounding factors might include ethnic origin, social deprivation, steroid use and 

diabetes mellitus. A strength of this study is that differences between index disease and 

control groups in the distributions of these factors were taken into account, by a 

matching strategy and by logistic regression analysis.

Previous serological studies of C. pneumoniae have sometimes failed to recruit 

adequate numbers of subjects. This infection has a high prevalence in the community, 

and it may be predicted that specific IgG antibodies at titres of >64 will be found in 15- 

20% of the general population (Forsey et al., 1986; Grayston et al., 1989b; Chirgwin et 

a l, 1991). A further strength of this study is the large number of patients recruited, 

making it possible to achieve a power of >80% (Hulley and Cummings, 1988).

Other infectious agents might also play a part in the diseases studied here. In all 

cases, the observed rise in specific antibody levels is disproportionate to the non-specific
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immunoglobulin increase that is associated with “acute phase reactions”, but even so, 

such an increase does not prove a causal role. The possibility that some of these subjects 

had polymicrobial infections, and that C  pneumoniae antibodies merely obscured more 

important agents, has not been addressed. In this respect, the interactions of diverse 

organisms may prove to be crucial, and deserve to be investigated in future research.

5.2.2. Justification of laboratory techniques

Complement-fixation testing, which is genus- but not species-specific, remains a 

convenient screening technique in lymphogranuloma venereum and psittacosis, but is 

insensitive, especially in the elderly, and often negative in cases of reinfection or 

reactivation of latent infection: indeed, in studies from Seattle, fewer than 33% of 

patients with evidence of C  pneumoniae infection had complement-fixing antibodies 

(Marrie et al., 1987). The MIF test is widely considered to be the technique of choice 

(Wang and Grayston, 1986). It was introduced in 1970 to replace the laborious and 

time-consuming mouse toxicity prevention test, using fixed whole elementary bodies 

from embryonated hen’s egg cultures as antigen (Wang and Grayston, 1974). The target 

epitopes are probably within the MOMP (Saikku et al., 1988). A modification of the 

same procedure has used a reticulate body preparation as antigen: this test appears to be 

more specific for C. psittaci (Yong et al., 1979). It has been estimated that only 10-
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20% of adults with pneumonia who have C. pneumoniae antibodies on MIF also have 

complement-fixing antibodies (Grayston, 1992). Micro-immunofluorescence, though 

time-consuming and therefore available in relatively few laboratories, is sensitive and 

species-specific, and can differentiate IgM from IgG antibody responses. A negative test 

appears to reliably exclude both current and previous chlamydial infection (Csango et al., 

1988). Cross-reaction between C. pneumoniae and C  trachomatis is very infrequent, in 

skilled hands (Wang and Grayston, 1986).

Serological studies of C. pneumoniae cause serious difficulties in interpretation. 

Antibody responses to this organism vary widely between and within individuals, owing 

to differences in the mode of infection, previous exposure, infective dose and anamnestic 

responses to other chiamydiae. Furthermore, using MIF and immuno-blotting with 

human serum and murine monoclonal antibody, significant antigenic variation has been 

demonstrated, suggesting that the serodiagnosis of C. pneumoniae infection may require 

the use of antigens fi*om multiple serovars (Black et a i, 1991).

The MAXISCREEN Chlamydia kit, used in this project, has been employed in several 

studies (Darougar et al., 1980; Forsey et al., 1986; Moss et a l, 1993), and has a similar 

performance to other MIF assays. In this project, all serology was carried out by the 

author, eliminating inter-observer variation. Several positive and negative control 

specimens were incorporated whenever the assay was used. The performance of the 

assay should therefore be optimal in these studies.
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The principle that a fourfold rise in specific IgG antibody titre constitutes evidence of 

acute primary C. pneumoniae infection (Grayston et al., 1990) is generally accepted 

(Grayston et al., 1993). The rise may not be seen for 8-10 weeks (Bourke, 1993), and 

may persist for several months (Patnode et al., 1990). This is why a time limit of 160 

days was set on the interval between initial and convalescent sera.

In a single serum specimen, an IgG titre >512 can be interpreted as evidence of acute 

primary infection (Grayston et al., 1990), or—particularly in older people—reinfection 

or recrudescence of chronic or latent infection (Aldous et al., 1992). IgG titres ^ 5 6  

may persist for many months (Thom and Grayston, 1991), and have generally been 

accepted as evidence of previous infection (Beaty et al., 1991). Many authors have 

employed these serological criteria (Kleemola et al., 1988; Saikku et al., 1988; Grayston 

et al., 1989a; Berdal et al., 1992; Ozanne and Lefebvre, 1992; Freidank and Brauer, 

1993; Kern et al., 1993; Resta et al., 1995), and a large study combining serology with 

an examination of pharyngeal swabs by PCR has provided evidence in support of them 

(Thom et al., 1994). In the studies described in this Thesis, IgG titres of <64 were 

rejected, in order to minimise the probability of false-positive results (Grayston et al., 

1989b; Van den Abeele et al., 1992). The decision to include IgA is justified by 

experimental evidence that it persists in chronic infection (Sarov et al., 1986; Saikku et 

al., 1992; Samraand Soffer, 1993; Paltiel etal., 1995).

The presence of IgM is generally considered to signify acute primary infection (Wang 

and Grayston, 1974; Grayston et al., 1990). A threshold titre of >16 has been proposed,
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with a titre of 8 indicating “probable acute infection” (Mordhorst et al., 1990), but no 

difference was found in the proportions of patients with IgM antibodies at these two 

titres in a pilot study for this project. A decision was therefore taken to make no 

distinction between such low levels of antibody production, and to accept a titre of >8 as 

signifying acute infection, provided that there was definite fluorescence of elementary 

bodies, evenly distributed on the MIF substrate, on two occasions. It has been suggested 

(Marrie et al., 1990) that rheumatoid factor may adversely affect the measurement of 

IgM antibodies, particularly in elderly patients (Verkooyen et a l, 1992). Therefore all 

patients were excluded fi’om this study who were known to have connective tissue or 

other auto-immune disease, and rheumatoid factor was measured in all cases in which 

such diseases were considered less probable, IgM antibodies being discounted whenever 

it was present. It is believed that this strategy for preventing interference by rheumatoid 

factor in IgM measurement allows a valid interpretation of the results, but in future 

studies, the routine absorption of sera with anti-human IgG is recommended, as 

advocated by Verkooyen et a l (1992).

In view of the fact that 79*4% of subjects (814% of the control group and 76*8% of 

all index disease patients) did not supply convalescent blood samples, the reliance on a 

fourfold rise in antibody titre inevitably leads to an underestimation of the number of 

patients acutely infected. The majority of these patients will have detectable IgM 

antibodies in their acute blood samples, except in some cases of reinfection: the shortfall 

should therefore be only small.
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5.3. Effect of race on C. pneumoniae infection

An important advantage of studying the multi-racial community of Birmingham is the 

opportunity to compare several ethnic groups. This is particularly relevant to research 

into potential risk factors for asthma and for cardiovascular disease, since the 

prevalences of these conditions show marked variation between ethnic groups.

Race and ethnicity are commonly used variables in medical research, and from April 

1998 providers in the NHS must collect “ethnic data”. Unfortunately, ethnic groups are 

rarely defined, the use of terms is inconsistent, and people are often allocated to these 

groups arbitrarily (Sheldon and Parker, 1992; McKenzie and Crowcroft, 1994). Some 

researchers still use the Blumenbach classification (Blumenbach, 1865), in which 

“Asians” are classified as “Caucasians”, though modem definitions often class them as 

“black”. Where the term “Asian” is used, it has a very broad application, masking 

important variations in religion, language, diet and other factors relevant to health 

(Shaunak et al., 1986; Bhopal et a l, 1991). Whereas some workers use the term “Afro- 

Caribbean” for people of African or Caribbean descent, others use it for people who are 

black and of Caribbean ancestry (Marmot, 1989). Even if the terms are used 

consistently, there is still uncertainty about the meanings of race and ethnicity. Race is 

thought to be biologically determined, whereas ethnic grouping incorporates a complex 

interplay of biological, genetic, social, environmental, economic, educational, cultural 

and behavioural factors, including dietary and smoking habits. This results in research
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findings that are difiBcult to compare. A common mistake is to use biological 

explanations when the relevant variable is socially or politically determined (Senior and 

Bhopal, 1994). Frequently, progress in the understanding of disease has led to the 

substitution of environmental for genetic explanations of differences between populations 

(Cooper, 1984).

Birmingham City Hospital has a large number of patients fi*om Afi-o-Caribbean, 

Pakistani, Indian, Bangladeshi and East African populations, as well as fi’om the majority 

white population. According to the Office of Population Censuses and Surveys, the 

ethnic composition of North Birmingham Health District, in which the City Hospital is 

situated, is as follows: Caucasian, 75-2%; Asian (Pakistani, Indian, Bangladeshi and 

others), 16 2%; Black (Caribbean, Afiican and others), 7*2%; Chinese, 0*3%; others, 

1-1%. Among the Asian population, the majority are Sikh or Muslim from the Punjab, 

with a smaller number from the Sylhet area of Bangladesh. These groups are culturally 

quite distinct: in particular, Indian diets are extremely diverse.

In this study, only those patients who were unequivocally “White”, “Pakistani”, 

“Indian”, “Bangladeshi” or “(Affo-)Caribbean” were included in the analysis of results, 

under the headings Caucasian, Asian and Afi-o-Caribbean. In all cases of doubt, ethnic 

origin was later established fi"om postal questionnaires or, when these were not returned, 

from hospital records. The Afro-Caribbean population in this project therefore 

comprises all patients who are black and of Caribbean descent. The Asian population 

includes people from several communities, predominantly Indian, Pakistani or
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Bangladeshi. A more detailed examination of C. pneumoniae serology, comparing 

particular Asian communities, might allow some discrimination between sub-groups 

within this population.

