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EPIDEMIOLOGICAL STUDIES ON UROGENITAL 
INFECTION WITH CHLAMYDIA TRACHOMATIS 
AND ITS SEQUELAE FOR HUMAN FERTILITY 



STELLING EN 

Het is waarschijnlijk <lat het gebruik van orale anticonceptiva op tweeerlei 
wijzen de epidemiologie van Chlamydia trachomatis heeft be'invloed, namelijk 
direct door verhoging van de vatbaarheid van de cervix uteri voor infectie 
met Chlamydia trachomatis, en indirect door verhoging van de mate van 
promiscliiteit. 

2 Verzameling van gegevens over de vroegere en meer recente sexuele 
gewoonten zou van ieder epidemiologisch onderzoek naar sexueel overdraag
bare aandoeningen en hun gevolgen deel uit moeten maken. 

3 Urogenitale infecties met Chlamydia trachomatis spelen geen belangrijke rol 
bij het ontstaan van mannelijke fertiliteitsstoornissen. 

4 In de populatie van de Groningse fertiliteitspoli is ongeveer een derde dee] 
van het aantal onverklaarde afwijkingen aan de tubae fallopii geassocieerd 
met sexueel overdraagbare aandoeningen. 

5 Het gebruik van tatouagepigmenten voor markeringsdoeleinden bij chirur
gische excisie van Iaesies van de mamma, verdacht van maligniteit, is pas 
geoorloofd nadat verdachte calcificaties bevestigd zijn door preoperatieve 
mammografie. 
(D.J. Lager et al., J. Surg. Oncol. 1989;40: 182-282). 

6 Vroegdiagnostiek van mucoviscoidose door screening op neonatale leeftijd, 
gevolgd door adequate behandeling van de patienten Ieidt tot een significant 
betere overleving van de patienten uit de gescreende populatie in verge
lijking met die uit een niet-gescreende populatie. 
(J. Dankert-Roelse, et al., J. Pediatr. I 989;114:362-367). 

7 Quinolonen zouden slechts in de humane geneeskunde toegepast mogen 
worden. 
(H.Ph. Endtz et al., Lancet I 990;i:787). 

8 Als motief voor multidisciplinair klinisch-wetenschappelijk onderzoek wordt, 
onterecht, zelden het Hawthorne-effect genoemd. 



9 De ervaring leert <lat, wanneer een beleidsambtenaar uit een der ivoren torens 
spreekt van "een goed stuk beleid", het woord "stuk" in de regel niet opgevat 
dient te worden als een zelfstandig maar als een bijvoeglijk naamwoord. 

l O Het zou verwonderlijk moeten zijn <lat de politici, in de recente discussie 
over de wenselijkheid van invoering van het referendum, deze vraag niet 
per referendum aan hun kiezers hebben voorgelegd. 

11 In de medische microbiologie is het geen bezwaar, wanneer patienten er 
voor faeces-onderzoek maar een potje van maken. 

Groningen, l O oktober 1990 G.J.H.M. Ruijs 

.. 



Cover: Fluorescence microscopy of a cervical smear, containing Chlamydia trachomatis particles 
(green) against a background of cellular material (red). 
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INTRODUCTION TO EPIDEMIOLOGICAL STUDIES ON 

UROGENITAL INFECTION WITH CHLAMYDIA TRACHOMATIS 
AND ITS SEQUELAE FOR HUMAN FERTILITY 





I I 

NOMENCLATURE AND TAXONOMY 

In 1945 Rake proposed the name "Chlamydia" by which we know the organism 
at present. He derived it from the Greek word x>-.aµv<;, which stands for "cloak". 
This refers to the chlamydia! inclusion, especially in the case of Chlamydia psittaci, 
embracing the host cell nucleus like a cloak. 

Chlamydiae have also been known as: 
Trachoma inclusion conjunctivitis (TRIC)-agent 
Chlamydozoaceae 1908 
Chlamydozoen 1909 
Myagawanella 1938 
Rickettsiaformis 1950 
Prowazekia 1953 
Bedsonia 1953 
Rakeia 1964 

In 1968 Page proposed to divide the genus into two separate species, for which 
he utilized the terms Chlamydia trachomatis (C. trachomatis) and Chlamydia 
psittaci (C. psittaci) 1

• 

Chlamydiae, when first seen in association with the psittacosis outbreak of 
1929 mistaken for large viruses, are currently placed in their own order, the 
Chlamydia/es, family Chlamydiaceae, with one genus, Chlamydia2. At present, 
the genus Chlamydia consists not of two, but of three distinct species, Chla
mydia trachomatis, Chlamydia psittaci and Chlamydia pneumoniae (C. pneumo
niae), the last species being added in 1989. 

C. psittaci is a common pathogen of avian species and domestic mammals, 
producing the diseases psittacosis (ornithosis), feline pneumonitis, bovine abor
tion etc.3 but only involved in humans as a zoonosis. C. psittaci strains are antige
nically heterogeneous, with major differences between the avian and mammalian 
strains, but with inadequate information on which to· subdivide them as distinct 
species4. 

C. pneumoniae, formerly designated as TWAR (derived from the first two 
isolates, TW-183 and AR-39), is a human psittacosis species, which causes 
infections of the respiratory tract, such as pneumonia5·6. DNA homology be
tween C. psittaci strains varies from 48% to 64%7. DNA homology between 
C. psittaci and C. trachomatis is only 10%8 , leading to the suggestion that the 
two organisms are examples of a convergent evolution from different ancestors9 . 
Nevertheless, Chlamydiae are clearly related by their common development cycle, 
common antigens and similar biological and metabolic activity, justifying their 
inclusion in the same genus. 

It has also been postulated that the intracellular, procaryotic Chlamydiae are 
evoluted from an extracellular, procaryotic ancestor, while retaining the properties 
essential for intracellular life, including a unique morphology and development 
cycle, a very small genome and an extremely limited synthetic capacity 10 . 

The trachomatis species is differentiated from the other two on the basis of 
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two relatively simple laboratory tests. One involves staining of infected cells 
with iodine to determine whether the inclusions contain glycogen (C. trachomatis 
inclusions do, while inclusions of the other two species do not) 11• The other 
and less reliable test consists of testing for susceptibility to the action of sul
fonamides: C. trachomatis strains are susceptible and the other two species are 
resistant 12. The differentiation between the human C. pneumoniae and the avian 
and mammalian C. psittaci, can be made with various DNA-techniques, such 
as restriction endonuclease analysis, Southern hybridizations with TWAR DNA
fragments and DNA homology studies 13. 

There are fifteen serotypes, or serovars, within the species of C. trachomatis 14• 

These strains were first classified into serotypes in the 1960s, using the "mouse 
toxicity prevention test". In this bioassay, mice were inoculated intravenously 
with highly concentrated C. trachomatis suspensions 15• Sublethal inoculation 
conferred protection on subsequently challenged mice and allowed a functio
nal grouping of strains. In the 1970s the strains were classified serologically 
by means of a two-way microimmunofluorescence test 16, 17. By using this method 
fifteen separate serotypes have been described, with their respective variety of 
infection (Table 1). The classification of strains by serotyping was found to 
correspond to the results of the mouse toxicity prevention test 16• More recently, 
the use of monoclonal antibodies has increased the number of distinguishable 
serotypes andallowed for a more detailed understanding of antigenic relatedness 
among the C. trachomatis strains 18. 

Table I. Human diseases caused by serotypes of Chlamydia trachomatis. 

Species 

C. trachomatis 

C. trachomatis 

C. trachomatis 

Serotype 

A, B, Ba, C 

D, E, F, G, H, I, J, K 

L-1, L-2, L-3 

Disease 

Hyperendemic blinding trachoma 

Inclusion conjunctivitis (adult and newborn), neonatal 
pneumonia, (nongonococcal) urethritis, cervicitis, en
dometritis, salpingitis, perihepatitis, proctitis, epididymitis 

Lymphogranuloma venereum 

After: Schachter J. Chlamydia! infections. N Engl J Med 1978;298: 428-435. 
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BIOLOGY 

Chlamydiae are nonmotile, coccoid, intracellular bacteria with a distinctive 
dimorphic life cycle. They differ from the viruses in having both of the two 
nucleic acids, RNA and DNA, and in having a discrete cell wall, quite analogous 
in structure and content to those of the gram-negative bacteria 1• Chlamydiae, 
like all parasites, inhabit a discontinuous environment2 • They exist either as an 
extracellular, infectious, nonmultiplying 'elementary body' (EB), or as an intracel
lular, noninfectious, multiplying 'reticulate body' (RB). In order to survive they 
must travel from host to host, and, within the host, from cell to cell. The often 
contradictory demands made on the chlamydia! cell in the two different environ
ments have resulted in splitting the job between two phenotypes, the elementary 
body and the reticulate body (Table 2). The EB measures about 300 to 400 
nm in diameter and is uniformly spherical. The RB is pleomorphic and 800 
to 1,000 nm in diameter and has a loosely distributed nucleoid when compared 
to the EB3 . 

The unique growth cycle of Chlamydia initially involves attachment and 
penetration of the elementary bodies into susceptible host cells4 . The initial contact 
between the infecting Chlamydia and the host cell involves specific receptor 
sites, such as heat-sensitive sites on the Chlamydia and, trypsin-sensitive sites 
on the host cell5 . The presence of these sites could be of importance to which 
cell� are naturally susceptible to infection6•7. Attachment may also be enhanced 
by changing surface charge; for example pretreatment of cultures with DEAE
dextran enhances attachment8. Once attached, the agent enters the cell by 
phagocytosis9 . Because Chlamydiae are obligatory intracellular parasites, it is 
highly advantageous to induce phagocytosis by host cells. This phagocytosis 

Table 2. Properties of the two life forms of Chlamydiae, respectively the elementary and the reticulate 
body. 

Property Elementary body Reticulate body 

Size 300-400 nm 800-1,000 nm 
Rigid cell wall + 
Extracellular stability + 
Serotype-specific antigens + 
Species-specific antigens exposed + 
DNA nucleoid dispersed 
RNA /DNA ratio <I 3-4 
Infective +" 
Induce phagocytosis +" 
Inhibit phagosome function +" 
Toxicity +' 
Metabolic activity + 
Replication + 

" - Properties apparently blocked by specific antibody. 
After: Schachter J, Caldwell HD. Chlamydiae. Ann Rev Microbial l 980;34:285-309. 
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Life cycle of Chlamydia trachomatis (after: Mardh P-A, et al. Chlamydia, Plenum Publishing 
Corporation, New York, 1989). 

is preferential, because Chlamydiae are ingested more quickly than other bac
teria or inert particles 1°. Significant differences exist in the infectivity of Chlamydia 
strains in vitro, and these differences parallel the virulence of the organisms 
in vivo 11. In cell culture, avian strains of C. psittaci and lymphogranuloma 
venereum (LGV) strains of C. trachomatis are avidly bound and ingested by 
many cell lines. In contrast, strains of C. trachomatis of the trachoma serotypes 
(A, B, Ba, C), which are responsible for most cases of ocular and genital disease 
in humans, are inefficient in causing infection of cell lines3 • Efficient ingestion 
of these serotypes occurs only with centrifugation of EBs onto the host cell 
monolayer, in contrast to LGV strains and many C. psittaci strains. In addi
tion, LGV and mouse strains of C. trachomatis and many strains of C. psittaci 
undergo multiple cycles of infection and replication in cell culture systems. This 
characteristic increases the production of organisms that can be achieved in 



16 

laboratory propagation of Chlamydia and has caused many investigators to use 
LGV or mouse strains of C. trachomatis and strains of C. psittaci in studies 
of the pathobiology of Chlamydia. Thus, much of the data obtained in models 
of chlamydia! infection cannot be generalized to the trachoma strains, which 
are of greater public health significance in developed countries than LGV strains 
of C. trachomatis or C. psittaci3. 

Once the Chlamydiae have penetrated the cell they remain within the phagocytic 
vesicle throughout the following growth cycle3 . The Chlamydiae specifically 
inhibit fusion of the phagosome and the lysosomes. The EB then undergoes 
conversion to a metabolically active RB within the first 6 to 8 hours after enter
ing the host cell. This reorganization process is poorly understood. Although 
it is hard to study chlamydia! metabolism against the larger background of host 
cell metabolism, it has been shown that protein synthesis peaks about l 0-15 
hours after infection when multiplication of chlamydia! particles occurs 1 2

. By 
selective inhibition of metabolism of either the parasite or the host cell (cyclohex
imide inhibits the synthetic capabilities of the mammalian cell lines and 
chloramphenicol inhibits protein synthesis of Chlamydiae), it was possible to 
separate the net production of proteins or nucleic acids of Chlamydiae from 
the cell background at different times 1 3 • 1 4 . Using the host cell pool of precursors, 
the RBs synthesize RNA, DNA and protein15

• The Chlamydiae cannot synthesi
ze their own high-energy compounds and have been termed "energy parasites" 
because of this 15

• As to be expected, RNA and DNA synthesis peak at the 15-
25 hour period when multiplication of Chlamydiae is at its highest16

. The log 
phase lasts about 10 hours. Host protein synthesis is not inhibited by chlamy
dia! infection. However, since Chlamydiae are recovered at higher titres from 
selectively inhibited host cells, there may be some competition for nutrients 
between the protein-synthesizing systems of the parasite and those of the host 
cell. Within the membrane-bound phagosome, the chlamydia! inclusion, the RBs 
replicate by binary fission. They divide by binary fission from approximately 
8 hours after entry into the host cell to approximately 18 to 24 h. This is, 
naturally, the stage of greatest metabolic activity when the organisms are the 
most vulnerable to the action of antimicrobial agents, such as the inhibitors 
of cell wall synthesis and inhibitors of bacterial metabolic activity. At approxima
tely 18 to 24 hours some of the RBs reorganize into the smaller infectious 
EBs. Subsequently the numbers of EBs increase and appear to predominate, 
although both EBs and RBs are found in the inclusion bodies. This entire cycle 
takes place within the phagosome, which obviously undergoes a large increase 
in size. The inclusion is formed out of host cell membrane after ingestion of 
the infecting EB. The mechanism of increase of the inclusion body membrane 
together with the increase in number of Chlamydiae is unclear, however. 
Ultimately, the mature inclusion may occupy some three quarters of the host 
cell volume and contain up to I 0,000 chlamydia! particles. At some time be
tween 48 to 72 h, the cell ruptures and releases the infectious EBs 17. Phago-
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Lysosomal fusion does not occur until the death of the cell is imminent . This 
inhibition has been attributed to a chlamydia! surface antigen because in antibody
treated host cells phagolysosomal fusion is not inhibited. This is difficult to accept 
as being true for the entire duration of the growth cycle. Another explanation 
is that antibody-freated organisms are killed; living Chlamydiae may modify 
the phagosome membrane 18 • 
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STRUCTURE 

In recent times, substantial progress has been made in developing a model 
of chlamydia! structure as it relates to laboratory detection 1 . Most of this structural 
information has been obtain.ed for C. trachomatis organisms. The structure, 
particularly where antigenic moieties are concerned, may vary significantly for 
C. psittaci and C. pnewnoniae organisms. The chlamydia! EB has an outer mem
brane similar to that of many gram-negative bacteria and which consists of 
several components. Electron microscopy has shown that both EBs and RBs 
have two distinct trilaminar cell membranes2. The cell wall of the organisms 
are approximately one-third protein with the majority of the rest being lipid3. 
It consists of subunits of about 20 nm in diameter arranged in a regular geometric 
pattern4 . The most prominent component of the cell membrane is the major 
outer membrane protein (MOMP), which comprises about 60% of the dry weight 
of the outer membranes. The molecular mass of the MOMP varies among C. 
trachomatis serotypes, but averages 40,000 daltons6

. It is the major structural 
protein and appears to have a unique function in maintaining the structural 
integrity of the cell walls. It is apparently a transmembrane protein with surface 
antigenic components that are at least partially responsible for serotype-complex 
reactivity. Other surface antigens, responsible exclusively for serotype specificity, 
appear to have a molecular weight of 25,000 to 30,0007. Electron micrographs 
have shown the regular arrangement of spikelike protuberances that occur in 
only a limited area of the EB particle8. The exact function of these projections 
is not known,but from their arrangement it is likely that they are involved in 
attachment of and possibly in transfer of molecules into or out of the EB par
ticle. The chlamydia! outer membrane contains a lipopolysaccharide (LPS) antigen 
which is structurally similar to the "deep rough" LPS of Salmonella minnesota 
Re9

•
1 0

. Both C. trachomatis and C. psittaci have LPSs which have antigens shared 
by other members of the family of Enterobacteriaceae and genus-specific antigens, 
although their LPSs are not identical 1 1 . The extractable chlamydia! LPS is the 
major antigen detected in genus-specific serological tests for chlamydia! infec
tion. 
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INFECTIONS WITH CHLAMYDIA TRACHOMATIS 

- Trachoma -

Human suffering caused by C. trachomatis has been known since antiquity ' .  
The treatment for trichiasis, the inward turning of  the eyelashes, one of  the 
sequelae of trachoma, which is the chlamydia! eye infection, was described in 
China in the 27th century B.C. Medical treatment and surgical therapy were 
described in the Ebers Papyrus in the 19th century B.C. in Egypt2,3 . Tracho
ma was endemic in the Mediterranean basin in classical times. The name 
trachoma, which in Greek means "rough swelling", was first mentioned in the 
first century B.C .. It was well described in medieval manuals in Greek and Arabic. 
In the Middle Ages, trachoma was disseminated by the crusaders returning from 
Palestine . The disease burst on the European scene again following the Napoleonic 
campaigns in Egypt in 1798 and 1799. The Egyptian ophthalmia, as it was 
called at the time, was rampant in the English and French troops in Egypt 
and became endemic in both the civilians and the military during the Napoleonic 
era. It was identified as a major cause of blindness in the English military popula
tion. 
The affliction of the eye called trachoma is caused by infection of the conjunctiva 
with specific serotypes of C. trachomatis, A, B, Ba and C4 . Trachoma occurs 
under certain, destitute living conditions, associated with overcrowding. It is trans
mitted by direct or indirect contact with infected material (hands, towels, cloth
ing, etc.). In such situations one tends to speak of "ocular promiscuity". In the 
most heavily affected communities, especially children are affected at the early 
age of 1 or 2 years. Following infection the trachomatous inflammation may 
resolve spontaneously, or may progress to conjunctiva! scarring which can cause 
inward deviation of the eyelashes (trichiasis) or of the eyelid margin (entropion). 
The inturned eyelashes abrade the cornea and make it opaque or ulcerated. 
Other bacterial pathogens may also contribute to the worsening of the infected 
ulcer . The infection may lead ultimately to total blindness. 
During the 19th century, trachoma was widespread in Europe, and in those days 
most ophthalmic textbooks devoted considerable space to the description and 
treatment of the disease. The course of the affliction was well characterized; 
the focal "granulation" was recognized as lymphoid follicles similar to those 
of the intestine, and the conjunctiva! scarring and superficial corneal vascu
larization were considered sequelae of the chronic disease process. In 1907 the 
causal agent was identified as chlamydia! inclusions by Halberstaedter and von 
Prowazek in conjunctiva! scrapings from orangutans that had been infected with 
human trachomatous scrapings5 •6. The trachoma inclusions were finally estab
lished as the etiological agent despite claims for a bacterial origin (e.g. Bacterium 
granulosis)7. 

Despite the widespread cultivation of psittacosis and lymphogranuloma venereum 
(LGY) agents in eggs during the 1930s the first accepted isolation of the trachoma 
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agent was not reported until 1 957 by T'ang and his associates in Peking8 . It 
is probable, however, that Macchiavello, working in Peru, already successfully 
isolated the trachoma agent and inoculated a volun teer with the cultivated agent 
in 1 9449, but his work was not recognized by other workers in the field, possibly 
because the report did not appear in a prominent journa12. 

At present trachoma still occurs endemically in economically poor regions of 
the world, in Africa and the Middle East, in India and in South-east Asia in 
these regions. I t  may be encountered where people l ive under crowded circum
stances in poor hygienic conditions. 

- Lymphogranuloma Yenereum 

Lymphogranuloma venereum (LGV), a systemic disease transmitted by sexual 
contact, was probably first described by John Hunter in 1 786 1 , 10• It has been 
known by a variety of different names, including: malady of Durand, Nicholas 
and Favre; lymphopathia venereum; climatic bubo; venereal bubo; lymphogra
nuloma inguinale. Noticing its similarity to Iymphadenomas Durand, Nicholas, 
and Favre coined in 1 9 1 3 the name lymphogranuloma 1 1 • A historic advance 
in the diagnosis of LGY was made in 1 925 when Frei introduced a specific 
skin test, named after him 12 . Shortly thereafter, Hellerstrom succeeded in 
transmitting the disease by intraurethral inoculation of a man 1 3 • Later, with 
Wassen, he transmitted the infection to monkeys by the intracerebral route 14. 

Findlay showed similarities between the development cycle of the lymphogranu
loma venereum agent and that previously described for the psittacosis agent 1 5. 
Final identification of the agent as a member of the Chlamydiae was made 
in the 1 940s when Rake, Eaton and Shaffer demonstrated antigenic similari
ties, first between the LGV and the psittacosis agent 1 6, and then between the 
LGV and the trachoma-inclusion conjunctivitis (TRIC) agent 17. 

LGV was once more common, and its prevalence seems to have declined due 
to improving standards of living rather than as a reflection of specific control 
measures. The disease is found worldwide, although it is apparently more preva
lent in warmer climates. 

- Paratrachoma -

There are two similar kinds of non-trachoma chlamydia) eye infection, or 
"paratrachoma", namely that of the neonate and that of the adult 1• Both have 
been recognized since the end of 1 9th century. In 1 884 a form of ophthalmia 
neonatorum was described without apparent bacterial infection 18. Morax labeled 
it "conjonctivite amicrobienne" 1 9. The adult syndrome was not as readily 
recognized as that of the neonate. A mild type of "trachoma" was described 
by Schultz in 1 899 as an epidemic among clients of a swimming pool in Berlin20. 
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It was correctly deduced by Fehr that this syndrome was quite different from 
the classical trachoma, and he described it as "endemische Bad Konjunctivi
tis"21. By 1909, the typical chlamydia) cytoplasmic inclusions were also found 
in conjunctiva! scrapings from newborns22·23, from the genital tract of their 
mothers, and from the urethras of their fathers24-26. Material from infants with 
inclusion conjunctivitis inoculated into primates25 produced follicular conjunctivi
tis identical to that obtained with material from adults with follicular conjunctivi
tis27, thus establishing the etiology and epidemiology of the disease of the adult 
soon after it was defined in infants. 
The particular issue of swimming pool conjunctivitis continued to be confusing 
however, since a shorter-lived form of follicular conjunctivitis (now known to 
be caused by adenoviruses) was also associated with swimming pools. At the 
turn of the . century it was thought that infection of the eye probably occurred 
through genital discharges coming in contact with the eye, a view confirmed 
by Morax in 1 933 in his monograph "Les Conjonctivites Folliculaires"28. 
In the following years much of the work on non-trachomatous chlamydia) infection 
(the extra-ocular infections as well) has been carried out by ophthalmologists . 
For example, Thygeson and Mengert reported on the apparently self-limited 
nature of the genital infection29 and Braley showed that the transitional epithe
lium of the cervix supported the growth of the chlamydia) agent in experimen
tally inoculated baboons30 . 
At present neonatal chlamydia) eye infections still occur frequently as a conse
quence of the increased prevalence of chlamydia) cervical infections of the 
mother3 1 . Chlamydia! conjunctivitis of the adult also still occurs frequently in 
patient populations of ophthalmology clinics32 ,33 and sexually transmitted diseases 
(STD) clinics34, although it is regularly overlooked because of its paucity of 
signs and symptoms35 . 

Genital infections in female and male 

Genital infections may be categorized in those of the female and those of 
the male. As female chlamydia) urogenital infections are considered urethritis, 
bartholinitis, vaginitis, cervicitis, endometritis, and salpingitis, or pelvic inflam
matory disease . As one of the sequelae perihepatitis may occur. Urethritis, pros
tatitis and epididymitis are categorized as chlamydia) urogenital infections of 
the male. Both genders may also be infected rectally. Reiter's syndrome, or sexually 
acquired reactive arthritis (SARA) sometimes occurs as a complication of a 
urogenital chlamydia) infection. 

