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Summary

The primary aim of this study was to evaluate the role of C. trachomatis in women with
ectopic pregnancy (EP), miscarriage and tubal factpr infertility (TFI) using PCR, non-
isotopic in situ hybridization (NISH) and serology when compared to controls. Also, the
influence of polymorphisms in the TNF gene were investigated in a pilot study to
determine if there was an association between chlamydial infection and the development
of tubal pathology. The primary study included patients from the UK and Trinidad. A

secondary study was also conducted to assess the impact of anti-chlamydial IgG on

ovarian response to gonadotropin stimulation prior to in vitro fertilization (IVF).

Significant levels of anti-chlamydial IgG were found in the UK patients presenting with
TFI, and a similar association was seen in the Trinidad EP group. In the case of

miscarriage the detection of anti-chlamydial antibody was not significant. The IVF study
showed that women undergoing IVF, who also had detectable levels of anti-chlamydial

IgG were statistically more likely to respond poorly to gonadotropin ovarian stimulation

prior to IVF.

The presence of chlamydial DNA, as determined by both PCR and ISH was significant in
the UK TFI group. There was an increased detection of chlamydial DNA in both EP

groups, although this association was found not to be significant. Statistically the
presence of chlamydial DNA in the Trinidad miscarriage group was not suggestive of a

role for C. trachomatis in the development of this condition.

| Within the EP and TFI groups investigated, the presence of either anti-chlamydial IgG or
chlamydial DNA was suggestive of tubal damage. In the case of the EP patients, a large

t number of patients had detectable levels of anti-chlamydial IgM and/or chlamydial DNA in

serum and tissue samples respectively; whereas in the TFI group there was increased
detection of anti-chlamydial IgG and/ or chlamydial DNA. From theses data itis

~proposed that EP is positively associated with a concurrent C. trachomatis infection of

“the genital tract as supported by both serological evidence, and the detection of chlamydial
DNA in genital specimens. In the case of tubal damage found in TFI patients the presence

of anti-chlamydial IgG and/ or chlamydial DNA suggests that this condition is associated

with a repeated past/persistent C. trachomatis infection as opposed to a currentrg_?}._.ﬁtal —
chlamydial infection. o *" ’
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Chapter 1.0
General Introduction




1.1 Historical perspectives of Chlamydia

In 1877, two years before the description of the gonococcus by Albert Neisser, Emil
Noeggerath published findings that linked sexuality, genital infection and infertility

suggesting that approximately 90% of sterile women were married to men who had

suffered from gonorrhoea. During the latter part of the last century Neisseria

gonorrhoeae was documented as a causative agent of urethritis, epididymitis, cervicitis

and salpingitis. Post-infectious infertility was described as a result of both gonococcal

salpingitis and bilateral gonococcal epididymitis (cit. Oriel, 1994) and during the turn of

the century only 6% of women who had had gonococcal salpingitis conceived (Forssner,

1907).

The oculogenital association of ophthalmia neonatorum was initially confirmed by the
work of Piringer in 1841, who showed that the gonococcus could infect the human eye
(cit. Duke-Elder, 1965). In 1884, Kroner published a report on a non-gonococcal
manifestation of ophthalmia neonatorum, it was suggested that the infective organism
was transmitted from the genital tract of the neonate's mother. In 1907, the causative
agent of trachoma (a long recognised eye disease) was identified by Halbertaedter and

von Prowazek, who originally suggested the name Chlamydozoa, derived from the

Greek chlamys meaning ‘mantle’ describing the halo effect observed surrounding Giemsa

stained inclusions.

Other investigators found similar inclusions in conjunctival scrapings from neonates, and
from urogenital tract samples from their mothers suggesting a link between the cause of
the inclusions and sexually transmitted disease (Halbertaedter and von Prowazek, 1909;
Stargardt, 1909; Heymann, 1910; Lindner, 1910). Fritsch et al. (1910) in a series of
experiments infected the conjunctivae of monkeys with cervical secretions from mothers
and urethral secretions from the fathers of infected neonates. The monkeys went on to

develop inclusion conjunctivitis irrespective of the original source of the inoculum.



Due to the difficulty of culturing the causative agent of inclusion conjunctivitis there was
an extended delay in the study of chlamydiae until the end of the 1930s with the
identification of the agent of psittacosis (Bedson et al., 1930) and Lymphogranuloma
venereum (Hellerstrom and Western, 1930). In 1932, Bedson and Bland described the

two distinct forms of chlamydiae, the elementary body and the reticulate body, and

demonstrated the chlamydial developmental cycle.

In 1957 T'ang and co-workers successfully isolated the causative agent of trachoma
using the yolk sac of fertilized hens eggs. This was followed in 1965 with the

introduction of tissue culture by Gordon and Quan using irradiated McCoy cells.

Jones et al. (1959) isolated Chlamydia trachomatis from a neonate with inclusion
conjunctivitis and from the cervix of the mother thus confirming the original findings of
investigators at the beginning of the century. C. trachomatis was subsequently isolated
from urethral secretions of men who had had previous sexual contact with women with
inclusion conjunctivitis, and from women diagnosed as having non-gonococcal genital
tract infection (Jones, 1964; Dunlop et al., 1964; Holt et al., 1967). But it was not until
the 1970s that the importance of C. trachomatis as a cause of non-gonococcal urethritis
(Hilton et al., 1974; Swanson et al. 1975; Oriel and Ridgway, 1982), and acute

salpingitis and pelvic inflammatory disease (Mardh et al., 1977; Punnonen et al., 1979;
Mardh et al.,1981) was established.



1.2 Classification and taxonomy of Chlamydia

The taxonomic classification of the order Chlamydiales reflects their unique obligate

intracellular biology. Chlamydiae have been placed in their own order, Chlamydiales,

containing one family Chlamydiaceae and a single genus Chlamydia (Moulder et al.,

1984). Although chlamydia were originally thought to be protozoa, or viruses, they were
later found to have properties that classified them as bacteria (Sarov and Becker, 1971).

It was confirmed using rRNA analysis that Chlamydia were in fact eubacteria but with

very little relatedness to other eubacterial orders (Weisburg et al., 1986).

The genus Chlamydia presently consists of four species, Chlamydia trachomatis,
Chlamydia psittaci, Chlamydia pneumoniae and the newest member of the genus
Chlamydia pecorum. DNA homology between chlﬁmydial species is reported to be less
than 10% (Kingsbury and Weiss, 1968; Campbell et al., 1987; Fukushi et al., 1992),
although structurally and biochemically they appear to be similar, with amino acid

homology between analogous proteins being high.

Studies of the phylogenetic structure of the genus Chlamydia by analysis of the 16S

rRNA gene show a phylogenetic tree with a distinct line of descent within the family
Chlamydiaceae (Pettersson et al., 1997). This descent being built around two main
clusters, labelled the C. pneumoniae cluster (human C. pneumoniae isolates and the

equine strain N16), and the C. psittaci cluster (C. psittaci, C. pecorum and C.

trachomatis).