A possible weakness of this study is the failure to distinguish between people from 

ethnic minorities bom in the United Kingdom and those bom overseas. It was assumed 

that the continuing exposure of first-generation UK nationals to immigrants from the 

same ethnic minorities, and frequent visits to their ethnic homelands, made this approach 

acceptable.

The results of this study suggest a significant association between ethnic origin and 

serological response. The results of the matching strategy give added weight to the 

apparent association of acute infection or reinfection with Afro-Caribbean origin. In 

Birmingham, Afro-Caribbean origin is frequently associated with socio-economic 

deprivation. In view of the known correlation between social deprivation and morbidity 

(Department of Health and Social Security, 1980), including cardiovascular morbidity 

(McLoone and Boddy, 1994), a Townsend deprivation index was assigned by linking 

postcode sectors to census enumeration districts for each patient recruited to this project 

from the West Midlands conurbation. The Townsend score may be considered to reflect 

the socio-economic status of people living within a particular locality (Townsend et a l,

1989), but it should be noted that no other attempt was made to gauge directly the 

socio-economic grouping of individual patients. This score includes items that reflect 

predominantly personal and family income, and was therefore considered to be superior
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to the Jarman score (developed as a predictor of the demand for primary medical care) 

for an assessment of the eflfects of living standards on health. The lack of any interaction 

with the Townsend score implies that poverty is not relevant to the association between 

ethnic origin and C. pneumoniae seropositivity.

In Britain, major differences in the natural history of myocardial ischaemia and stroke, 

and in risk factors for these conditions, occur between blacks, Caucasians and Asians 

(Beevers and Cruikshank, 1981). For example, Asians around the world are at a high 

risk of coronary heart disease, as well as of insulin resistance (McKeigue et al., 1989). 

These risks are seen in Gujarati Hindus, Punjabi Sikhs and Muslims from Pakistan and 

Bangladesh, despite large differences in smoking rates, blood pressure and plasma lipid 

levels between these groups (Balarajan et al., 1984; McKeigue and Marmot, 1988). 

Established risk factors for CHD, including smoking, high blood pressure, serum 

cholesterol and haemostatic activity, do not account for this phenomenon in south Asians 

(Beckles e/a/., 1986).

Insulin resistance may itself have causal role in the pathogenesis of coronary heart 

disease in Asians (McKeigue et al., 1991). This condition, which causes glucose 

intolerance, low plasma high-density lipoprotein (HDL) cholesterol, and high levels of 

insulin and triglycerides after a glucose load (McKeigue et al., 1988), and a tendency to 

central obesity, is a stronger predictor of CHD than general obesity, both in men 

(Donahue et al., 1987) and in women (Lapidus et al., 1984). For acute Ml and UA, 

established diagnoses of insulin dependent and non-insulin dependent diabetes mellitus
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and measurements of plasma total cholesterol and triglycerides were therefore taken into 

account in the analysis of results.

In contrast, Afro-Caribbeans have a lower incidence of coronary artery disease 

(CAD), but a significantly higher risk of stroke (Kane and Aronson, 1969; Williams et 

a l, 1969). Workers at Birmingham City Hospital have investigated differences in 

between Asians and blacks in various risk factors, including blood pressure, cigarette 

smoking, dietary fat, lipoproteins and diene-conjugated lipids, but none of these fully 

explains the differences in cardiovascular disease (Weil and Beevers, 1993).

It is tempting to attribute these differences to ethnic restriction of the immune 

response. For example, differences in susceptibility to infection, resulting either from 

major histocompatibility phenotype (which influences antigen presentation) or from 

culturally determined behaviour, might partly account for them.

Despite marked variation in the prevalence of C. pneumoniae antibodies between 

different parts of the world (Grayston et al., 1989b), the author knows of no previous 

evidence that race governs susceptibility to this infection. However, Affo-Caribbean 

origin has been identified as an independent risk factor for genital infection by 

C  trachomatis (Magder et al., 1983; Schachter et al., 1983), which shares many 

biological characteristics with C  pneumoniae-, and in a study of C  trachomatis cervical 

infection in young women in Seattle, this association was found to be independent of 

age, marital state, cervical ectopy and fi-equency of sex partners (Stergachis et al., 1993).
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It has even been suggested that specific C  trachomatis serovars may be associated with 

particular ethnic groups (Workowski et al., 1992). On biological grounds, therefore, the 

relates of this study are not surprising. They are of interest, however, in view of the 

serological associations of C  pneumoniae infection with cardiovascular disease, 

particularly strokes.
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5.4. Effect of steroids on C. pneumoniae

infection

The notion that immunosuppression by cortico-steroids could impair the normal 

immunological control of chlamydial infection is supported by the observation that 

cortisone can reactivate clinically latent C. trachomatis pulmonary infection in mice 

(Yang et al., 1983; Malinvemi et al., 1995; Laitinen,K et al., 1996). This study set out 

to establish whether steroids influence the natural history of C. pneumoniae infection in a 

similar manner.

A significant association was found between steroid use and antibody titres that were 

suggestive of chronic C. pneumoniae infection. Multi-factorial analysis revealed no 

similar effect of diabetes mellitus, which might have been expected to have a comparable 

immuno-suppressive effect on the host. The size of the study population did not permit 

differentiation between inhaled steroids and prednisolone in this regard, but it may be 

speculated that either type of medication could exert some immuno-suppressive action at 

the pulmonary epithelium.
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These results raise the possibility that steroids might predispose to infection or 

recrudescence of infection with C. pneumoniae. In view of the reported association of 

this infection with exacerbations of COPD, and with some types of asthma, this suggests 

a new adverse effect of steroids. This conclusion also implies that future studies of this 

organism should give due attention to patients’ medication.
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5.5. Effect of smoking on C. pneumoniae

infection

Smoking habit showed no apparent statistical interactions (i.e. effect modifications in 

different subgroups) with serological evidence of C. pneumoniae infection. Few 

previous studies of C. pneumoniae infection have addressed the smoking habits of the 

subjects who were studied (Van den Broucke et a l, 1989). Smokers have lower levels 

of circulating immunoglobulins than non-smokers, and this is consistent with the 

observation that they more readily acquire respiratory infections (Andersen et al., 1982; 

Blake et al., 1988; Mili et al., 1991). Hahn and Golubjatnikov found a small but 

significant association between smoking and seroconversion to C. pneumoniae as 

detected by MTF (Hahn and Golubjatnikov, 1992). A similar association was reported by 

Saikku et al. (Hahn and Saikku, 1992). A higher risk of C. pneumoniae infection among 

smokers might thus create a spurious association between this infection and CAD. 

However, these findings pose another question: might the deleterious effects of cigarette 

smoking on the heart and lungs be due in part to a predisposition to chlamydial infection? 

The results of this study do not answer that question, but it may be worthy of further 

investigation. It will clearly be important to control for smoking in future studies of this 

sort.
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From this and subsequent studies, there is no evidence that smoking habit has any 

interaction with the associations between C. pneumoniae infection and cardiovascular or 

respiratory disease.
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5.6. Effect of socio-economic deprivation on 

C. pneumoniae infection

Townsend score also showed no apparent statistical interactions with serological 

evidence of C. pneumoniae infection. In the United Kingdom, socio-economic 

deprivation is clearly correlated with overall morbidity (Department of Health and Social 

Security, 1980). There appears to be no definite association between socio-economic 

deprivation and any type of chronic airflow obstruction, although it may be true that 

obstructive lung diseases are more readily labelled “bronchitis” than “asthma” when they 

afflict people from lower socio-economic groups. Asthma is rare in developing countries 

(Godfrey, 1975; Van Niekerk et a l, 1979), and less common in rural than in urban 

districts, so that it might be considered a disease of affluence in such countries. In 

developed countries, where urban dwelling has no clear association with income, asthma 

appears to have a higher prevalence in towns. These observations suggest that 

environmental factors are more important than poverty. However, there do appear to be 

racial predilections to develop certain cardiovascular diseases, and it is also known that 

asthma is more prevalent among blacks than whites, particularly in the United States, but 

less prevalent in Asians. In developing countries, asthma is less common in urban 

districts than in the relatively affluent rural areas, although in some developed countries, 

such as Sweden, it appears to be more prevalent in towns. In Birmingham, both Afro- 

Caribbean and Asian origin are frequently associated with socio-economic deprivation.
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From this and subsequent studies, there is no evidence that poverty plays an important 

part in the association between Afro-Caribbean origin and C. pneumoniae infection, or 

that it has any interaction with the associations between C. pneumoniae infection and 

respiratory or cardiovascular disease.
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5.7. C. pneumoniae and asthm a

Asthma is a chronic inflammatory disorder (National Asthma Education Program, 1991), 

in which eosinophils appear to play a major role, irrespective of the presence or absence 

of an atopic diathesis (Frigas and Gleich, 1986), It is thought to result fi-om both genetic 

and environmental influences, but inflammation of the bronchial epithelium sufficient to 

cause bronchoconstriction has many causes (Laitinen et a l, 1985), and the relative 

contributions of genes and the environment remain uncertain (Boushey et a l, 1980). 

The genetic component is most obvious in patients who are atopic (Cookson and 

Hopkin, 1989; Cookson et a l, 1989; Hopkin, 1991), but the relevance of pulmonary 

infection to this condition is unknown (Stenius-Aamiala, 1987), and it remains to be 

proved whether such patients are predisposed to develop asthma by virtue of an inherited 

susceptibility to infection. It is known that asthmatic lungs transplanted to previously 

non-asthmatic patients confer asthma on the recipients, whereas patients who receive 

non-asthmatic heart-lung transplants for life-threatening asthma remain fi*ee of asthma for 

years thereafter (Corris and Dark, 1993). Chronic infection with C. pneumoniae has 

been documented (Yamazaki et a l, 1990), and since chlamydial lung infections 

commonly cause wheezing (Frydén et a l, 1989), it is plausible that chronic 

C  pneumoniae infection produces a tendency to bronchoconstriction in the longer term.