- Urethritis of the Female -

C. trachomatis was first cultured from the female urethra in 1972 by Dunlop, 
who isolated the microorganism from a woman complaining of dysuria and 
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frequency of micturition36 . At the time it was not clear whether the isolation 
of C. trachomatis was to be considered as contamination from a concomitant 
cervical infection, or as a genuine cause of urethral complaints. Paavonen gave 
further evidence of C. trachomatis as a urethral pathogen of women37 . In 1980 
Stamm et al. claimed C. trachomatis as a definite cause of the acute urethral 
syndrome in women38. Their findings have been supported by others39 . Differen
tiating urethral syndromes caused by C. trachomatis from those caused by coli
form bacteria, which often cause urinary tract infections in exactly the same 
population is quite difficult. Therefore, it is not surprising that others have 
questioned the relevance of C. trachomatis in this syndrome40-42. 

- Bartholinitis -

The first report of isolation of C. trachomatis from Bartholin's duct exudate 
of patients with bartholinitis was reported in 197843. 

- Vaginitis -

It is believed that the squamous epithelium lining the vagina in premenarchal 
girls is not susceptible to infection by C. trachomatis44 . In 1985, however, Bump 
reported on four girls with vulvovaginal symptoms who had C. trachomatis isolated 
from their vagina; in three of them as the only pathogen involved45. Ingram 
et al. also isolated C. trachomatis from the vagina of sexually abused prepuber
tal girls46. 

- Cervicitis -

Heymann was the first in 1910 to discover inclusions in cervical epithelial 
cells of the mother of a child suffering from inclusion blennorrhoea47. By tedious 
cytological study the epidemiology of the disease now known as urogenital chlam
ydial infection was unravelled subsequently in the early 19 1 Os. This knowledge 
faded, only to be rediscovered in the 1960s and early 1970s 1• In 1959 Jones 
et al. were the first to really isolate C. trachomatis in pure culture from the 
cervix of the mother of a baby suffering from ophthalmia neonatorum48. 

At present, chlamydial cervical infections, detected by a variety of techniques, 
have widely been studied in epidemiological surveys. They occur quite frequently. 
The prevalence of chlamydial urogenital chlamydial infection in women of child
bearing age in the Western hemisphere varies from 5% to 20%, depending on 
population characteristics49 . 

Epidemiologically, the cervix, often asymptomatically infected with C. trachom
atis, is considered to be the reservoir from which the organism spreads to, either 
the upper genital tract, giving rise to infectious complications as endometri-
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tis, pelvic inflammatory disease (PID)50•5 1 , etc, or spreads to the male partner52, 
or to the child, as it passes through the infected birth canal53. 

- Endometritis -

Although C. trachomatis was already isolated both from the cervix as well 
as from the fallopian tubes, isolation from the endometrium was not reported 
in the literature until 1980 by M0ller et al.54. Shortly thereafter, similar reports 
followed from Gump et al.55 and Mardh P-A56. Since then, epidemiological studies 
have been undertaken to establish more precisely the importance of chlamydia! 
endometritis in various patient populations. Endometritis by C. trachomatis seems 
to occur quite frequently in various populations at risk for chlamydia! infection, 
such as patients with chlamydia! cervicitis (20-40%)57 ,58, and patients with PID 
(40%)59_ 

- Salpingitis / Pelvic Inflammatory Disease (PID)-

The association between salpingitis, or PID, and C. trachomatis was already 
noticed in the l 930s60. About 40 years later Eschenbach et al. observed a rising 
titre of antibodies against C. trachomatis in some women with PID6 1. Shortly 
thereafter, Eilard et al.62, and Mardh et al.63 reported recovering C. trachomatis 
from the fallopian tubes of women with PID. C. trachomatis has not been isolated 
from non-inflamed, healthy fallopian tubes64 . About 15-30% of patients with 
PID will show a positive culture of C. trachomatis of their fallopian tubes65. 
The isolation figures tend to be higher in studies of European soil, compared 
to those of the American continent. This is probably due to epidemiological 
differences in the study populations. 
Strains of C. trachomatis isolated from women with PID were used to infect 
grivet monkeys experimentally66. In such animals, acute salpingitis was provo
ked after inoculation of the strains directly into the oviduct as well as after 
cervical or intra-uterine infection. 
The inflammatory process in the fallopian tubes may severely damage the delicate 
mucosa! surface of the tubes and, also, give rise to the formation of strings 
of connective tissue, which impede normal tubal function. Thus, PID may have 
its sequelae, such as chronic abdominal pain67, infertility68, and ectopic pregnan
cy69 _  
In England, it has been demonstrated that the incidence of PID has been rising 
in recent years, at least for up to 198570. 

- Ovarial Infection -

There has been an isolated report of C. trachomatis reputedly causing infection 
of the ovaries7 1. The organism was cultured from the ovaries of a woman with 
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secondary amenorrhoea. After treatment of the chlamydia! infection her menstru
ation resumed spontaneously. 

- Perihepatitis -

The relationship between upper abdominal peritonitis and salpingitis was first 
described by Stajano in 191972 This publication, which accurately describes the 
clinical features of what we now refer to as the Fitz-Hugh-Curtis syndrome, 
or perihepatitis, unfortunately went unnoticed in the English-speaking world73. 
Therefore, the credit for recognizing the perihepatic adhesions resulting from 
perihepatitis and associating them with evidence of gonococcal salpingitis went 
to Curtis 74 , and that for describing the acute clinical features of perihepatitis 
to Fitz-Hugh 75. Until some years ago, very little has been added to the knowledge 
about the condition, which probably went unrecognized by, and was unknown 
to the majority of practicing clinicians. Based on the reports of Curtis and Fitz
Hugh, it was believed that the gonococcus was the sole responsible causative 
organism. In l 978 Miiller-Schoop et al. first reported serological evidence on 
the possible relation between C. trachomatis and perihepatitis76. Subsequently, 
W0lner-Hansen et al. isolated C. trachomatis from the liver of patients with 
perihepatitis, thus illustrating the pathogenic capacities of the organism in this 
condition 77 ,78 , which is regularly encountered in present clinical practice. 
It would seem unlikely that chlamydia! perihepatitis could ever occur in the 
male because of the supposed pathogenetic mechanism in the female of spread 
of the organism from the genitalia interna through the abdomen to the liver 
capsule. There has been, however, a report in the literature of chlamydia! 
perihepatitis occurring in the male79. 

- Proctitis -

Proctitis due to C. trachomatis occurs in the male as well as in the female. 
Dunlop et al. were the first to demonstrate chlamydia! proctitis by isolating 
C. trachomatis from the rectum of the mother of a baby with ophthalmia neonato
rum80, and others followed8 1 . In 1977 the first isolation from the rectum of 
homosexual men was reported82. This finding was later confirmed by others83 ·84. 

- Urethritis of the Male -

Although it was believed at the time of discovery of the gonococcus by Neisser 
in 1879 that the universal cause of urethritis was established, around the turn 
of the century it was realized that amicrobial forms of urethritis also existed85·86. 
In l 910 Lindner found typical inclusions in urethral epithelial cells of men with 
nongonococcal urethritis (NGU)87. 
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The first isolation in culture of C. trachomatis from the male urethra was 
simultaneously reported in 1964 by several investigators88-90. They came from 
fathers of babies with inclusion blennorrhoea, from males with paratrachoma, 
and from male contacts of women with paratrachoma. 
As to chlamydia! urethritis, little has been added since those early days to the 
clinical and epidemiological knowledge. 
The, compared to cytology, less tedious techniques employed in later days, such 
as culture and serology, have simplified investigation, but the end results, as 
far as chlamydia! nongonococcal and postgonococcal urethritis is concerned, 
are essentially the ·same as those of the early pioneers1 • 

Symptomatic chlamydia( urethritis occurs in two different forms. The first of 
which was originally named nongonococcal urethritis (NGU), indicating clear 
signs and symptoms of urethritis in absence of a positive culture for N. gonorrhoeae. 
The other, called postgonococcal urethritis (PGU), occurrs after successful 
treatment of gonorrhoea, according to the negative test-of-cure cultures . Despite 
the apparent eradication of N. gonorrhoea the symptoms of urethritis persist. 
In the first half of this century NGU was overshadowed by gonorrhoea, and 
was not thought to be important9 1. From the 1960s onwards, much has been 
done to elucidate the enigma of NGU. Because of its complex etiology NGU 
is still not fully understood, and much effort has been put into clarifying the 
etiologic role of C. trachomatis in the entity. Nowadays, although not all of 
Koch's postulates have been fulfilled (the experimental inoculation of non-LGV 
serotype of C. trachomatis into the urethra of a human male has still to be 
done), it is widely accepted that C. trachomatis is an important, and common 
causal agent of NGU. Nowadays, much energy is directed towards investiga
ting asymptomatic chlamydia! urethritis, because of its prominent epidemiolo
gic significance92•93 . 

- Prostatitis -

Whereas an etiologic role for C. trachomatis in urethritis and epididymitis 
is widely accepted nowadays, the relationship between C. trachomatis and nonbac
terial prostatitis, a poorly understood entity, is still not clear. There are doubts 
about any etiological relationship because of failure to detect C. trachomatis 
in prostatic secretions, or, respectively, lack of serological relationship94,95 . Others, 
however, have been more successful in this respect, and isolation of C. trachomatis 
has been reported both from prostatic fluid96•97, as well as from prostatic cells 
of patients with nonacute a bacterial prostatitis98. Recently, another study appeared 
strengthening the relationship between C. trachomatis and prostatitis99 . 

- Epididymitis -

In 1975 Heap noticed a significant rise in the titre of group-reactive antibodies 



27 

to Chlamydia in two men with acute epididymitis, and he suggested that C. 
trachomatis might be the cause of their affliction100,10 1 . The next step was taken 
by Harnisch et aI. 1 02. They isolated C. trachomatis from the younger (<33 years) 
men in a group of patients with epididymitis. Their findings were further elabora
ted by Berger et al., a year later, by examination of epididymal aspirates 103 . 
The relationship between C. trachomatis and epididymitis was substantiated 
further by an animal model involving grivet monkeys, in which epididymitis 
has been induced by inoculating the vas deferens with C. trachomatis 104 . 

Acute epididymitis and its relationship with C. tmchomatis is still regularly studied . 
It appears to occur mainly in heterosexual men of under 35 years of age 105-

101 

- Reiter's syndrome / Sexually Acquired Reactive Arthritis (SARA) -

The syndrome consisting of conjunctivitis, urethritis, arthritis, and, often, skin 
lesions, which is known today as Reiter's syndrome or sexually acquired reactive 
arthritis (SARA), was already known in 1836, when it was described by Brodie 1 °8. 
In 1916 Reiter published his case history of a young German soldier with the 
classical triad of urethritis, conjunctivitis, and arthritis 1°9. Ironically, a short while 
later, in the French literature a case of the same syndrome in a French soldier 
was published by Fiessinger and Leroy' 10. Their case and Reiter's occurred at 
opposite sides of the same battle at the Somme! Both cases followed outbreaks 
of dysentery. Until recently, only inconclusive evidence existed for the relation
ship between C. trachomatis and SARA. Arthritis was known to follow LGV
infection 1 1 1· 1 12. Conversely, many patients with SARA showed to have chlamy
dia) urethritis as well 1 1 3 . In the 1960s Schachter et al . reputedly reported success
ful isolation attempts of C. trachomatis from synovial fluid and membrane biopsy 
of patients with SARA 1 14. This was also reported by Dunlop et al. 1 15. Since 
then, isolation of C. trachomatis in synovial material has ended in failure 1 1 6, 

until recently, when Ishikawa et al., followed by Keat et al. detected C. trachom
atis-like organisms with an indirect immunofluorescence technique and electron
microscopy in synovial fluid and membrane' 1 7, 1 1 8 . 

Neonatal infections 

A child may already experience deleterious effects of chlamydia) infection 
in the womb. Possible adverse pregnancy outcome (APO) is presently studied 
intensively. However, it is extremely difficult to differentiate between the effects 
of C. trachomatis and those of other microorganisms on premature rupture of 
the membranes (PROM) and pregnancy outcome. A recent study by Ryan et 
al. involving a very large number of pregnancies showed some very interesting 
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results 1 19 • Although they also were not possible to pinpoint C. trachomatis as 
the sole culprit, they did show that it was possible, through screening for chlamydia! 
urogenital infection and subsequent treatment of the infected pregnant woman, 
to lower the risks related to chlamydia! infection to the same level as in the 
C. trachomatis-negative group. 
During passage through a genitourinary tract contaminated with C. trachom
atis, an infant may become infected itself. This may lead to neonatal conjunctivi
tis, also called blennorrhoea or paratrachoma, as described earlier. Also a 
pneumonia may develop in the neonate, either as a consequence of direct infection 
at birth, or secondary to a chlamydia! nasopharyngeal infection. 

- Neonatal Pneumonia -

As early as in 1941 Von Botsztejn described a clinical syndrome in the in
fant,which he called pertussoid eosinophilic pneumonia of infants, that closely 
resembles chlamydia! neonatal pneumonia 1 20• Much later Schachter suggested 
that Chlamydiae might be a cause of this neonatal pneumonia 12 1 . Beem and 
Saxon were the first to isolate C. trachomatis from infants with neonatal 
pneumonia 1 22 . The untreated infection may run a long and sometimes intermittent 
course, but spontaneous resolution with few clinical sequelae is the rule and 
mortality is low 1 23 , although exceptions occur 1 24 - 1 26. 
Other infections of the respiratory epithelium have been described too, such 
as nasal infection1 27• 1 28, and otitis media 1 29 . 
Current interest is mainly directed at schemes attempting to prevent neonatal 
chlamydia! disease by screening for C. trachomatis and subsequent treatment 
of infected mothers-to-be 1 30, 1 3 1 . 

- Adverse Pregnancy Outcome (APO) -

Infection by several kinds of microorganisms has been associated with APO, 
i.e. abortion, stillbirth, dysmaturity, premature labor or premature rupture of 
membranes (PROM). As culprits have been mentioned ,8-hemolytic streptococci 
of Lancefield group B 1 32 , Ureaplasma urealyticum1 33 , Mycoplasma hominis1 34, 

and Trichomonas vaginalis1 35 . In several studies C. trachomatis has also been 
associated with APO 1 36- 1 39, or PROM 1 40• Other studies have failed to do so 1 4 1 • 1 42 . 
At present the relationship, let alone a causal one, between C. trachomatis and 
APO is all but clear. Much larger numbers of patients will have to be stu
died to reach any definitive conclusion. In such investigations all microorganisms 
possibly associated with APO should be considered and determined qualitatively, 
as well as quantitatively . Also adjustment for demographic, socioeconomic, be
havioral and other confounding factors is important. 
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Miscellaneous infections 

There are several other miscellaneous conditions where C. trachomatis may be 
possibly implicated, such as endocarditis 143 , meningoencephalitis 144, acute diar
rhoea 145 , and ulcerative disease of the small intestine 146. 

Also in tonsillitis 147, chronic otitis media in children 148, although not found by 
others 149, 150, pharyngitis in adults 15 1 , 152, although not confirmed by others 153- 1 55, 

pneumonia in immunocompetent patients 156• 1 57 , as well as in the immuno
compromised host158- 160. 
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HOST IMMUNE RESPONSE ON INFECTION BY CHLAMYDIA TRACHOMAT/S 

Little is known about the pathophysiologic mechanisms of the host immune 
response following infection by Chlamydiae, how these control or perhaps even 
exacerbate the disease' . Most of what we know is derived from mainly serolo
gical studies of ocular and urogenital infections caused by C. trachomatis in 
man, from related work with animal models employing strains of C. trachomatis 
and guinea-pig inclusion conjunctivitis (GPIC), caused by a C. psittaci strain, 
and from studies of infection in cell cultures . There are still many questions 
unanswered. How does the host recover from infection by Chlamydia and eradicate 
the microorganism? Why does the infection cause severe damage to one person 
and not to the other? What causes the pathological processes? Can an effective 
vaccine be developed? Etc, etc .. 
According to animal studies, both humoral and cell-mediated immunity are impor
tant. 

- Humoral Immune Response -

Information on antibody responses following chlamydia! infection is largely 
based on the microimmunofluorescence (MIF) test .  Exact information lacks on 
the antibody specificities involved, the reactive antigens in that test are the ones 
that are stable enough to resist fixation by acetone, and the detection of an
tibodies to minor surface antigens may be relatively insensitive. Despite these 
reservations, it is clear that antibody responses to . genus-, species- and sero
type-specific antigens exist. 

- Immunoglobulin M -

The kinetics of the humoral antibody response in naturally acquired chlamydia( 
infection is not well known, but from experiments in animals it may be concluded 
that after a first-episode C. trachomatis infection initially IgM is produced, followed 
by the usual switch to IgG2 . In isolation-proven, first-episode chlamydia( ureth
ritis in the male, about 70% of patients present with a specific IgM response 
against C. trachomatis, and about 80% show specific IgG within 3 weeks after 
onset of the infection3 • IgM antibodies against C. trachomatis are more often 
detected in male patients than in the female. This is probably not due to sex 
differences in immunological reactivity, but because of the fact that males tend 
to experience more explicitly the symptoms of their infection with C. trachomatis. 
They look for help at an earlier stage of their chlamydia! infection than women 
in whom the infection tends to follow a more asymptomatic course. Detec
tion of IgM is therefore seldom of any use, apart from demonstrating chlamy
dia( infection in the neonate. 
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- Immunoglobulin G -

Serum IgG antibodies to C. trachomatis may persist for years in some persons, 
whereas in others the levels of antibodies against C. trachomatis may decline 
to undetectable levels4. 

- Immunoglobulin A 

The significance of IgA antibodies in chlamydial infection remains unclear. The 
presence of short-lived serum IgA antibodies might suggest an ongoing C. trach
omatis infection5. The existence of IgA antibody to C. trachomatis in cervical 
secretion generally correlates with the presence of serum antibody and appears 
to reflect present or past chlamydia! infection6•7 . Some have gone so far as to 
state that the presence of local IgA antibody in secretion is to be consider
ed as a sign of ongoing chlamydia! infection 7. Others have suggested a protective 
effect of local IgA antibody, because they found an inverse correlation between 
antichlamydial secretory-IgA (s-IgA) and quantitative recovery of C. tracho
matis8. However, considering that ongoing chlamydia! infection is almost in
variably accompanied by high antichlamydial titres, and that a low number of 
Chlamydiae isolated from the cervix correlates with highly promiscuous behav
iour9, it may well be that there is no effective protective effect at all. To com
plicate things further, in a guinea pig animal model chlamydia! s-IgA antibodies 
have shown some protection to reinfection 10 . Perhaps antibodies, failing to offer 
protection in cervical infection, do offer some protection against ascending C. 
trachomatis infection 1 1 . 

- Cell-mediated immune response -

In comparison to what is known about the humoral immune response to C. 
trachomatis, even less is known about the cell-mediated immune response. The 
Frei skin test, believed to detect delayed hypersensitivity to LGV agents, does 
not correlate very well with LGV1 2 . In vitro tests, such as the lymphocyte transfor
mation test (LTT), show a higher stimulation by chlamydia! antigen in patients 
with current C. trachomatis infection or high antibody titres against C. tracho
matis 1 3. Others have failed to confirm that 1 4. 

- Immunization -

Considering the high incidence of chlamydia) genital infection and its asymptoma
tic nature, it would be desirable to have the possibility of immunizing the popula
tion at risk against C. trachomatis infection. However, the prospects for immuni
zation seem grim, since immunization against trachoma with whole, inactivated 
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chlamydia! elementary bodies revealed examples of abnormalities of the immuno
regulation during chlamydia! infection 1 5• Although some protection was seen 
in immunized subjects, it was not durable. Some subjects even developed more 
extensive trachomatous changes when reinfection occurred. In a primate model 
using mucosa) immunization, similar results were observed 16. These observations 
suggest that the aberrant immunological response underlies the sequelae of 
chlamydia) infection, and not the infection per se. Perhaps chlamydia! infection 
triggers autoimmune phenomena by inducing exposition of HLA-DR antigens 
by infected cells 17. 
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DIAGNOSIS AND DETECTION 

Chlamydia trachomatis, and Chlamydiae in general, have been implicated in 
an increasing spectrum of infectious diseases. It was therefore of increasing impor
tance to develop adequate methods of detection. Diagnosis and research of chla
mydia! infection has rested on three pillars, on direct visualization of Chlamydiae, 
or its inclusions by means of staining, on culture in animals, eggs, or mammalian 
cells, and on measuring host response to infection, with the Frei test, or, more 
importantly, serology. Lately antigen tests such as detection of chlamydia! antigen 
by ELISA, or DNA-techniques have been added to the armamentarium. 

Direct visualization 

Staining techniques have been employed since the early days of chlamydiology. 
The first observations of chlamydia! inclusions were made in conjunctiva! smears 
taken from the eye of an orang-utang which was experimentally inoculated with 
material taken from the eyes of patients suffering from trachoma in Java 1 • Since 
then for routine diagnosis direct detection methods were gradually superseded 
by more sensitive methods cell-culture methods. Recently, however, direct 
detection of C. trachomatis has made a triumphant return with the introduction 
of immunofluorescent staining with monoclonal antibodies. The staining tech
niques used in direct detection are basically the same as those employed in 
cell culture. 
Three general staining techniques have been employed for detecting chlamydia! 
inclusions in cells, namely conventional histochemical, immunocytochemical and 
immunofluorescent stains2 . 

- Conventional Stains -

Giemsa's stain has been useful for detecting C. trachomatis inclusions as, when 
combined with dark-field microscopy, the mature inclusions "autofluoresce" an 
apple-green-yellow colour which to the observer, is quite distinct. The stain 
has its drawbacks, however. Individual RBs or EBs are not visible, so, unless 
there are many inclusions present, they are difficult to detect. The stain lacks 
sensitivity. This holds for all the conventional stains. 
The glycogen matrix found in C. trachomatis inclusions can be detected with 
various stains. The most popular is iodine, which stains the matrix brown3 . Iodine 
staining is probably the simplest of all the staining techniques used for detecting 
C. trachomatis, and has the advantage of requiring only a simple bright - field 
microscope for detection of inclusions. 
Several other stains have also been advocated for staining of C. trachomatis 
inclusions, such as carmine4, periodic acid-Schiff (PAS)5, methyl green-neutral 
red6. Although it would already seem unlikely at first glance, it has nevert
heless been suggested that chlamydia! infections can be reliably detected in routine 
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Papanicolaou cervical smears7. The incorrectness of the idea has unanimously 
been proven by several studies8- 1 0. 
The conventional stains have all been caught up by the developments in immuno
cytochemical and immunofluorescent stains. 

- lmmunocytochemical and Immunofluorescent Stains -

Although it was long since possible to detect C. trachomatis by means of 
cell culture, there was an increasing need for an inexpensive and less technically 
demanding test for screening purposes. The discovery of the technique to manu
facture in large quantity specific, monoclonal antibodies opened the possibili
ty to use fluorescein- labelled monoclonal antibodies for the detection of C. trac
homatis in clinical specimens. After the first reports appeared 1 1 - 1 3  a genuine 
avalanche of publications appeared in almost every journal with a grain of self 
respect, and those without, comparing the new technique with the "golden stan
dard" of cell culture14. Although each investigation yielded its own sensitivity, 
specificity, positive and negative predictive values, the general conviction is that 
direct detection with monoclonal antibodies is almost as sensitive as cell culture 
and that it is interchangeable where patients are studied with a relatively high 
prevalence of C. trachomatis infections of 10 to 40%. In case of lower preva
lences the positive predictive value tends to decline, due to the relatively low 
sensitivity of the direct test. Unfortunately, screening of asymptomatic popula
tions deals with prevalences of under 10% 1 5 • 

For epidemiological use in low-prevalence situations, however, the direct detec
tion of C. trachomatis by immunofluorescence has proven to yield identical results 
as those obtained with culture 1 6

. 

