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Extra-ocular chlamydial infection*

WHO WORKING GROUP'

Chlamydia trachomatis, the causative agent oftrachoma, affecting hundreds of
millions of people, is now recognized as a major cause of sexually transmitted
disease. In many countries chlamydial infection now outstrips gonorrhoea as the
major cause of genital tract infection. Chiamydial urethritis and cervicitis are
frequently complicated by ascending infection involving the endometrium, the
fallopian tubes and epididymis. This often results in serious reproductive sequelae,
e.g., infertility in thefemale and ectopicpregnancy. Extra-genital manifestations of
chlamydial infection may occur involving the eyes (follicular conjunctivitis), joints
(arthritis), and distal intestinal tract. Infection of the newborn child during birth
may result in ocular or lung disease.

There is needforfurther research on chlamydial infection, with the involvement
of a number of different fields including medicine, epidemiology, microbiology,
immunology, molecular genetics and operational research. The role of chlamydia
has also to be defined in a variety of clinical syndromes for the development of
improved diagnostic reagents and vaccine and the production of improved control
and intervention strategies.

CLINICAL PRESENTATION

Chlamydia trachomatis causes a variety of infections in males and females, including
newborns, which,fall into several branches of medical practice. Table 1 lists the clinical

* This article is based on the report of a WHO Working Group on Research Needs in Relation to Extra-Ocular Chlamydia,
which was held in Geneva on 26-29 August 1985. Requests for reprints should be sent to Division of Communicable Diseases,
World Health Organization, 1211 Geneva 27, Switzerland. A French translation of this article will appear in a later issue of the
Bulletin.
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Chairman); D. Richman, Veterans Administration Medical Center, University of California, San Diego, CA, USA;
J. Schachter, Chlamydia Laboratory, Department of Laboratory Medicine, San Francisco General Hospital, San Francisco,
CA, USA; A. Shatkin, Gamaleya Institute of Epidemiology and Microbiology, Academy of Medical Sciences of the USSR,
Moscow, USSR; W. Stamm, Department of Medicine, Haborview Medical Center, Seattle, WA, USA; E. H. Sng, Department
of Pathology, Outram Road Hospital, Singapore; M. Ward, Department of Microbiology, Southampton General Hospital,
Southampton, England (Rapporteur). WHO Secretariat: G. Antal, Sexually Transmitted Diseases; T. Bektimirov, Virus
Diseases (Secretary); M. Belsey, Maternal and Child Health; and P. J. Rowe, Special Programme of Research, Development
and Research Training in Human Reproduction.

4687 -481



WHO WORKING GROUP

Table 1. Clinical spectrum of Chlamydia trachomatis infections'

Males Females Infants

Urethritis Cervicitis Conjunctivitis
Epididymitis Urethritis Pneumonia
Proctitis Endometritis
Conjunctivitis Salpingitis
Lymphogranuloma venereum Ectopic pregnancy

Infertility
Periappendicitis
Perihepatitis
Proctitis
Conjunctivitis
Lymphogranuloma venereum

Prostatitis? Pharyngitis? Otitis media?
Reiter's syndrome? Cervical dysplasia? Prematurity?
Infertility? Postpartum endometritis? Stillbirth?
Pharyngitis? Neonatal death?

' An etiological relationship has been proposed but not yet confirmed for the clinical conditions in the lower part of the
Table.

conditions caused entirely or partly by C. trachomatis, as well as those for which an
etiological relationship has been proposed but not yet confirmed.
Uncomplicated genital tract infection due to Chlamydia is mild and probably more

often asymptomatic than symptomatic; many patients, even those with obvious signs of
urethritis or cervicitis, will not seek medical care. Moreover, chlamydial infections may
mimic diseases of other etiologies like bacterial urinary tract infections and cholecystitis,
and even in cases with complications they often occur without fever or an increased white
blood cell count. Thus, there is a risk that chlamydial infections will be overlooked or
misdiagnosed.

In roughly 10% of women infected with C. trachomatis, ascending genital tract
infection occurs, resulting in endometritis/salpingitis. These complications are often
followed by reproductive sequelae such as infertility and extrauterine pregnancy. The
factors that promote the spread of chlamydial infection from the lower to the upper
genital tract are not fully understood, but the use of contraceptives can influence this
process by either promoting it (as in the case of IUD use) or hindering it (as in women
using hormonal contraceptives). The use of the oral contraceptive pill seems to decrease
the severity of inflammatory changes in the fallopian tubes in cases of chlamydial
salpingitis; as a result, there is less tubal occlusion and considerably better fertility
prognosis.

EPIDEMIOLOGY

The clinical syndromes caused by C. trachomatis resemble very closely those caused by
Neisseria gonorrhoeae. The epidemiology of the infections caused by both organisms is
also very similar.