Macrolide antibiotics such as erythromycin and troleandomycin are reported to have 

an ameliorating effect on chronic asthma (Itkin and Menzel, 1970; Spector et a l, 1974),
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to reduce bronchial responsiveness to histamine challenge in non-steroid-dependent 

asthma (both atopic and non-atopic) (Miyatake et al., 1991), and to reduce neutrophil 

count and neutrophil-derived elastolytic activity in bronchiolitis (Ichikawa et al., 1992). 

This has been attributed to a "steroid-sparing" effect (LaForce et al., 1983; Cott and 

Cherniak, 1988), but it is interesting to note that these antibiotics are also bactericidal 

against chlamydiae.

Several workers have demonstrated a serological association of C. pneumoniae 

infection with up to 80% of cases of chronic adult asthma (Klaukka et al., 1991; Hahn, 

1992; Allegra et al., 1994; Peters et al., 1994). For example, in a study by Hahn et a l of 

365 adults with acute respiratory illness, acute C. pneumoniae infection was diagnosed 

serologically in 19 patients (5*2%), of whom 9 (47-3%) reported wheezing (Hahn et al., 

1991). A polyvalent C. pneumoniae IgG titre of ^ 4  was measured by MIF in up to 

80% of chronic adult asthma, the seroprevalence in the general population being 63*7%. 

There was a clear dose-response relationship between antibody titre and the presence of 

wheezing. Later diagnoses of asthmatic bronchitis were made within six months of the 

presenting illness in 29 6% of patients with antibody titres of >64 at recruitment, and in 

only 7% of matched controls {p <0-001). In subsequent work, the same authors showed 

that antibodies to this organism are more likely to be found in adults with late-onset 

asthma but no atopy (as judged by negative skin tests) than in those who are atopic, or 

whose asthma started in childhood (Hahn and Golubjatnikov, 1994). Furthermore, 

population-based longitudinal data from Saikku’s group in Helsinki suggest that
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increasing C. pneumoniae seroprevalence is associated with increasing asthma 

prevalence in all age groups (Puolakkainen et a l, 1989).

In these studies, episodes of acute asthma should be differentiated from chronic 

asthma, and particularly from "brittle asthma". This term has been used to describe those 

patients with marked variability in PEF despite considerable medical treatment, and those 

who are subject to sudden catastrophic attacks on a background of apparently good 

asthma control. Each group of patients has an increased risk of illness and death, but 

there has not been sufficient research into the causes and natural history of "brittle" 

asthma in either group.

It is therefore not surprising that the results of this study are consistent with an 

association between previous C  pneumoniae infection and severe chronic asthma, in the 

absence of exacerbations. The lack of out-patient controls may be criticised, but the 

comparison with in-patients (for previous infection only) can be justified, on the grounds 

that the latter were bled within 24 hours of admission to hospital, and had therefore not 

had time to acquire any infections nosocomially. The number of CA patients recruited to 

this study was small, and further investigation would be necessary to confirm this 

association.

Nonetheless, this study does not support an association of C  pneumoniae 

seroprevalence with the overall prevalence of asthma. It also fails to support an 

association with the incidence of acute asthma attacks, though the low numbers of
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patients returning for convalescent blood sampling make it impossible to exclude such an 

association. These data are in agreement with a small study by Simon et al., which 

showed no association between C  pneumoniae antibody titres and acute asthma (Simon 

et al., 1996). The apparent conflict with other studies (Hahn et al., 1991; Allegra et al., 

1994) might be due to the low numbers of patients returning for convalescent blood 

sampling, or to the fact that the power of this study to detect such an association was 

limited by the relatively small number of acute asthmatics. The apparent conflict could 

also be explained as follows.

(1) In other studies of this association, it is not clear how many of the subjects 

examined had an earlier history of asthma, or a demonstrable tendency to chronic 

asthma. In the present study, the 123 patients recruited to the AA group included only 

13 with documented reversible airflow obstruction (requiring bronchodilator or steroid 

medication) prior to the onset of the presenting illness. A further 53 were on inhaled or 

oral steroids at the time of referral by their general practitioners, but neither their hospital 

case notes nor their general practitioners’ letters of referral contained any mention of 

previous asthma. It is possible that an association between C  pneumoniae infection and 

asthma was merely masked by the heterogeneity of this group.

(2) Asthma is not a homogeneous condition, and exacerbations of asthma may be 

provoked by a wide range of infectious and non-infectious factors (British Thoracic 

Society, 1993), many of which are encountered in large industrial centres like 

Birmingham. The most important stimuli to attacks are likely to differ between
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individuals, even within a single health district. Any efifect of C. pneumoniae infection in 

promoting the development of asthma could therefore have been obscured by other 

factors, at least during the period of the study.

It should be noted that approximately 4% of the control population used in this and 

subsequent studies were taking inhaled steroids at the time of admission to hospital. No 

evidence of active pulmonary disease was found in any of these subjects, who therefore 

lacked any standard indications for inhaled steroids. All control subjects who were 

taking systemic steroids had non-pulmonary, non-cardiovascular diseases. The matching 

strategy may be assumed to compensate for any confounding effects of these 

medications.
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5.8. C. pneumoniae and COPD

A role for C. pneumoniae in infective exacerbations of COPD was suggested by the 

work of Blasi et a l, who showed that 4% of patients with this diagnosis had evidence of 

recent C. pneumoniae infection, and that 63% had IgG antibodies, compared with 46% 

of controls (Blasi et a l, 1993). In a similar study by Beaty et a l, acute C. pneumoniae 

infection was reported in 5% of patients with exacerbated COPD, but previous infection 

appeared to be no more prevalent in this study than in the general population (Beaty et 

al, 1991). A group from South Italy produced serological evidence of recent infection 

with C. pneumoniae in 13 (14%) of 91 adult patients with acute respiratory tract 

infection, of whom 5 presented with exacerbations of COPD (Resta et a l, 1995).

The results of this study also support an association between COPD and 

C. pneumoniae infection, and between acute exacerbations of COPD and acute 

recrudescence of infection. They therefore lend support to the use of an antibiotic 

effective against chlamydiae, such as erythromycin or another macrolide antibiotic, a 

tetracycline or a quinolone, such as ofloxacin (Chirgwin et a l, 1989), as part of the 

initial treatment of a severe acute exacerbation of COPD.
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5.9. C. pneumoniae and myocardial ischaemia

The pathological basis of CAD is atherosclerosis, a focal disease of the intima of large 

and medium-sized arteries. The processes involved in this condition have many 

similarities to those of chronic inflammation. Recent evidence linking infections with 

CAD and a greater understanding of the role of inflammatory mediators and of the 

monocyte-macrophage system in atherogenesis has reinforced this view (Cook and Lip, 

1996).

The development of atherosclerosis has been explored in some detail (Smith, 1975). 

The atherosclerotic plaque begins with the focal accumulation of lipids, which are chiefly 

cholesteryl esters derived from plasma-derived low-density lipoproteins (LDL), and of 

fibrinogen and other plasma proteins, in the arterial intima (Woolf, 1961). This “fatty 

streak”, which may be seen in humans as early as infancy (Schwartz et a l, 1967), in time 

becomes the focus of mural thrombosis, the accumulation of necrotic connective tissue 

debris and the formation of an atherosclerotic plaque. The initiation of this process is not 

well understood, but the central importance of monocyte-derived macrophages has 

become increasingly clear (Mitchinson, 1987). For example, animal models have shown 

that monocytes adhere to and penetrate the endothelium at an early stage in 

atherogenesis (Rosenfeld et a l, 1987), probably under the influence of cytokines, 

become engorged with oxidised LDL and so produce the “foam cells” which are so 

characteristic of atheroma (Klurfeld, 1985; Steinberg et a l, 1989). Macrophages secrete
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growth factors, many of which are powerfully mitogenic notably platelet-derived growth 

factor (PDGF), which is also secreted by platelets, endothelium and smooth muscle cells. 

They also secrete proteolytic enzymes, which may lead to plaque fracturing, the exposure 

of blood to thrombogenic components within the arterial wall and hence intramural 

thrombosis (Davies and Thomas, 1984).

Although several independent risk factors for atherosclerosis have been identified, 

including cigarette smoking, hyper-cholesterolaemia, systemic hypertension, diabetes 

mellitus advancing age and male sex (Psaty et aL, 1990), no mechanisms for the initiation 

and progression of this process are known. Immunological processes have long been 

suspected to play a part in the pathogenesis of both chronic CAD and acute MI (Lopes- 

Virella and Virella, 1985; Beilke, 1989; Saikku et al., 1990; Nieminen et a l, 1993). A 

high level of immunological activity in atherosclerosis is indicated, not only by the 

prominent role of monocyte-derived macrophages, but also by the frequently observed 

development of cellular aggregates in the surrounding adventitia, consisting mainly of B- 

lymphocytes (Parums and Mitchinson, 1981) but also including significant numbers of T- 

lymphocytes (Jonasson et a l, 1986).

There has been much speculation on the mechanisms of these effects, with particular 

interest in the production of circulating immune complexes, although evidence that these 

have a pathological role, rather than being a consequence of disease, is lacking (Versey 

and Gabriel, 1974; Fust et a l, 1978; Smith et a l, 1983). Cytokines and other 

inflammatory mediators may also have a role in this process (Smith,KO et a l, 1974).
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Monocyte-derived cytokines which achieve high circulating levels in sepsis syndromes 

include tumour necrosis factor (TOT), interleukin- (IL-) ip, IL-6 and IL-8. They have 

powerful effects on hepatic protein synthesis, tissue catabolism and lipid metabolism 

(Beutler and Cerami, 1987). Both TOT and IL-1 inhibit the production of lipoprotein 

lipase (Beutler and Cerami, 1985). In addition, TOT promotes angiogenesis, perhaps 

accounting in part for the new capillary formation that is seen in atheromatous plaques 

(Pober, 1988). IL-1 is strongly mitogenic, and TOT, BL-ip and IL-6 produce a 

hypercoagulable state by increasing the procoagulant activity of endothelial cells, 

activating platelets, causing the release of platelet-activating factor (PAF) and increases 

in circulating fibrinogen and von Willebrand factor (Ritchie et al., 1982; Tewari et al., 

1990). Finally, monocyte-derived cytokines are capable of causing myocardial 

depression (Sobotka et al., 1990), and high levels of TNF have been found in patients 

with heart failure.