The monoclonal antibody against C. trachomatis can not only be labelled with 
fluorescein, but also with horse radish peroxidase, resulting in an immunoperoxi
dase stain (IPA) . This stain has only been used in culture confirmation and in 
histological stains. Because the chlamydia) inclusions are more difficult to detect 
with IPA than with immunofluorescence, it has little popularity. 

Measuring host response 

Measuring the host response for the purpose of diagnosis and research of 
chlamydia) infection has come a long way. It started with a quite peculiar test, 
the Frei test, later followed by a more practical approach, the measurement 
of antichlamydial antibodies in serum and secretions. 

- Frei-test -

In 1925 made a significant contribution to the diagnostic armamentarium, 
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especially for the diagnosis of LGV, when he showed that pus, aspirated from 
a bubo of a patient with LGV and subsequently heated for some time in the 
laboratory, could elicit a delayed skin reaction when it was inoculated intra
dermally into another patient suffering from LGV 17. In view of current knowledge 
of the transmission of hepatitis B and other pathogens, it seems a rather hazardous 
diagnostic adventure. After the LGV-agent was cultured in the laboratory, first 
in infected monkey brain, later in mouse brain, preparations were used from 
these sources. In 1940 the use of yolk-sack grown LGV-agent, called "Lygranum" 
was introduced 1 8• 1 9 . The test consisted of inoculation of 0.1 ml of test prepara
tion and, parallel, of 0.1 ml control preparation . After 48 to 72 hours the test 
was read by measuring the area of induration. The antigens responsible for the 
reaction are lipopolysaccharides complexes. The same preparation is used in 
the complement fixation (CF) test. The test was gradually replaced by less compli
cated serological tests, such as the CF-test. 

- Serological Tests -

To this day, serological tests have been of limited use for diagnostic purposes, 
especially where urogenital infections are involved. Chlamydia! urogenital 
infections are common and chlamydia! antibodies persist for quite some time 
after resolution of infection. Therefore, chlamydia) antibodies, as detected by 
sensitive methods, are found widespread in a high proportion of individuals who 
are not currently infected. This high prevalence of persistent chlamydia! antibo
dies in healthy subjects limits the use of antibody tests in diagnosing acute 
chlamydia) infection because of a low specificity, or, in other words, chlamydia! 
serology has a low positive predictive value. However, on the other hand, chlamy
dia! urogenital infections, especially when they remain superficial and involve 
only the mucosa! epithelium of cervix and /or urethra usually do not readily 
elicit an antibody response. Furthermore, it must be realized that chlamydia) 
urogenital infection usually follows an asymptomatic, chronic course. The 
infection occurs, asymptomatically, in the same kind of population in which, 
at a later moment, the complications arise, which necessitate medical treatment. 
Immunoglobulin M (IgM) antibodies, which develop following primary exposure 
of the immune apparatus to a specific antigen, are usually not detected any 
more in patients with deep-seated chlamydia) infections. This further complicates 
interpretation of positive serology. Does a high titre of antibodies against C. 
trachomatis, found in this patient with suspected perihepatitis, ensue from the 
preceding infection(s), or does it relate to the suspected malady? In spite of 
the claims of some manufacturers of kits for the determination of antibodies 
against C. trachomatis, no currently available serologic test of a single serum 
specimen will provide conclusive evidence of current infection by C. trachomatis 
in the adult patient. 
However, serology of chlamydia) infections has shown to be of priceless value 
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in a different area, namely in epidemiological investigation. For the same reason 
serology is almost useless for diagnostic purposes, i.e. the persistence of the 
antibodies against C. trachomatis, it is exceptionally valuable in epidemiological 
studies. Relationships between various long-term sequelae of urogenital chlamy
dia! infection, such as infertility due to tubal malfunctioning, tubal pregnancy 
etc. could scarcely have been ascertained, were it not by serology. 

- Complement Fixation test -

The antigen preparation applied in the Frei test is identical to that used in 
the complement fixation test. It consists of lipopolysaccharides (LPS), which 
represent genus-specific, or "group-specific" antigens 1 4 . The complement fixation 
test (CF-test) is employed to establish whether a patient is experiencing an infec
tion with any of the three representatives of the genus Chlamydia, C. tracho
matis, C. psittaci, or C. pneumoniae. The CF-test is therefore not very species
specific. It is also not very sensitive. Only in serious infections with considerable 
tissue involvement, and succeeding immune stimulus, the CF-test yields positive 
results. Such infections are, for example, LGV, and severe respiratory infections, 
as ornithosis. Even in cases of C. pneumoniae infection a positive CF-test is 
not always seen20

. Urogenital infections with C. trachomatis are usually only 
superficial and, as a rule, do not elicit an immune response high enough to 
be detected by CF. 

- Microimmunofluorescence test (MIF test) -

Nowadays a more sensitive and specific type of test is standard, which involves 
indirect immunofluorescence using chlamydia! bodies as antigen. Several varia
tions of these tests exist, all derived from the prototype test, the MIF test. The 
MIF test was developed in the early 1970s for use in seroepidemiologic research 
of C. trachomatis infections2 1 . Its first application was for the serotype clas
sification of C. trachomatis strains. Later it was adapted for detection of chlamy
dia! antibodies in animal and human sera22 •23 . The test uses formalin-fixed EBs 
of various C. trachomatis serotypes, usually cultured from yolk-sack infection, 
but also from cell cultures. These EBs are suspended in normal yolk sack 
homogenates and compactly dotted with a pen tip onto glass slides and fixed 
onto the surface of the slide. Human serum is then overlaid by pipette onto 
the antigen stamp. Antibody present against antigens in the stamp reacts with 
the chlamydia! particles. Bound antibody is subsequently visualized by incubation 
with fluorescein-labelled, anti-human antiserum, which is detected under a fluores
cence microscope. Originally, antigens from EBs of each of the serotypes of 
Cistrachomatis were included in the test along with EBs from some C. psittaci 
strains. However, it was cumbersome and time-consuming to screen and titrate 
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sera against such a large selection of antigens. Efforts have been made to simplify 
the test. The number of chlamydia! antigens has been reduced by pooling antigens 
of closely related serotypes24•25 . Combinations of serotypes, which cause similar 
diseases, such as A-C, D-K, L 1-Ll6 have been used, or even a mixture of all 
15 serotypes of C. trachomatis21 . Others have used only one, broadly reactive, 
serotype as antigen, such as serotype C28 , and, more frequently, serotype Li

29. 
The MIF-test is highly reliable for the detection of prior exposure to C. tracho
matis by the presence of immunoglobulin G (IgG). The MIF-test detects primarily 
serotype-specific antibodies, although by incorporating RB antigen one would 
also measure antibodies to all the species of the genus Chlamydia28 . It is also 
possible to discern the different types of immunoglobulin involved, be it IgM, 
IgG, or IgA. 

- Whole Inclusion test -

Despite the alterations made, the MIF remains a laborious test. Therefore 
a different approach has been taken to simplify the production of antigen. This 
involves a test, the whole inclusion immunofluorescence (WIF) test employing 
whole inclusions of C. trachomatis, grown in mammalian cells on microscope 
slides as antigen. Originally, serotype E has been used as a single antigen30 . 

Nowadays serotype L2 is used more often3 1 • Human serum is allowed to react 
with the inclusions and antichlamydial antibody is then detected by indirect 
immunofluorescence or immunoperoxidase. 
It has been claimed that the WIF-test would measure reactivity with chlamy
dia! genus-specific antigens in stead of species-specific antigens, because of the 
prominence of LPS in the inclusions 1 4 . One study comparing the MIF- and WIF
test showed that half of the antichlamydial antibody detected by the WIF-test 
resulted from C. pneumoniae, rather than C. trachomatis32 . This lack of specifi
city could limit the value of the WIF-test. Another study, however, showed that 
the WIF-test was more sensitive than the MIF-test, and that the WIF-test 
correlated better with serum neutralizing activity33 . Whatever the outcome of 
the comparison, the results obtained in seroepidemiologic studies by either method 
lead to identical conclusions . 

- Enzyme-linked Immunosorbent Assay -

The next step in chlamydia! serology has been the development of an enzyme
linked immunosorbent assay (ELISA). Especially in case of epidemiologic 
research, when studying large numbers of sera, determination of antibodies using 
an ELISA technique would be very useful. The first appeared in 197734, followed 
by several others35-38. The test characteristics depend on the precise antigen 
used. For example, various antigens have been used, such as EBs39, RBs36, purified 
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genus-specific antigen40, and purified major outer membrane proteins4 1. In 
general, the tests are considered sensitive, but possibly cross-react with antibodies 
to C. pneumoniae 1 4 . 

- Other Serological Tests -

Various other tests have also been developed for the purpose of detecting 
antibodies against C. trachomatis, ranging from an indirect hemagglutination 
tests42, neutralization tests43, immunoelectrophoresis tests44, etc. to immunopero
xidase tests45. However, to this date they have not gained wide acceptance for 
differing reasons, varying from lack of sensitivity, or specificity, to practical 
considerations. 

Culture 

Specimens in which C. trachomatis is to be detected are to be collected and 
handled with proper care. At every step of the diagnostic process, from C. trac
homatis comfortably dwelling in its inclusions in host cells, to the definite diag
nosis made by the laboratory technician, there are pitfalls to be avoided. C. 
trachomatis is a highly vulnerable organism, very susceptible to environmen
tal circumstances. If not properly cared for, negligence will result in false-nega
tive laboratory results. The first possible cause of a false-negative result is made 
at the collection of the patient sample. It must be kept in mind that C. trachomatis 
is an intracellularly living parasite, which implicates that (infected) mucosa! cells 
of the patient have to be harvested; not always an enjoyable experience for 
the patient. 
Also, the swab with which the specimen is collected may be toxic to C. trachoma
tis46 . The secretions of the patient that is collected simultaneously may be deleteri
ous to the microorganism. The receptacle in which the specimen is transported 
to the laboratory may be toxic. The temperature during transport storing until 
processed in the laboratory may be detrimental. For example, overnight stora
ge may lead to some false-negative cultures47 and freezing may have the same 
effect48. Finally, culture of C. trachomatis may be interfered with by micro
bial flora simultaneously collected, which causes superinfection in the culture 
system, be it the egg yolk-sack or mammalian cell. 
Three culture systems have been employed to detect C. trachomatis, culture in 
animals, in egg yolk-sack, and in mammalian cell culture. 

- Animal Inoculation -

In the early days of psittacosis research, following the epidemic of 1929, the 
first successful attempts were made to obtain the infectious agent, C. psittaci, 
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by inoculation of various animal species49. Of these, the mouse has been the 
most successfully used animal. 
Mainly two routes of inoculation were used, the intraperitoneal, and the intracra
nial . The mice should be obtained from a colony shown to be free of latent 
chlamydial infection! Especially in case of the intracranial inoculation route, 
the mice die about three to five days after the inoculation with the possibly 
infected specimen and, if positive, in smears made from the dura mater numerous 
Chlamydiae may be seen. 

- Egg Yolk-sack Culture -

This method has long been used in C. psittaci diagnosis49. In 1946 the method 
was already in use for the isolation of LGV agent50 . Probably already in 1944, 
by Macchiavello5 1, but with certainty in 1957 by T'ang et al.52, the yolk-sack 
culture method was used for isolation of the non-LGV C. trachomatis strains. 
Eggs must be used from a flock fed on an antibiotic-free diet, and should be 
free from mycoplasma. A clinical specimen is injected into the yolk-sack of 
a seven days old, embryonated, viable hen egg. The yolk-sack contents of eggs 
with embryos that die from three days after inoculation onward, are investigated 
for Chlamydiae. This laborious and cumbersome method has for some time been 
the mainstay of chlamydia! isolation, until it was surpassed by culture of 
Chlamydiae in mammalian cells. 

- Cell Culture -

The earlier methods used for culture of Chlamydiae, such as inoculation of mice, 
and of the egg yolk-sack, have been abandoned for culture of the microorganism 
in mammalian cells . Gordon and Quan were the first to describe it53. They used 
McCoy cells that were irradiated to inhibit host cell replication and to render 
the cell system more susceptible to infection. 
Since then, many variations on the original theme have been performed, but 
the culture method as described in Table 3 has developed as the most widely 
accepted. 
Baby hamster kidney (BHK) cells54, Buffalo Green monkey cells55 and HeLa 
229 cells have been used, but McCoy cells, presumably tumor mouse fibroblast 
cells, are currently the most popular. 
To inhibit host cell metabolism, irradiation has been abandoned for the use of 
cycloheximide, which specifically inhibits the host cell and not that of the micro
organism, and which has been shown to be superior to other compounds for 
that purpose56. Antimicrobials are added to the growth medium in order to 
eliminate or inhibit the growth of bacteria and fungi in the clinical specimens. 
Especially with serotypes D-K of C. trachomatis, centrifugation of the clinical 
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Table 3. Culture of Chlamydia trachomatis in ·cycloheximide-treated McCoy cells. 

Establish a monolayer of McCoy cells, cultured in cell culture medium, supplemented with fetal 
calf serum, glutamine, gentamicin, and amphotericin B. 

Transfer 3- to 4-day old cells to flat-bottomed plastic tubes containing a cover slip or to microti
tration plates. 

Incubate the cell culture for 18-24 hours at 37°C. 

Remove culture medium and inoculate the clinical specimen. 

Centrifuge with 3000-4000 g for I hour at 35°C. 

Remove supernatant and add culture medium supplemented with cycloheximide. 

Incubate cell culture for 48 to 72 hours at 37°C. 

Fix and stain the monolayers with iodine, or fluorescein-labelled monoclonal antibodies to Chlamydia 
trachomatis and examine under the microscope. 

specimen is essential to allow the microorganism to attach firmly enough to 
the host cell membrane for penetration. 
Although culturing in vials is considered superior to that in microtitre plates57, 

be9ause of practical considerations the latter is gaining in popularity58. It has 
been attempted to increase the yield by blind passage. In blind passage a suspension 
is made of the mammalian host cell monolayer inoculated with the patient 
specimen, after it has been incubated for two or three days. The suspension, 
containing host cell debris and, if present, chlamydia! reticulate and elementary 
bodies, is used for inoculation of a second host cell monolayer. After incubation 
this monolayer is fixed, stained and checked for chlamydia! inclusions. Blind 
passage increases the percentage of positive cultures probably only in case of 
culture in microtitre plates. In culture using vials no increase in yield has been 
observed57. 

As to the stain, the most sensitive stain at present is that with fluorescein-labelled 
monoclonal antibodies. 
Last, but certainly not least, the experience, expertise and care of the laboratory 
personnel is of paramount importance. 
One great advantage of this quite romantic way of diagnosing chlamydia! infection 
is its 100% specificity. Especially when diagnosing sexually transmitted diseases 
in rape or sexual abuse cases this is of essential importance. Another advan
tage of culture methods is that the infectious agent is obtained alive, with the 
possibility of multiplying it, and that thus various qualities can be studied in 
the laboratory, such as serotype, susceptibility etc .. The disadvantage of the cell 
culture method is that special care has to be given to all steps of the process 
of diagnosis, from obtaining the clinical specimen to staining and microscopy. 
At every level substandard procedure will result in false-negative culture results, 
thus giving a less than 100% sensitivity. 
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Antigen detection 

The advent of specific antichlamydial monoclonals opened the possibility of 
detecting C. trachomatis antigen in an ELISA. The technique involves a variant 
on the ELISA for the detection of antibodies against C. trachomatis. The microtitre 
plate is not coated with chlamydia! antigen, but with monoclonal antibody a
gainst chlamydia) antigen. Clinical specimens are incubated, usually for about 
one hour, in the wells, and subsequently antibody-antigen complexes are visualized 
by means of an enzymatic reaction. 
The ELISA tests currently on the market are even less sensitive than the direct 
immunofluorescence test. The points made about this last test apply also to 
the ELISA antigen tests, i.e. lower sensitivity and specificity than culture, especial
ly in low-prevalence (screening) situations. They seem only acceptable where 
culture is not available, or where local circumstances preclude the use of cul
ture 1 5. There is, however, a very useful application of the antigen-detecting ELISA 
for screening purposes in the asymptomatic male. Since the collection of a urethral 
specimen is regarded by the male as an invasive technique, it is understandable 
that especially the asymptomatic male is reluctant to take part in screening 
investigations for urogenital infection. It would therefore be very useful if it 
were possible to use the first-voided urine for diagnostic purposes by looking 
for antigen by means of the antigen-detecting ELISA. In symptomatic patients 
promising results have already been reported59. 
Apart from the ELISA technique, several other antigen detection techniques 
have been described for the diagnosis of chlamydia! urogenital infections, such 
as direct testing for chlamydia) DNAby using probes60,6 1. None of these have 
been able to equal the "good old" cell culture. Perhaps the polymerase chain 
reaction (PCR) will bring the next leap forward. 
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EPIDEMIOLOGY OF CHLAMYDIAL GENITAL INFECTION 

- Increasing Incidence of Chlamydia! Infections -

In England the numbers of reported cases of nongonococcal urethritis (NGU) 
have been collected since the early 1950s. They show clearly that the incidence 
of NGU has been rising steadily, especially in the 1 970s, whereas the incidence 
of gonococcal urethritis has remained stable since the late 1960s 1 • In Sweden, 
where reporting of chlamydia! disease is mandatory, in 1984 about 36,000 cases 
of chlamydia! disease have been reported. They represent only a part of the 
estimated new 100,000 cases annually of chlamydia! disease in Sweden. Sweden 
has a population of about 8.5 million. This would imply that in a country as 
The Netherlands, with approximately 15 million inhabitants, about up to 200.000 
new cases of chlamydia) disease would occur. 
As to the costs of chlamydia) infections, not to mention the morbidity and even 
mortality (e.g. due to complications of tubal pregnancy), Washington et al. 
calculated the direct and indirect costs to be around $1.4 billion per year in 
the United States2. If extrapolation of those figures to The Netherlands is permitted, 
this would indicate that in that country the costs would amount to up to f200 
million per year. 
Recently, however, reports appear indicating a decline in prevalence of chlamydia! 
infection among female patients attending STD out-patient departments3.4, as 
well as among male students visiting a university health service5. This decline 
is explained by a possible change in sexual behaviour among heterosexuals as 
a result of the AIDS epidemic. These preliminary results achieved in this specific 
population urge for more detailed epidemiologic investigation about possible 
changes in prevalence and incidence of chlamydia! infection in asymptomatic, 
non-STD populations. 

- Epidemiological Significance of Urogenital Chlamydia) Infection -

The asymptomatic cervical infection with C. trachomatis is believed to play 
a pivotal role in the epidemiology of C. trachomatis. From the infected cervix, 
C. trachomatis is spread to, either the subjects own upper genital tract, or to 
the male sexual partner (and via the male partner to other women, etc.), or 
to the neonate passing through during birth. 
Prevalence rates of chlamydia) urogenital infection in the female depend strongly 
on the characteristics of the population studied. Unselected women from family
planning clinics yield prevalence rates of about 5-10% overall6 ·8. There are some 
specific populations worth mentioning, with high prevalence rates. These include 
prostitutes, with a prevalence rate of about 20-30%9• 1 1 , women seeking abortion, 
prevalence rate about 10- 1 5% 1 2, 1 3 , people living in communes, with a prevalen
ce rate of as high as 60% 14, and, of course, women at STD-clinics, with a prevalence 
rate of about 20-30%6,9. 
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Chlamydia( urogenital infection, although often asymptomatic, does carry sig
nificant risks for the woman. Surprisingly there are only two prospective, follow
up studies devoted to the natural history of asymptomatic chlamydia( infection 
in the female. In the first study seven out of 14 infected and untreated women 
were still C. trachomatis-positive one year later 15. Two out of these seven had 
experienced signs or symptoms of vaginal discharge. In the second study 109 
untreated C. trachomatis-positive girls were followed during three months 1 6 . Three 
months later 95 (87%) were still C. trachomatis -positive and symptomless. How
ever, 18 ( 17%) girls had experienced detrimental consequences of their infection, 
ranging from treatment because of partner disease (two girls) to visiting the 
hospital because of signs and symptoms of salpingitis (four girls). 
The infectivity of C. trachomatis, i.e. the chance of acquiring the organism after 
a single exposure, is estimated to be about 15% from an infected female to 
an uninfected male, and about the same percentage from an infected male to 
an uninfected female 17. Although, as stated earlier, the cervix is regarded as 
the center from which C. trachomatis is disseminated, the epidemiological 
significance of the asymptomatic male urethral infection must certainly not be 
underestimated. The studies that concentrate on asymptomatic carriage of C. 
trachomatis in the male, where the men are not recruited via a STD-clinic, are 
relatively few, but they indicate that about ten percent of young sexually active 
males are asymptomatically infected with C. trachomatis 1 8-20. Since especially 
the more promiscuous part of the young male population is infected, the 
epidemiological significance is obvious. 

- Epidemiological Correlates -

Epidemiological investigation has yielded several markers for urogenital 
chlamydia! infection in the female. Considering that chlamydia! infection is a 
sexually transmitted disease, the most obvious one, of course, is promiscuity2 1,22. 

Another naturally presumed correlation is occurrence together with other sexually 
transmitted pathogens, such as Neisseria gonorrhoeae, Trichomonas vaginalis, and 
Gardnerella vaginafis6,23 

Poor socioeconomic conditions are, at least in the United States, associated with 
C. trachomatis infection 7. 

Oral contraceptive use is more frequently encountered among women with 
chlamydia! cervical infection than those without7 •24,25. This is interpreted as either 
a true higher prevalence in oral contraceptive users due to an increased suscep
tibility of the cervix for chlamydia! infection, or as a sampling bias in "favour" 
of the oral contraceptive users7• It has been shown that the first hypothesis is 
the most probable one28 . The interesting epidemiological consequences seem 
worth some further consideration28 . 
Cervicitis and cervical ectopia have both been named as correlated with chlamy
dia! infection23. 
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C. trachomatis-positive patients tend to be young, as a rule between 15 and 
25 years6•26 . In the male about the same epidemiological correlates are found 
as in the female, such as age under 26 years, recent promiscuity, defined as 
more than 4 partners in the previous year, a recent history of gonorrhoea 1 9 . 

- Increasing Geographical Spectrum of Studies on C. trachomatis -

Initially most studies on C. trachomatis have been carried out in the United 
States, the United Kingdom and Northwest Europe. However, the geographical 
stratification from which studies were reported has been diversified in recent 
times, thus emphasizing the ubiquitous, global nature of the chlamydia( problem. 
These investigations were not in the least made possible because of technical 
developments in chlamydia) diagnosis such as direct detection of C. trachomatis 
by immunofluorescence. Epidemiological reports have come from Ghana27, 

Singapore28, New Zealand29, Poland30, Kenya3 1 , Tahiti32, South Africa33 . Even 
in Alaska C. trachomatis infections have been studied, disclosing a very high 
prevalence in the female population34 . Apparently the boredom of the isolation 
and ensuing search for diversions invoke favorable conditions for a sexually 
transmitted disease, such as chlamydia) infection. 
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CHLAMYDIA T RACHOMATIS AND FERTILITY 

Female Infertility 

Already in the preantibiotic era reports were published about a relationship 
between gonorrhoea, PIO, and tubal infertility 1 • Upper genital tract infection, 
especially tuba-ovarian abscess, was a much-feared consequence of gonococ
cal infection. Such an abscess resulted in tubal obstruction in about two-thirds 
of cases. With the advent of antimicrobial therapy gonococcal infection and 
its sequelae could be treated more effectively, resulting in a decline of the disease 
and its complications. 
In the l 960s and 1970s Westrom et al. demonstrated the impact of STOs and 
salpingitis on subsequent infertility2•3 . He showed through careful epidemiological 
research that a single episode of PIO resulted in a risk of infertility of about 
17%, subsequent episodes of PIO increased this risk substantially. For example, 
three or more episodes of PIO resulted in a risk of infertility of more than 
50%. The postinfection infertility rate was lower in young women ( 1 5-24 years 
of age) than in older women. The infertility rate did not differ according to 
the causal microorganism, be it C. trachomatis, Neisseria gonorrhoeae, both, or 
other microorganisms. 
As to the exact contribution of each microorganism to the causation of PIO, 
this is very difficult to ascertain. In the course of an investigation of PIO, given 
the study takes long enough, it is possible to isolate virtually every microorga
nism via laparoscopy from the inflamed tissues of the upper genital tract, that 
is part of the "endogenous" or "exogenous" flora of the vagina and cervix. 
Since, in essence, PIO is a disease with a polymicrobial etiology4, some inves
tigators believe that some "exogenous" pathogens, such as C. trachomatis, actually 
play an initiating role in cases of PIO, that are ultimately caused by endogenous 
microorganisms5. 