Similar work by Pudjiatmoko et al. (1997) also using analysis of the 16S rRNA gene
sequences gave two clusters comprising eight groups, each cluster corresponding to a

phenotype as defined by inclusion morphology, glycogen content, sulfadiazine
sensitivity, and the number of rRNA gene loci. One cluster coincided with C.
trachomatis, which forms vacuolar inclusions, contains glycogen in its inclusions, is

sulfadiazine sensitive and has two rRNA loci. The second cluster included C. psittaci, C.



pneumoniae and C. pecorum which form dense inclusions that do not contain glycogen,

are sulfadiazine resistant and only have one rRNA locus.

Gaydos et al. (1993) by the analysis of the 16S ribosomal DNA sequences of C.
pneumoniae, C. trachomatis and C. psittaci showed that C. pneumoniae was more

closely related to C. psittaci than C. trachomatis. From an evolutionary standpoint it has

been suggested that N16 and/or C. psittaci carry ancestral features of the original species,

and that C. trachomatis although not newly described is the most recently evolved species

within the genus. It may be that studies on the phlylogentic analysis of the 16S rRNA

gene sequences may eventually re-define the structure of the family Chlamydiaceae

(Adam et al., 1998).

Many Chlamydia-like organisms have been described in the literature, including the
Simkania sp. strain "Z" (Kahane et al., 1993; Kahane et al., 1995) which was originally
described as a contaminant of laboratory cell cultures. By analysis of the 16S rRNA gene
sequence Pudjiatmoko et al. (1997) have suggested that "Z" may belong to a second
genus of the family Chlamydiaceae, and that it may cause/contribute to community
acquired pneumonia (Lieberman et al., 1997). Amann and colleagues (1997) have also

described a chlamydia-like organism (BN9) which is an endoparasite of Acanthamoebae.

The 16S rRNA gene was shown to have between 86-87% sequence homology to
chlamydial 16S rRNA.

1.2.1 Chlamydia pecorum

C. pecorum is the most recently described chlamydial species and consists of bovine,
ovine and swine strains that have been previously classified as Chlamydia psittaci
(Fukushi and Hirai, 1992; Fukushi and Hirai, 1993). Chlamydial strains belonging to C.
pecorum have been isolated from cattle with encephalomyelitis, from synovial fluid

samples from sheep and calves with polyarthritis, and also from conjunctival and

intestinal samples of ruminants. C. pecorum can also cause inapparent enteric infection,

and animals can become carriers after recovery from infection.



Known phenotypes of C. pecorum are indistinguishable from C. psittaci in that they form
oval and dense inclusions in cell culture, do not deposit glycogen in inclusions, and are
resistant to sulfadiazine. The percentage DNA homology between C. pecorum and other

Chlamydia has been shown to be less than 30%, and between strains of C. pecorum

greater than 88%.

1.2.2 Chlamydia pneumoniae

The first isolates of C. pneumoniae were obtained during the trachoma studies of the

1960s; TW-183 was isolated from the eye of a child with suspected trachoma in Taiwan,

and IOL-207 was isolated from the eye of a child with trachoma in Tehran; it was shown

that IOL-207 and TW-183 were antigenically similar by the micro-immunofluorescence
(MIF) test (Dwyer et al., 1972). During 1983 a similar isolate was recovered from a
college student with pneumonia in Seattle and named AR-39. AR-39 was shown to be
antigenically similar to TW-183 (Grayston et al., 1986). The acronym TWAR reflects

the geographic site of the initial isolate (Taiwan-TW), and the clinical manifestation of the

latter (acute respiratory disease-AR).

Initially TWAR was thought to be a C. psittaci strain on the basis of inclusion

morphology and staining characteristics, but subsequent analysis demonstrated that it was

a distinct organism which has now been recognized as a separate chlamydial species
(Grayston et al., 1989; Grayston et al., 1990). Restriction endonuclease pattern analysis
and nucleic acid hybridization studies have shown that C, pneumoniae isolates have less

than 10% homology with C. psittaci and C. trachomatis, and between C. pneumoniae

1solates greater than 95% homology.

Unlike C. trachomatis, different serovars of C. pneumoniae have not been identified, and
it has been suggested that all C. pneumoniae organisms represent a single strain
(Campbell et al., 1990; Grayston, 1992). To date the ompl gene of nine C. pneumoniae

strains have been sequenced and have been found to be 100% identical, suggesting the

gene is conserved (Carter et al., 1991; Melgosa et al., 1991; Jantos et al., 1997).



However, Jantos et al. (1997) showed that even though the ompl gene was identical in

the C. pneumoniae isolates studied, antigenic diversity did exist possibly within a 65kDa

protein.

1.2.3 Chlamydia psittaci

C. psittaci comprises a plethora of isolates from many different mammals, birds and

amphibians. C. psittaci is an important pathogen of domestic ruminants, and can induce

abortion in cattle, goats and sheep. It can also cause respiratory disease, enteritis,
conjunctivitis, arthritis and reproductive disorders, but latent infections (eg. intestinal

colonization) without clinical symptoms are a common feature.

C. psittaci can also cause zoonotic disease in man, being responsible for respiratory
infection where the host has had contact with infected birds (psittacosis). C. psittaci is
spread via the inhalation of aerosols derived from animal faeces or other animal products
and causes predominantly pneumonia in man. Disease in humans can vary from a mild
flu-like to severe generalised illness with symptoms ranging from a fever, to anorexia,

and photophobia. In severe cases nausea, vomiting, and diarrhoea may be seen.

Pregnant women who come into contact with infected placental material from domestic

animals can suffer abortion (Herring et al., 1987).

Restriction endonuclease pattern analysis and DNA hybridization studies have shown that
C. psittaci 1solates have between 14-95% DNA homology within the species, between 1-
8% with C. pneumoniae isolates and below 33% with C. trachomatis isolates. Sequence
analysis of restriction enzyme profiles of DNA amplified from the MOMP gene of C.
psittaci indicate that ruminant abortion strains, guinea pig inclusion conjunctivitis

(GPIC), and feline isolates have relatively homogenous MOMP sequences when

compared to C. pecorum isolates.



1.2.4 Chlamydia trachomatis

C. trachomatis has been subdivided into three biovariants (biovars); trachoma,
lymphogranuloma venereum (LGV) and murine pneumonitis agent. DNA homology
studies of the genome of the three C. trachomatis biovariants, and direct comparison of

the DNA sequences of specific genes have shown that trachoma and the LGV biovars are
basically 1dentical, and that the murine biovar is more distantly related (Weiss et al.,

1970; Peterson and de 1a Maza, 1988). The trachoma and LGV biovars have distinct
clinical features, LGV biovars can cause systemic infection and proliferate in lymphatic

tissue, compared to the trachoma biovars which primarily infect the columnar epithelial

cells of the mucous membranes.