None of these facts proves that infection plays any part in the development of 

atherosclerosis. However, other observations also point in this direction. For example, 

in different parts of the world, the prevalence and incidence of CAD vary widely 

(Marmot, 1991; Weil and Beevers, 1993). Even within a single country, there may be 

variation between ethnic groups, which cannot be explained by differences in the 

prevalence of hypertension, hyperlipidaemia or smoking. Both in the UK and in the 

USA, CAD is relatively uncommon among black people, despite the fact that 

hypertension is commoner in this group than in the white population (Hypertension

256



Detection and Follow-up Program Cooperative Group, 1977). Other putative risk 

factors for the development of CAD, whose prevalence varies between ethnic groups, 

have come under scrutiny, including the consumption of fats and the levels of diene 

conjugated lipids, which are readily incorporated into atheromatous plaques (Gill et al., 

1994). Genetically determined differences—for example, in lipid metabolism—have been 

invoked to account for ethnic variation, but little evidence exists to support this. It is 

equally possible that the marked variation in the incidence of CAD that has been noted in 

different parts of the world (Garg et a l, 1992; Hahn, 1993) might be explained by 

geographically or genetically determined differences in susceptibility to infectious 

diseases.

It has long been suspected that infections may have an important role in coronary 

arterial occlusive disease (Cunningham and Pasternak, 1988; Petrie et a l, 1988; 

Syryànen, 1988; Valtonen, 1991). Acute MI is often preceded by fever and malaise, 

suggesting viral infection (Pesonen and Siitonen, 1981; Mattila, 1989). Spodick et a l 

showed that 28*0% of patients with acute MI developed symptoms of respiratory 

infection immediately prior to presentation, compared with 15*3% of age- and sex- 

matched controls ip <0*02) (Spodick et a l, 1984).

There is compelling evidence for an association between CAD and infection with 

CMV, a ubiquitous p-herpesvirus, commonly responsible for an infectious 

mononucleosis-like syndrome, hepatitis and severe disseminated disease in 

immunocompromised patients. An association between CMV infection and rapidly
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progressive coronary atherosclerosis in cardiac transplant recipients is well established 

(Grattan et al., 1989; McDonald et a l, 1989; Braunlin et a l, 1991; Lowry et a l, 1994), 

although one recent study of post-transplant coronary occlusion failed to demonstrate it 

(Sharpies et a l, 1991). In some studies, CMV shows an affinity for vascular 

endothelium (Melnick et a l, 1983; Yamashiroya et a l, 1988), including human 

atheromatous plaques (Min et a l, 1987; Melnick et a l, 1994; Sortie et a l, 1994). 

Further evidence comes from a study by Benditt et a l, which demonstrated herpes 

simplex viral messenger ribonucleic acid (mRNA) by in situ hybridisation in medial and 

intimai cells of aortic specimens from patients with clinically significant atherosclerosis 

(Benditt et a l, 1983). Herpes virus inclusions have also been demonstrated in human 

atheromatous plaques by electron microscopy (Gyorkey et a l, 1984).

Mechanisms for this atherogenic effect of herpes viral infection are uncertain, but it is 

known that herpes viral infection of vascular endothelium results in the accumulation of 

excessive amounts of cholesteryl esters within cells (Minick et a l, 1979; Hajjar et a l, 

1987). In a study by Jacob et a l, HSV-1 infected endothelial cells in tissue culture lost 

surface heparans (to which antithrombin III must bind, in order to exert a significant 

anticoagulant effect), thrombomodulin and prostacyclin; and thrombin and tissue factor 

synthesis were enhanced at the cultured endothelial surface (Jacob, 1994).
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Many workers have proposed a role in atherosclerosis for Coxsackie viruses (Woods 

et a l, 1975; Nikoskelainen et a l, 1983). Other putative associations of CAD include 

Helicobacter pylori (Mendall et a l, 1994) and dental sepsis (Mattila et a l, 1993).

Using the MIF test, IgG antibody titres of >128 and/or IgA antibody titres of >32 

against C. pneumoniae MOMP were demonstrated in 50% of 30 Finnish male patients 

with chronic CAD and in 68% of 40 patients with acute MI, but in only 17% of 41 

controls matched for age, sex and time of sampling. There was thus a significant 

correlation of high titres with ischaemic heart disease, but not with other risk factors 

such as smoking, hypertension and hyperlipidaemia. Using a simultaneous enzyme 

immuno-assay, ^-fo ld  increases in IgM antibody titres against recombinant chlamydial 

LPS were also demonstrated during the 4 weeks following recruitment in 68% of the 

patients with acute MI, but in only 2% of controls, and in none of those with chronic 

CAD. (IgG and IgA responses to LPS were also detected, but were of smaller 

magnitude.) These results suggest that chronic C  pneumoniae infection may be an 

independent risk factor for chronic CAD, and that acute exacerbations of such infections 

may predispose to acute MI (Saikku et a l, 1988). During a subsequent Finnish epidemic 

of C  pneumoniae infection, circulating immune complexes (predominantly of IgM type) 

containing chlamydial LPS were demonstrated by LPS- and p-capture enzyme 

immunoassays (ElA) in sera from 50% of 104 patients with chronic angiographically 

proven CAD, and from 57% of 42 patients with acute MI (excluding those with evidence 

of acute seroconversion), compared with 10% of unmatched controls (Saikku et a l.
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1990). Saikku et al. therefore suggested that chronic chlamydial infection might 

independently produce or predispose to many of the pathogenic changes which develop 

in coronary heart disease through an action of chlamydial LPS. An intriguing association 

between atherosclerosis and immunisation by heat-shock proteins has been reported: it 

may therefore be speculated that the 57 kDa heat shock protein (hsp) of C  pneumoniae, 

an analogue of the 60 kDa Escherichia coli hsp (Morrison et al., 1989), might play a 

part in atherogenesis—possibly by influencing the balance of fibroblast-derived 

cytokines.

A significant correlation has been found between the possession of IgG antibodies to 

C  pneumoniae and angiographically demonstrated CAD in smokers. Puolakkainen et al. 

detected antibodies against the 42 kDa and 52 kDa proteins of C. pneumoniae, both 

putative markers of chronic infection, in 19 of 45 patients with coronary artery 

atherosclerosis, but in only 2 of 10 adults with acute respiratory infection attributed to 

this agent (Puolakkainen et a l, 1993). Several other groups throughout the world have 

also demonstrated serological associations of this infection with CAD (Thom et a l, 

1992; Dahlen et a l, 1995; Mendall et a l, 1995).

Within the vascular wall, three types of cell thought to be important in atherosclerosis, 

including monocyte-derived macrophages, have been shown to be capable of supporting 

the growth of C. pneumoniae (Godzik et a l, 1995). TWAR-like organisms reacting 

with C. pneumoniae-sped^Q, antibodies have been reported in coronary arterial fatty 

streaks and fibrolipid atheromatous plaques (Shor et a l, 1992; Kuo et a l, 1993), and
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c  pneumoniae DNA has been demonstrated in plaque material by PCR (Grayston et al., 

1995; Ong et al., 1996). It has been suggested that C  pneumoniae antigen and DNA 

may be detected in plaques more frequently in patients with low IgG titres against 

C  pneumoniae than in those with high titres (Puolakkainen et al., 1993).

By contrast, some evidence argues against a role for C. pneumoniae in CAD. For 

example, an American study of IgM and IgG antibodies to C  pneumoniae by MIF failed 

to detect a significant association with angiographically-proven CAD in adults (Thom et 

al., 1990). However, the control population used in this study also consisted of patients 

undergoing coronary angiography for suspected CAD, who were assigned to the control 

group retrospectively on the basis of normal angiography; these may have included some 

individuals with mild atherosclerosis. Evidence for a causal association is also limited by 

the wide variation in antibody responses to this organism, owing to differences in 

infective dose, mode of infection, previous exposure or anamnestic responses to other 

chlamydiae (Wang and Grayston, 1986). Finally, as discussed above, smoking may serve 

as a confounder (Van den Broucke et al., 1989).

The results of this study support the associations of CAD with previous 

C  pneumoniae infection, and of UA and acute MI with acute recrudescence of infection.
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5.10. C. pneumoniae and cerebral ischaemia

A significant cross-sectional association between previous C. pneumoniae infection and 

atherosclerosis in carotid arteries has been reported by Melnick et a l (Melnick et al^ 

1993). In their study, 326 men and women aged 45 to 64 years underwent ultrasound 

examination of the carotid arteries. Thickening of the arterial wall, in the absence of 

clinical cardiovascular disease, was taken to indicate asymptomatic carotid 

atherosclerosis. IgG antibody titres to C. pneumoniae were assayed by MIF in these 

patients, and in an equal number of control patients matched by age, sex, race, time of 

recruitment and study centre. Seventy-three per cent of atherosclerosis cases had 

serological evidence of past C. pneumoniae infection, compared with 63% of controls . 

After adjustment for age, hypertension, diabetes, cigarette smoking, LDL cholesterol, 

HDL cholesterol, and education, the matched OR for atherosclerosis was 2*00 (95% 

confidence interval 1* 19-3*35). Further serological evidence of an association between 

C. pneumoniae infection and carotid arterial atherosclerosis has been provided by and 

(Blanchard a/., 1993).

Both fiilly-evolved stroke syndromes and TIAs were included in this study, in 

recognition of the fact that their differentiation (depending on whether clinical 

neurological deficit persisted for more than 24 hours) is somewhat arbitrary, and that 

there are no a priori reasons to assume that different pathological processes apply in the 

pathogenesis of these two conditions. The World Health Organisation definitions, used
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in this study, are widely accepted.

The results of this study support an association between cerebrovascular disease and 

C pneumoniae infection, and between acute cerebral ischaemia and acute recrudescence 

of chlamydial infection.