As to C. trachomatis, as an individual microorganism, and PIO, Koch's postulates* 
have indeed been fulfilled by inoculation of grivet monkeys6, and pig-tailed 
macaques 7. 

The studies on the long-term consequences of PIO were performed in symptomatic 
women, i.e. those who had clinically overt PIO. The other end of the chain, 
i.e. the women presenting with the actual, long-term consequences of PIO, namely 
infertility, has also been studied extensively and since the first report on the 
subject8 many others have been published9-28. 

* Koch's postulates: 

I. The causal agent must be observed in association with every case of the disease as it occurs 
naturally, and conversely the disease must not appear without this agent. 

2. The causal agent must be isolated in case of disease and grown in pure culture. 
3. It must be able to reproduce the disease in the susceptible host by inoculation of the causal 

agent in pure culture. 
4. The causal agent must be reisolated in the infection produced in the susceptible animal and 

identified to be the same as that inoculated. 
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From these studies of infertile women with tubal abnormalities it became clear 
that most of the women with hysterosalpingographically (HSG) and /or lapa
roscopically verified tubal abnormalities do not recall any clear signs or symptoms 
suggesting PIO present at the time 1 1 · 1 2·24. This so-called "silent" PIO is therefore 
probably a much greater problem, especially because its paucity of symptoms 
frustrates diagnosis and treatment prior to the development of tubal abnormalities. 
Analogous to the other infections C. trachomatis causes, especially PID caused 
by C. trachomatis tends to run a clinically mild to "silent" course29. 

- Tubal Infertility -

As to the relationship between C. trachomatis and infertility, this was first 
demonstrated in 1 979 by Punnonen et al., who found significantly higher antichla
mydial antibody titres in infertile women with tubal obstruction as compared 
to those with normal HSGs8. He also noted cases with tubal obstruction without 
a history of PIO. His serologic studies were followed by others, in which more 
aspects of tubal infertility were investigated. All studies showed significant 
differences in antibodies against C. trachomatis between infertile women with 
tubal abnormalities as compared to those without. Some also showed that the 
severity of the tubal abnormalities correlated with antibody levels against C. 
trachomatis9, 13,20,23,26,27. 
Astonishingly, there are only two investigations, that of Brunham et al. 1 8 and 
of Ruijs et al. (this dissertation), out of the considerable number of studies on 
the subject8-28, that report on the past sexual behaviour of the infertile patients. 
This is so amazing since tubal infertility is believed to be caused, for a sub
stantial part, by sexually transmitted diseases. Detailed information about sexual 
behavior of the patients in the past is necessary to interpret the correlations 
between C. trachomatis and tubal abnormalities. The mere existence of such 
a correlation lures many investigators into interpreting it as a support for the 
major responsibility of C. trachomatis as an etiological agent of tubal abnor
malities 16· 1 7·24·25 ·27. Without taking the previous sexual behavior of the women 
studied into account as a confounding factor it is unfortunately not permitted 
to draw such a conclusion. However, Brunham et al. did study the chlamydia! 
antibody titres of the women with and without tubal infertility with respect to 
their number of lifetime sexual partners 18 . In their population they did not find 
the prevalence of antibodies in women with tubal infertility to correlate with 
number of lifetime sexual partners, categorized as 1 -4 versus ;;;:,5. Also, among 
the women with one to four lifetime sexual partners, those with tubal infer
tility were significantly more often seropositive than those without. His data 
do support a causal relationship, compatible to the fulfilling of Koch's postu
lates, demonstrating a causal relationship between C. trachomatis and tubal abnor
malities. The results of Ruijs et al . are in accordance with those of Brunham 
et al. 



56 

Sadly, among the reports on C. trachomatis and tubal infertility, there exists 
a deplorable example of so-called duplicate publishing, using the same results 
to publish almost the same report in two different journals. The excellent report 
of Brunham et al. in the Journal of Infectious Diseases 18, is duplicated in the 
European Journal of Clinical Microbiology by Kosseim and Brunham30 . 

- Endometrial Infertility -

After it became known that C. trachomatis could be isolated from the endome
trium of women at risk for STDs, it was attempted to isolate C. trachomatis 
in infertile women from their endometrium. Cleary and Jones showed in 1985 
that C. trachomatis could be isolated from the endometrium in five out of 19 
women with high antichlamydial antibody titres3 1 • It must be noted, however, 
that quite extensive culturing including multiple passage was required for detection 
of the microorganism. About the effect of the endometrial infection on the womans 
fertility they did not speculate. Fedele et al. isolated C. trachomatis in an even 
higher percentage in women with unexplained infertility ( 13 (25%) out of 52)32. 
Here also multiple passage was necessary for detection of C. trachomatis. They 
suggested that endometrial C. trachomatis could play a role in the hitherto unex
plained infertility. Finally, Shepard and Jones were able to isolate C. trachomatis 
in six women out of 38 undergoing tubal surgery. Again multiple passage was 
required in four out of these six isolations33 . 
The picture is still unfolding. It seems not unlikely that endometrial chlamydia! 
infection may play a role in unexplained infertility. Many questions, however, 
are still to be answered. What is the exact significance of an endometrial infection 
as compared to the often also encountered tubal abnormalities? How would 
the pathogenetic mechanisms go? Does treatment of the endometrial chlamy
dia! infection and eradication of the microorganism improve the fertility pro
spects? Etc., etc .. 

- Cervical Infertility -

There are only two publications dealing on the possible relationship between 
cervical infection with C. trachomatis and a possible cervical contribution to 
infertility in the woman. In 1984 Battin et al . reported on 63 patients undergoing 
a midcycle postcoital test (PCT), consisting of the collection of a sample of 
endocervical mucus l to 2 hours after normal sexual intercourse34 . Antibody 
titres against C. trachomatis were also determined and cervical cultures for C. 
trachomatis were collected. They found no evidence of a relationship between 
C. trachomatis infection parameters and an abnormal post-coital test. Unfor
tunately, they had to exclude quite a number of patients for various reasons, 
and they failed to find a correlation between tubal abnormalities and antichla
mydial antibodies, invariably found by other investigators. 
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The other publication considering a possible relationship between C. trachomatis 
and substandard cervical mucus qualities can be found in this dissertation. We 
also failed to find a connection between parameters of chlamydia! infection and 
inferior cervical mucus. 

Male Infertility 

Analogous to the studies on C. trachomatis and female infertility, research 
was done on the possible relationship between urogenital C. trachomatis infection 
and infertility in the male. The possibility of a relationship was based on the 
observation that bilateral epididymitis can lead to infertility in about 40% of 
cases35,36. With unilateral epididymitis a 23% incidence of male infertility was 
reported37. In a follow-up study of patients with unilateral epididymitis, two
thirds initially showed oligoasthenospermia, one-fifth showed long-term fertility 
disturbances in their semen analyses, but only one out of the 47 patients had 
persisting sperm agglutinins after one year38. Serum sperm agglutinins have been 
shown to correlate with impaired fertility39 , although probably only the sperm 
agglutinins present in the semen are of actual significance40. 

In 1980 Nikkanen reported about significantly higher antibody titres in infertile 
men with pathological semen than in healthy controls4 1. In the same year Fowler 
called for further study in his review article on the subject42. Two years later 
Witkin and Toth showed a correlation between current urogenital infection, as 
concluded from semen culture for aerobic and anaerobic bacteria, Ureaplasma 
urealyticum, and C. trachomatis, and an abnormal sperm analysis in a popu
lation of infertile men43. Hargreave et al., on the other hand, failed to show 
significant differences in prevalence of antisperm antibodies between 217 patients 
of an outpatient department for STDs, 151 healthy men requesting a vasec
tomy, and 645 men with primary infertility44. 

Subsequently, Gerris et al. claimed a relationship between C. trachomatis and 
epididymal infertility45. However, their report lacks a detailed description of 
materials and methods and leaves vital questions unanswered. Another backing 
for a causal role of urogenital infection came from Shahmanesh et al. when 
they reported on high antispermatozoal antibody titres in men with urethritis, 
as compared to a healthy control group46. In 1987 their results were opposed 
by Hellstrom et al., who could not find any significant difference in serologic 
evidence of past chlamydia! infection in patients with normal versus those with 
abnormal semen47. Unfortunately, the study group was not very large (52 infertile 
patients). In another study of the same year Close et al. studied a much larger 
group of 270 infertile men whose wives had no known cause of infertility48 . 
Eight (50%) of the sixteen men with an antibody titre against C. trachoma
tis of � 16 in the microimmunofluorescence test showed presence of sperm aggluti
nating antibody, as opposed to only 41 ( 1 6%) of 149 seronegative patients. How
ever, in their study the prevalence of antibodies against C. trachomatis is unusually 
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low, and they have pooled IgM and IgG antibodies. They have, unfortunately, 
also not screened for current chlamydia! urethral infection, in order to differen
tiate current from past chlamydia! infection. Nevertheless, they conclude that 
chlamydia! infection leading to development of sperm autoantibodies is an unusual 
cause of male infertility. 
Gregoriou et al. add further to the confusion49. In their study, comparing 120 
infertile men with 120 fertile men with respect to antibodies against C. tracho
matis and semen fertility parameters, they found no correlation between serologic 
evidence of chlamydia! infection and semen quality. They are, nevertheless, 
capable of concluding "that there is a negative relationship between positive 
chlamydia! serology and semen quality"! 
The above reviewed data led Krause and Weidner to the conclusion that there 
is no definite evidence that C. trachomatis is a cause of male infertility50. 

In our own study we gathered epidemiological data on previous sexual behavior, 
and history of STDs5 1 . We determined IgG and IgA antibodies against C. 
trachomatis not only in serum samples, but also in the semen samples, and we 
established the fertility parameters in the semen samples. Neither via the epide
miological route, nor via the serological there was evidence of a relationship, 
let alone a causal one, between urogenital infection with C. trachomatis and 
male infertility. We tend to conclude therefore, with Krause and Weidner, that 
in the acute phase of urogenital infection male fertility may be impaired, but 
this does not play a significant role in the long term. 

REFERENCES 

I Moore DE, Cates W. Sexually transmitted diseases and infertility. In: Sexually Transmitted Diseases, 
Holmes KK, Mardh P-A, Sparling PF, et al, eds. 2nd ed. McGraw-Hill, New York, USA, 1990:763-
769. 

2 Westrom L. Incidence, prevalence and trends of acute pelvic inflammatory disease and its 
consequences in industrialized countries. Am J Obstet Gynecol 1980;138: 880-892. 

3 Westrom L, Mardh P-A. Acute pelvic inflammatory disease (PID). In: Sexually Transmitted 
Diseases, Holmes KK, Mllrdh P-A, Sparling P F, et al, eds. 2nd ed. McGraw-Hill, New York, 
USA, 1990:593-613. 

4 Eschenbach DA, Buchanan TM, Pollock HM, et al. Polymicrobial etiology of acute pelvic 
inflammatory disease. N Engl J Med 1975;293: 166-171. 

5 Sweet RL, Schachter J, Robbie MO. Failure of beta-lactam antibiotics to eradicate Chlamydia 
trachomatis in the endometrium despite apparent clinical cure of acute salpingitis. J Am Med 
Assoc l 983;250:2641-2645. 

6 M0ller BR, Mardh P-A. Experimental salpingitis in grivet monkeys by Chlamydia rrachomaris. 
Modes of spread of infection to the fallopian tubes. Acta Pathol Microbial Scand 1980;88: I 07-
114. 

7 Patton DL, Brunham RC, Halbert SA, Wang S-P, Holmes KK. Chlamydia trachomaris salpingitis 
in the pig-tailed macaque. In: Chlamydia! infections, Mardh P-A, Holmes KK, Oriel JD, Piot 
P, Schachter J, eds. Elsevier Biomedical, Amsterdam, The Netherlands, 1982:399-402. 

8 Punnonen R, Terho P, Nikkanen V, Meurman 0. Chlamydia! serology in infertile women by 
immunofluorescence. Fertil Steril 1979;3 l :656-659. 

9 Henry-Suchet J, Catalan F, Loffredo V, et al. Microbiology of specimens obtained by laparoscopy 
from controls and from patients with pelvic inflammatory disease or infertility with tubal obstruc
tion: Chlamydia rrachomaris and Ureaplasma urealyticum. Am J Obstet Gynecol 1980; 138: I 022-
1025. 



59 

I O  Moore DE, Spadoni LR, Foy HM, Wang S-P, Daling JR, Kuo C-C, Grayston JT, Eschenbach 
DA. Increased frequency of serum antibodies to C. trachomatis in infertility due to distal tubal 
disease. Lancet l 982;ii:574-577. 

1 1  Jones RB, Ardery BR, Hui SL, Cleary RE. Correlation between serum antichlamydial antibodies 
and tubal factor as a cause of infertility. Fertil Steril l 982;38:553-558. 

12 Rosenfeld DL, Seidman SM, Bronson RA, Scholl GM. Unsuspected chronic pelvic inflammatory 
disease in the infertile female. Fertil Steril l 983;39:44-48. 

1 3  Gump DW, Gibson M, Ashikaga T. Evidence of prior pelvic inflammatory disease and its 
relationship to Chlamydia trachomatis antibody and intrauterine contraceptive device use in infertile 
women. Am J Obstet Gynecol 1 983; 146: 1 53- 1 59. 

14 Conway D, Glazener CMA, Caul EO, Hodgson J, Hull MGR, Clarke SKR, Stirrat GM. Chlamydia! 
serology in fertile and infertile women. Lancet I 984;i: 1 9 1 - 1 93 .  

15 Kane JL, Woodland RM, Forsey T, Darougar S, Elder MG. Evidence of chlamydia! infection 
in infertile women with and without fallopian tube obstruction. Fertil Steril I 984;42:843-848. 

16 Tjiam KH, Zeilmaker GH, Alberda AT, Van Heijst BYM, De Rao JC, Polak-Vogelzang AA, 
Van Joost T, Stolz E, Michel MF. Prevalence of antibodies to C. trachomatis, Neisseria go11or
rhoeae, and Mycoplasma homi11is in infertile women. Genitourin Med 1 985;6 I :  1 7 5 - 1 78. 

17 M0ller BR, Taylor-Robinson D, Furr PM, Toft B, Allen J. Serological evidence that chlamydiae 
and mycoplasmas are involved in infertility in women. J Reprod Fertil l 985;73:237-240. 

1 8  Brunham RC, Maclean IW, Binns B, Peeling RW. Chlamydia trachomatis: its role in tubal infertility. 
J Infect Dis 1 985; 1 52 :  1 275- 128 1 .  

1 9  Guderian AM, Trobough GE. Residues o f  pelvic inflammatory disease i n  intrauterine device 
users: A result of the intrauterine device or Chlamydia trachomatis infection? Am J Obstet Gynecol 
1986; 1 54:497-503. 

20 Anestad G, Lunde 0, Moen M, Dalaker K. Infertility and chlamydia! infection. Fertil Steril 
I 987;48:787-790. 

2 1  Henry-Suchet J, Utzmann C, De Brux J, Ardoin P, Catalan F. Microbiologic study of chronic 
inflammation associated with tubal factor infertility: Role of Chlamydia trachomatis. Fertil Steril 
l 987;47:274-277. 

22 Robertson JN, Ward ME, Conway D, Caul EO. Chlamydia! and gonococcal antibodies in sera 
of infertile women with tubal obstruction. J Clin Pathol 1 987;40:377-383. 

23 Quinn PA, Petric M, Barkin M, et al. Prevalence of antibody to Chlamydia trachomatis in 
spontaneous abortion and infertility. Am J Obstet Gynecol 1 987; 1 56:29 1 -296. 

24 Sellors JW, Mahony JB, Chernesky MA, Rath DJ. Tubal factor infertility: An association with 
prior chlamydia! infection and asymptomatic salpingitis. Fertil Steril 1 988;49:45 1 -457. 

25 Eggert-Kruse W, Gerhard I ,  Nahrer H, Tinnes G, von Holst T, Runnebaum B. Bedeutung von 
Chlamydia trachomalis fiir die weibliche Fertilitat unter besondere Beriickzichtigung der Pravalenz 
im Endometrium. Geburtsh Frauenheilk l 988;48:869-875. 

26 Kelver ME, Nagamani M. Chlamydia[ serology in women with tubal infertility. Int J Fertil 
I 989;34:42-45. 

27 Reniers J ,  Collet M, Frost, Leclerc A, Ivanoff B, Meheus A. Chlamydia! antibodies and tubal 
infertility. Int J Epidemiol 1 989; 1 8:26 1 -263. 

28  Miettinen A, Heinonen PK, Teisala K, Hakkarainen K, Punnonen R. Serologic evidence for the 
role of Chlamydia trachomatis, Neisseria gonorrhoeae, and Mycoplasma homi11is in the etiology 
of tubal factor infertility and ectopic pregnancy. Sex Transm Dis 1 990; 1 7 :  1 0- 14. 

29 Svensson L, Westrom L, Ripa KT, Mardh P-A. Differences in some clinical and laboratory 
parameters in acute salpingitis related to culture and serological findings. Am J Obstet Gynecol 
I 980; 1 38: I O  I 7- 1 02 1 .  

30 Kosseim M ,  Brunham RC. Fallopian tube obstruction as a sequela to Chlamydia trachomatis 
infection. Eur J Clin M icrobiol I 986;5:584-590. 

31 Cleary RE, Jones RB. Recovery of Chlamydia trachomatis from the endometrium in infertile 
women with serum antibodies. Fertil Steril I 985;44:233-235. 

32 Fedele L, Acaia B, Ricciardello 0, Marchini M,  Benzi-Cipelli R. Recovery of Chlamydia trachomatis 
from the endometria of women with unexplained infertility. J Reprod Med 1 989;34:393-396. 

33 Shepard MK, Jones RB. Recovery of Chlamydia trachomatis from the endometrial and fallopian 
tube biopsies in women with infertility of tubal origin. Fertil Steril I 989;52:232-238. 

34 Battin DA, Barnes RB, Hoffman DI, Schachter J ,  diZerega GS, Yonekura ML. Chlamydia 
trachomatis is not an important cause of abnormal postcoital tests in ovulating patients. Fertil 
Steril I 984;42:233-236. 



60 

35 Campbell MF. Surgical pathology of epididymitis. Ann Surg I 928;88:98- 1 1 1 . 
36 Berger RE. Acute epididymitis. In: Sexually Transmitted Diseases, Holmes KK, M§rdh P-A, Sparling 

PF, et al, eds. 2nd ed. McGraw-Hill , New York, USA, 1 990:64 1 -65 1 .  
3 7  Pelouze PS. Gonorrhoea i n  the male and female. Saunders, Philadelphia, USA, 194 1 .  
3 8  Ludwig G ,  Haselberger J .  Epididymitis und Fertilitat: Behandlungsergebnisse bei akuter unspe

zifischer Epididymitis. Fortschr Med l 977;95:397-399. 
39 Riimke PH, Van Amstel N, Messer EN, Bezemer PD: Prognosis of fertility of men with sperm 

agglutinins in the serum. Fertil Steril l 974;25:393-398. 
40 Jager S. lmmunologische fertiliteitsstoornissen bij de man. In: Fertiliteitsonderzoek en behandeling 

anno 1 990, Proceedings, Slager E, Schoemaker J, Comhaire FH, eds. 1 1 7 - 1 22. 
41 Nikkanen V, Terho P, Punnonen R, Meurman 0: The significance of chlamydia! genital infection 

in male infertility. Arch Androl I 980;4:57-6 1 .  
42  Fowler JE. Infections o f  the male reproductive tract and infertility: A selected review. J Androl 

1 98 1  ;2: 1 2 1 - 1 3 1 .  
4 3  Witkin SS, Toth AT: Relationship between genital tract infections, sperm antibodies in seminal 

fluid, and infertility. Fertil Steril I 983;40:805-808. 
44 Hargreave TB, Harvey J, Elton RA, McMillan A. Serum agglutinating and immobilizing sperm 

antibodies in men attending a sexually transmitted disease clinic. Andrologia 1 984; 1 8 : 1 1 1 - 1 1 5 . 
45 Gerris J, Schoysman R, Piessens-Denef: A possible role of Chlamydia trachomatis as a causative 

agent in epididymal infertility. Acta Eur Fertil 1 985; 1 6: 1 79- 1 82. 
46 Shahmanesh M,  Stedronska J, Hendry W: Antispermatozoal antibodies in men with urethritis. 

Fertil Steril I 986;46:308-3 1 1 .  
4 7  Hellstrom WJG, Schachter J ,  Sweet RL, McClure RD: I s  there a role for Chlamydia trachomatis 

and genital mycoplasma in male fertility? Fertil Steril l 987;48:337-339. 
48 Close CE, Wang SP, Roberts PL, Berger RE: The relationship of infection with Chlamydia trachom

atis to the parameters of male fertility and sperm autoimmunity. Fertil Steril l 987;48 :880-883. 
49 Gregoriou 0, Vitoratos N, Papadias C, Gregoriou G,  Zourlas PA. The role of chlamydia! serology 

in fertile and subfertile men. Eur J Obstet Gynecol Reprod Biol I 989;30:53-58. 
50 Krause W, Weidner W. Sexuell iibertragbare Krankheiten als Ursachen manlicher Fertilitats

storungen. Zeitschr Hautkrankh I 989;64:596-60 1 .  
5 1  Ruijs GJ, Kauer FM, Jager S ,  Schroder PF, Schirm J ,  Kremer J .  I s  serology o f  any use when 

searching for correlations between Chlamydia trachomatis infection and male infertility? Fertil 
Steril 1 990;53 :  1 3 1 - 1 36. 



DIRECT IMMUNOFLUORESCENCE FOR 

CHLAMYDIA TRACHOMATIS ON UROGENITAL SMEARS 

FOR EPIDEMIOLOGICAL PURPOSES 

Gijs J Ruijs 1 , Frank M Kauer2, Piel M van Gijssel3, Jurjen Schirm3, F Peter Schriider3. 

1 Laboratory of Medical Microbiology, Rijksuniversiteit Groningen, The Netherlands 

6 1  

2 Department of Obstetrics and Gynaecology, University Hospital, Groningen, The Netherlands 
3 Department of Virology, Regional Public Health Laboratory, Groningen, The Netherlands 

European Journal of Obstetrics, Gynecology and Reproductive Biology I 988;27:289-297. 





SUMMARY 

A population of 197  asymptomatic women, attending an out-patient 
department for birth-control advice. was screened for urogenital 
infection with Chlamydia trachomatis by direct immunofluorescence 
on ce1vical and urethral smears. A blood sample was obtained for 
chlamydia! serology and demographic, behavioural and clinical data 
were recorded. Eleven (5.5%) women had a chlamydia[ infection. 
Chlamydia[ infection, as diagnosed with direct immunofluorescence, 
correlated with a histo1y of sexually transmitted disease (p<0.01 ), 
promiscuity (p<0.01), use of oral contraceptives (p<0.02) and high 
chlamydia{ antibody titres (p<0.01). These last also correlated with a 
history of sexually transmitted disease (p<0. 02) and promiscuity 
(p<0.02). These results, obtained with direct immunofluorescence, are 
indistinguishable from those obtained previously with chlamydia! 
culture. Direct immunofluorescence on urogenital smears seems a valu
able tool for epidemiological investigation. Our data also support the 
hypothesis that oral contraceptive use is correlated with chlamydia! 
infection because of increased ce1vical susceptibility to infection and 
not because of a sampling bias towards oral contraceptive users. 