Currently the trachoma biovar consists of 14 serovars designated by the letters A to K

including serovariants Ba, Da, D*, Ga, Jv, Ia, and I- (Wang and Grayston, 1991; Dean
et al., 1992; Lampe et al., 1993; Dean et al., 1994; Ossewaarde et al., 1994a; Morre et
al., 1998). The LGV biovar consists of 4 serovars L1, L2, L2a, and .3 (Wang and
Grayston, 1970; Wang et al., 1985). In addition three serogroups independent of biovar
have also been described; the B complex (serovars B, Ba, D, Da, E, L1, L2, and L2a),

the C complex (serovars'A, C, H, I, Ia, J, K, and L3), and the intermediate complex

(serovars F and G) (Caldwell et al., 1982a; Wang et al., 1985; Yuan et al., 1989).

The major serovar, subspecies, and species specific antigens have been attributed to the
major outer membrane protein (MOMP) (Caldwell et al., 1981; Stephens et al., 1982;
Baehr et al., 1988; Stephens et al., 1988). The polymerase chain reaction (PCR)
amplification of the MOMP gene (ompl) and restriction enzyme digestion of PCR
products have been used to differentiate the C. trachomatis serovars on the basis of

restriction fragment length polymorphism (Frost et al., 1991; Lan et al., 1993; Rodriquez

etal., 1993; Lan et al., 1994). Serovars A to C predominate in ocular trachoma, whereas

serovars D-K are responsible for oculogenital infections.



1.3 Biology of Chlamydia

1.3.1 General characteristics

Chlamydiae are obligate intracellular bacteria, characterized by a biphasic developmental

cycle consisting of two developmental forms the elementary body (EB), and the reticulate
body (RB) (Figure 1). The EB is extracellular, and an infectious form characterized by

an osmotically resistant outer membrane and a highly condensed chromosome.

Following attachment and entry into a host cell the EB transforms into the RB, this
transition involving structural changes in the outer membrane organization and the

relaxation of the condensed nucleoid. The RB is the intracellular, replicative form of
chlamydiae. Chlamydiae have been termed energy parasites, and are incapable of

generating a net gain of ATP and therefore rely on the host for ATP. Due to this, cell-
free growth of chlamydia has not been achieved, and culture in cell culture systems or

yolk sac are needed for their in vitro growth.

Another unique feature of chlamydiae is the envelope structure which is Gram negative in
that 1t includes an inner membrane and an lipopolysaccharide-containing outer membrane.
The chlamydial envelope apparently lacks peptidoglycan although chlamydiae possess

penicillin binding proteins (Barbour et al., 1982), and are sensitive to drugs that inhibit

peptidoglycan synthesis such as penicillin G and D-cycloserine.

Chlamydiae also have unique 18 to 22 regularly spaced dome shaped surface projections

per elementary body that protrude approximately 20nm above the outer membrane

(Matsumoto, 1981; Nichols et al., 1985). The projections are also found in a less
ordered array in the reticulate body (Gregory et al., 1979; Matsumoto, 1988). Studies
have suggested that the projections extend through the domes and possibly through the
membrane within which the reticulate bodies divide (Matsumoto, 1981; Matsumoto,
1982; Matsumoto, 1988; Chang et al., 1997). The question still remains as to the

purpose of the projections, they may serve as an anchor within the inclusion to bring the

chlamydiae into close contact with the host cytoplasm; or they may actively participate in
8



@ elementary body (EB)-0.2-0.3um
@ reticulate body (RB)-0.8-1.0um

Figure 1. Schematic representation of the chlamydial developmental cycle.

1) EB adherence/attachment to the host cell, followed by internalization.

2) Inhibition of phagolysosomal fusion, and primary differentiation EB->RB.
3) RB multiplication by binary fission.

4) Asynchronous re-differentiation RB->EB.

5) EB release from host cell.

6) Continuation of chlamydial developmental cycle.



nutrient acquisition or be ion channels (Stephens, 1993). An alternative function of the
surface projections has been proposed by Bavoil and Hsia (1998) based on the recent
finding of type III (contact-dependent) genes in chlamydiae (Hsia et al., 1997). Bavoll

and Hsia have postulated that the surface projections and the associated fimbrial

projections represent chlamydial type III secretion machinery and the associated virulence

effector proteins.

1.3.2 Chlamydial developmental cycle

1.3.2.1 Attachment and entry mechanisms

The infectious process commences with the contact of the chlamydial elementary body
(EB) to the mucosal epithelial cell surface of the host. The identity of chlamydial
adhesins (ie. the determinants of the initial EB/cell interactions) is a matter of conjecture
but a number of putative adhesins have been proposed which include the chlamydial outer
membrane protein (MOMP) (Su et al., 1990; Su et al., 1996), chlamydial cytadhesin
(CCA) (Joseph and Bose, 1991), a heparan sulphate-like glycosaminoglycan (GAG)
(Zhang et al. 1992), chlamydial heat shock protein 70 (HSP70) or a HSP70-genetically
linked product (Schmiel et al., 1991; Raulston et al., 1993; Raulston et al., 1998a), a

28kDa grpE protein (Schmiel et al., 1996), and the cysteine-rich outer membrane protein

OMP2 (Ting et al., 1995). The precise mechanism by which EB uptake is mediated is
not clear but proposed mechanisms include receptor-mediated endocytosis in clathrin-

coated pits, pinocytosis in non-coated pits, and parasite-specified phagocytosis.

Zhang et al. (1992) and Stephens et al. (1994a, 1994b) using LGV demonstrated that
chlamydial heparan sulphate attached to an undefined chlamydial surface ligand could

bind the infecting EB to heparan sulphate receptors located in coated pits found on the
surface of HeLa cells facilitating attachment and entry. Trachoma serovar infectivity has

also been shown to use the same heparan sulphate-like mechanism (Chen and Stephens,

1994).
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Kuo et al. (1996) have identified a glycosylated component of MOMP which has been
shown to bring the EB in close contact with the surface of HeLa cells. It has also been
shown that after conformational changes in the EB envelope, the substrate binding

domain of envelope-associated chlamydial heat shock protein 70 (CHSP70) becomes

selectively exposed. The exposed CHSP70 can either directly interact with a host cell

ligand or present a separate chlamydial ligand which may trigger entry into the cell by an

energy dependent process (Raulston et al., 1998a).

1.3.2.2 Growth and multiplication

Once the chlamydiae have entered the host cell they remain within a vacuole termed the

inclusion which does not fuse with lysosomes (Moulder, 1991) due to the early synthesis

of chlamydial proteins (Scidmore et al., 1996). Primary differentiation of EB to RB

involves the reductive cleavage of MOMP and the other outer membrane proteins, and the

relaxation of the chlamydial chromosome.