Since it is possible that any correlation between infection and strokes might result 

from a common link to atherosclerosis, the failure to distinguish ischaemic from 

haemorrhagic strokes in some patients might weaken the apparent association with 

C  pneumoniae. However, among those patients who underwent CT and carotid 

ultrasound examinations, no significant differences in levels of C  pneumoniae antibodies 

could be demonstrated between patients with major non-haemorrhagic infarcts, small- 

vessel infarcts, intracerebral haemorrhage and no abnormality; or between patients with 

and without arterial plaques. There were also too few patients to allow differentiation 

between TIAs and fully evolved stroke syndromes. The pathological difference between 

these conditions is unclear; thus a further study, examining larger numbers in both 

categories, might be appropriate.

A limitation of this study is that not all stroke patients underwent cerebral CT and 

carotid artery ultrasound examinations, several did not have fibrinogen, von Willebrand 

factor, total cholesterol and triglyceride measurements, and no control subjects had any 

of these tests. Therefore only limited conclusions can be drawn from these 

measurements.
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5.11 ■ C. pneumoniae and systemic hypertension

These data support an association of C  pneumoniae with severe chronic essential 

hypertension, though they provide no evidence of a predisposition to develop LVH in 

hypertensive patients with C  pneumoniae infection.

Hypertension exemplifies probably better than any other disorder the complexity of 

polygenic disease. In 95% of cases (so-called “essential hypertension”), no single cause 

can be identified; though factors such as consumption of alcohol and caffeine, salt intake, 

smoking, obesity and physical inactivity may clearly contribute to increasing blood 

pressure. The notion that infections may predispose to hypertension is not new. For 

example, such a role has been proposed for Helicobacter pylori', of 33 patients in one 

urban general practice with unequivocal H. pylori gastritis, 42% had sustained 

hypertension, compared with 12% of dyspeptic patients without H. pylori (Barnes et al.,

1991). Schreiber et a l (1992) reported that intravenous injections of either live or heat- 

killed group B P-haemolytic streptococci in new-born lambs caused significant dose- 

dependent increases in systemic vascular resistance and mean systemic arterial pressure, 

and that these effects were partly blocked by leukotriene D4 receptor antagonists, 

suggesting that leukotrienes might mediate hypertension in this infection (Schreiber et 

al., 1992). This is one of several immunological changes that might be relevant to the 

infectious aetiology of essential hypertension. Furthermore, chronic chlamydial 

infections have a marked propensity to cause fibrosis (as seen, for example, in the
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cicatricial scarring of the cornea that characterises trachoma, and fibrosis of the Fallopian 

tubes in pelvic inflammatory disease due to C  trachomatis). It is therefore reasonable to 

speculate that C  pneumoniae within vascular endothelial cells might, by a similar 

process, lead to an increase in vascular resistance.

In a large Finnish study which showed a clear association of high titres of chlamydial 

IgG and IgA antibodies with chronic CAD and acute MI, there was no correlation with 

other risk factors for these conditions, including hypertension (Saikku et al., 1988). 

However, this lack of correlation may not be very significant, unless the research is 

focused on severe and sustained hypertension, and predisposing conditions (such as 

Cushing’s and Conn’s syndromes, phaeochromocytoma and renal artery stenosis) are 

excluded. The authors of the Finnish study did not specify the criteria for diagnosing 

hypertension in their report, and the present study of chronic severe hypertensives should 

have a higher probability of detecting such an association.

The results of this study support an association between chronic severe essential 

hypertension and C  pneumoniae infection. The HT patients were not graded according 

to the severity of their hypertension, but no significant differences in C  pneumoniae 

antibody levels were found between patients with and without echocardiographic 

evidence of LVH. A limitation of this study, however, is that the presence or absence of 

LVH was ascertained in only 94-1% of HT patients.

There are wide variations in the prevalence and incidence of hypertension in different
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parts of the world. Both in the United Kingdom and in the United States, it is commoner 

among black people than in the white population. Ethnic origin was taken into account 

in the statistical analysis of these results, but no attempt was made to control for travel 

history, ethanol consumption or diet. Although the last two factors may influence the 

probability of systemic hypertension, they were not perceived to be important factors in 

the patients recruited to this study.
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5.12. Effect of C. pneumoniae infection on lipids

Fasting serum total cholesterol and triglyceride concentrations were measured in 

approximately one-third of patients in the studies of acute myocardial ischaemia and 

stroke. There were no significant differences in these variables between patients with 

previous infection, acute (re)infection, and no infection.

It has been proposed that the intracellular accumulation of cholesteryl esters, an 

integral feature of early plaque formation (Woolf, 1961), may be promoted within the 

vascular wall by some intracellular infections (Minick et al., 1979; Hajjar et a l, 1987). 

This process, which can be induced in macrophages in vitro by incubation with LDL 

(Fogelman et a l, 1980; Henriksen et a l, 1983), is strongly enhanced by bacterial LPS 

(Lopes-Virella and Virella, 1985). For example, Escherichia coli endotoxin was shown 

to produce significant damage to the endothelium of coronary arteries, in an animal 

model (Pesonen et a l, 1981). In the light of conspicuous LPS synthesis by 

C. pneumoniae (Saikku, 1993), the effects of this organism on lipid metabolism may 

have an important bearing on its association with vascular disease.
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Infections produce changes in lipid metabolism that may favour atherosclerosis 

(Sammalkorpi et al.̂  1988). TNF and IL-1 both inhibit the production of lipoprotein 

lipase: thus hpaemia is a prominent feature of chronic infections. LDL, whose 

concentration is increased in sepsis, become oxidised when free superoxide radicals are 

released from endothelial cells or from monocyte-macrophages (Morel et al., 1986). 

Oxidised LDL is a strong chemo-attractant for monocytes (Quinn et a l, 1987), and may 

form a number of cytotoxic molecules important in vascular damage and plaque 

evolution (Steinbrecher, 1987; Estebauer et al., 1988). It is suggested that an abnormal 

receptor (the “scavenger receptor”) facilitates the uptake of oxidised LDL and the 

consequent intracellular accumulation of cholesteryl esters by macrophages, producing 

“foam cells”. The expression of this receptor is apparently stimulated by a range of 

biologically modified lipids, such as may also be produced under the influence of 

malondialdehyde, an aldehyde product of lipid peroxidation (Fogelman et al., 1980).

Endothelial toxicity may be facilitated by endothelial expression of immunoglobulin 

receptors in infection, with consequent complement activation and the release of PAF. It 

may be speculated that PAF would have several effects relevant to atherogenesis, 

including the release of vasoactive amines, mitogenic factors and lipid-modifying agents 

{e.g. malondialdehyde, an aldehyde product of lipid peroxidation), platelet aggregation 

and neutrophil chemotaxis.

The results of this study reveal no significant association of cholesterol or triglyceride 

levels with C. pneumoniae antibodies, implying that a dysregulation of lipid metabolism
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plays no part in the association with myocardial ischaemia. However, this limited study 

examined only serum lipid levels, so that it does not address the possibility of altered 

lipid metabolism or accumulation of cholesteryl esters within cells. Moreover, no 

attempt was made to differentiate between HDL- and LDL-cholesterol; though such a 

differentiation might be informative.
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5.13. Effect of C. pneumoniae infection on 

coagulation markers and von Willebrand factor

Thrombogenesis is intimately related to atherogenesis, and it is widely believed that pro- 

thrombotic states predispose to atherosclerotic vascular disease. Moreover, 

atherosclerotic surfaces tend to lose their natural anticoagulant properties. Many factors 

may Muence the development of these conditions, among which fibrinogen is probably 

the most important. High levels of this acute phase protein are significantly associated 

with peripheral vascular disease, in which they confer an increased risk of cardiac events 

and mortality (Fowkes et a l, 1993).

Fibrinogen has therefore emerged as an important risk factor for CAD (Ernst and 

Resch, 1993; Lip, 1995). The determinants of plasma levels are not completely 

understood, although smoking, male sex, low social class and winter season are related 

to raised serum values. Infection is known to increase blood viscosity by raising 

concentrations of plasma fibrinogen (Yamell et al., 1991), and also of factor VIII, P- 

thromboglobulin (Rasi et a l, 1982), thromboxane (Reines et a l, 1982) and anti- 

cardiolipin antibodies (Vaarala et a l, 1986). At the same time, infections increase 

platelet aggregation and reduce the levels of antithrombin III (Richardson et a l, 1979). 

In a recent study, an increased plasma fibrinogen level was independently associated with 

seropositivity for both C  pneumoniae and Helicobacter pylori (Patel et a l, 1994).
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High levels of this protein are also significantly associated with peripheral vascular 

disease (Fowkes et a l, 1993). Marked elevation of plasma fibrinogen has been reported 

in severe hypertension (Sonkodi et al., 1979), and in such patients, fibrinogen 

concentration is an independent predictor of blood pressure. (Memeh, 1990; Lip and 

Beevers, 1994). Infections also lead to increases in pro-thrombotic factors (Ameriso et 

a!., 1991; Yamell et a l, 1991), particularly fibrinogen (Ernst and Resch, 1993), fibrin D- 

dimer (a fragment of cross-linked fibrin, hence a marker of thrombosis) (Lip and Lowe, 

1995) and anti-cardiolipin antibodies. Fibrinogen, fibrin D-dimer and von Willebrand 

factor may be regarded as markers for intravascular thrombogenesis and fibrin turnover, 

and for endothelial damage, respectively. Fibrin degradation products are also known to 

be chemotactic for monocytes, and potent stimuli of mitosis (Thompson et a l, 1987).

None of these markers was significantly associated with C. pneumoniae seropositivity 

in these studies, but since they were not measured in all patients, this observation 

demands some caution.
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5.14. Effect of C. pneumoniae infection on 

immunoglobulin synthesis

There is little published information on the production of immunoglobulin isotypes in 

C. pneumoniae infection. In this study, the production of IgM and IgA antibodies does 

not appear to vary according to the disease with which C  pneumoniae infection id 

associated, but the numbers of patients with serological evidence of either acute or 

previous infection in any category are small and the comparison is therefore flawed. The 

special pathogenic significance of IgA antibodies in this context, e.g. as markers of 

epithelial damage, is unknown.
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5.15. Polymerase chain reaction

Nucleic acid hybridisation assays for C. trachomatis (Hyypia et al., 1985; Horn et al., 

1986; Pao et al., 1987; Peterson et al., 1989) have produced positive results in trachoma 

patients, even where specimens were culture-negative (Palva et al., 1984). This 

technique failed to fulfil its early promise of enhanced sensitivity (Schachter et a l, 1988), 

and was largely abandoned when PCR proved suitable for the identification of the 

various known species of Chlamydia.