Infections in men

The incidence of C. trachomatis infection in men is not known because in nearly all
countries these infections are not reported. Because of asymptomatic infections and the
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frequent lack of microbiological confirmation in symptomatic cases, it is difficult to
obtain reliable data on incidence. Nevertheless, the annual number of cases of non-
gonococcal urethritis (NGU) in the USA is estimated at 2.5 million; if one accepts that
40/o of these are due to chlamydia (see below), this yields one million cases of
symptomatic chlamydial urethritis in men annually in the USA alone. In England and
Wales, NGU has increased dramatically over the past 10 years and it may be assumed that
the incidence of chlamydial urethritis in men would also have increased.
The prevalence of chlamydial urethral infection ranges from 3-12% among

asymptomatic men attending different health facilities to 15-20% of all men seen in STD
(sexually transmitted disease) clinics. The prevalence of infection appears to be strongly
correlated with young age and with heterosexual rather than homosexual preference.
Non-gonococcal urethritis in men is due to C. trachomatis in 35-50% of cases. When

female partners of C. trachomatis-positive and C. trachomatis-negative cases of NGU are
examined, two thirds of the former and 10% of the latter have chlamydial cervical
infection. C. trachomatis can be isolated in 65-80% of patients with post-gonococcal
urethritis, which develops after efficacious treatment of gonococcal urethritis in the
majority of men whose cultures were also positive for C. trachomatis. In men with
gonococcal urethritis, 15-35% have a co-infection with C. trachomatis. C. trachomatis
seems to be less transmissible than N. gonorrhoeae but this aspect deserves further study.

C. trachomatis is a frequent cause of epididymitis; its role in prostatitis is unclear. It is
also a frequent cause of proctitis in homosexual men, and an occasional cause of proctitis
in women.

Infections in women
The prevalence of chlamydial cervical infection ranges from 3-51o in asymptomatic

women to 16-38% among women presenting in STD clinics. Estimates of the prevalence
of C. trachomatis infection in pregnant women in the USA and Europe were in the range
2-37%; figures of 21% and 26% were reported among inner-city black women and
Navaho Indians, respectively. High values have also been reported for pregnant women in
Africa. Women at highest risk are unwed teenagers living in urban, socially disadvantaged
situations, who are also at greatest risk for other sexually transmitted diseases and for
poor results from pregnancy. In Sweden, C. trachomatis was found in 16% of women
applying for legal abortion and in 9% of puerperal women. An association between young
age and high prevalence of cervical infections due to C. trachomatis (and
N. gonorrhoeae) has been found in many studies.a While the prevalence of a positive
chlamydia culture is highest in teenagers and decreases thereafter, the prevalence of
specific serum antibodies increases with age until the age of about 30 years and then
remains at a plateau.

C. trachomatis can be isolated from the cervix in 60-70% of female partners of men
with chlamydial NGU; the incidence of chlamydial infection in women therefore closely
parallels the incidence of NGU. A concomitant chlamydial cervical infection is found in
30-50% of women with a gonococcal infection.

In Sweden, in women aged 15-34 years, the annual incidence of chlamydial and
gonococcal genital infection was 48 and 12 per thousand, respectively." In sexually active
women the incidence was highest in the teenage groups and decreased sharply afterwards.
The major consequences of both C. trachomatis and gonococcal cervical infections are

' MARDH, P. A. ET AL. Colonisation of pregnant and puerperal women with Chlamydia trachomatis. British journal of
venereal dieases, 56: 96-100 (1980).

b WESTROM, L. ET AL. Chlamydial and gonococcal infections in a defined population of women. Scandinavian journal of
infectious disease (Suppl.), 32: 157-162 (1982).
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salpingitis and subsequent infertility. The risk of acute salpingitis in the Swedish study for
women with genital chlamydial infection was similar to that for women with gonorrhoea
(807 and 8.6%, respectively). The rate of involuntary infertility after salpingitis of any
etiology is approximately 10%. Seroepidemiological case-control studies of infertile
women have documented a consistent association between antichlamydial antibodies and
tubal factor infertility.
Endometrial infection with C. trachomatis is probably a precursor of salpingitis. The

relationship between chlamydial infection and intrapartum or postpartum fever remains
controversial. Genital chlamydial infections in pregnancy were shown to induce higher
rates of prematurity and perinatal mortality in some studies. Cervical dysplasia and
neoplasia have been shown to be associated with previous chlamydial infection, and this
should be studied further.

Infections in the infant
As in the case of gonococcal infections, the link between the adult and the newborn in

chlamydial infections is direct transmission of the organism from the infected cervix of
the mother. The infant is inoculated with C. trachomatis through contact with infected
cervical secretions at the time of birth. Affected sites can be the eye, nasopharynx, rectum
and vagina. A substantial number of newborns are thus at risk of developing chlamydial
infection. Attack rates in infants born to women with cervical chlamydial infection were
estimated as follows: 35-50%o for conjunctivitis, 11-2007. for pneumonia, and 60-70%7o for
overall infection.ce If these attack rates are linked with the prevalence of C. trachomatis
infection in pregnant women, it would appear that the incidence of chlamydial infection
in newborns must be very high in many countries. A number of these infections will
remain asymptomatic with as yet unknown sequelae. Vulvo-vaginal and rectal infections
also occur sporadically in infants. Seroepidemiological data suggest that C. trachomatis
causes other paediatric infections that are still undefined.