INTRODUCTION 

63 

The etiological role of Chlamydia trachomatis ( C. trachomatis) in infectious 
diseases such as non-gonococcal urethritis (NGU), post-gonococcal urethritis 
(PGU), pelvic inflammatory disease (PIO), perihepatitis, neonatal conjunctivitis 
and pneumonia has increasingly been recognized. The cervix uteri is regarded 
as the epidemiologically most important source from which C. trachomatis is 
spread, causing the diseases mentioned above 1 • 

From screening investigations it has become clear that chlamydia! cervical 
infections are largely asymptomatic 1 • In order tot be able to influence chlamydia! 
infections in general it is therefore important to gather information on the 
epidemiology of, especially, the asymptomatic cervical chlamydia! infections. 
In the past, studies on chlamydia! infections necessitated chlamydia! culture 
facilities, which are not generally available2 . A few years ago culture-independent 
tests were developed for the diagnosis of chlamydia! infections. One of these 
tests consists of direct immunofluorescence microscopy (DI) on urogenital smears 
using a fluorescence-labelled monoclonal antibody against C. trachomatis. Several 
studies have compared DI with chlamydia! culture for therapeutic purposes in 
asymptomatic, low-prevalence populations in order to be able to offer treatment 
to prevent untoward consequences3-12. As yet there is no agreement on the applica
bility of DI for that purpose. 

There is, however, to our knowledge, little information on the use of DI as 
a tool for epidemiological studies in low-prevalence settings, i.e. as a tool for 



64 

eliciting correlations between DI and demographic and clinical variables. Use 
of an intrauterine contraceptive device (IUD) and multiple sexual partners are 
independent risk factors for developing PID 13. At the out-patient department 
for birth control advice use of an IUD is therefore discouraged in promiscuous 
women. In such cases a different method of contraception is advised, mainly 
oral contraception. Oral contraceptive use, however, is in its turn reported to 
be associated with urogenital chlamydia[ infection 1 4

. We were therefore especially 
interested in the correlations in our study population between oral contraceptive 
use, chlamydia! infection and promiscuity. 

For the reasons outlined above, we decided to try out DI on urogenital smears 
for epidemiological use in a population consisting of healthy, symptomless women 
attending our out-patient department for birth-control advice. All participating 
women were screened with DI on cervical and urethral smears for chlamydia[ 
infection. Demographic and clinical data were collected and a blood sample 
was obtained to determine the chlamydia[ antibody titre. 

POPULATION AND METHODS 

- Study population -

The study population consisted of healthy, symptomless women who attended 
the out-patient department for birth control advice of the Department of Obstetrics 
and Gynaecology of the Groningen University Hospital for their regular visit. 
After being informed about the purpose and methods of the study they were 
invited to participate. A total of 197 women entered the study. Information 
was obtained about age, marital status and occupation. Complaints of vaginal 
discharge and /or urethritis were recorded as well as a positive knowledge of 
complaints of urethritis of the partner. A history of previous sexually trans
mitted disease(s) (STD) was registered and also the number of sexual partners 
during the year preceding the entrance in the study, recorded as one of the 
following possibilities: 1; 2-5 ;  >S. Finally, the kind of contraceptive method 
was recorded: oral contraceptives; intrauterine device; depot progesterone 
(depomedroxyprogesterone acetate); otherwise. After recording this data a blood 
sample was taken for serology and urogenital smears for C. trachomatis diagnosis 
were collected. Women with C. trachomatis-positive smears were requested to 
return for a second visit in order to provide chlamydia[ cultures. 

- Specimen collection and processing -

Smears for DI were collected from the endocervix with a wooden cotton
tipped swab which was inserted about 1-2 cm into the endocervical canal, rotated 
firmly and withdrawn. A second swab was inserted 1 -2 cm into the meatus 
urethrae and withdrawn while being rotated. Each swab was streaked onto the 
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two wells (diameter 8 mm) of a microscope slide. The slides were air-dried 
for about l 0 min at room temperature, fixed with 96% ethanol and stored at 
-20°C until further processing within a few days. For DI, 1 5µ1 of fluorescein
conjugated monoclonal antibody to C. trachomatis (MikroTrak Direct Test, Syva) 
were applied to one of the two wells on the slide. The second well of the slide 
was coloured if the first well did not lead to a conclusive result, which occurred 
rarely. After incubation for 30 min at room temperature, the slides were rinsed 
with saline and coverslips were mounted with Tris-glycerol buffer. The slides 
were read using an epifluorescence microscope (Leitz Dialux 20) at 6.3 X 50 
magnification under a water immersion lens. The specimens were graded positive 
if five or more C. trachomatis particles were seen. Regularly, positive slides 
provided by the manufacturer were used as controls. 

Cultures for C. trachomatis were collected as described for DI, albeit with 
a different swab (Transwab; Medical Wire and Equipment Co.). The swabs were 
placed in a sucrose-phosphate medium supplemented with gentamicin (50 mg / 
I). and amphotericin B (2,5 mg /1), transported to the laboratory and processed 
within 4 h after collection. C. trachomatis was isolated in cycloheximide-treated 
McCoy cell cultures on coverslips, as described elsewhere 15. Detection of C. 
trachomatis inclusions was performed after 48 h using fluorescein-conjugated 
monoclonal antibodies (MikroTrak Culture Confirmation, Syva). 

Chlamydia) IgG antibodies were determined by a modified indirect 
immunofluorescence test on whole inclusions, formed by C. trachomatis L2 in 
infected McCoy cells 16 grown on microscope slides 17. In short, a tissue-culture 
flask containing a confluent McCoy cell monolayer was inoculated with a 
suspension of C. trachomatis serotype L 2 . After incubation for 24h the infected 
monolayer was trypsinized and seeded onto the wells (diameter 7 mm) of 
microscope slides. The slides were incubated for another 8 hours to allow 
attachment of the cells to the slide. Prior to fixation of the entire batch one 
slide was fixed separately and checked on inclusions (50% infected cells is optimal) 
by immunofluorescence using monoclonal antibodies (MikroTrak Culture 
Confirmation, Syva). The batch was then fixed with methanol and stored at 
-70°C. 

The sera were screened for chlamydia( IgG antibodies in a l :32 dilution. Positive 
sera were subsequently tested in 4-fold dilutions up to l :8 1 92. Fifteen microliters 
of the dilution were applied to a well of a determination slide. After incubation 
at 37°C in a humid chamber for 30 min, the slide was rinsed with saline, and 
fluorescein-labelled rabbit antibody to human IgG was applied for 30 min at 
room temperature. Rinsing and counterstaining with Evans Blue for l 0 min 
followed and the slide were read . 

- Statistics -

The main method used for statistical evaluation of the results was the chi
square test with Yates' correction for continuity. The effect of type of contracep-
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tive use (oral vs. non-oral) and number of partners ( I vs . > I )  during the preceding 
year on the prevalence of chlamydia! infection was studied in a logistic regression 
analysis. 

RESULTS 

The average age of the study population was 32.3 years (range 18-54  years). 
Table I shows the demographic, clinical and serological data of the study popula
tion. 

Table I .  Demographic, clinical and serological data of the study population of 197 asymptomatic 
women. 

Total C. 1rac/10111atis-positive(%) 

Marital status 
unmarried 81 16 (7.4) 
married 109 5 (4.6) 
divorced 7 0 
Job status 
unemployed 128 6 (4.7) 
employed 58 4 (6.9) 
student I I  I (9. 1 )  
Complaints o f  urethritis 
negative 167 8 (5.8) 
positive 30 3 (10.0) 
Complaints of vaginal discharge 
negative 131 5 (3.5) 
positive 66 6 (9. 1 )  
Knowledge of complaints of urethritis of partner 
negative 186 9 (4.8) 
positive I I  2 (18.2) 
History of STD• 
negative 1 73 6 (3.5) 
positive 24 5 (20.8) 
Number of partners in preceding year 
I 168 5 (3.0) 
2-5 26 4 (15.4) 
>5 3 2 (66.7) 
Reciprocal titre against C. trachomatis 
<32 25 
32 25 
128 48 
512 52 2 (3.8) 
1048 30 6 (20.0) 
>8192 1 7  3 (17.6) 
Contraceptive methodb 

Oral 65 8 ( 1 2.3) 
IUD 10 1 I (1.0) 
Depot 24 2 (8.3)  
other 7 

• STD = sexually transmitted disease 
b Oral = oral contraceptives; IUD = intrauterine device; Depot = depot progesterone 
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Eleven women had urogenital smears positive for C. trachomatis: seven had 
cervical as well as urethral positive smears, three only cervical positive smears, 
and one woman had only a positive urethral smear. The average age of the 
C. trachomatis-positive women was 27.0 years (range 22-34). The 11 women 
with positive smears were requested to return for a second visit in order to 
provide cervical and urethral cultures for C. trachomatis. One woman was not 
cultured because she was receiving sulfa therapy for cystitis. Of the ten women 
with cultures taken, the woman with only a positive urethral smear was culture
negative; the remaining nine were culture-positive. All nine C. trachomatis-positive 
cervical smears were positive at subsequent culturing. Four of the eight positive 
urethral smears were culture-positive and four negative. One of the two negative 
urethral smears was positive at subsequent culture, the other negative. 

Statistical analysis showed that chlamydia! urogenital infection, defined as 
a positive DI, was significantly related to the history of STD (p<0.0 1 ), to multiple 
partners during the previous year (p<0.0 1) and to the use of oral contracep
tives (p<0.02). Chlamydia! urogenital infection was also correlated with high 
chlamydia! antibody titres (p<0.0 1 ). The same applied to high chlamydia! 
antibody titres and history of STD (p<0.02) and more than one partner during 
previous year (p<0.02). 

Logistic regression analysis showed a positive interaction between use of oral 
contraceptives and number of partners greater than one during the preceding 
year on the prevalence of chlamydia! infection (Table 2), although not to a 
significance level of p<0.05. 

Table 2. Relationship between contraceptive method, number of partners during the preceding 1 2  
months and urogenital C. trachomatis infection. 

Oral contraceptives 
Non-oral contraceptivesb 

Number of partners during the preceding year 
I > I  

53  (3; 5 .7%) 
1 1 5 (2; 1 .7%) 

1 2  (5; 4 1 .7%) 
1 7  ( I ;  5 .9%) 

a Number of women (C. trachomatis-positive; % positive) 
b i.e. intrauterine device, depot-progesterone or other. 

DISCUSSION 

The proportion of C. trachomatis-positive women of 5.5% compares well with 
that found in other studies performed with chlamydia! culture in West European 
countries comparable to The Netherlands t 8, t 9. In accordance with the findings 
of others t 0

, we have also failed to find a significant association between ureth
ral symptoms and chlamydia! infection. 

We have not found a significant relationship between complaints of vaginal 
discharge and chlamydia) infection. Some studies mention findings similar to 
ours2 1 •22, others do report a significant correlation 1 9,23 . 
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In our study a history of STD correlated signi ficantly with chlamydial infection, 
as others have also found23·24, although one study has failed to show a correla
tion25 . 

Promiscuity (defined in our study as more than one sexual partner during 
the preceding year) was found to be correlated significantly with chlamydial 
infection. Similar results have been reported by others22,26,27 . 

We found in our study population that the chance of having a chlamydi
al infection increased with the IgG titre against C. trachomatis. Other studies 
also mention a significant correlation between a high chlamydial antibody titre 
and urogenital infection 16·28 . Chlamydial serology is not suitable for diagnostic 
use because of insufficient specificity 16·28. It is, however, useful for epidemio
logical investigations, as demonstrated by the significant correlation we found 
between a high chlamydial antibody titre and a history of STD and promiscuity . 

The use of oral contraceptives was significantly correlated with chlamydial 
infection in our study population. Some earlier investigations fail to show an 
association between urogenital chlamydial infection and the use of oral contracep
tives26·29,30 . Studies at a later date, however, do demonstrate a significantly higher 
rate of chlamydial urogenital infection in oral contraceptive users, either in the 
study population as a whole 1 3·2 1 ·23, or corrected for promiscuity3 1 . 

The higher rates of chlamydial isolation are explained through the increased 
ectropion in oral contraceptive users. Chlamydial elementary bodies (EBs) 
preferably penetrate epithelial cells of the columnar type. The large number 
of these cells within the ectropion may either facilitate establishment of the 
organism in this area (susceptibility hypothesis) or permit more efficient sampling 
of the cervix (sampling hypothesis) 13. Which is the more accurate hypothesis 
remains a open question32. 

According to the susceptibility hypothesis, the enlarged ectropion would 
increase the chance of being infected when brought into contact with chlamydia! 
EBs. In the subpopulation of women of low promiscuity the number of contracts 
with chlamydial EBs may be estimated as low, whereas in the subpopulation 
with more than one partner during the previous year the number of contracts 
with EBs would be expected to be high. According to the susceptibility hypothesis, 
the increased cervical susceptibility is expressed fully when confronted with the 
risk, or, in other words, a high rate of C. trachomatis-positivity would particularly 
be expected in promiscuous women using oral contraceptives (Table 2). There 
would be a positive interaction between oral contraceptive use and promiscuity 
on the C. trachomatis-positive rate. 

Because - according to the sampling hypothesis - in promiscuous women 
as well as in non-promiscuous women, for all positive cervices there would 
be the same percentage of 'false negative' sampling in the non-oral-contraceptive 
users as in the oral contraceptive users, it would be expected that the ratio 
of the C. trachomatis-positive oral contraceptive users versus non-users would 
be the same in non-promiscuous as in promiscuous women. For example, in 
Table 2 the ratio of the percentage in the upper left quadrant (5.7%) versus 
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that in the lower left quadrant ( 1 .7%) would be expected to be the same as 
the ratio of the percentage in the upper right quadrant (4 1 .7%) versus that in 
the lower right quadrant (5 .9%). There would be no positive interaction between 
oral contraceptive and promiscuity on the C. trachomatis-positive rate. 

Logistic regression analysis showed positive interaction between oral contra
ceptive use and promiscuity on the prevalence rate of C. trachomatis, thereby 
supporting the susceptibility hypothesis. A significance level of p<0.05 was not 
reached, which could be attributed to the small numbers in our study ( 1 1 cases 
out of 197 patients) . Our results will have to be confirmed in other studies 
more specifically addressing the subject. 

Mathematical models show that a small increase in transmission rates of a 
sexually transmitted pathogen may result in substantially increased prevalence 
rates33 . If oral contraceptive use increases the susceptibility to infection, it would 
imply that not only has the change in sexual attitudes, resulting in more promis
cuous behaviour, contributed to the rise in chlamydia! infections since the 1960s34, 

but also that the introduction of oral-contraceptive use - itself implicated in 
the change of sexual attitudes - may have played an important role in the 
increasing number of chlamydia! infections. 

Several comparisons have been made of screening for chlamydia) infections 
by DI versus culture, for therapeutic purpose in asymptomatic populations. Some 
regard DI as a useful alternative to culture3-6, some ask for further evaluation 7,8 

and some are opposed to the use of DI for therapeutic purposes in low-preva
lence populations9 • 1 1 . Comparison of these studies is extremely complicated 
because of the many local variations applied in the technical procedures. Each 
of these, ranging from type of swab to the method of chlamydia! inclusion 
detection, may strongly influence the outcome of a study. Although further 
evaluation may clarify the value of DI for therapeutic purposes to some extent, 
the results might only be valid for the clinics participating in the studies . It 
seems to us that it still has to be established whether or not DI has a place 
in screening asymptomatic population for therapeutic purposes. 

As to the use of DI for epidemiological purposes, however, the correlations 
we achieved with DI are indistinguishable from those achieved by others using 
the conventional chlamydia! culture. It therefore seems acceptable to use DI 
as a tool for epidemiological studies in low-prevalence populations. This means 
that the ability to undertake such a study would remain the privilege of the 
happy few with access to chlamydia! cultures, but that everyone with relatively 
commonplace laboratory equipment would be capable of embarking on epidemio
logical investigation. 
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SUMMARY 

At two weeks inte,vals specimens were taken from 24 prostitutes 
working in two brothels and cultured for urogenital infection with 
Chlamydia trachomatis and Neisseria gonorrhoeae. Demographic and 
clinical data were also collected. Chlamydia trachomatis was found 
initially in four and Neisseria gonorrhoeae in two of the 20 women at 
risk of infection. During the study period three new chlamydial and 
gonococcal infections were diagnosed, resulting from 949 unprotected 
contacts. Eight women (33%) had developed salpingitis, in contrast to 
15% in the general female population. An attempt was made to 
estimate the infectivity of Chlamydia trachomatis for the prostitutes. 
The epidemiological importance of the chlamydial and gonococcal 
rese,voir in the prostitutes was also considered. 

INTRODUCTION 
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Prostitutes are thought to play an important part in the epidemiology of sexually 
transmitted disease (STD) 1 • Data on the prevalence and incidence of urogenital 
gonococcal and (especially) chlamydia! infections in female prostitutes are, 
however, scant. The prevalence of STDs seems to depend on the type of prostitu
tion 1 • The prevalence rates increase within the range of prostitutes from call 
girls and (registered) brothel prostitutes to street hookers addicted to heroin 1 -3. 
To establish prevalence and incidence rates in this specific group of women 
we studied at regular intervals 24 female prostitutes employed in two brothels. 
Demographic and clinical data of the women were collected, and urogenital 
specimens were obtained for culture for Chlamydia trachomatis (C. trachoma
tis) and Neisseria gonorrhoeae (N. gonorrhoeae). 

PATIENTS AND METHODS 

The prostitutes working in two brothels were being checked regularly by one 
of us (IKS) for signs and symptoms of STDs, mainly gonorrhoea and syphilis. 
Before the study started in October 1985, we informed the women and the 
management about its objectives and methods. They agreed to participate. 

On five occasions, separated by two-week intervals, demographic and clinical 
data were collected and specimens were taken for culture for C. trachomatis 
and N. gonorrhoeae. If clinical symptoms suggested an STD, a wet mount and 
a Gram stain were also undertaken to test for clue cells, candidal pseudohyphae, 
and Trichomonas vagina/is. If the direct microscopy or cultures yielded positive 
results, the prostitute was treated accordingly. 

When clinical symptoms suggestive of an STD appeared between the regular 
check-ups, a specimen was cultured for N. gon01rhoeae only, a wet mount and 
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Gram stain was made, and the woman was treated according to the findings. 
The result of the wet mounts and the Gram stains were not recorded and are 
not considered further in this article. 

At the visits we recorded age of the prostitute, age at first intercourse, number 
of years of prostitution, number of contacts during the previous week, percentage 
of contacts using condoms (0, 25, 50, 75 , 100%), contraceptive use, history 
of STD, salpingitis, and recent use of antimicrobial agents. Complaints of 
urethritis, vaginal discharge, and lower abdominal pain were recorded as well 
as the results of the subsequent gynaecological examination, at the end of which 
the cultures were taken. 

- Culture of N. gonorrhoeae -

Material from the urethra and endocervix was collected in modified Stuart 
transport medium and transported to the laboratory where it was inoculated 
within 12 hours onto Thayer-Martin medium with and without antimicrobial 
agents (vancomycin 3 mg /1, colistin 7.5 mg /I, amphotericin B 1 mg /I ,  and 
trimethoprim 5 mg /I). The media were incubated for 48 hours at 37°C in a 
3% carbon dioxide atmosphere. Isolates were identified by standard laboratory 
procedure4

• 

- Culture of C. trachomatis -

A cotton tipped swab was inserted into the endocervical canal, rotated firmly, 
and withdrawn. A second swab was introduced into the urethra and withdrawn 
while being rotated. The swabs were then placed into sucrose phosphate (2 
SP) medium supplemented with gentamicin (50 mg /I) and amphotericin B (2.5 
mg /I) and immediately snap-frozen in liquid nitrogen for transport to the 
laboratory. C. trachomatis was isolated in cycloheximide treated McCoy cell 
cultures on coverslips5 . C. trachomatis inclusions were detected after 48 hours 
incubation using fluorescein conjugated monoclonal antibodies (MikroTrak 
culture confirmation, Syva, England). 

RESULTS 

Twentyfour prostitutes participated in the investigation and thus attended 24 
"first visits". They attended 56 follow-up visits at two-week intervals. The table 
shows demographic data of the women. 

Seventeen women used oral contraceptives, four had undergone a hysterectomy, 
and three used other means of contraception (sterilization, condom, and intra
uterine contraceptive device (IUD)). All had a history of STDs, except for two 
who had entered prostitution only two weeks and six months previously. Eight 



Table. Demographic and clinical data of 24 prostitutes. 

Age (yrs) 
Age at first intercourse (yrs) 
Duration of sexual activity (yrs) 
Duration of prostitution (yrs) 
No of sexual contacts during previous week 
No without condom 

Mean age 
(range) 

29 ( 1 8-52) 
16 ( 12- I 9) 
14 ( 3-33) 
5 ( 0-22) 

13 ( 0-40) 
9 ( 0-40) 
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out of the 24 women had a history of salpingitis that had necessitated admis
sion to the hospital . Salpingitis developed in two women before and in six after 
starting prostitution. Five out of the six cases of salpingitis associated with 
prostitution occurred in the first year of prostitution. 

Of the 20 prostitutes at risk (who had not had hysterectomies), four yielded 
Chlamydiae at the first visit. These 20 prostitutes attended 43 follow-up visits, 
of which four were excluded from evaluation because of treatment of the 
chlamydia! infection diagnosed at the previous visit. The three new chlamydia) 
infections diagnosed at the remaining 39 follow-up visits resulted from 949 
sexual contacts without condom protection, which implies a risk of acquiring 
urogenital chlamydia! infection of about 0.3% a contact. 

Two of the 20 prostitutes at risk for cervical infections yielded N. gonorrhoeae 
at the first visit. During 39 follow-up visits three new gonococcal infections 
were diagnosed, a risk per contact of about 0.3%, which was similar to that 
for chlamydia! infection. 

At some time during the study period 10 out of the 20 prostitutes at risk 
were diagnosed as having either a chlamydia! or gonococcal urogenital infection. 

The four prostitutes who had had hysterectomies neither had urogenital 
complaints nor did they acquire an STD during the study. 

Symptoms of urethritis were mentioned by the 20 prostitutes at risk on three 
out of 63 occasions, of which two were associated with an STD (chlamydia! 
infection or gonorrhoea, or both). Of eight complaints of vaginal discharge, six 
were associated with an STD. Of the 11 urogenital infections, all but three 
were associated with signs or symptoms. 

DISCUSSION 

Employment in the semi-illegal prostitution business cannot be compared with 
a regular occupation, as is shown by the high default rate during our study. 
Of 96 possible follow-up visits, 56 (58%) were attended because not all women 
entered the study at our first visit and not all who entered the study at our 
first visit attended all four follow-up visits. All women present at the brothels 
during our visits, however, took part in the study. 
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The 20% prevalence of chlamydial urogenital; infection compares well with 
that found in other studies2·6 ·8. The same applies to the I 0% prevalence of 
gonococcal urogenital infection6,8 . 

We cannot exclude the possibility that the numbers of sexual contacts during 
the previous week by the prostitutes, was underreported . Although the investigator 
(IKS) had established a confidential relationship with the women, they still felt 
a certain unease about what might happen to the data they supplied . They feared 
not so much a breach of their privacy as abuse of the data by the tax officials. 
The possible underreporting of the numbers of sexual contacts was, however 
compensated by the fact that some of them constituted regular clientele. 

The high incidence of chlamydia! and gonococcal infections is illustrated by 
I O  of the 20 prostitutes at risk having had either a gonococcal or a chlamydial 
infection during the study period and by the fact that all but two of the prostitutes 
had a history of STDs. 

Treatment of infectious diseases should be guided by proper diagnostic procedu
res. This also applies to chlamydia) and gonococcal infections in prostitutes . 
As the financial burden of (probably extensive) culture may preclude adequate 
diagnosis and subsequent treatment, however, it is perhaps more practicable 
to treat the prostitutes by asking them about urogenital complaints. In our group 
this would have meant that most STDs would have been treated. 