For some years, PCR and a modification of PCR, the ligase chain reaction (LCR), 

have been applied to the diagnosis of C. trachomatis infection in males with urethritis 

(Dean et a l, 1989; Dutil et a l, 1989; Griffais and Thibon, 1989; Pollard et a l, 1989; 

Palmer et a l, 1991). PCR has been used to reveal the presence of C. trachomatis in 

fluid aspirated from endocervical swabs, taken fi*om women with proven acute 

salpingitis. In the latter study, nine of 15 women tested in this way had positive results: 

over 50% of these women (but none of the women who did not have positive results by 

PCR) also had a positive lymphocyte proliferative response to purified C  trachomatis 

elementary bodies. Culture for C. trachomatis in McCoy cells was positive in only two 

of these cases. The results of PCR became negative in the majority of these women by 

4-6 months after treatment with chlamydiocidal agents. It was concluded that the PCR 

may be more sensitive and more rapid than culture in the early diagnosis of chlamydial 

infection (Witkin et a l, 1993a, b). The recent development by Roche of a kit for PCR
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diagnosis of C. trachomatis infection from urine specimens holds the promise of efficient 

and sensitive population screening in the future (Randall, 1993). In conjunction with 

automated DNA sequencing, PCR has also been apphed to the serotyping of 

C  trachomatis isolates for molecular epidemiology (Dean et al., 1992).

PCR can detect 10"*̂  g of DNA, approximately equivalent to one chlamydial 

elementary body (Campbell, 1993). A two-stage PCR has also been described, which 

detects C  psittaci as well as C  pneumoniae in the first stage, but amplifies only 

C. pneumoniae DNA in the second stage (Tong and Sillis, 1993). It should be borne in 

mind that successful amplification of chlamydial DNA by PCR does not necessarily 

signify active chlamydial infection. For example, the host may fail to eliminate effete 

chlamydial DNA, or the organism may evade the host's immunological defences, 

persisting in a latent form; in either case, DNA should still be detectable by PCR. When 

applied to several types of clinical material, particularly sputa, PCRs for Mycobacterium 

tuberculosis have proved to be incapable of distinguishing active, inactive and treated 

tuberculosis (Walker a/., 1992; Schluger e/a/., 1994).

In this project, C. pneumoniae DNA was sought by direct PCR amplification from 

sputum specimens, some of which were known to come from patients infected with 

C. pneumoniae. The nested PCR detected three out of four infected sputa. PCR using 

external primers alone failed to recognise any of them, though it did amplify DNA from 

sputa “spiked” with an unknown quantity of C. pneumoniae DNA. In a previous 

experiment, designed to ascertain the limit of detection of C. pneumoniae DNA in sputa
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“spiked” with copy numbers of up to 100,000 (estimated), it was not detected, either by 

external primers alone or by nested PCR. This may reflect the variable inhibition of Taq 

polymerase by sputum.

C pneumoniae DNA was also sought by direct PCR amplification from whole blood, 

and found in a very small number of patients, some without chlamydial antibodies. This 

suggests that infected patients have a transient chlamydial bacteraemia before they 

seroconvert. From what is known about other chlamydial infections, the organism 

probably circulates mainly within monocytes, in which it would survive by inhibiting 

phagolysosomal fusion, in much the same way as the tubercle bacillus. If elementary 

bodies were to be released from circulating monocytes, it seems likely that they could 

also be phagocytosed by cells within the vascular endothelium.

The usefulness of PCR in the diseases under investigation in this project has been 

applied on a small scale by this investigator. New primers corresponding to 

C. pneumoniae MOMP gene sequences have now been made by a student in the 

Pharmaceutical Sciences Department at Aston University (D Palfi*ey). The resulting one- 

stage PCR has proved to be as sensitive as the nested assay described above, detecting 

target DNA at a concentration of 1 -24 pg pi  ̂in the final reaction mixture.

Using the one-stage assay, another student (A Bywater) has also attempted to detect 

C  pneumoniae DNA in blood samples from patients undergoing endarterectomy for 

atheroma, with and without fractionation by centrifugation or on a Hespan matrix.
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Proteinase K treatment of blood lysates was also used, in an attempt to disrupt any 

chlamydial elementary bodies within blood monocytes. None of these methods yielded 

C  pneumoniae DNA detectable by PCR, but amplification was again successful (by both 

one-stage and nested PCR) fi*om blood treated on an InstaGene purification matrix. Iron 

chelation was attempted with ethylenediamine-N,N°-diacetic acid, ethylenediamine-(o- 

hydroxyphenyl)-acetic acid and desferrioxamine mesylate. Amplification was achieved 

after treatment with ethylenediamine-N,N®-diacetic acid, suggesting that the major

inhibitor of Taq polymerase in untreated blood is haem iron. The development of a PCR 

assay for whole blood continues.

The one-stage assay has been used to study sections of atheromatous arterial wall. 

After pestle homogenisation and GeneClean or proteinase K treatment, C. pneumoniae 

DNA was amplified from plaque material. Fifty patients of varying ethnic origin 

undergoing surgical endarterectomy will be studied by this method: 10 having carotid 

endarterectomy, 10 coronary endarterectomy and 30 peripheral endarterectomy, at 

Birmingham City Hospital and Walsgrave Hospital, Coventry. The results of this study 

will be compared with antibody detection in paired sera, by MIF and a novel ELISA, also 

under development at Aston University (by S Ditchfield). Recruitment for this project is 

now nearing completion.
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5.16. The future

This project has laid the foundations for further research. Future studies will give due 

attention to the ethnic origins of patients, and to their medication. In studies of this 

infection in asthma, particular attention will be given to the presence or absence of a 

history of severe chronic asthma. The behaviour of chlamydial infection in patients with 

sarcoidosis on immunosuppressant medication is also under study. Continuing research 

into the role of C. pneumoniae in the atheromatous plaque will include further 

serological studies, and tissue culture (including macrophage cultures), in order to 

elucidate the mechanisms of pathogenesis at a cellular level. The behaviour of 

chlamydial infection in the immunosuppressed recipients of cardiac transplants for 

ischaemic cardiomyopathy is also under study.

The effects of chlamydiae on human cells provide a fertile ground for research. 

Although they are presumably not precisely mirrored by any other infectious agents, they 

may cast new light on the interactions between the host and his or her intracellular 

pathogens, and on previously unrecognised manifestations of infectious diseases.

The prospect of new antimicrobial treatments for chronic cardiac and respiratory 

diseases, and of vaccination to prevent them, also require further exploration. Secretory 

IgA is an important component of protection. Protective immunity against chlamydial 

ocular infection in primates is homotypic, and correlated to the presence of persistent, 

serovar-specific IgA antibodies in tears (Caldwell et al., 1987; Wang and Grayston,
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1988). Some previous putative whole-cell vaccines against C  trachomatis have 

potentiated trachoma by sensitising recipients (Grayston et al., 1971). Epitopes on the 

MOMP of C  trachomatis particularly within variable domains 1, 2 and 4, have been 

identified as important targets for the development of vaccines (Zhang et al., 1987; 

Taylor-Robinson and Ward, 1989). A recombinant poliovirus encoding part of the 

variable domain I of C. trachomatis serovar A MOMP was highly immunogenic in 

rabbits, and passively neutralised chlamydial infectivity in cynomolgus monkey 

conjunctiva in vivo (Murdin et al., 1993). Unfortunately, putative whole-cell vaccines 

against C  trachomatis have potentiated trachoma by sensitising recipients (Grayston et 

a l, 1971). A vaccine against C. pneumoniae has not yet been developed.
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6. Conclusions

C. pneumoniae has excited considerable attention in recent years, being a respiratory 

pathogen encountered by large numbers of people world-wide. Associations have been 

made with a wide variety of acute and chronic diseases; comparison with other species in 

the genus Chlamydia suggests that they are peculiarly suited to produce chronic 

manifestations. However, all the available diagnostic tests have technical shortcomings, 

and data have often been scanty. Moreover, their interpretation has been bedevilled by 

the persistence of the organism long after acute infection, and by the unpredictable 

nature of the serological response to repeated infection. Obviously, proving a causative 

role for C  pneumoniae in any of these diseases is difficult.

The results of this project suggest that C  pneumoniae infection may be more 

prevalent among Afro-Caribbean than among Caucasian people in Birmingham, and that 

Asians may lie somewhere between them in this respect. The infection may also be more 

prevalent among patients taking steroids. In view of the apparent association of this 

infection with exacerbations of COPD, and with some types of asthma, this suggests an 

important adverse effect of steroids. The study of asthmatic patients raises important 

questions about the previously demonstrated association of C. pneumoniae infection
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with asthma, and suggest that the association may only hold for chronic asthma. An 

association of previous C  pneumoniae infection with COPD, and of acute (re)infection 

with acute exacerbations of COPD, is supported by this project. It also supports 

associations of previous infection with myocardial ischaemic syndromes and 

cardiovascular disease, and of acute UA, MI, stroke and transient cerebral ischaemia 

with recrudescence of infection. These data also support an association of 

C. pneumoniae with severe essential hypertension, though they provide no evidence of a 

predisposition to develop left ventricular hypertrophy in hypertensive patients with 

C pneumoniae infection. No associations were observed with a hypercoagulable state 

(as indicated by fibrinogen or fibrin D-dimer levels) or endothelial dysfunction (as 

indicated by von Willebrand factor).

This project has laid foundations for future research, which will give due attention to 

the ethnic origins of patients, and to their medication. In studies of this infection in 

asthma, particular attention will be given to the presence or absence of a history of 

severe chronic asthma.