Sphingomyelin from the host's trans-Golgi network is specifically transported to the
inclusion membrane, and it has even been detected in chlamydiae (Hackstadt et al.,

1995). Evidence has also suggested that chlamydiae re-model the inclusion membrane by

the insertion of chlamydial proteins (Rockey et al., 1995; Taraska et al., 1996;

Bannantine, 1998).

The RB replicates by binary fission within the inclusion with the resulting progeny
remaining closely associated with the inclusion membrane until later in the developmental

cycle, suggesting that such an intimate interaction may be required for intracellular

growth (Matsumoto, 1981).

1.3.2.3 Release from host cell

Between 48-72h post-infection the asynchronous process of RB to EB differentiation

begins. It has been suggested by Hackstadt et al. (1997) that RB detachment from the
11



Inclusion membrane may be a signal for differentiation. RB to EB differentiation

involves the oxidation of the outer membrane cysteine containing proteins, and the

recondensation of the chlamydial chromosome.

The actual mechanism by which chlamydiae are released from the host cell, and the

triggering mechanism remains unclear. It has been proposed that the chlamydial
inclusion membrane fuses with the host cell membrane, releasing EBs, or that there may

be a gradual disintegration of the inclusion releasing EBs into the host cytoplasm which

then leave the cell.

1.3.3 Chlamydial persistence

The importance of re-infection in the development of chlamydial disease is well

documented. In both ocular and genital tract infection progression to disease involves a
stage of chronic immunopathology and scarring during which chlamydiae are rarely
isolated. There has been indirect evidence in cases of genital tract and ocular infection

that supports the existence of persistent chlamydial forms (Schachter ez al., 1988;

Holland et al., 1992; Campbell et al., 1993; Patton et al., 1994b).

The concept of persistent chlamydial infection is not new (Meyer et al., 1933).

Persistence in vitro has been induced via nutrient deficiency, antimicrobial agents and
immunologically. Penicillin and ampicillin when added to chlamydial culture inhibit the

redifferentiation of RB to EB by affecting the synthesis of the cysteine rich 60kDa outer

membrane protein (Cevenini et al., 1988; Sardinia et al., 1988).

In vitro chlamydial persistence induced by nutrient depletion is characterized by smaller

inclusions, and a reduction in the number of infected cells (Coles et al., 1993). The
specific depletion of cysteine results in the development of morphologically and
metabolically abnormal chlamydiae (Allen ez al., 1985), possibly due to the requirement

of cysteine in the biosynthesis of MOMP and other cysteine rich outer membrane

proteins.
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Beatty et al. (1993) demonstrated interferon gamma (IFN-Y) mediated chlamydial

persistence in vitro, characterized by enlarged morphologically abnormal developmental
forms similar to those induced by penicillin and nutrient depletion (Matsumoto and
Manire, 1970; Kramer et al., 1971; Coles et al., 1993). In persistently infected cells

aberrant chlamydiae are non-infectious, however viability is maintained as shown by the

recovery of infectious progeny following the removal of IFN-y (Beatty et al., 1995). The

development of persistence has been postulated to be related to the induction of host
indoleamine 2,3-dioxygenase (IDO), and the subsequent depletion of cellular tryptophan
coupled with reduced synthesis of MOMP, 60kDa outer membrane protein and

lipopolysaccharide and the continued/up-regulated synthesis of chlamydial heat shock

protein 60 (Beatty et al., 1994).
1.3.4 Chlamydial genetics

1.3.4.1 Chlamydial genome

The genome of C. trachomatis has been measured at 1045kb , and as such is one of the

smallest prokaryotic genomes being approximately a quarter the size of the E.coli genome
(Birkelund and Stephens, 1992). The biochemical and/or physical events that trigger and

mediate chlamydial differentiation from elementary body to reticulate body, and back

again are unknown.

The chlamydial elementary body displays a highly condensed genome (Costerton et al.,
1976) containing stage specific DNA binding proteins (Wager and Stephens, 1938)

which have been shown to be analogous to eukaryotic histone protein H1 (Hackstadt et

al., 1991; Perara et al., 1992; Brickman et al., 1993).

Early in the transition from elementary body to reticulate body the supercoiled state of the
DNA is relaxed which is then compatible for transcription and replication. RNA
synthesis by chlamydial DNA-dependent RNA polymerase is an essential part of

chlamydial differentiation (Sarov et al., 1971). Data suggest that the chlamydial DNA-
13



dependent RNA polymerase is activated within minutes after the elementary body enters

the host cell.

1.3.4.2 Plasmid

Chlamydial plasmids have been isolated from nearly all chlamydial species and 1solates
except C. pneumoniae (Campbell et al., 1987). Many strains of C. psittaci carry

plasmids ranging in size from 6.2-7.9kb. C. pecorum encephalomyelitis strains have

been shown to contain a plasmid (Timms et al., 1988; Hugall et al., 1989) that differs

from the plasmids of C. psittaci and C. pecorum.

Lovett et al. (1980) were the first to describe the presence of a 7.5kb plasmid in three
serovars of C. trachomatis. The 7.5kb plasmid of C. trachomatis is not essential for
growth or disease, and three isolates have been described that lack the plasmid (Peterson

et al., 1990; An et al., 1992; Farencena et al., 1997).

Tam et al. (1994) used the 7.5kb plasmid of C. trachomatis to construct a chimeric
plasmid for the introduction of recombinant DNA into C. trachomatis by electroporation,

this method proved to be unsuccessful in that stable transformants were not produced.

Recently O'Connell et al. (1998) described a successful method for the introduction of

foreign DNA into C. psittaci using shuttle plasmids carrying chloramphenicol resistance.

1.3.4.3 Bacteriophage

To date, two bacteriophages have been described that infect chlamydiae. The first phage

to be reported was from a C. psittaci duck isolate (Richmond et al., 1982) and was

named Chpl. Electron microscopy of cell sections infected with Chp1 showed that the
phage was a regular polyhedron with a diameter of 22nm. The second phage, reported

by Hsia et al. (1996) was also a C. psittaci GPIC phage. Recent work by Hsia ef al.
(1998) on the ultrastructure of phage (BCPG1)-infected C. psittaci RBs have shown that

infected RBs have an altered developmental cycle giving rise to enlarged 'maxi’ RBs.
14



1.3.5 Chlamydial antigens

1.3.5.1 Cysteine rich proteins

OMP2 and OMP3 are developmental stage specific cysteine rich proteins that have only

been demonstrated in elementary bodies (Hackstadt et al., 1985; Hatch et al., 1936;
Moulder, 1993). It is thought that MOMP, OMP2 and OMP3 are extensively di-sulfide

cross-linked mediating the structural and osmotic resistance of the chlamydial elementary

body.

One biochemical difference between LGV and the trachoma biovars is that OMP2 has
different pI values (Batteiger et al., 1985; Allen et al., 1990). OMP2 has been shown to
be sensitive to trypsin treatment, and OMP2 in elementary body lysates selectively bind

eukaryotic cells suggesting OMP2 may have a role in chlamydiae/host cell interactions

(Ting et al., 1995).