About 15% of women of reproductive age are estimated to have salpingitis 
at some time9 . In our study eight out of 24 women had experienced salpingitis 
for which they required admission to hospitai, which is about twice the number 
expected. Five out of six cases of salpingitis associated with prostitution occurred 
in the first year of prostitution. This high risk of acquiring salpingitis in the 
first year of prostitution resembles the relatively high risk of acquiring salpin
gitis in the year after first coitus in the general female population9 • Exposure 
to sexually transmitted pathogens and their possible vectors seems an obvious 
explanation 1 0• 

To estimate the infectivity of C. trachomatis for the prostitutes we need to 
establish the number of infected contacts from which urogenital infections 
resulted. We were not able to take specimens for culture for sexually transmitted 
pathogens from the male clientele. If we consider the prevalence of C. trachomatis 
in the symptomless male to be about 3.5% 1 1 , the number of exposures to 
Chlamydiae resulting from the 949 sexual contacts would have been 33. Three 
urogenital infections resulted from these 33 exposures, giving an infectivity of 
9%, comparable with that found elsewhere 1 2 • 1 3 . Our numbers are too small, 
however, for firm statistical evaluation. Lack of data on the prevalence of 
symptomless gonococcal urethritis in men made it impossible to estimate the 
infectivity of N. gonorrhoeae. 

To assess the epidemiological importance of the reservoir of Chlamydiae in 
the prostitutes at the two brothels if the infections diagnosed at their first visit 
had not been detected and treated, we assumed an infectivity of C. trachomatis 
for the male contact of about 15% 1 3

. As the four women yielding Chlamydiae 
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each had about 10 unprotected sexual contacts a week, the 20 prostitutes would 
produce about six chlamydia! infections a week in their male clientele. Similarly, 
assuming an infectivity of N. gonorrhoeae of about 35% 1 3 , with a prevalence 
of symptomless gonococcal infection of 10%, the 20 prostitutes would account 
for about seven cases of gonococcal urethritis a week. 

The paucity of information on the epidemiology of STDs in prostitutes is 
not surprising. Data on the prevalence of STDs in prostitutes visiting an STD 
clinic are relatively easy to come by. Investigation of the epidemiology of STDs, 
however is more difficult. An established, confidential relationship with the pros
titutes is needed to elicit the necessary information. The nature of prostitution, 
which is conducted in semi-illegal obscure circumstances, also impedes the 
collection of data. Nevertheless, we think that more data on the epidemiology 
of STDs in prostitutes, of any kind, must be collected to help control STDs 
in general. 
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SUMMARY 

Evidence on Chlamydia trachomatis causing male infertility is 
conflicting. We therefore collected data on epidemiological and clinical 
correlates of chlamydia[ infection and male fertility in 184 males visi
ting our Fertility Unit. Antibodies against Chlamydia trachomatis in 
serum and semen were also determined. Significant correlations were 
demonstrated between current chlamydia[ urethral infection and semen 
immunoglobulin (lg) A, serum IgA and serum IgG. These parameters, 
howeve,; were neither related to a history of sexually transmitted dis
ease nor to lifetime number of sexual partners. Why, in the male, sero
logy does not correlate with chlamydia[ infection in a more remote past 
is explained. Our data support, on epidemiological as well as 
serological grounds, the conclusion that chlamydia[ infection probably 
does not contribute significantly to male infertility. 

INTRODUCTION 

83 

Chlamydia trachomatis (C. trachomatis) causes infections of the male genital 
system, such as urethritis, prostatitis and epididymitis. 1 -3 In sexually active men 
under 35 years of age C. trachomatis has been identified as the cause of epididy
mitis in about 50% of the cases.3 C. trachomatis is also believed to be involved 
in causing male infertility, one of the complications of epididymitis.3 Accor
ding to this hypothesis the often asymptomatic chlamydial infection can result 
in a unilateral obstruction of the epididymis. As a consequence the spermato
zoa are trapped in the obstructed epididymis and, following exposition of the 
spermatozoal antigens to the immune system, antisperm autoantibodies are 
elicited.4 Antisperm autoantibodies have been demonstrated to be correlated with 
infertility. 5 

The scarce literature on chlamydia! urogenital infection related to male infer
tility, however, seems conflicting. On the one hand, men with genital tract 
infections are reported to have a higher incidence of anti-spermatozoal auto
antibodies.6•7 In addition, a significantly higher incidence of chlamydial anti
bodies was found in infertile men8 as well as in men with obstructive azoosper
mia.9 On the other hand, however, the significance of chlamydial urogenital 
infection leading to infertility in the male has been doubted by others, because 
of lack of relationships between chlamydia! antibodies and male fertility parame
ters.4, 10 

The aim of our study was to get insight in the epidemiological correlates 
of urogenital chlamydia! infection and fertility status of the couples visiting our 
Fertility Unit for evaluation of their fertility problem. Apart from collecting sera 
and semen samples for determination of immunoglobulin (lg) M, IgG and IgA 
antibody levels against C. trachomatis, we gathered information on sexual his-
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tory, since this is unfortunately not investigated in other studies. The male fertility 
status was determined by recognized seminal parameters. In the present paper 
we report on the results of the male part of the population. 

MATERIALS AND METHODS 

- Study population -

The study population existed of the male partners of 195 couples visiting 
the outpatient department for evaluation of their fertility problem. The couples 
had to have attempted to achieve pregnancy for at least one year in order to 
be referred to the Fertility Unit. Eleven (5.6%) couples were excluded from 
evaluation; in nine cases (4.6%) the female was pregnant at the couples first 
visit to the Fertility Unit and two (1.0%) couples defaulted for unknown rea
sons during the infertility evaluation; leaving 184 couples for evaluation. 

A general medical history was taken and information was acquired about 
age, marital status, history of urogenital infections, especially urethritis and epidi
dymitis, as well as of previously diagnosed sexually transmitted diseases (STDs). 
The number of sexual partners during the year preceding the entrance in the 
study was recorded as one of the following possibilities: l ;  > l .  Also the number 
of lifetime sexual partners was recorded as one of the following possibilities: 
1-2; 3-5; 6-9; >9. During questioning the current partner was not present in 
order to avoid bias. A physical examination followed with special attention paid 
to possible abnormalities of the male reproductive tract. 

- Specimen collection and processing -

Smears were obtained from the patients for diagnosis of C. trachomatis by 
direct immunofluorescence by inserting a cotton-tipped swab about 4 cm into 
the urethra and rotating it during withdrawal. The swab was rubbed onto the 
two wells (8 mm in diameter) of a microscope slide. The slides were air-dried 
for about 10 minutes at room temperature, fixed with 96% ethanol and stored 
at -20°C until further processing. For direct immunofluorescence of the slides 
a fluorescein-conjugated monoclonal antibody to C. trachomatis (MikroTrak 
Direct Test ,  Syva Co., Palo Alto, CA) was applied according to the manufac
turers instructions. The slides were read using an epifluorescence microscope 
(Leitz Dialux 20, Ernst Leitz GmBH, Wetzlar, Federal Republic of Germany) 
at 6.3 x 50 magnification under a water-immersion lens. The specimens were 
graded positive if five or more fluorescent particles, suspect of C. trachoma
tis, were seen on the well. 

Patients with positive smears were cultured for C. trachomatis at a subsequent 
visit. Cultures were collected as described above, albeit with a different type 
of swab (Transwab; Medical Wire and Equipment Co.,Potley, England). The 
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swabs were placed in a sucrose-phosphate medium supplemented with gentami
cin (50 mg /I) and amphotericin B (2 .5 mg /1), transported to the laboratory 
and processed within 4 hours after collection . C. trachomatis was isolated in 
cycloheximide-treated McCoy cell cultures on coverslips, as described el se
where . 1 1 

Serum samples were collected for determination of IgG, IgM and IgA antibody 
titres against C. trachomatis. The chlamydia! antibody titre was determined by 
a modified indirect immunofluorescence test on whole inclusions, formed by 
C. trachomatis biovar L2 in infected McCoy cells 1 2  grown on microscope sli
des, 1 3 as described elsewhere. 1 4  The sera were screened for IgG antibodies in 
a I :40 dilution . Positive sera were subsequently tested in fourfold dilutions up 
to and including I :  I 0240, as previously described. 14 IgA and IgM antibody titres 
against C. trachomatis were determined similarly . IgG and IgA antibody titres 
against C. trachomatis were also determined in a semen sample of the patient 
collected for standard semen analysis (see further). The serum was also screened 
for syphilis antibodies by means of a standard Treponema pallidwn haemag
glutination assay. 

Of each patient at least two different semen specimens were analysed. When 
the results of these analyses were subnormal, at least at four different occasions 
a semen analysis was carried out. Patients were classified according to the best 
result of the semen analyses. Semen was collected by masturbation after an 
abstinence period of at least three days. The semen sample was investigated 
for routine semen analysis in the laboratory within two hours. This included 
a spermatozoa! count, an estimation of the percentage of motile spermatozoa 
as well as the quality of the sperm motility, a morphologic evaluation of the 
sperm head using a Giemsa stain and a penetration test in serum and cervical 
mucus (Sperm Penetration Meter test). 1 5  The sperm sample was also tested for 
autoantibodies of the IgG class on the motile spermatozoa in the IgG mixed 
antiglobulin reaction test (MAR-IgG test) 1 6 and, if more than 90% positive, also 
for antispermatozoal surface antibodies of the lgA type in the IgA mixed antiglobu
lin reaction test (MAR-IgA test) 1 7  and in the sperm cervical mucus contact test 
(SCMC-test). 1 8• 1 9  

Statistics: For statistical evaluation we used the chi-square test with Yates' 
correction for continuity, Fishers exact test for small numbers, Student's t-test 
and multiple regression analysis. 

RESULTS 

The demographical and anamnestic data are presented in Table 1. The mean 
age of our population was 31.6 years (range 21 to 65 years). There was no 
significant correlation between age and number of lifetime partners. An un
married status correlated significantly with a history of urethritis (p=0.00 1 ), 
a history of STD (p<0.001), and with a higher number of lifetime partners 
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Table I .  Demographical and anamnestic characteristics of the study population. 

N (%) 

Marital status: married 1 64 (9 1 . 1 )  
unmarried 1 6  (8.9) 
unknown 4 

History of complaints of urethritis: absent 1 7 1  (94.0) 
present I I  (6.0) 
unknown 2 

History of epididymitis: absent 1 8 1  (99.5) 
present I (0.5) 
unknown 2 

History of sexually transmitted disease (STD): absent 1 76  (96.2) 
present 7 (3.8) 
unknown I 

Number of sexual partners during previous year: I 1 82 (98.9) 
> I  2 ( I . I) 

Number of l i fetime sexual partners: I - 2 1 30 (70.7) 
3 - 5 3 ( 1 7.9) 
6 - 9  6 (3.3) 
>9 1 5  (8.2) 

(p<0.00 1 ). A higher number of lifetime partners was also correlated signifi
cantly with a history of STD (p<0.001). 

Of one patient no smear was collected and five smears did not contain suf
ficient material for evaluation by fluorescence microscopy. Five (2.8%) of the 
remaining 1 78 urethral smears were positive for C. trachomatis. All five ure
thral cultures for C. trachomatis performed to corroborate the positive results 
of the smears were affirmative. 

Antibody titres against C. trachomatis were determined in sera of 176 patients 
of which both a smear and a serum sample was obtained, and in semen samples 
of 165 patients of which both a smear and a semen sample was collected (Table 
2). The four chlamydia) serum IgM-titres of 40 occurred in patients with only 
one partner during the last year and no current urethral chlamydia) infection. 
Urethral chlamydia) infection correlated significantly with a serum IgG titre 
to C. trachomatis of 640 or higher (p=0.0 16) and with an lgA titre in the se
men of 1 60 (p<0.001). A serum IgG titre of 2560 or more correlated with 
a semen lgA titre of 160 (p=0.007). A serum IgG titre of 640 or more also 
correlated with a serum IgA titre of 40 (p<0.001). A significant correlation 
existed between a serum lgA titre of 40 and a semen IgA titre of 160 (p<-0.001). 
In none of the 179 tested sera antibodies to T pallidum were found. 

Statistical analysis failed to show any significant correlation between chlamydia) 
antibody titres in semen or serum on the one hand and two main STD-correlates, 
namely history of STD and number of lifetime sexual partners, on the other 



87 

Table 2 .  Urethral chlamydia! infection and reciprocal titres i n  serum and semen samples of an
tibodies against C. trachomatis, performed in 176 patient sera and 1 65 semen samples. 

Urethral 
infection <40 

serum-lgM 
negative 1 68 
positive 4 

serum-lgG 
negative 5 1  
positive 

serum-lgA 
negative 1 62 
positive 2 

seme11-lgG 
negative 1 60 
positive 4 

seme11-lgA 
negative 1 59 
positive 2 

Number of patients with reciprocal titres of: 

40 

4 

48 

1 0  
2 

2 
2 

1 60 

46 

640 2560 

1 8  5 
I I 

;;;,1 0,240 

4 
2 

hand. There were also no significant relationships between chlamydia! antibody 
titres or STD-correlates, respectively, on one side and spermatozoa! count, sperm 
motility, and the results of the MAR-IgG test, of the MAR-IgA test or of the 
SCMC-test on the other. Chlamydia! antibody titres or STD-correlates, respec
tively, did also not correlate with morphological parameters of the spermatozoa, 
such as head or tail abnormalities, presence of spermatocytes, spermatides, and 
leucocytes or bacteria in the semen samples (data not shown). 

DISCUSSION 

Among the unmarried couples in our study population promiscuous behavior 
in the past was significantly increased. This higher promiscuity probably accounts 
for the relationship between an unmarried status and a history of urethritis and 
STD we found. In the general population the prevalence of STD is known to 
be higher among the single, divorced, or separated than among those who are 
married.20 We do not know of other investigations in our kind of population 
addressing this subject. Marriage as well as promiscuous behavior are stron
gly influenced by moral values of the social environment, and are therefore 
inconstant. For example, sexual attitudes may change because of fear of infection 
with human immunodeficiency virus (HIV). It is therefore not unlikely that this 
relationship we encountered, is not reproducible in other circumstances. 

The percentage of patients with a chlamydia! urethral infection of 2.8% agrees 
well with that found in other studies of male infertility. 10,2 1  In our population 
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of low recent promiscuity it would be expected to be at the level we found. 
As in any study of this kind, the possibility of patients misreporting about 

their sexual behaviour must be taken into account. However, the data in our 
study probably may be considered quite accurate, regarding the highly significant 
correlation we found between promiscuity and a history of STD (p<0.001 ). 
If these items, which are both very sensitive, would be misreported, then this 
logically expected correlation might not be encountered. Also, the low prevalence 
of chlamydia! urethral infection of 2.8% is in conformity with the reported recent 
fow promiscuity. 

The significant correlation we found between urethral chlamydia! infection 
versus IgG serum antibodies against C. trachomatis is compatible with the results 
of other investigations.22 Urethral infection also correlated with semen IgA 
antibodies against C. trachomatis. Semen lgA, serum lgA and serum IgG were 
also shown to correlate mutually. It would therefore seem reasonable to use 
this cluster of parameters to study relationships between infection with C. trachom
atis and its possible sequelae for male fertility. However, when put to the test, 
this cluster of, mainly serological, parameters did not show to correlate with 
well known STD-correlates such as a history of STD, and number of lifetime 
sexual partners. In contrast to our results, Close et al.4 found a significant rela
tionship between a high number of lifetime partners and chlamydia! seropositi
vity. In their definition of seropositivity they included lgM-positive sera. Anti
bodies of the IgM class, in contrast to IgG and IgA, are mainly associated with 
primary infection and are short-lived.22 Whether or not in the study of Close 
et al. IgM-positivity is related to chlamydia! urethral infection is not clear, because 
unfortunately they have not screened their population for current urethral infec
tion. Since in our study the four IgM-positive sera were neither related to ei
ther current urethral chlamydia! infection or recent promiscuity, nor to other 
chlamydia! parameters, to us they seem not to be of epidemiological value. These 
low titres may be caused by other immunologically cross-reacting antigens23 , 

or by spurious IgM.24 

A likely explanation for the lack of correlation between chlamydia! serology 
versus history of STD, and number of lifetime partners (in contrast to the signi
ficant relationship between current chlamydia! infection and serology) would 
be that serology against C. trachomatis does correlate with current infection, 
but not with events of a more remote date. Genital infection with C. tracho
matis in the male, in contrast to the female, produces only a weak antigenic 
stimulus, resulting in modest antibody responses.22 About 20% of infected males 
doesn't even mount an immunological response at all.22 It is also possible to 
detect antibodies against C. trachomatis which have no relationship with urogenital 
infection.25 It is therefore likely that, since antibody levels tend to decline in 
time in an unpredictable fashion, the relationship between the infection and the 
serological reaction by the host fade away. To assume that chlamydia! antibody 
levels, especially of IgG and IgA, persist long enough to be considered a reliable 
marker of past chlamydia! infection, as several studies do,4•8• 1 0  might therefore 
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be questionable. We believe our study indicates the necessity of including data 
on personal sexual history of recent as well as of earlier date in investigati
ons of this kind. 

Because chlamydia! serology was shown to be of dubious value for epidemiolo
gical use in this kind of population, we turned to the next available markers, 
namely epidemiological correlates of chlamydia! infection, such as number of 
lifetime sexual partners, history of urethritis, or history of STD. We have not 
found any relation between these epidemiological correlates of chlamydia) in
fection and STD and whichever parameter of male fertility. There was also 
only one patient with a history of symptomatic epididymitis in our population. 
We therefore tend to agree with the conclusions of some of the other authors4• 1 0, 

albeit on entirely different grounds, that, at least quantitatively, our data do 
not support an etiological role of C. trachomatis, or other sexually transmitted 
pathogens in male infertility in our population. It must be kept in mind, however, 
that our kind of studydoes not exclude the possibility that in an individual case 
chlamydia! infection or STD may lead to infertility. 

In conclusion, our data show a cluster of statistically significant correlations 
between current urethral chlamydia! infection, serum chlamydia! IgG, and IgA, 
and semen lgA titres. There was, however, no correlation between this cluster 
of parameters on the one hand, and well known risk factors of STDs of an 
earlier date on the other hand (such as history of an STD, urethritis or number 
of lifetime partners). We conclude that chlamydia! antibody titres in serum or 
semen are of questionable value in discerning possible correlations between C. 
trachomatis and male fertility. Our data on risk factors of STDs in our population 
give, on different grounds, support to the opinion of other authors about the 
absence of a correlation between C. trachomatis and male infertility. 
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SUMMARY 

Demographic and behavioural data on parameters of previous 
sexual behaviour were collected of both partners of 1 84 couples visiting 
the Obstetrics and Gynaecology Department because of infertility. They 
were also screened for urogenital infection with Chlamydia trachoma
tis. Of 1 3 1  (71 .2%) women a diagnosis was established by hysterosal
pingography and/or /aparoscopy about the condition of their fallopian 
tubes. A n  unmarried status correlated significantly with a history of 
sexually transmitted disease, and with past promiscuity of male and fe
male partner. Abnormalities of the fallopian tubes were significantly re
lated to an unmarried status, a history of pelvic inflammatory disease 
and past promiscuity. Male promiscuity was not shown to correlate 
with tubal abnormalities in the female partner. Partners of only three 
couples reported to have had a sexual relationship with a partner other 
than the current one during the last year. The percentage of Chlamydia 
trachomatis-positive women of 1 .8  and men of 3.0 in our study agrees 
with this low recent promiscuity. Chlamydia trachomatis was shown to 
be able to maintain itself at least during four years within a couple. The 
results are commented on. 

INTRODUCTION 
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It is the impression of many experts in the field of human reproduction that 
the number of couples with involuntary infertility is growing 1 • Sexually transmitted 
diseases (STDs) are believed to play a significant part in the increase of infer
tility, particularly when due to tubal factors2 . Infertility is attributed to tubal 
factors in about 15% of the cases 1

• Tubal damage is presumed to result from 
salpingitis, both symptomatic3 as well as, in about two thirds of the cases, sub
clinical4. Since the study of Punnonen et al.5 several studies have demonstrated 
that tubal factor infertility (TFI) is significantly associated with serum antibo
dies to Chlamydia trachomatis (C. trachomatis). Studies from the American 
continent report that patients with TFI have significantly more lifetime sex part
ners6 -8, and report more frequently a history of STDs4·8 than those without TFI. 
The data mentioned are limited to those of the female partner of the coup
le. Little is known of the epidemiological aspects of such a population. For 
example, to our knowledge her male counterpart has hitherto not been involved 
in a study, especially in regard to parameters of his previous and recent sexu
al behaviour. Nor have been described the various demographical and anamnestic 
parameters in relation to each other and to chlamydia! urogenital infection. 

Because of our interest in the relationships between the various epidemiologi
cal characteristics of our infertility population, especially concerning chlamydia! 
infections and tubal abnormalities, we undertook this study. 
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POPULATION AND METHODS 

- Study population -

The study population existed of 195 consecutive couples visiting the outpatient 
department for evaluation of their fertility problem. The couples had to have 
attempted to achieve pregnancy for at least one year. Eleven (5 .6%) couples 
were excluded from evaluation: in nine cases (4.6%) the female was pregnant 
at the couples first visit to the Fertility Unit and two ( 1.0%) couples defaul
ted for unknown reasons during the infertility evaluation; leaving 184 coup
les for evaluation. 

A general medical history was taken and information was obtained from the 
female patient about age, marital status, history of treatment for vaginal discharge, 
of intra-abdominal infections, and of previously diagnosed STDs. The number 
of sexual partners during the year preceding entrance in the study was recorded 
as one of the following possibilities: l ; 2-5 ; >5. Also the number of lifetime 
sexual partners was recorded as one of the following possibilities: 1-2; 3-5;  :;?!6. 
Information was also obtained from the respective male partner regarding history 
of STD, number of sexual partners during the last year and number of lifetime 
sex partners. During questioning the partner was not present in order to avoid 
bias. A physical examination concluded the visit. 

- Specimen collection and processing -

From the female patients smears for diagnosis of chlamydia! infection by 
direct immunofluorescence were collected from the endocervix with a wooden 
cotton -tipped swab which was inserted about 1-2 cm into the endocervical canal, 
rotated firmly and withdrawn. A second swab was inserted about 1 -2 cm into 
the meatus urethrae and withdrawn while being rotated. Smears were obtained 
from the male patients for diagnosis of C. trachomatis by inserting a swab about 
4 cm into the urethra and rotating it during withdrawal. The swabs were subse
quently rubbed onto the two wells (0 8 mm) of a microscope slide. These were 
then air -dried for about l O min at room temperature, fixed with 96% etha
nol and stored at -20°C until further processing. For direct immunofluores
cence of the slides a fluorescein -conjugated monoclonal antibody to C. tracho
matis (MikroTrak Direct Test, Syva Co., Palo Alto, California, USA) was applied 
according to the manufacturers instructions. The slides were read using an epifluo
rescence microscope (Leitz Dialux 20, Ernst Leitz GmBH, Wetzlar, Federal 
Republic of Germany) at 6.3 x 50 magnification under a water-immersion lens. 
The specimens were graded positive if five or more chlamydia! particles were 
seen on the well. 

Patients with positive smears were cultured for C. trachomatis at a subsequent 
visit to corroborate the immunofluorescence results of the smears. Cultures were 
collected as described above, albeit with a different type of swab (Transwab; 
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Medical Wire and Equipment Co.,Potley, England, United Kingdom). The swabs 
were placed in a sucrose-phosphate medium supplemented with gentamicin (50 
mg /1) and amphotericin B (2.5 mg /1), transported to the laboratory and proces
sed within 4 hours after collection. C. trachomatis was isolated in cycloheximide
treated McCoy cell cultures on coverslips, as described elsewhere9 . The C. 
trachomatis -positive couples were subsequently treated with a 10-day course 
of doxycyclin. 

- Diagnosis of the condition of the fallopian tubes -

As part of the normal fertility evaluation an HSG was made unless a male 
cause for the couples infertility was already established, e.g. infertility because 
of azoospermia. Also a laparoscopy was performed six months after the HSG, 
unless pregnancy had occurred in the mean time. The women were classified 
as having tubal abnormalities if evidence was encountered during HSG or 
laparoscopy of fimbrial, peritubal and /or periovarial adhesions, obstruction of 
one or both fallopian tubes and hydrosalpinx, or a combination of those. 