Finally, this project provides further evidence that some of the most widespread 

diseases afflicting our species (also the most serious, for their economic consequences, as 

well as their morbidity and mortality) may develop from complex relationships between 

microbes and man. This will be its chief significance, if it helps others in their quest for a 

better understanding of these ancient relationships. The author sincerely hopes that it 

may do so.
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Appendices

Appendix 1. Letters and forms

Appendix 1.1. Letters to patients

Patient information sheet

We are asking for your permission to test your blood, for research which we are carrying out at this 

hospital. There is absolutely no cause for alarm: the research will not influence your treatment in any 

way, and you should have no qualms about refusing, if you would prefer not to take part.

The aim of the research is to find out how commonly people have a particular kind of chest infection. 

This infection can be very mild, so we would like to test you even if you feel healthy. To begin with, 

only one blood sample will be required.

If you say yes, we will also ask you to come back to hospital once as an out-patient, after about 10 weeks, 

for another blood sample.

This is a scientific study, and is unlikely to be of any use to you as an individual.

If you decide not to take part this will not affect your medical care.

You are free to withdraw from the study after the first test, without giving a reason. This will not affect 

your medical care.

If you have any problems, please telephone me, on (021) 554 3801.

Dr Peter Cook (Research Fellow)
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Questionnaire

Dear....

You may remember that you visited the City Hospital some time ago. There is absolutely no cause for 

worry, but 1 am writing to ask you whether you would be willing to give another blood sample.

I am a Research Doctor, testing blood samples for signs of previous infection by a bacterium, called 

Chlamydia pneumoniae, which may cause wheezing, particularly in asthmatics. We want to find out 

how widespread the infection is in the general population, so that we can plan future treatment for 

asthma.

I hope to test over 2,000 patients; most of the people tested will not be asthmatics. When each blood 

sample is tested, the name of the person it came from is unknown: it is therefore impossible to tell the 

result for any individual patient. This protects the confidentiality of everyone taking part.

Your blood has already been tested once, after routine tests at the City Hospital. I am writing to all of 

you to ask for one more test: this will allow us to say how many people who were positive on the first test 

then became negative, and how many who were negative later became positive. That will tell us how 

long the infection persists. Again, the results will be known for the 2,000 patients, but not for any 

individual.

(If you have been in hospital more than once this year, I may have written to you on a previous occasion, 

and you may have given a blood sample in response to my letter at that time. In that case, I should still 

like you to give another blood sample, if possible.)

I should be very grateful if you could drop in to the Blood Tests room opposite the Out-Patients' 

Department, on the first floor of the City Hospital just above the Accident & Emergency Department, 

between 9 am and 5 pm Monday to Friday, just once within the next few weeks. There, your blood will 

be taken quickly, by a professional phlebotomist (person who takes blood samples). Please take the blue- 

and-white form enclosed with this letter when you go: these show the phlebotomist what specimen tubes 

to use.

Once again, I should like to assure you that there is no cause for alarm. These investigations will have 

no influence on your treatment, and you are completely at liberty to say no to this second test.

In order to judge how important this infection is for different groups of people, 1 also need to have some 

idea of the backgrounds of the people taking part. I should be very grateful if you would take the time to 

answer just three questions, even if  you are unable to give a second blood sample. Your answers will be 

given in the strictest confidence.
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(1) Which of the following terms best describes your ethnic background? Please tick one box.

White O African O (Affo-)Caribbean □

Pakistani □  Indian C Bangladeshi □

Chinese O South-East Asian C  Other O

(2) Do you smoke? How would you describe your smoking habit? Please tick one box.

1-10/day O 11-20/day O More than 20/day O

Stopped in last 3 mo □  Stopped over 3 mo ago O Never smoked O

(3) Are you on steroid medication?

Prednisolone tablets O Steroid inhaler e.g. Becotide, Becloforte, Pulmicort, Flixotide O 

Steroid injections O

Please enter your date of birth here, to help me to match up your answers with your blood specimens:

/ / ■

Please bring this page, with your replies, in the enclosed envelope when you come for your blood test. 

Alternatively, you could telephone the Clinical Investigation Unit at this Hospital, on (021) 507 4298, 

and tell us the answers in confidence, or send this page in the envelope (which will then need a 2nd 

class stamp). Once again, I should like to thank you for your help

If you have any questions about this letter, please telephone the Clinical Investigation Unit at this 

Hospital, on (021) 507 4298, and 1 or one of my colleagues will try to answer your enquiries.

Yours sincerely.

Dr Peter Cook, M.Sc., M.R.C.P.

Research Fellow in Respiratory Infections.
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Appendix 1.2. Forms for recording results ofMIF

S C R E E N I N G  R U N
Date: / / . Time begun: am/pm. Plate no:
SLIDE 1/5.... SLIDE 2/6....
Serum +ve ct
Tray A2 A3 A4 A5 A6 A7 AS A9 AlO A ll A12
Slide A2 A3 A4 A5 A6 A1 A2 A3 A4 A5 A6
Cpn
Ctr
Cps
Serum -ve ct
Tray B2 B3 B4 B5 B6 B7 B8 B9 BIO B ll B12
Slide B2 B3 B4 B5 B6 B1 B2 B3 B4 B5 B6
Cpn
Ctr
Cps
Serum PBS
Tray C2 C3 04 05 06 07 08 09 010 Oil 012
Slide C2 03 04 05 06 01 02 03 04 05 06
Cpn
Ctr
Cps
SLIDE 3n.... SLIDIi4/8....
Serum +ve ct
Tray FI F2 F3 F4 F5 F6 F7 F8 F9 FIO F ll
Slide A1 A2 A3 A4 A5 A6 A1 A2 A3 A4 A5
Cpn
Ctr
Cps
Serum -ve ct
Tray G1 G2 G3 G4 G5 G6 G7 G8 G9 GIO
Slide B1 B2 B3 B4 B5 B6 B1 B2 B3 B4
Cpn
Ctr
Cos
Serum PBS
Tray HI H2 H3 H4 H5 H6 H7 H8 H9 HIO
Slide Cl C2 03 04 05 06 01 02 03 04
Cpn
Ctr
Cps
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D E T A I L E D  R U N
SERUM NUMBERS, TRAY & SLIDE CO- 
Date: / / . Time begun; am/pm.

ORDINATES, RESULTS 
Plate no:

SLIDE 1/5.... SLIDE 2/6....
Serum / / / / / / / / / / / /
Diln
Slide A1 A2 A3 A4 A5 A6 A1 A2 A3 A4 A3 A6
Cpn
Ctr
Cps

Diln
Slide B1 B2 B3 B4 B5 B6 B1 B2 B3 B4 B5 B6
Cpn
Ctr
Cps

Diln +ve -ve PBS +ve -ve PBS
Slide Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6
Cpn
Ctr
Cps

SLIDE 3/7.... SLIDE 4/8....
Serum / / / / / / / / / / / /
Diln
Slide A1 A2 A3 A4 A5 A6 A1 A2 A3 A4 A5 F5
Cpn
Ctr
Cps

Diln
Slide B1 B2 B3 B4 B5 B6 B1 B2 B3 B4 B5 B6
Cpn
Ctr
Cps

Diln +ve -ve PBS +ve -ve PBS
Slide Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6
Cpn
Ctr
Cps
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Appendix 2. Equipment and reagents

Formamide, EDTA, Tris HCl, sodium chloride, sodium citrate, sodium phosphate, 

potassium chloride, magnesium chloride, ammonium acetate (various suppliers)

Adenosine triphosphate (Pharmacia)

Agarose (Sigma, USA type H, medium EEO; and ultra-pure, Gibco-BRL) 

Bacteriophage T4 DNA ligase (Pharmacia)

Beckman DU-70 UV spectrophotometer 

Bench-top microcentrifuge (Jouan)

Bluescript-l kit (Stratagem)

Computer Software: Papyrus, Microsoft Office, Minitab, EGRET 

Deoxynucleoside triphosphates (Pharmacia)

Digoxigenin-11-dUTP (Boehringer Mannheim)

Escherichia coIi X L - I biuc culture (Stratagem)

Ethidium bromide 10 mg (Sigma, USA)
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FITC-conjugated goat antihuman IgG and IgM (BioMerieux)

Gel loading buffer; 0*25% bromophenol blue, 40% sucrose w/v {Sigma, USA)

GENE AMP Kit (Perkins-Elmer Cetus)

GENECLEAN//Kit (BIO 101, USA)

HORIZON-58 gel tank (BRL-Gibco)

IDEIA enzyme immunoassay kit for Chlamydia elementary bodies 

IMAGEN Chlamydia direct immunofluorescence test (Dako)

INSTAGENE purification matrix (Bio-Rad)

Long-wave UV transilluminator (Hybaid)

Low-molecular weight kilobase ladder: pBR322 Hae III digest, 100 pg ml'* (Sigma, 

USA)

Micropipettes: Pipetman P-2, P-20, P-200 and P-1000; and Microman M-25, M-50 

and M-250, with tips (Gilson)

Microwave oven

Mineral oil (Sigma, USA)

V-acetylcysteine
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Native Taq DNA polymerase (Perkin Elmer [ Ampiitaq] and Boehringer Mannheim) 

Nylon filters

Oligo-deoxythymine (Pharmacia)

"One-Phor-AU” restriction enzyme reaction buffer {Pharmacia)

Orbital shaker (Hybaid)

Paraformaldehyde 

PCR buffer (Perkin Elmer)

Phage X genomic DNA

Phagemid pBiuescnpt 1IKS+ DNA (Stratagene)

Plasmid pBR322 Hae III digest {Sigma, USA)

Polaroid camera, hood and filters

Polaroid type 667 black and white photographic film

Power-packs (Bio-Rad [Model 3000xi programmable power supply]; Hybaid) 

Primers for amplification of C  pneumoniae MOMP gene segment (Alta Bioscience) 

Proteinase K (Sigma, USA)
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Reverse transcriptase (Phamtacia)

RNase-free DNase I (Pharmacia)

Sarstedt and Eppendorf microcentrifuge tubes 

Savant Speed-Vac SVC 100 vacuum dryer 

Sequenase version 2.0 (United States Biochemical)

Sequi-Gen nucleic acid sequencing gel 

Slave units (Cat# HB TR3 SM2) (Hybaid)

Sma I Restriction Endonuclease (Pharmacia)

Sonication bath (Camlah Transonic T460/H, West Germany)

Textbooks for the laboratory; (1) Rolfs A et al. PCR: Clinical Diagnostics and 

Research. Springer-Verlag. (2) MacPherson MJ et al. PCR: a Practical Approach. 