1.3.5.2 Heat shock proteins

When cells infected with C. trachomatis are subjected to heat shock there is an increased
synthesis of at least 20 heat shock proteins (HSP), the most extensively studied being
HSP60 (approximate molecular weight 57kDa), and HSP70 (approximate molecular
weight 75kDa). A recent study by Raulston (1998b) has shown that both HSP60 and

HSP70 remain confined within the inclusion during the course of the chlamydial

developmental cycle in vitro.

Both chlamydial HSP60 and HSP70 are constitutively expressed, and HSP60
transcription 1s upregulated under heat stress, in IFN-y treated cells (Beatty et al., 1994),
penicillin exposed cells (Morrison et al., 1989a), and under iron limiting conditions
(Raulston et al., 1997). It has been suggested that the chlamydial dnaK (encoding
HSP70) and groE (encoding HSP60) operons may be regulated by a mechanism similar

to that described in Bacillus subtilis in which, when the transcription of HSP60 is turned
15



off the dnaK operon is activated, and if HSP60 is over produced there is decreased

expression of the dnaK operon. (Tan et al., 1996; Raulston et al., 1998b).

Chlamydial HSP70 is found in both elementary and reticulate bodies as a dithiothreitol
extractable protein , and shares 46% amino acid sequence identity to the mammalian

homologue. Schmiel et al. (1991) originally suggested the serovar E dnaK gene product
as a potential chlamydial ligand, with recombinant E. coli expressing chlamydial HSP70
on their surface specifically attaching to epithelial cells. Recent studies have suggested
that membrane associated HSP70 may influence entry into host cells (Raulston et al.,

1998a). It has also been shown that polyclonal antibody to recombinant chlamydial

HSP70 can neutralize chlamydial infectivity in vitro (Danilition et al., 1990).

Chlamydial HSP60, like HSP70 is found in both developmental forms, and is extractable

with sarkosyl or dithiothreitol from elementary bodies. Within the chlamydial genus
HSP60 amino acid sequence homology is greater than 80%, but possibly more

importantly the chlamydial HSP60 protein shares 48% homology to human HSP60
(Morrison et al., 1990).

Chlamydial heat shock proteins HSP60 and HSP70 have both been shown to be highly
immunogenic during the course of natural infection (Brunham et al., 1994). In women

the presence of anti-chlamydial HSP60 antibodies has been correlated with pelvic
inflammatory disease (PID) (Chernesky et al., 1998), tubal factor infertility (Dieterle and
Wollenhaupt, 1996) and ectopic pregnancy (Sziller et al., 1998). In a recent study by
Witkin et al. (1998) immunity to a specific chlamydial HSP60 epitope was associated

with autoimmunity to human HSP60, and with a history of two or more spontaneous

abortions. Conversely, anti-chlamydial HSP70 antibodies have been associated with

protective immunity in women against ascending infection and tubal disease (Brunham e¢

al., 1987).
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1.3.5.3 Lipopolysaccaride

Chlamydial lipopolysaccharide (LPS) is a group specific antigen which has been shown
to contain as an immunodominant group a 3-deoxy-2-keto sugar similar but not identical
to 3-deoxy-octulosonic acid (Kdo) (Dhir et al., 1972; Brade et al., 1987). A unique 2.8
linkage (coded by the gseA gene) joins the two terminal chlamydial Kdo units forming a

chlamydial specific epitope. Data has suggested that chlamydiae produce a smooth LPS

variant (Lukacova et al., 1994) in addition to a rough form (Nurminen et al., 1985).

Originally 1t was thought that LPS was poorly exposed on the surface of chlamydial
elementary bodies (Kuo et al., 1987; Collett et al., 1989), but chemical cross-linking has

demonstrated that LPS and MOMP lie within 10A of one another on the bacterial cell
surface (Birkelund et al., 1988). Studies have demonstrated that LPS can escape the
inclusion during the chlamydial development cycle, and can be detected on the surface of
infected epithelial cells (Richmond and Stirling, 1981; Karimi et al., 1989; Campbell et
al., 1994; Wyrick et al., 1994). The early release of chlamydial LPS likely serves as one
of the first signals for the influx of polymorphonuclear leukocytes observed in patients
with cervicitis and endometritis (Paavonen et al., 1985). It has also been suggested that

chlamydial LPS may alter the fluidity of the plasma membrane of the infected cell thereby
helping prevent the destruction of the cell by cytotoxic T cells (Wilde et al., 1986).

Antibody against chlamydial LPS is commonly elicited during natural infection (Brunham
et al., 1987), however such antibodies have been shown not to be protective, do not elicit

inflammation in animal models, and are not neutralizing in vitro (Caldwell et al., 1984;

Watkins et al., 1986).

1.3.5.4 Major outer membrane protein

The major outer membrane protein (MOMP) makes up approximately 60% of the
chlamydial outer membrane complex of elementary bodies (Caldwell et al., 1981). The

gene for MOMP (omp1) which is found as a single copy gene (Stephens et al., 1985),
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was 1nitially sequenced from LGV2 and consisted of 1,182-bp, encoding 394 amino

acids (Stephens et al., 1986).

Comparisons of C. trachomatis serovars demonstrates that the ompl gene is between 84-
97% 1dentical at both the nucleotide and amino acid levels (Fitch et al., 1993;
Kaltenboeck et al., 1993). Variation in the ompl gene is clustered into four variable

domains (VD1, VD2, VD3, and VD4) regularly interspersed with five conserved regions
(Stephens et al., 1987; Bachr et al., 1988). The surface exposed variable domains of C.

trachomatis MOMP gives rise to species-, subspecies-, serovar-, and serogroup-specific
epitopes (Zhang et al., 1987; Conlan et al., 1988; Stephens et al., 1988; Zhang et al.,
1989; Batteiger et al., 1990; Zhong et al., 1990) which react with human immune sera
(Zhang et al., 1987; Zhang et al., 1989a). VD1, VD2 and the amino terminal segment of
VD4 specify type-specific epitopes while VD3 and the C-terminal of VD4 specify
species-, sub-species, and serogroup epitopes. Monoclonal antibodies directed against
MOMP are neutralizing in cell culture and in some animal models (Peeling et al., 1984,
Zhang et al., 1987; Bachr et al., 1988: Zhang et al. 1989a; Morrison et al. 1992).
MOMP is a focus of C. trachomatis vaccine development even though protective
Immunity is serovar specific, and MOMP variants can escape in vitro neutralization by

both monoclonal antibody and human immune sera (Lamp et al., 1997)

Like chlamydial LPS, MOMP has been demonstrated fo be surface exposed (Kuo and
Chin, 1987; Collett et al., 1989) having trypsin sensitive antigenic epitopes (Baehr et al.,
1988); exhibits potential porin function (Bavoil et al., 1984); is post-translationally
glycosylated (Baehr et al., 1988; Collett et al., 1989; Swanson and Kuo, 1991; Kuo et al.