- Statistics -

Correlations of tubal disease with binary variables were studied using chi
square tests with Yates' correction for continuity, and with Fisher's exact test 
for small numbers. Correlations with ordinal variables were studied using correla
tion coefficient, with continuous variables using analysis of variance. The 
difference of number of lifetime partners between male and female partner was 
studied with W ilcoxon's matched pairs test. For statistical analysis the women 
with tubal abnormalities were compared to all other women, i.e. those without 
tubal abnormalities plus those who did not receive an HSG or laparoscopy, be
cause of a definite male cause of the couples infertility. This is justified, because 
the condition of the fallopian tubes of the women of couples with a definite 
male cause of infertility, can be expected to be comparable to that of normal, 
unselected women. In the male population absence of correlation has been shown 
between fertility parameters and, respectively, STD parameters, and serology 
against C. trachomatis (Ruijs GJ, Kauer FM, Jager S, Schroder FP, Schirm J, 
Kremer J. Is serology of any use when searching for correlations between 
Chlamydia trachomatis infection and male infertility? Forti! Steril 1990;5 3: 131-
136). 

RESULTS 

The mean age of the population was 28.6 years (range 20-44 years) for the 
women, and 31.6 years (range 21-65 years) for the men. The demographical 
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and anamnestic data are presented in Table l. A sexual encounter with some
one other than the current partner during the preceding year was reported by 
only one woman and by two men. 

The results of the statistical analysis on the mutual correlations of the demo
graphical and anamnestic characteristics and urogenital chlamydia! infection of 

Table l .  Demographical and anamnestic characteristics of 184 partners of infertile couples in rela
tion to the condition of the fallopian tubes. 

Women with proven Other women 
tubal abnormalities• 

N (%) 44(24) 140(76) 

Marital status of the couple :b 

married 35 (8 1 )  129 (94) 
unmarried 8 (19) 8 (6) 
unknown l 3 

Female partner : 

History of treatment for vaginal discharge : 
absent 30 (68) 103 (74) 
present 14 (32) 36 (26) 
unknown l 
Intra-abdominal infections :' 
none 30 (68) 122 (87) 
non-PIDd 10 (23) 18 (13) 
PID 4 (4) 0 (0) 
History of sexually transmitted disease (STD) : 
absent 41 (93) 134 (97) 
present 3 �7) 4 (3) 
unknown 2 
Number of lifetime sexual partners :0 

l - 2 29 (67) 113 (82) 
3 - 5 8 (19) 20 (14) 
;;,,6 6 (14) 5 (4) 
unknown l 2 
Male partner : 

History of sexually transmitted disease (STD) : 
absent 40 (91) 136 (98) 
present 4 (9) 3 (2) 
unknown I 

Number of lifetime sexual partners : 
l - 2 28 (64) 102 (73) 
3 - 5 10 (23) 23 (16) 
;;,,6 6 (14) 15 (11) 

' - women with tubal abnormalities proven by HSG and /or laparoscopy 
b - tubal abnormalities in unmarried vs married women: p=0.0 11 

Total 

184(100) 

164 (91) 
16 (9) 
4 

133 (73) 
so (27) 

l 

152 (83) 
28 (15) 
4 (2) 

175 (96) 
7 (4) 
2 

142 (78) 
28 (15) 
I I  (6) 
3 

176 (96) 
7 (4) 
I 

130 (71) 
33 (18) 
21 (11) 

' - tubal abnormalities in women with a history of PID vs other women: p=0.003 
d - non-PID : appendicitis (n=23), other (n=S) 
< - number of lifetime sex partners in women with tubal abnormalities vs. other women: p=0.031 
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the respective partners of the study population are presented in Table 2. The 
number of lifetime partners of the female correlated significantly with that of 
the male partner (p<0.001), whereby the male had a significantly higher num
ber of lifetime partners than his female partner (p=0.005). 

Table 2. Mutual correlations between demographical and anamnestic characteristics and urogenital 
chlamydia! infection of the respective partners of the 1 84 couples of the study population. 

Respective parameters (left vs. right) 

Female 
Unmarried status 

History of vaginal discharge 
History of STD 

I !  11 " 

Female 
Unmarried status 

History of STD 
II 11 I! 

Chlamydia! infection 
" " 

Male 
History of STD 

p value 

Female 
History of vaginal discharge 0.027 
History of STD <0.00 1 
;;, 6 lifetime partners <0.00 1 
Chlamydia! infection 0.02 1 
;;, 6 lifetime partners <0.00 1 
History of vaginal discharge 0.023 
;;, 3 lifetime partners <0.00 1 

Male 
History of STD <0.00 1 
;;, 6 l ifetime partners 0.004 
History of STD <0.00 1 
;;, 3 l ifetime partners <0.00 1 
;;, 6 lifetime partners 0.033 
Chlamydia! infection 0.003 

Male 
;;, 3 lifetime partners <0.00 1 

Of 131 women an HSG was made; 39 demonstrated tubal abnormalities. In 
41 women a laparoscopy was also performed, which disclosed five more women 
with proven tubal abnormalities. The results of the combined diagnosis by HSG 
and laparoscopy are shown in Table 1. 

Twelve of the 184 cervical smears were not evaluable: in one case because 
no smear was taken and, in 11 cases insufficient material on the slide precluded 
evaluation. Of the urethral smears of the male six samples were not evaluable: 
of one patient no smear was collected, and five smears did not contain suffici
ent material for fluorescence microscopy. Thus, a complete diagnosis could be 
established of both the male and female partner of 166 couples about the presence 
of a chlamydia! urogenital infection (Table 3). Direct immunofluorescence on 
the urethral smears of the female partners yielded only one sample positive 
for C. trachomatis. The corresponding cervical sample was also positive, as was 
the urethral smear of the partner. Of the three cervical cultures for C. tracho
matis, performed at a subsequent visit to corroborate the results of the three 
positive smears, two were positive. The negative culture belonged to a woman, 
whose partner was smear- and culture-positive for C. trachomatis. All five ure-
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Table 3 .  Results of detection of  Chlamydia trachomatis by  direct immunofluorescence in 1 66 urogenital 
smears of infertile couples. 

Urogenital smears of the female partner 

positive 
negative 
total 

' - number (%) 

Urethral smear of the male partner 

positive 

2 ( 1 .2)' 
3 ( 1 .8) 
5 ( 3.0) 

negative 

I ( 0.6) 
1 60 (96.4) 
1 6 1  (97.0) 

total 

3 ( 1 .8) 
1 63 ( 98.2) 
1 66 ( 1 00.0) 

thral cultures of the male partners performed to confirm the positive smears, 
were affirmative. 

Of six couples at least one partner was positive for C. trachomatis (Table 
3). In two of these couples the woman had unilaterally abnormal fallopian tubes. 
In the remaining four instances no tubal investigation was undertaken because 
of a definite male cause of the infertility. 

We expected our population to be of low promiscuity. This would enable 
us to gather retrospectively some data, albeit anecdotal, on the duration of infection 
with C. trachomatis within a couple. We therefore asked both partners of the 
C. trachomatis-positive couples about the time elapsed since the last sexual 
encounter with someone other than the current partner. The maximum time 
period mentioned by any of the C. trachomatis-positive couples, during which 
no sexual contact occurred with another partner than the current one, was four 
years. 

DISCUSSION 

An unmarried status of the couple showed to be significantly related to a 
higher number of lifetime sexual partners in both the female as well as male 
patients (Table 2). It was also related to several sequelae of promiscuous behaviour, 
such as history of STD in both female and male patients, a positive cervical 
smear for C. trachomatis, a history of treatment for vaginal discharge (Table 
2), and to tubal abnormalities (Table 1). One8 of two Canadian studies, in which 
marital status was taken into consideration, also detected a relationship between 
an unmarried status and tubal infertility, the other4 did not. The prevalence 
of STD is known to be lower among the married than among those who are 
single, divorced, or separated 10. Both marriage and promiscuity are strongly 
influenced by moral norms and values of the social environment, and are there
fore marked by change. For example, sexual attitudes may change because of 
fear of acquiring AIDS. It is therefore not unlikely that this relationship we 
encountered, is not reproducible in other circumstances and caution must be 
exerted in extrapolating our results to other populations. 
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We found a relationship between the lifetime number of partners of the men 
and that of their female partner, whereby the men had a significantly higher 
number of partners. Like above, this also seems to support that, in our population, 
both partners are recruited from essentially the same social environment with 
its own behavioural characteristics. 

Partners of only three (1 .6%) out of 184 couples reported to have had a sexual 
relationship during the last year with a partner other than the current one. The 
recent sexual behaviour of our population may therefore be characterized as 
almost completely monogamous. In such a population the prevalence of sexually 
transmitted micro-organisms is expected to be low. The percentage of C. tra
chomatis-positive women of 1 .8 and men of 3 .0 in our study (Table 3) agrees 
with their low recent promiscuity. 

The relationship between tubal abnormalities and promiscuity we found (Table 
I )  is in accordance with those of other studies, from American soil, which have 
demonstrated that tubal infertility is correlated with a higher number of lifetime 
sex partners of the female patient6-8 . Although the lifetime number of sex part
ners of the male and female partner of a couple were mutually significantly 
related, there was no correlation in our results between tubal abnormalities and 
lifetime number of sex partners of the current male partner. In our popula
tion male promiscuity does not seem to contribute strongly to tubal infertili
ty . Nevertheless, it is primarily the relative size of the so-called core group of 
promiscuous men, together with that of promiscuous women, that determines 
the prevalence level of sexually transmitted micro-organisms in general 1 1 . This 
is also reflected in the significant relationship between male promiscuity (;?:,six 
lifetime partners) and cervical chlamydial infection in the female partner (Table 
2). Of the sexually transmitted micro-organisms particularly C. trachomatis is 
involved in the development of tubal infertility 1 2• 

Other studies remark that a history of STD is more frequently mentioned 
by women with tubal infertility4•8. In our population we did not encounter such 
a relationship (Table 1). This could be due to an insufficient number of patients 
in our study . Another explanation may be that a history of STD is more or 
less synonymous with an infection with Neisseria gonorrhoeae, because until rela
tively recently diagnosis and treatment was mainly directed at this micro
organism. Gonococcal infection carries a better prognosis as far as tubal infertility 
is concerned, than infection with C. trachomatis 12• Female patients with chlamy
dial infections, however, are as a rule unaware of their affliction 1 3 . By conse
quence, they would fail to identify as being at risk for possible sequelae of 
their infection. This is also exemplified by the C. trachomatis-positive couples 
in our population . Neither partner of the infected couples was aware of being 
infected by the micro-organism and both women of which the tubal status was 
assessed in the course of the fertility investigation showed tubal abnormalities. 

Only four (10%) out of the 44 women with tubal abnormalities mentioned 
a history of pelvic inflammatory disease (PID) (Table 1). Several other authors 
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also stress the existence of severe tubal abnormalities in the absence of a his
tory of PI04 ,5,8, 14· 17. Particularly PIO caused by C. trachomatis is considered 
to evolve asymptomatically. The tubal abnormalities in our female patients may 
therefore be considered as the sequelae of asymptomatic PIO by, among others, 
C. trachomatis, although the micro-organism is no longer detectable at the moment 
of fertility investigation. If prevention of tubal infertility were to be guided by 
acting on overt signs and symptoms of PIO,  only a small minority of those 
at risk would receive treatment. Moreover, this treatment would not always be 
able to prevent tubal sequelae of PI0 1 2 . Prevention of tubal infertility should 
therefore be aimed at an earlier stage. Modifying sexual behaviour2 • 1 8, and use 
of mechanical and chemical barriers2• 1 9  have all been advocated for that purpose .  

According to  other reports o f  similar groups of patients, the percentage of 
patients with a cervical chlamydia) infection varies from 0%4•8• 1 6,20 to about 30%2 1 . 

Our percentage of 1.8 (Table 3) compares well with the majority of these reports. 
The same applies to the percentage of C. trachomatis-positive male patients 
of 3.0, which is similar to that found elsewhere, varying from 0% to 8.5%22· 

24. Both rates of C. trachomatis-positive patients are in the expected range for 
a population with low figures of recent promiscuity. 

Although the percentage of C. trachomatis-positive couples is quite low, it 
raises some difficult questions. During diagnosis and treatment of infertility various 
intrauterine procedures take place, such as HSGs, intrauterine inseminations, 
etc. PIO following HSG is associated with cervical chlamydia) infection25 . Does 
this imply that all patients about to undergo an HSG should be screened for 
a chlamydia) infection and be treated if necessary ? As to the male part, artifici
al insemination with semen containing C. trachomatis has also been shown to 
cause PID26. Does therefore the same screening and treatment apply here? If 
one would adopt a screening policy, ought one screen not only the female, but 
also the male partner, which would otherwise be missed (Table 3)? Or should 
treatment be offered in a blinded fashion to each partner of the couples at risk? 
We believe these questions merit further investigation in quantifying the risks 
involved in order to reach a sensible policy. 

Direct immunofluorescence is a suitable method for epidemiologic investi
gations in low prevalence situations, as other studies have demonstrated27·29• 

We could confirm all but one of the direct immunofluorescence-positive cervi
cal smears by culture . Our screening result in that case was probably rightly 
positive, considering the fact that the male partner of the woman was sme
ar-and culture-positive for C. trachomatis. Therefore, our results in this specific 
population also indicate that detection of C. trachomatis by direct immunoflu
orescence on urogenital smears is a suitable method for epidemiologic inves
tigation. Although it requires a well trained and conscientious laboratory staff 
it surpasses the many cumbersome aspects of culture. 

By asking both partners of the C. trachomatis-positive couples about their 
last sexual contact with another partner than the current one, we were able 



I O I  

to show that the micro-organism is able to maintain itself in a couple for at 
least four years. Although C. trachomatis is known for chronic and often 
asymptomatic urogenital infections, there are not much data on the natural history 
of chlamydia! infection 1 3 • There are only two studies of untreated nonpregnant 
women which demonstrate persistence of chlamydia! infection, albeit during 
relatively short observation periods of three30 and, respectively, 1 5  months3 1 . 
In the first study, about two thirds of the untreated study population was still 
C. trachomatis-positive after three months. In the second study, three out of 
the four untreated women were still positive after 15 months. The fact that 
the micro-organism is able to maintain itself for as long as four years with
out being eradicated by the host couple, or giving rise to symptoms, nicely illustra
tes the chronic and often asymptomatic nature of chlamydial infection. 
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SUMMARY 

Epidemiological and serological parameters of chlamydia[ infection 
and cervical mucus abnormalities in female fertility patients were stu
died. Cervical and serum antibodies against Chlamydia trachomatis 
were studied in relation to epidemiological parameters and to tubal 
abnormalities. Abnormalities of cervical mucus were as a rule due to 
impe1fect timing of collection of the samples, and not to previous or 
current urogenital chlamydia[ infection The epidemiological relation
ships of ce,vical and serum lgG and IgA antibodies against C. tracho
matis with sexually transmitted disease(STD) -parameters and tubal ab
normalities corresponded with chlamydia[ pelvic inflammato1y disease 
having taken place long ago. Causality of the relationship between 
chlamydia[ infection and tubal abnormalities is supported by our data. 
About one-third of the unexplained tubal abnormalities in our patient 
group seems STD-associated. 

INTRODUCTION 

105 

Epidemiological investigation has shown tubal damage to be the single most 
important cause of female infertility in industrialized countries 1 • Tubal damage 
may result from inflammatory processes initiated by a number of micro-organisms, 
of which Chlamydia trachomatis ( C. trachomatis) has been found to be a prominent 
representative2. In 1979 the association between C. trachomatis and tubal 
infertility has first been reported by Punnonen et al., who found significant correla
tions between tubal abnormalities and high antibody titres against C. trachomatis3. 

Many reports have followed since. 
C. trachomatis is also suspected of interfering with human fertility at the level 

of the endometrium4. To our knowledge, however, a possible interference by 
C. trachomatis at the cervical level, shown by abnormalities of cervical mucus, 
as defined by W HO criteria5 , has until now not been reported on. In women 
the cervix uteri is the usual site of infection. W ithin the framework of a study 
on epidemiological aspects of chlamydia! diseases in both partners of infertile 
couples, of which parts have been published6•7 , we therefore address in the present 
paper the relationship between epidemiological markers of sexually transmitted 
diseases (STDs) and serology against C. trachomatis versus cervical mucus 
abnormalities. 

A second aspect of interest was to determine whether determination of both 
local and systemic immunoglobulin G (IgG) or A (IgA) antibodies against C. 
trachomatis would add to the epidemiological perception of the relationship 
between C. trachomatis and tubal abnormalities. 

Finally, we attempted to estimate the baseline prevalence of tubal abnormalities 
in our patient group, not related to exogenous factors, such as STDs, or other 
probable causes of tubal abnormalities, such as previous pelvic surgery. 
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POPULATION AND METHODS 

- Study group -

The study group existed of the females of 195 couples consecutively v1s1-
ting the outpatient department for evaluation of their fertility problem. The mean 
age of the patients was 28.6 years (range 20-44 years). The demographical 
and anamnestic data are presented in Table 1. They are discussed elsewhere7. 

The couples had to have attempted to achieve pregnancy for at least one year. 
Eleven (5.6%) couples were excluded from evaluation: in nine cases (4.6%) the 
female was pregnant at the couples first visit to the Fertility Unit and two ( 1.0%) 
couples defaulted for unknown reasons during the infertility evaluation, thus 
leaving 184 females for evaluation. 

Table 1. Demographical and anamnestic characteristics of the study group of 184 infertile women. 

n (%) 

Marital status of the wman: 
Married 164 (9 1) 
Unmarried 16 (9) 
Unknown 4 

Histo,y of treatment for vaginal discharge: 
Absent 133 (73) 
Present 50 (27) 
Unknown I 

HistOI)' of intra-abdominal infections: 
None 152 (83) 
Non-PIO' 28 ( 15) 
PIO 4 (2) 

HistOI)' of sexually transmitted disease (STD): 
Absent 175 (96) 
Present 7 (4) 
Unknown 2 

Number of sexual partners during the Last Year: 
l 183 (99) 
> l  l ( I )  

Number of lifetime sexual parmers: 
l - 2 142 (78) 
3 - 5 28 ( 15) 
;;;,6 1 1  (6) 
Unknown 3 

Total 184 ( 100) 

a Non pelvic inflammatory disease (non-PIO): appendicitis (n=23), other (n=5) 
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A general medical history was taken and information was obtained from the 
patients about age, marital status, history of treatment for vaginal discharge, 
of intra-abdominal infection, related to pelvic inflammatory disease (PIO) or 
not, for which hospitalization was required, and of previously diagnosed STDs. 
The number of sexual partners during the year preceding entrance in the study 
was recorded as one of the following possibilities: l ; 2-5 ; >5. Also the number 
of lifetime sexual partners was recorded as one of the following possibilities: 
1-2 ; 3-5 ; �6. During questioning the male partner was not present in order 
to avoid bias. Separately, the same questions about history of STD and number 
of lifetime sexual partners were put to the male partner. A physical examina
tion concluded the visit. 

- Specimen collection and processing 

All specimens, but the cervical mucus samples, were collected at the couples 
first visit to the department. 

Cervical and urethral smears for diagnosis of chlamydia! infection by direct 
immunofluorescence were collected of the female patients as described 
elsewhere 7. Of the male partner also a urethral swab was collected6. 

Cultures for C. trachomatis were performed of the patients with positive smears 
at a subsequent visit to corroborate the immunofluorescence results of the smears. 
Cultures were collected and processed as described earlier6. The C. trachoma
tis-positive couples were subsequently treated with a l 0-day course of doxy
cyclin. 

Serum samples were collected and processed for determination of IgG and 
IgA antibody titres against C. trachomatis as described elsewhere6 . When titres 
are mentioned in the text, reciprocal antibody titres are meant. Cervical IgG 
and lgA antibody titres against C. trachomatis were also determined after resuspen
ding filtration paper strips (see further), which were used to collect cervical 
mucus specimens, in l ml phosphate-buffered saline. 

It was attempted to aim collection of the cervical mucus samples at midcycle 
before ovulation in case of a normal biphasic basal body temperature curve; 
otherwise the samples were obtained in the second week of a sequential pill 
cycle. The couple was asked to abstain from intercourse during five days prior 
to collection of the cervical mucus to prevent contamination of the mucus with 
spermatozoa. After cleansing the excess mucus off the cervix, the pH of the 
mucus was measured in the endocervical canal using a glass electrode8 . Subse
quently, a filtration paper strip (5x20 mm) was placed onto the cervical ostium 
and allowed to saturate. The strip was removed and kept at -20°C until further 
processing for IgA and lgG antibody titres. Endocervical mucus was aspira
ted by means of a long tuberculin syringe (without needle). The laboratory 
investigation of the cervical mucus included estimation of the volume, determina
tion of transparency, consistency, ferning, Spinnbarkeit, and number of round 
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cells (leucocytes) per high power field (400x magnification) according to W HO 
criteria 5. 

- Diagnosis of the condition of the fallopian tubes -

As part of the normal fertility evaluation a hysterosalpingogram (HSG) was 
made unless a male cause for the couples infertility was already established, 
e.g. infertility because of azoospermia. Also a laparoscopy was performed six 
months after the HSG, unless pregnancy had occurred in the mean time. The 
women were classified as having tubal abnormalities if evidence was encoun
tered during HSG or laparoscopy of fimbrial, peritubal and /or periovarian 
adhesions, obstruction of one or both fallopian tubes and hydrosalpinx, or a 
combination of those. 

For statistical purposes the women with tubal abnormalities (44 women; 23.9%) 
were compared to all other women, i.e. those without tubal abnormalities (87 
women; 47.3%) plus those who did not receive an HSG or laparoscopy (53 
women; 28.8%), because of a definite male cause of the couples infertility. This 
is justified, for the condition of the fallopian tubes of the women of couples 
with a definite male cause of infertility, can be expected to be comparable to 
that of normal, unselected women. We have previously shown absence of 
correlation between male infertility and C. trachomatis in the male partners of 
our patients6. 

- Statistics -

Correlations with binary variables were studied using the chi-square test with 
Yates' correction for continuity, and Fisher's exact test for small numbers. 
Correlations with continuous variables using analysis of variance. To study the 
relations between the serological data, correlation coefficients have been cal
culated. The statistical level of significance was set at p=0.05. 

RESULTS 

In twelve of the 184 cases the cervical smears of the patients were not evaluable: 
in one case because no smear was taken and, in 1 1  cases insufficient material 
on the slide precluded evaluation. Three (1,7%) of the remaining 172 smears 
were positive for C. trachomatis. Direct immunofluorescence on the urethral 
smears of the female partners yielded only one sample positive for C. trachoma
tis. The corresponding cervical sample was also positive. Of six couples out 
of the 1 66 of which both a cervical and urethral smear were assessable either 
one, or both partners had a urogenital infection with C. trachomatis. 

Out the 175 cervical mucus samples collected for analysis 23 (13. 1 %) were 
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of intermediate or poor quality according to WHO criteria. Of these 23, all 
but one were excluded from evaluation because of failure to collect them at 
midcycle, according to the basal body temperature curve. Therefore, of the remain
ing 153 cervical mucus samples only one (0.6%) sample of poor quality remained, 
which was not due to imperfect timing of collection. The woman with this 
abnormal cervical mucus specimen had no history of STDs, only 1-2 lifetime 
sexual partners, and no antibodies against C. trachomatis in serum or cervical 
mucus. 

Of the 172 patients of which both a cervical and a urethral smear was evaluable, 
14 had no cervical mucus specimen collected for determination of cervical IgA 
and IgG antibodies against C. trachomatis, thus leaving 15 8 patients for evalua
tion of cervical smears in relation to the cervical antibodies (Table 2). Similarly, 
of two patients no serum sample was obtained, leaving 170 for evaluation of 
serum antibodies (Table 2). 