Oxford: IRL Press. (3) Innis MA et a l PCR Protocols: a Guide to Methods and 

Applications. San Diego: Academic Press.

Thermal cycler: Hybaid Omnigene (Cat# HB TR3 CM) (Hybaid)

Tween, Nonidet, Triton X-100

Ultra-violet light box (Hybaid)
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Water bath (Grœit)

Whirlimixer (BDH)

X-gal chromogenic substrate (Pharmacia)
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Appendix 3. Recipes

Appendix 3.1. GES reagent

Guanidium thiocyanate; 60 g
EDTA: 3-7 g
Ultra-filtered water: 20 ml

This makes 5 M guanidium thiocyanate and 0*1 M EDTA. The GES reagent was made 

by mixing guanidium thiocyanate, EDTA and water as above, heating in a 65°C water 

bath until thoroughly dissolved, and then adding 1 *7 ml of 30% Sarcosyl. The mixture 

was allowed to cool, then made up to 100 ml with ultra-filtered water. It was then 

filtered through a 0 45 pm filter, and stored at room temperature.
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Appendix 3.2. PeoxvribosB standards

Standard Water Tube
(a) Phage X. DNA (0 25 ng pl-1): 0 1 000 pi 1

2pl = 0-5 pg 998 pi 2
5pl = 1-25 pg 995 pi 3
10 pi = 2-5 pg 990 pi 4
20 pi = 5pg 980 pi 5

(b) Herring sperm DNA (0 25 pg pl-1); 2pl = 0-5 pg 998 pi 6
5pl = 1 25 pg 995 pi 7
10 pi = 2-5 pg 990 pi 8
20 pi = 5 pg 980 pi 9
50 pi = 12-5 pg 950 pi 10

(c) Calf thymus DNA (0 25 pg pl-1): 2pl = 0-5 pg 998 pi 11
5pl = 1 25 pg 995 pi 12
10 pi = 2-5 pg 990 pi 13
20 pi = 5 pg 980 pi 14
50 pi = 12-5 pg 950 pi 15

(d) dATP (10 mmol 1-1): 2pl = 1-01 pg = ~2 pg DNA 998 pi 16
MW = 507-2 /.[dATP] = 0-5072 pg pl-1 5pl = 2-54 pg s  ~5 pg DNA 995 pi 17

10 pi = 5-07 pg = ~10 pg DNA 990 pi 18
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Appendix 4. Publications and presentations

Appendix 4.1. Papers

Appendix 4.1.1. Published articles

Cook PJ, Honeybourae D. Chlamydia pneumoniae. JAntimicrob Chemother 

1994;34:859-73.

Cook PJ, Honeyboume D. Clinical aspects of Chlamydia pneumoniae infection. 

Presse Med 1995;24:278-82.

Cook PJ, Lip GYH. Infectious agents and atherosclerotic vascular disease: a review. 

Q JM ed  1996;89:727-735.

Cook PJ, Honeyboume D, Lip GYH, Beevers DG, Wise R, Davies P. Chlamydia 

pneumoniae antibody titers are significantly associated with acute stroke and transient 

cerebral ischemia: the West Birmingham stroke project. Stroke 1998;29:404-410.
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Appendix 4.1.2. Articles in press

Cook PJ, Lip GYH, Davies P, Beevers DG, Wise R, Honeyboume D Chlamydia 

pneumoniae antibodies in severe essential hypertension. Hypertension 1998;31.

Cook PJ, Davies P, Tunniclifife W, Ayres JG, Honeyboume D, Wise R. Chlamydia 

pneumoniae and asthma. Thorax 1998;53.
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Appendix 4.1.3. Articles submitted for publication

Cook PJ, Davies P, W^se R, Honeyboume D. Chlamydia pneumoniae and exacerbations 

of chronic obstructive pulmonary disease. Chest.

Cook PJ, Davies P, Honeyboume D, Wise R. Do steroids predispose to Chlamydia 

pneumoniae infection? Thorax.

Cook PJ, Davies P, Wise R, Honeyboume D Chlamydia pneumoniae infection and 

ethnic origin. BrMedJ.

Cook PJ, Lip GYH, Davies P, Beevers DG, Wise R, Honeyboume D. Chlamydia 

pneumoniae infection in acute myocardial ischaemia and infarction. Heart.
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Appendix 4.2. Letters

Cook PJ, Lip GYH, Beevers DG, Wise R, Honeyboume D. Chlamydia pneumoniae and 

acute arterial thrombotic disease. Circulation 1995;92:3148-3149.

Appendix 4.3. Abstracts

Cook PJ, Lip GYH, Zarifis J, Beevers DG, Honeyboume D, Wise R. Is Chlamydia 

pneumoniae infection associated with hypertension? JHypertens 1995;13:1485-1486.

Cook PJ, Lip GYH, Beevers DG, Honeyboume D, Wise R. Elevated Chlamydia 

pneumoniae antibody titers are associated with acute stroke syndromes. Circulation 

1995;92(Suppl l):482-483

Cook PJ, Wise R, Honeyboume D. Elevated Chlamydia pneumoniae antibody titres 

are associated with exacerbations of chronic obstmctive pulmonary disease. Thorax 

1995;50(Suppl 2):A44.

Cook PJ, Honeyboume D, Wise R. High Chlamydia pneumoniae antibody titres are 

not associated with acute asthma. Thorax 1995;50(Suppl 2):A76.

Cook PJ, Honeyboume D, Miles JF, Ayres JG, Tunnicliffe W, Phipps JM, Trehame 

JD, Wise R. Chlamydia pneumoniae infection is not associated with unselected cases of 

acute asthma, but may be associated with chronic type 1 “brittle” asthma. Am J  Resp
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Cht Care Med 1996;153;A860.

Cook PJ, Honeyboume D, Wise R, Davies P. Chlamydia pneumoniae antibody titres 

are significantly associated with the use of steroid medication in respiratory disease. Eur 

1996;9(Suppl 23):326s.

Cook PJ, Honeyboume D, Wise R, Davies P. Chlamydia pneumoniae antibody titres 

are significantly associated with Affo-Caribbean and Asian origin. Eur Resp J  

1996;9(SuppI 23):326s.
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Appendix 4.4. Posters (unpublished) and oral 

presentations

Cook PJ, Lip GYH, Beevers DG, Honeyboume D, Wise R. Elevated Chlamydia 

pneumoniae antibody titres are significantly associated with acute cardiac and cerebral 

vascular occlusion in a multi-ethnic population in Birmingham. West Midlands 

Physicians Association Summer Meeting, 1995. {Winner o f the Stephen Whittaker 

Prize.)

Cook PJ, Wise R, Honeyboume D. Chlamydia pneumoniae antibody titres are 

significantly associated with exacerbations of chronic airflow obstmction in a multi

ethnic population in Birmingham, UK. European Respiratory Society Annual Congress 

and British Thoracic Society Conference, 1995 (oral presentations).

Cook PJ, Honeyboume D, Wise R. Elevated Chlamydia pneumoniae antibody titers 

are significantly associated with acute vascular occlusive disease and exacerbations of 

chronic obstructive pulmonary disease, and with Asian or Affo-Caribbean origin. 35th 

Intemational Conference on Antimicrobial Agents and Chemotherapy, 1995.

Cook PJ, Lip GYH, Zarifis J, Beevers DG, Honeyboume D, Wise R. Is Chlamydia 

pneumoniae infection associated with hypertension? British Hypertension Society (oral 

presentation) and Royal College of Physicians/ Medical Research Society, 1995.
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Cook PJ, Zarifis J, Lip GYH, Beevers DG, Honeyboume D, Wise R. Elevated 

Chlamydia pneumoniae antibody titers are significantly associated with acute stroke 

syndromes, and with Afi'o-Caribbean origin. American Heart Association Intemational 

Conference, 1995.

Cook PJ, Zarifis J, Lip GYH, Beevers DG. Chlamydia pneumoniae in vascular 

disease. Greek Cardiology Society Annual Meeting, 1995.

Cook PJ, Lip GYH, Zarifis J, Honeyboume D, Wise R, Beevers DG. Is Chlamydia 

pneumoniae infection associated with acute cardiac ischaemic syndromes? Royal 

College of Physicians/Medical Research Society, 1995.

Cook PJ, Lip GYH, Zarifis J, Farooqi IS, Sagar G, Honeyboume D, Wise R, Beevers 

DG. Elevated Chlamydia pneumoniae antibody titres are associated with acute stroke 

syndromes. Royal College of Physicians/ Medical Research Society, 1995.

Cook PJ, Honeyboume D, Miles JF, Ayres JG, Tunnicliffe W, Phipps JM, Trehame 

JD, Wise R Chlamydia pneumoniae infection is not associated with unselected cases of 

acute asthma, but may be associated with chronic type 1 “brittle” asthma. American 

Thoracic Society/American Lung Association Conference, 1996.

Cook PJ, Honeyboume D, Wise R, Davies P. Chlamydia pneumoniae antibody titres 

are significantly associated with the use of steroid medication in respiratory disease. 

British Thoracic Society Winter Meeting and European Respiratory Society Annual
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Congress, 1996 (oral presentations).

Cook PJ, Honeyboume D, Wise R, Davies P. Chlamydia pneumoniae antibody titres 

are significantly associated with Afi’o-Caribbean and Asian origin. British Thoracic 

Society Winter Meeting and European Respiratory Society Annual Congress, 1996.
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