1996); and is thought to play a role in the structural integrity of the organism (Caldwell et

al., 1981; Hatch et al., 1981; Caldwell et al., 1982¢).

It has been suggested that MOMP plays an electrostatic role in adherence following a
conformational change in VD4, a nonapeptide sequence (previously located in a cryptic,
immunoinaccessible cleft) which becomes immunoaccessible and promotes binding (Su

et al., 1988; Su et al., 1990; Su et al., 1996). MOMP can contain between 7-10
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cysteines which may form homo- or hetero-oligomers with itself and/or other outer

membrane proteins (Newhall et al., 1983; Newhall et al., 1986).

19




1.4 Pathogenicity
1.4.1 Immune mechanisms

1.4.1.1 Innate response

The 1mportance of the host's innate response to chlamydial infection has only recently

begun to be examined. Acute chlamydial infection is characterized by an early influx of

neutrophils (possibly mediated by CD18 which is involved in lipopolysaccharide

binding) which have been shown to play an important role in controlling the early stages

of infection (Bartaneva et al., 1996).

An alternative explanation for the influx of neutrophils to the site of infection may be the

action of pro-inflammatory cytokines. Chlamydial infection of epithelial cell lines, and of
monocytic cells has been shown to elicit the production of pro-inflammatory cytokines
including IL-1a, IL-6, IL-8, TNF-o, growth regulated oncogene (GRO) o and
granulocyte-macrophage colony stimulating factor (GM-CSF) independent of nascent
LPS (Ault et al., 1996; Heinemann et al., 1996; Bianchi et al., 1997; Rasmussen et al.,

1997). The production of the pro-inflammatory cytokines is possibly important in the

recruiting of neutrophils and other inflammatory cells to the site of infection before the

recruitment of lymphocytes.

After re-infection, or after the initiation of an immune response, the continued stimulation

of epithelial cells may exaggerate the local inflammatory response, and IFN-y has been

postulated to have such an effect during repeated infections. In chlamydial infected

epithelial cell lines IFN-y has been shown to increase the production and secretion of IL-8
(Rasmussen et al., 1996). The production of IFN-y as part of a Th1 response may thus

contribute to increased inflammation. Such an enhanced cytokine response has been
reported to occur in natural infection. For example, C. trachomatis infection stimulates

local cytokines which promote a strong cell-mediated and pro-inflammatory response in

both the early and late stages of trachoma (Bobo er al., 1996). IFN-y has also been
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detected in sera from women with PID (Grifo et al., 1989), and in endocervical

secretions of women infected with C. trachomatis (Amo et al., 1990).

Studies using gene knockout mice and neutralization with antibody have been used to

study the importance of IFN-y in the resolution of chlamydial infection (Rank et al.,

1992a; Williams et al., 1993; Cotter et al., 1997; Johansson et al., 1997; Perry et al.,

1997, Williams et al., 1997). Although these studies have given conflicting results, it

appears that IFN-y is dispensable for the resolution of local infection and protection

against challenge but it may play an important role in the prevention of chlamydial

dissemination from the mucosal surface. It has been suggested that IFN-y induces the

inducible nitric oxide synthase (iNOS) pathway, although recent studies have shown
INOS is not required for the elimination of C. trachomatis from epithelial cells of the

female genital tract in mice, but may contribute to the control of dissemination of the

infection by infected macrophages (Igietseme et al., 1998; Ramsey et al., 1998).

TNF-a has also been shown to be secreted in the genital tract, as early as 3 days post-

Infection in the guinea pig model (Darville et al., 1995). While TNF-o. most likely plays

an important role in the pathogenesis of infection, and the potential role in the recruiting

of various cells to the genital tract via its induction of ICAM-1, there is also evidence that

it may have direct anti-chlamydial activity (Shemer-Avni et al., 1988; Williams et al.,

1990).

1.4.1.2 Humoral response

Studies using C. trachomatis MoPn in murine models have confirmed that antibody
contributes to, but is not essential for protection (Perry et al., 1997; Su et al., 1997;
Williams et al., 1997). However, it has been demonstrated that antibody is able to
neutralize C. trachomatis infection in vitro (Banks et al., 1970; Howard et al., 1975;

Byrne and Moulder, 1978; Caldwell et al., 1982b; Peeling et al., 1984; Lucero and Kuo,
1985; Byrne et al., 1993).
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Neutralization has been demonstrated with (Lucer and Kuo, 1985; Peterson et al., 19838),
and without (Caldwell et al., 1982b; Su et al., 1990; Peterson et al., 1993) the presence
of complement, and occurred by either preventing the attachment of chlamydial
elementary bodies to the cell (Byrne et al., 1978; Su et al., 1991) or by allowing the
internalization of the chlamydiae but preventing/inhibiting replication (Caldwell et al.,

1982b). Opsonization of C. psittaci has also been demonstrated, resulting in the fusion

of phagosomes containing chlamydiae with lysosomes (Wyrick et al., 1978a; Wyrick et
al., 1978b).

The predominant molecule in the chlamydial outer membrane is MOMP. The C.
trachomatis serovars display significant sequence variation in MOMP possibly due to
immune pressure (MOMP is a predominant target for antibody). Lampe et al. (1997)
showed that serovars that vary in MOMP variable regions can escape neutralization with

both monoclonal antibodies and immune serum. It has also been shown that the in vitro

neutralization of C. trachomatis serovars isolated from humans was serovar specific and

dependent upon conformational epitopes (Fan et al., 1997).

In the human there is a strong antibody response in both genital secretions and serum, but

whether they play a protective role is unclear. An inverse relationship between the
number of chlamydiae isolated from genital swabs and level of IgA has been documented

(Brunham et al., 1983). Jones et al. (1994), reported that the presence of neutralizing

antibody in patients did not correlate with the immune status of the patient.

Little 1s known about antibody profiles during acute or chronic chlamydial genital tract
infections in humans. Superficial infections (eg. cervicitis) are considered to provide a
poor stimulus for antibody formation, whereas infiltrating disease (eg. salpingitis) 1s

associated with seroconversion. IgG can persist for years, and can be used as a marker

for a past infiltrating chlamydial disease (Ngeow, 1996).

The specificity of circulating antibodies may change during the course of the immune

response. In C. pneumoniae infections during the first 3 weeks after the primary
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exposure, there is a systemic appearance of IgM, IgA and IgG against less specific

epitopes (eg. LPS). Only after 4-8 weeks does more specific IgG against MOMP appear
(Ekman et al., 1993).