Table 2. Urogenital chlamydia! infection and antibody titres against C. trachomaris in 158 samples 
of cervical mucus and 170 serum samples. 

Number of patients with titres of: 
Urogenital 

<40 40 160 640 2560 ;;,,10,240 smears 

Cen1ical-IgA antibodies' 
Negative 148 4 3 
Positive I 2 

Ce,vica/-IgG antibodies' 
Negative 141 4 7 2 1 
Positive 3 

Ser11111-IgA antibodies 
Negative 159 6 2 
Positive 2 I 

Serum-IgG antibodies: 
Negative 32 33 62 26 8 6 
Positive I 2 

" - Urogenital infection with C. trachomatis was correlated with a cervical IgA titre of;;;a40 (p=0.002). 
b - Urogenital infection with C. trachomatis was correlated with a cervical IgG titre of ;;;a2560 

(p<0.001). 
c - Urogenital infection with C. trachomatis was correlated with a serum IgG titre of;;,,2560 (p<0.001 ). 

Unilateral tubal abnormalities were shown in 31 (16.8%), and bilateral 
abnormalities in i 3 (7. l %) patients. Patients with tubal abnormalities had more 
often had more than five lifetime partners than those without (5 out of 133 
vs. 6 out of 37; p=0.035). 

In Table 3 mean titres against C. trachomatis of cervical and serum antibodies 
are presented in relation to history of vaginal discharge, history of STD, number 
of lifetime partners and, respectively, to the status of the fallopian tube. 
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Table 3. Correlates of sexually transmitted diseases (STDs) in relation to ti tres of lgA and IgG 
antibodies against C. trachomatis in cervical mucus and serum. 

Ant ibody titre" in 
Cervical mucus Serum 

STD Correlate No. · 1gA lgG No. lgA IgG 

History of yes 48 1 3.0 ( 1 .3) 1 5 .4 (2.4) 50 1 1 .2 (0.7) 223.4 ( 48.9) 
vaginal no 1 1 8 I 1 .0 (0.4) 1 3.7 ( 1 .2) 1 3  I 1 0.9 (0.4) I 00.5 ( 1 2.6) 
dischargeb 

History yes 7 26.9 (9.5) 40.0 ( 1 7.2) 7 1 2.2 (2.3) 1 4 1 2.5 (54 1 . 1 ) 
of STD' no 1 58 I I. I (0.4) 1 3.6 ( 1 .0) 1 73 I 0.9 (0.3) 1 1 3.2 ( 1 3. 1 )  

Number of 1 -2 1 27 1 0.7 (0.3) 1 2 .7 (0.9) 1 4 1  I 0.6 (0.3) I 00.2 ( 1 2.0) 
lifetime 3-5 26 1 2.4 ( 1 .6) 1 8.0 (4. 1 )  27 1 2.3 ( 1 .6) I 86.6 ( 46. 7) 
partners" >5 I I  24.2 (7.0) 3 1 . 1  ( I 1 .0) I I  1 2.9 (2.0) 497.7 ( 1 64.0) 

Tubal other 1 25 I 1 .6 (0.6) 1 3.6 ( 1 .2) 1 38 1 0.9 (0.4) 98.9 ( 1 2. 1 )  
abnor- unilateral 30 1 2.0 ( 1 .2) 1 7.4 (3.5) 3 1  1 0.9 (0.6) 228.6 (62.8) 
malities" bilateral I I  1 0.0 (0.0) 1 2.9 (2.8) 1 3  I I . I  ( I. I )  375.8 ( I  1 4.5) 

a - Geometrical mean titre (SD). 
b - Patients with a history of vaginal discharge had a significantly higher serum IgG titre than 

those without (p<0.02). 
' - Patients with a history of STD had a significantly higher cervical lgA (p<0.0 1 )  and IgG (p<0.0 1 )  

as well as serum IgG (p<0.0 1 )  titre than those without. 
d - Number of l ifetime partners correlated with cervical lgA (p<0.0 1 )  and IgG (p<0.0 1 )  as well 

as serum IgA (p<0.05) and IgG (p<0.0 1 )  t itre. 
c - Tubal abnormalities correlated only with serum IgG (p<0.05). 

To study the serology against C. trachomatis with respect to abnormalities 
of the fallopian tubes due to STDs in our 184 patients, we excluded from evaluation 
the 39 women who had a history of any disorder that was not STD-related 
but which could potentially cause tubal abnormalities, such as a history of appendi
citis, pelvic surgery, endometriosis observed at laparoscopy, etc., thus leaving 
145 women. The correlation between serology and, respectively, tubal 
abnormalities and past promiscuity is shown in Table 4. 

In an attempt to assess the baseline prevalence of tubal abnormalities, not 
related to exogenous factors, such as STDs, in our study group, we excluded 
from our 184 women those 39 with other, non-STD-related possible causes 
of tubal abnormalities, such as previous abdominal surgery, leaving 1 45 women, 
of which 32 (22.1 %) had tubal abnormalities (Table 4). We narrowed it down 
further by excluding the women with antibodies against C. trachomatis, and 
those belonging to couples of which one or both partners had more than two 
lifetime sex partners. A group of 27 women remained, of which 4 (14.8%) had 
tubal abnormalities. 
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Table 4. Correlation of lgG antibody titres against C. tracho111atis of 1 45 female patients with lifetime 
number of sexual partners and, respectively, tubal abnormalities. 

Lifetime no. of sexual partners 

1 -2 ;;,3b 

No. No. with titre No. No. with titre No. 
;;e640" (%) ;;e640 (%) 

Women with bilateral 7 I ( 1 4%) 4 4 ( 1 00%) 
tubal abnormalitiesc 

Women with unilateral 1 5  4 (27%) 6 3 (50%) 
tubal abnormalities 

All other women 95 1 5  ( 1 6%) 1 8  6 (33%) 

Totald 1 1 7 20 ( 1 7%) 28 1 3  (46%) 

" - Number of women with a antibody titre against Chlamydia tracho111atis of 640 or higher. 
b - Among the women with ;;,3 lifetime sexual partners a titre ;;,640 was correlated with bilateral 

tubal abnormalities (p<0.05). 
' - Among the women with bilateral tubal abnormalities ;;,3 l ifetime sexual partners was correlated 

with a titre ;;e640 (p<0.02). 
" - Among all women ;;,3 lifetime sexual partners was correlated with a ti tre ;;,640 (p<0.0 I ). 

DISCUSSION 

To investigate a possible relationship between poor cervical mucus qualities 
and antibodies against C. trachomatis, care has to be taken in aiming at the 
right moment in the female cycle at which the mucus is collected. In presumably 
ovulatory cycles the levels of IgA and IgG may vary during the female cycle, 
with the lowest values observed in the days around the time of ovulation9

. If, 
in our patient group, the cervical mucus showed poor qualities, it was almost 
always due to imperfect timing of collection of the samples. In the only correctly 
timed specimen of poor quality C. trachomatis was not involved, according to 
absence of risk factors of STDs, of current chlamydia) urogenital infection, and 
of antichlamydial antibodies in the corresponding cervical mucus and serum 
sample. Battin et al. also failed to show correlations between C. trachomatis 
infections of the cervix and abnormal postcoital tests 1 0

, but their study group 
was quite small. Their as well as our study indicate that, although C. trachoma
tis is most commonly found at the cervix uteri, the infection does not seem 
to carry long term consequences with respect to cervical mucus qualities. 

Considering the various correlations between parameters of chlamydia) 
urogenital infection and antibodies against C. trachomatis in our patient group, 
analogies with serological findings in several other groups of women, both with 
and without signs of chlamydia) infection are present. In another group of women 
without current signs and symptoms of infection, cervical chlamydia) infection 
correlated with both cervical and serum lgA and IgG antibodies against C. 
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tracho111atis 1 1- 13. In our patient group which includes patients suffering from late 
sequelae of chlamydial urogenital infection we encountered similar correlations 
between current urogenital chlamydia( infection and cervical lgA and IgG and 
serum lgG antibody titres (Table 2). 

In patients with vaginal discharge high levels of antibodies against C. 
trachomatis were found 1 4. We too found a correlation between a serum IgG 
titre of�2560 and a history of vaginal discharge 7 .  Previously we found in another 
group of women without current symptoms of urogenital infection that a history 
of STD correlated significantly with IgG serum antibodies against C. trachoma
tis 1 1 , similar to the present findings in our patients 7 . 

Women experiencing a salpingitis due to C. trachomatis had significantly in
creased titres of antichlamydial cervical IgA and serum IgG antibodies 1 5 • 1 6 • Like 
us, Sarov et al. 1 7 have also not found significant d ifferences in serum IgA antibodies 
between infertile women with and without an abnormal HSG. Remarkably in 
their study both groups of infertile women had significantly higher antibody 
levels in comparison to a control group of ferti le women. 

Thus, the similarity of the serological results in our patients and those in 
various other groups of patients, is striking. I t  seems therefore l ikely, that infer
tile female patients probably do not differ serologically from other women at 
risk of urogenital chlamydia(  infection. The reason for the fact that only the 
IgG antibodies have retained their correlation with tubal abnormalities, is that, 
compared to the patients in the other studies, the moment at  which we studied 
our patients is quite some time after the chlamydia( infection. During follow
up studies of patients with PID antibodies against C. trachomatis have been 
shown to decline in time, albeit in a variable fashion 1 8, 1 9

. 

It is noticeable that, while the correlation between cervical antibodies and 
tubal abnormalities is lost, i t  is sti l l  possible to find a correlation between cervical 
antibodies and promiscuity. Possibly, the C. trachomatis-related tubal abnor
malities occur quite early in the afflicted female's l ifetime in comparison to 
the period of promiscuous behavior. This suggestion put forward by our data 
is supported by an epidemiological investigation by Lidegaard et al .20. They 
demonstrated by multivariate analysis that the age at coital debut is of prime 
importance for PID (the younger the more chance of PID) and not the number 
of l ifetime sexual partners in  itself, which is merely a reflection of the duration 
of sexual activity. Their results too suggest that PID, and therefore also tubal 
abnormalities, tends to develop early in  life. 

Tubal abnormalities are considered to be associated with sexual activity. I t  
is therefore quite surprising that, among the studies known to us on the subject, 
from that of Punnonen et al .3 to the most recent one, of Lidegaard et al .2°, 
only two, that of Brunham et al.2 1  and of Lidegaard et al.2°, pay attention to 
that aspect, by asking the women about the number of lifetime sexual partners. 
Brunham et al.2 1  reported evidence of the causality of the relationship between 
C. trachomatis infection and tubal occlusion by demonstrating that the prevalence 
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of antibodies to C. trachomatis was independent of sexual act1v1ty in women 
with tubal infertility. For example, they found a similar percentage (70%) of 
seropositivity among women with tubal infertility and 1-4 lifetime partners, and, 
respectively, ;):5 lifetime partners. To us this would seem not to be precisely 
expected, since in women of low promiscuity other causes of tubal abnormalities, 
unrelated to STDs, would be expected to be relatively more important, thereby 
lowering the percentage of seropositivity in that group. We would therefore expect 
the percentage of seropositivity to be especially high in women with both 
promiscuity and tubal abnormalities, which indeed we encountered in our group 
(Table 4) . Among women with bilateral tubal abnormalities especially the more 
promiscuous women had high antichlamydial titres, and, also, among the more 
promiscuous women those with tubal abnormalities had higher titres . These two 
elements in combination plead in favor of the causality of the relationship between 
C. trachomatis and tubal abnormalities. 

Most tubal abnormalities are considered to have resulted from one or more 
episodes of PID. PID can be divided, with respect to etiology, into two catego
ries, the "endogenous", or spontaneously occurring, non-STD-associated PID, 
and, respectively, the "exogenous", or STD-associated PID22 . The endogenous 
PID is caused by the patients own indigenous flora, and is associated with sexual 
activity per se. On top of the endogenous PID comes the exogenous, or STD
associated Pill, which is caused by various sexually transmitted organisms. Both 
types of PID may have their sequelae in the form of tubal abnormalities. 

To estimate the prevalence of tubal abnormalities caused by endogenous PID, 
we excluded from our group of 1 84 patients those having any other probable 
cause of their tubal abnormalities, such as previous pelvic surgery or appendicitis, 
thus leaving 1 45 women. Furthermore we excluded from this group the women 
with antibodies against C. trachomatis and also the women of those couples 
of which any of the partner had three or more lifetime sexual partners. A subgroup 
of 27 women was left with no known risk factors of tubal abnormalities, without 
antibodies against C. trachomatis, and of couples of low promiscuity. Out of 
these 27 women four (15%) showed tubal abnormalities, as compared to 32 
(22%) out of the original 1 45 women without other non-STD related possible 
causes of tubal abnormalities (Table 4). This would imply an STD-associated 
surplus of tubal abnormalities of about 7% . In other words, about 10 women 
out of the original 145 can be considered to have tubal abnormalities associated 
with STDs, or about one-third of the total of 32 women with PID-related tubal 
abnormalities in that group. Similarly, in our patient group it were largely the 
women who had three or more lifetime partners that carried the increased risk 
of tubal abnormalities ( 1 3  ( 46%) out of 28)  as compared to the baseline, endoge
nous percentage of 15%. Thus, a surplus in this promiscuous group of nine 
women. 

Theoretically, it is possible to prevent only the STD-associated tubal abnor
malities; in our patient group calculated to be about one-third of all PID-related 
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tubal abnormalities. This, and the fact that these tubal abnormalities tend to 
develop asymptomatically and at a young age, seems to leave a poor outlook 
for prevention. If, due to the recent AIDS epidemic, the change in sexual habits 
would lead to a reduction of promiscuity, as currently might be the case23, this 
would only lead to a limited decrease in tubal abnormalities in our patient group. 
Tubal abnormalities seem therefore here to stay as an important cause of infer
tility. 

In conclusion ,  we found no relationship between urogenital chlamydia! infection 
and abnormalities of cervical mucus. The pattern of antibodies against C. 
trachomatis in our patient group corresponds with chlamydia! PID having taken 
place long ago . Our data support a causal nature of the correlation between 
urogenital chlamydia! infection and a proportion of the tubal abnormalities. In 
our patient group about one-third of the PID-related tubal abnormalities seems 
STD-associated. 
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GENERAL CONCLUSIONS 

During the 20th century much of the pathogenic properties of Chlamydia 
trachomatis have become clear. Its epidemiological behavior as a sexually trans
mitted agent has also been elucidated to a great extent. In the western hemi
sphere, of which The Netherlands is a part, it may be assumed that about five 
to ten percent of the sexually active females are asymptomatically harboring 
a urogenital chlamydia( infection. In sexually active men the prevalence of 
asymptomatic infection is somewhat lower, around five percent . These figures 
vary, of course, with the persons sexual behavior. In the female the risk as a 
consequence of her asymptomatic infection is not exactly quantified, but the 
most serious one is salpingitis, occurring frequently in prostitutes in their first 
year as such. Long range sequelae are ectopic pregnancy and infertility due 
to tubal abnormalities. In the male there are at present no serious sequelae known, 
as our study also indicates. It seems therefore that the burden of urogenital 
chlamydia( disease is carried solely by the female of the human species. 
Unfortunately it is not known whether prevention of these sequelae is possible 
and if so, to which extent. Apart from this question many others arise. For 
example, the influence of the current AIDS epidemic on the sexual behavior 
of, especially, the adolescent and the epidemiology of chlamydia! urogenital 
infection is also not known. Many questions still need answering, but in the 
Netherlands the infrastructure needed to study and tackle epidemiological 
problems in infectious diseases might perhaps benefit from some improvement. 

GENERAL SYNOPSIS 

This dissertation contains five papers, apart from the "state of the art" intro
duction. 

The first is entitled: "Direct immunofluorescence for Chlamydia trachomatis 
on urogenital smears for epidemiological purposes". As the title suggests, it deals 
on the use of direct immunofluorescence (DI) on urogenital smears with 
monoclonal antibodies against C. trachomatis for epidemiological purposes in 
an asymptomatic population of a family planning out-patient department. 
Screening of 1 97 asymptomatic women for urogenital infection with C. tra
chomatis demonstrated a prevalence of 5.5% (11 C. trachomatis-positive women). 
The epidemiological results obtained with DI were indistinguishable from those 
obtained with diagnosis of chlamydia( infection by cell culture, thus supporting 
the assumption that it is permitted to use DI for the purpose of epidemiologi
cal investigation. 
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The results furthermore support the hypothesis that the correlation of oral 
contraceptive use and chlamydia) urogenital infection is due to an increased 
susceptibility of the cervix to chlamydia) infection and not to a sampling bias. 
The epidemiological consequences of this increased cervical susceptibility are 
discussed. 

The second study, entitled "Prevalence, incidence, and risk of acquiring 
urogenital gonococcal or chlamydia) infection in prostitutes working in brothels", 
concerns itself with epidemiological aspects of these two sexually transmitted 
diseases in this type of prostitution. In this study the prostitutes showed to be 
at risk for developing salpingitis for which hospitalization is necessary. The risk 
is highest shortly after entering prostitution. During the study period of ten weeks 
three newly contracted chlamydia! and, respectively, gonococcal infections were 
diagnosed in 20 prostitutes, resulting from about 950 sexual contacts. The 
prostitutes were estimated to generate about seven gonococcal, and six chlamydi
a! infections in their male clientele. 

The third paper is entitled: "Is serology of any use when searching for correla
tions between Chlamydia trachomatis infection and male infertility?". This study 
was part of an detailed investigation on chlamydia! disease and infertility in 
both partners of almost 200 couples, visiting the Fertility Unit of the Depart
ment of Obstetrics and Gynecology. In this report it was attempted to find out, 
via epidemiological as well as serological parameters of chlamydia! infection, 
whether C. trachomatis causes infertility in the male. The results support that 
urogenital infection with C. trachomatis probably does not contribute significantly 
to infertility in the male. 

The fourth paper, "Sexually transmitted diseases in infertile couples with special 
reference to Chlamydia trachomatis and tubal abnormalities", deals on current 
chlamydia) urogenital infection and its epidemiological correlates in both partners 
of infertile couples, also in relation to tubal abnormalities. The population is 
characterized by low recent promiscuity and low chlamydia) isolation rates. There 
was no relationship between the past sexual behavior of the male partner and 
tubal abnormalities in the female. 

The fifth paper, "Further details on sequelae at cervical and tubal level of 
Chlamydia trachomatis infection in infertile women", concentrates on the relation
ships between parameters of chlamydia) urogenital infection and of STDs and, 
respectively, serology and abnormalities of the cervical mucus and fallopian tubes 
of fertility patients . Urogenital chlamydia) infection does not seem to have any 
impact on cervical mucus qualities. Our epidemiological data strengthen a causal 
relationship between C. trachomatis infection and tubal abnormalities. An attempt 
was made to assess the prevalence of tubal abnormalities due to endogenous 
factors and that due to STDs and C. trachomatis. About one-third of unexplained 
tubal abnormalities in our infertile women seems caused by STDs. 
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ALGEMENE SAMENVATTING 

Dit proefschrift omvat, behalve de "state of the art" inleiding, een vijftal 
artikelen. 

Het eerste is getiteld "Direct immunofluorescence for Chlamydia trachomatis 
on urogenital smears for epidemiological purposes", ofwel "Directe 
immunofluorescentie van urogenitale uitstrijken op Chlamydia trachomatis voor 
epidemiologische doeleinden". Zoals de ti tel al aangeeft gaat het over het gebruik 
van directe immunofluorescentie (DI) voor epidemiologische doeleinden, zoals 
uitgezocht in een populatie van vrouwen die een anticonceptiepolikliniek be
zochten. Yan de 197 vrouwen die gescreend werden op een C. trachomatis
infectie bleken 11 (5,5%) deze te hebben. De epidemiologische correlaties die 
uit dit onderzoek bleken waren niet te onderscheiden van die, bereikt met 
diagnostiek op C. trachomatis middels celkweek, hetgeen de veronderstelling 
ondersteunt dat DI een geoorloofd middel is om in te zetten bij epidemiologisch 
onderzoek naar C. trachomatis-infecties. 
De resultaten van het onderzoek geven ook steun aan de hypothese dat de 
gevonden correlatie tussen gebruik van orale anticonceptiva en een urogenitale 
C. trachomatis-infectie niet te wij ten is aan een vertekening door een verschil
lende monstername bij deze twee groepen vrouwen, maar het gevolg is van 
een verhoogde vatbaarheid van de baarmoederhals voor een C. trachomatis
infectie. 

De tweede studie, geheten "Prevalence, incidence, and risk of acquiring 
urogenital gonococcal or chlamydia! infection in prostitutes working in brothels" 
("Prevalentie, incidentie en kans op het oplopen van urogenitale gonococcen
of Chlamydia-infectie bij prostituees, die in bordelen werken"). In deze studie 
bleken prostituees een verhoogd risico te lopen om, met name kort na het begin 
van hun werkzaamheden, een salpingitis op te lopen. Tijdens de tien weken 
durende studieperiode werden, voortvloeiend uit circa 950 contacten, zowel drie 
nieuwe gonococcen als C. trachomatis-infecties door de 20 prostituees opgelopen. 
Geschat werd dat de prostituees ongeveer zeven infecties met gonococcen en 
zes met C. trachomatis bij hun clientele teweeg brachten. 

De derde publicatie heet "Is serology of any use when searching for correlation 
between Chlamydia trachomatis infection and male infertility?" ("Levert serologie 
een zinvolle bijdrage bij het zoeken naar correlaties tussen Chlamydia tracho
matis-infectie en infertiliteit bij de man?"). Het maakt dee! uit van een gede
tailleerde studie naar C. trachomatis-infecties en infertiliteit bij beide partners 
van bijna 200 patienten-paren van de Fertiliteitspolikliniek van de Kliniek voor 
Obstetrie en Gynaecologie. In het onderzoek werd gepoogd om, zowel via een 
epidemiologische als via een serologische benadering, aanwijzingen te vinden 
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omtrent een verband tussen C. trachomatis-infectie en infertiliteit bij de man . 
De resultaten geven steun aan de veronderstelling dat C. trachomatis-infecties 
waarschijnlijk geen significante bijdrage leveren aan infertiliteit bij de man. 

De vierde publicatie, "Sexually transmitted diseases in infertile couples with 
special reference to Chlamydia trachomatis and tubal abnormalities" ("Sexueel 
overdraagbare aandoeningen bij onvruchtbare paren met bijzondere aandacht 
voor Chlamydia trachomatis en eileider-afwijkingen"), concentreert zich op de 
urogenitale C. trachomatis-infecties en hun epidemiologische parameters in de 
beide partners van .de onvruchtbare paren, met bijzondere aandacht voor eileider
afwijkingen. In de populatie zijn weinig urogenitale C. trachomatis-infecties 
gevonden, . wat past bij de geringe mate van recente promiscu'iteit. Er werd geen 
verband gevonden tussen eileider-afwijkingen bij de vrouw en promiscu'iteit bij 
de man. 

Het vijfde artikel, "Further details on sequelae at cervical and tubal level 
of Chlamydia trachomatis infection in infertile women" ("Verdere details over 
late gevolgen op het niveau van de cervix en de eileiders van Chlamydia 
trachomatis-infectie in infertiele vrouwen"), houdt zich met name bezig met de 
relaties tussen, respectievelijk, parameters van urogenitale C. trachomatis-infec
ties en sexueel overdraagbare infecties en serologie en afwijkingen van cervixslijm 
en  van de  eileiders van infertiele vrouwen. Urogenitale C. trachomatis-infecties 
lijken geen effect te hebben op de eigenschappen van cervixslijm. Onze 
epidemiologische gegevens ondersteunen een causale relatie tussen C. tracho
matis-infecties en afwijkingen van de eileiders bij infertiele vrouwen. Gepoogd 
werd om een benadering te geven van de prevalentie van eileiderafwijkingen 
ten gevolge van endogene oorzaken tegenover die veroorzaakt door sexueel 
overdraagbare aandoeningen en C. trachomatis-infecties. Ongeveer een derde 
van het aantal onverklaarde afwijkingen van de eileiders van de infertiele vrouwen 
van onze populatie zou samenhangen met sexueel overdraagbare aandoeningen. 
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