1.4.1.3 Cell mediated response

Humans have been shown to develop cell mediated immune responses as measured by
lymphocyte proliferative assays, against chlamydial genital tract infection. (Hanna et al.,
1979; Brunham et al., 1981: Hanna et al., 1982; Witkin et al., 1993a). Like humoral
immunity, as yet there is no direct evidence that cell mediated immunity is protective in
humans. Studies of both animals and humans have suggested that the protective

response to chlamydial infection is predominantly Th1 related (Bobo et al., 1996; Kelly et

al., 1996; van Voorhis et al., 1996; Darville et al., 1997; Perry et al., 1997; Williams et
al., 1997; van Voorhis et al., 1997).

It has been proposed that in reference to scarring disease, individuals with weak cell
mediated immune responses and strong antibody responses are those susceptible to re-
infection, are slow to resolve infection, and have high levels of clinical inflammation and

consequently disease (Bailey et al., 1993; Brunham and Peeling, 1994). Conversely

individuals with a strong cell mediated immune response and a low antibody response are

those resistant to infection and are less susceptible to disease.

1.4.1.4 Immunopathology

It is believed that immune pathogenesis is the underlying mechanism of chlamydial
disease but 1t 1s still not clear if specific antigens coupled with cellular immune responses
are directly responsible (eg. delayed-type hypersensitivity [DTH]), or if other

inflammatory or immune regulatory processes contribute to disease. Chlamydial

infection has been shown to evoke a DTH response, and that re-infection is required to
induce disease (Grayston et al., 1985). Evidence suggests that chlamydial heat shock

protein 60 (HSP60) may be the mediator of pathogenesis. Many studies have shown an
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association between the detection of anti-chlamydial HSP60 antibodies and pelvic
inflammatory disease (Eckert et al., 1997; Money et al., 1997, Peeling et al., 1997,
Chernesky et al., 1998), tubal factor infertility (Toye et al., 1993; Clanman et al., 1997),

ectopic pregnancy (Yi et al., 1993), and trachoma (Taylor et al., 1987; Morrison et al.,

1989b; Taylor et al., 1990).

It has been suggested that increased levels of chlamydial HSP60 production may result in

the induction of self anti-HSP60 antibodies inducing autoimmunity which ultimately

results in tissue damage and scarring.

1.4.2 Genetic susceptibility to chlamydial disease

Studies have shown that some murine strains are more susceptible to chlamydial infection

than others (Tuffrey et al., 1992a; Darville et al., 1996; Darville et al., 1997), and in
humans not all those infected develop the scarring sequelae. It is believed that host

genetic factors may play a role in the tissue damage associated with chlamydial disease.

Conway et al. (1996) studied HLA linkage and disease outcome in patients with scarring

trachoma and showed that the A*6802 allele of the HLA-A28 (class I) was significantly

more common in study patients than controls. No paﬂiculér HLA type was associated

with protection from disease, and no class II alleles were associated with disease.
Conway et al. (1997) also demonstrated that scarring trachoma was also associated with a

polymorphism in the TNF-a promoter region, independent of HLA type. In a macaque

model of PID the relative susceptibility or resistance to the development of tubal

adhesions was correlated with specific MHC class I alleles (Lichtchenwalner et al.,

1997).
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1.4.3 Chlamydia trachomatis

1.4.3.1 Trachoma and inclusion conjunctivitis

Trachoma 1s a chronic keratoconjunctivitis associated mainly with C. trachomatis

serovars A, B, Ba, and C. Trachoma is hyperendemic in communities with poor hygiene
and sanitation and of low economic resources. Active trachoma may range from a mild

asymptomatic inflammation with collections of immune cells visible on the tarsal

conjunctiva (follicular trachoma) to an intense inflammatory response in which most of
the tarsal plate is obscured by capillary congestion (intense trachoma). Repeated ocular

infections cause scarring of the conjunctiva (scarring trachoma), inversion of the eyelids

and eyelashes (trichiasis), which ultimately can lead to blindness following damage to the

cornea by inturned lashes.

Inclusion conjunctivitis is caused by C. trachomatis serovars D to K and is mainly seen in
the sexually active age groups. Transmission of the disease is usually by self-inoculation
with infective genital discharge. Concomitant genital tract infection of patients with
inclusion conjunctivitis is seen in 80-90% of females and approximately 50% of males.

Clinical manifestations include swollen eyelids, mucopurulent discharge, papillary
hypertrophy, and follicular hypertrophy; corneal scarring is rarely found. As in

trachoma, repeated episodes lead to the development of more severe disease possibly by

the same mechanisms.

1.4.3.2 Female genital tract infections

1.4.3.2.1 Lower genital tract infections

In women C. trachomatis is one of the major causes of urethritis and urethral symptoms.
Stamm et al. (1980) associated dysuria and/or frequency without significant bacteriuria

with C. trachomatis infection, although Horner et al. (1995) in a recent study showed no
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such association. There is little evidence of urethral inflammation and C. trachomatis

Infection, although mucopurulent cervicitis is suggestive of urethral syndrome.

Chlamydial mucopurulent cervicitis is often asymptomatic, and if left untreated can

ascend to the upper genital tract often leading to the development of PID. It has been
reported that 64% of women with chlamydial mucopurulent cervicitis have subclinical
PID (Paavonen et al., 1985a). Paavonen et al. (1992) introduced a simple set of

diagnostic criteria which included the detection of eight or more polymorphonuclear

leukocytes per high power field in a cervical smear, the presence of a yellow

mucopurulent endocervical discharge, increased eyrthema, oedema, and induced mucosal

bleeding in an area of ectopy and in the cervical transformation zone.

Histological findings associated with chlamydial cervicitis include the presence of dense

stromal inflammation (plasma cell infiltrations), intraepithelia and intraluminal

inflammation, and well-formed lymphoid follicles comprising transformed lymphocytes

(Kiviat et al., 1990).

1.4.3.2.2 Pelvic inflammatory disease

"Pelvic inflammatory disease (PID), or salpingitis, refers to infection of the uterus,

Fallopian tubes and adjacent structures not associated with pregnancy or surgery. PID is
almost always an ascending infection in which pathogenic microorganisms spread from

the cervix and vagina to the upper genital tract" (McCormack, 1994).

PID is one of the most important complications of sexually transmitted disease, and over
half the reported cases are caused by C. trachomatis, N. gonorrhoeae or both. Each
repeat episode of PID doubles the risk of tubal disease associated with possible
permanent tubal damage and development of ectopic pregnancy (EP) or infertility
(Westrom, 1975). As a consequence of tubal scarring approximately 20% of women

with laparoscopically confirmed PID will become infertile, 18% will develop prolonged
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pelvic pain and 9% will have ectopic pregnancies (Westrom, 1980; Westrom et al.,

1992).

Manifestations of acute PID can include endometritis, salpingitis, pelvic peritonitis and
ovarian abscesses. The ascending infection can also spread to the appendix

(periappendicitis) and the liver capsule (perihepatitis). Diagnosis of PID is to say the
least difficult. Minimum criteria for the diagnosis of PID include lower abdominal

tenderness, bilateral adnexal tenderness, cervical motion tenderness and no evidence of a

competing diagnosis.

In many instances the condition is asymptomatic or silent as demonstrated by Cates and
Wasserheit (1991) who showed a strong link between serum anti-chlamydial antibodies
and tubal factor infertility or EP in patients with and without a history of PID. Women
with PID often have damaged Fallopian tubes at the time of diagnosis, and studies in both

primate and murine models suggest that antibiotic treatment with or without anti-

inflammatory agents had little effect on tubal inflammation (Patton et al., 1997; Verhoest

et al., 1997).

The mechanism by which chlamydial PID mediates tubal damage is thought to be
immunopathological. The deleterious sequelae of chlamydial infection appears to be
caused by a DTH response to chlamydial heat-shock protein 60 (CHSP60) (Morrison ef
al., 1989b). Many studies have suggested a correlation between serum antibodies to
CHSP60 and PID, tubal factor infertility (TFI) or ectopic pregnancy (EP) (Miettinen et
al., 1990; Wager et al., 1990; Brunham et al., 1992; Toye et al., 1993; Paavonen and
Lehtinen, 1994; Clanman et al., 1997; Eckert et al., 1997; Money et al., 1997; Peeling et

al., 1997, Chernesky et al., 1998; Sziller et al., 1998). In women with chlamydial PID,

a prior history of PID, cervicitis or chlamydial infection, laparoscopically verified tubal
obstruction, the degree of tubal inflammation and the presence of adhesions have all been

associated with the presence of HSP antibodies (Stamm et al., 1994).
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The actual mechanism by which CHSP60 mediates damage is unclear, one hypothesis is
that antibodies directed against CHSP60 cross react with human HSP60 resulting in
autoimmunity and damage. It may also be that the presence of detectable levels of

antibodies against CHSP60 may simply be a marker, for example of chlamydial

persistence.

1.4.3.3 Male genital tract infections

1.4.3.3.1 Epididymitis

Epididymitis is the most common intrascrotal inflammatory disorder, usually resulting
from the spread of microorganisms from the prostatic urethra, prostate or seminal vesicle.
Idiopathic epididymitis exhibits an acute or chronic inflammatory infiltration with or
without abscess formation and ductal destruction. Chlamydial epididymitis has been
characterized as being nondestructive and proliferative compared to epididymitis which is

destructive and abscess forming often found associated with other bacteria (Hori and

Tsutsumi, 1995).

Studies 1n both the UK and USA have demonstrated that the microorganisms causing
acute epididymitis vary with age and sexually activity., 30-60% of men with acute
epididymitis under the age of 35 years show the presence of C. trachomatis in epididymal

aspirates (Berger et al., 1978, Doble et al., 1989a; Robinson et al., 1990).

1.4.3.3.2 Non-gonococcal urethritis

Non-gonococcal urethritis (NGU) is defined as urethritis where N. gonorrhoeae is not

the aetiological agent. Many studies have shown that C. trachomatis can be demonstrated
in urethral specimens of up to 13%-50% of NGU cases (Oriel and Ridgway, 1982; Janier
et al., 1995), the remaining cases have been attributed to several other organisms such as

Trichomonas vaginalis, Herpes simplex virus (Swartz et al., 1978), and Mycoplasma
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genitalium (Jensen et al., 1993; Taylor-Robinson, 1996). There is no clinical difference

between chlamydial or non-chlamydial NGU.

The average incubation period of NGU following sexual contact is between 1 and 3

weeks, with many men complaining of dysuria and urethral irritation with a mucoid or
mucopurulent discharge. Up to 25% of all cases of NGU clear spontaneously within

three weeks and most will resolve within two months (Mardh et al., 1989), although

many symptomatic cases become asymptomatic within three weeks (Shahmanesh, 1994).

More than 10 polymorphonuclear leukocytes (PMNs) in the centrifuged sediment of first-

catch urine per high-power field (x400), or more than 5 PMNs per high-power field

(x1000) in the urethral smear is usually included in the definition of male urethritis
(Swartz et al., 1978; Bowie et al., 1978; Desai et al., 1982). While asymptomatic

urethritis in men is recognized (Swartz et al., 1978; Munday et al., 1985), NGU is more

frequently associated with discharge and/or penile irritation.

1.4.3.3.3 Post-gonococcal urethritis

Post-gonococcal urethritis (PGU) has been defined as a persistent non-gonococcal
urethritis following treatment for gonococcal urethritis. It occurs due to a dual infection
with an organism which causes NGU, with up to 80% of cases being attributed to C.
trachomatis (Stamm et al., 1984). Whether the two infections were acquired

simultaneously, or whether C. trachomatis was acquired first remaining dormant until

triggered by a gonococcal infection (Mardh et al., 1989) is unclear. PGU can be

prevented by both treatment for gonorrhoea and an effective anti-chlamydial regimen.

1.4.3.3.4 Proctitis

C. trachomatis serovars D-K have been isolated from rectal samples from both hetero-

and homosexual men (Munday et al., 1981; Bauwens et al., 1995). LGV can cause

severe proctitis, with symptoms that include rectal pain and discharge (Bauwens et al.,
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1995). The other genital serovars of C. trachomatis have been recovered from

homosexual men, but they have not been associated conclusively with any particular

rectal symptoms (Munday et al., 1983).

1.4.3.3.5 Prostatitis

Weidner et al. (1991) suggested that nearly one third of cases of 'non-bacterial' prostatitis

were of chlamydial origin. Chlamydial urethritis can be diagnosed by culture in
approximately 10% of prostatitis cases (Mardh et al., 1978). Bruce et al. (1931)
examined early morning urine specimens and/or prostatic fluid or semen of fifty patients
with chronic prostatitis by tissue culture, 56% proved positive for C. trachomatis.
However, Doble et al. (1989b) using transperineal prostate biopsies from 50 men with
non-bacterial' chronic prostatovesiculitis failed to identify C. trachomatis in prostatic
tissue. Recently C. trachomatis has been identified by in situ hybridization in prostate
tissue (Corradi et al., 1996; Krieger et al., 1996) and expressed prostatic secretions (Guo
et al., 1997) by PCR. Symptoms of prostatitis can include discomfort, urethral

discharge, dysuria, an increased frequency of urination, painful ejaculation and a reduced

libido.
1.4.3.4 Lymphogranuloma venereum

Lymphogranuloma venereum (LGV) is a systemic, sexually transmitted disease caused

by C. trachomatis serovars L1 to L3. The disease is endemic in East and West Africa,
India, South-East Asia and South America. It is uncommon in the UK with a combined

total of 91 reports of chancroid, granuloma inguinale or LGV from GUM clinics in 1995
(Dept. Health, 1996).

The primary lesion of LGV usually appears 3-12 days post-infection, classically the ulcer
is transient commonly effecting the corona; suculus, frenulum or prepuce in men, and the
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