BIOCHEMISTRY, CELL BIOLOGY AND IMMUNITY

Chlamydia are highly specialized Gram-negative bacteria and are obligate parasites
within eukaryotic cells. The infection is initiated by endocytosis of the elementary body
(EB), a DNA-rich structure well adapted for chlamydial survival in transit between cells.
The elementary body undergoes transformation within the endosome into the larger,
metabolically active reticulate body (RB) which divides by binary fission; ultimately
release of the EB by unknown mechanisms completes the cycle of infection.

Chiamydial surface antigens
The surface of the elementary body is exposed as a target to the host immune system

and must also play a vital role in mediating attachment of chlamydiae to the host cell and
subsequent ingestion. The two most important antigens so far identified are the major
outer membrane protein (MOMP) and the lipopolysaccharide (LPS).
The major outer membrane protein (MOMP) accounts for some 60%o of the protein at

the surface of the chlamydial EB and varies slightly in relative molecular mass in different

C SCHACHTER, J. ET AL. Prospective study of chlamydial infection in neonates. Lancet, 2: 377-380 (1979).
d ALEXANDER, E. R. & HARRISON, H. R. Role of Chiamydia trachomatis in perinatal infection. Review ofinfectious diseases,

5: 713-719 (1983).
' CHANDLER, J. W. ET AL. Ophthalmia neonatorum associated with maternal chlamydial infections. Transactions of the

American Academy of Ophthalmology and Otolaryngology, 83: 302-308 (1977).
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serovars. Monoclonal antibodies to the MOMP recognize species, subspecies and type-
specific epitopes, which shows that the protein has multiple immunodeterminant sites.
Type-specific antibodies may have been associated with immunity. Structural rigidity of
the organism is based on disulfide crosslinking between adjacent polypeptide chains of the
MOMP as well as of other proteins. Reduction of the disulfide bridges of the MOMP
probably represents an early structural and metabolic adaptation needed for differen-
tiation. MOMP is at present available in inadequate quantities for detailed study. A major
priority must be the cloning and expression of the MOMP gene into more convenient
hosts.
A number of minor chlamydial surface antigens have been identified. A number of

these polypeptides are highly antigenic for man.

The lipopolysaccharide (LPS) is found at the surface of the chlamydial EB and RB, is
endotoxic by the limulus lysate test, and is structurally related to the lipid A and KDO
(ketodeoxyoetonate) core lipopolysaccharides of rough (Re) mutants of Salmonella typhi-
murium and other bacteria. Antibody to Chlamydia (genus)-specific epitope present on
the LPS forms the basis of the chlamydial complement fixation test for psittacosis and
lymphogranuloma venereum (LGV).

Chiamydial genetics

Chlamydia lack the defined mutants, vectors, and transformation systems necessary for
classical genetic analysis. Progress has been made in cloning the genes coding for
chlamydial LPS biosynthetic enzymes and for fragments of MOMP. Bacteriophages have
been described infecting C. psittaci RB whilst C. trachomatis carries a-common cryptic
plasmid found in all serovars and apparently conserved through evolution. This
chlamydial plasmid may be particularly useful for the gene-probe diagnosis of chlamydial
infection because multiple copies may be present in individual chlamydia, thus increasing
the assay's sensitivity. Components coded by the plasmid and their possible functions are
unknown. Conditional mutants should be developed in C. trachomatis as a preliminary to
immunization studies and genetic analysis.

Cell biology

The pathogenesis of chlamydial infection at the cellular level can be considered in terms
of attachment, uptake, replication and release. As yet, no chlamydial surface ligand or
putative host cell receptor has been clearly defined. The fact that most clinically important
strains of C. trachomatis have to be centrifuged onto the surface of cells to achieve
adequate infection suggests that continuous cell lines may well lack receptors or other
factors which chlamydia utilize in vivo. DEAE (diethylaminoethyl)-dextran treatment of
HeLa cells favours chlamydial attachment suggesting that electrostatic repulsion is an
important barrier to attachment. The lipopolysaccharide may play a role in attachment.
The chlamydial components involved in attachment to the host cell must be important in
pathogenesis.
Uptake of the LI C. trachomatis serovar in HeLa cells is reported to be a fast, efficient,

saturatable and microfilament-dependent process. LGV organisms did not enter clathrin-
coated micropinocytic vesicles in an analogous manner to small viruses. However,
internalization of C. psittaci occurs at clathrin-coated regions of the cell surface.

After internalization, the chlamydial life-cycle takes place within an endosome which
ultimately enlarges. Phagolysosomal fusion is inhibited unless the elementary bodies are
either defective or coated with appropriate antibody. The mechanism of lysosomal
inhibition is not known. In macrophages degranulation of lysosomes into C. psittaci-
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containing phagosomes is also inhibited. Some of the biological differences between dif-
ferent biovars of C. trachomatis, the infections they produce, and the susceptibility of
different cell lines may be attributable to the host processing of the chlamydial endosome
subsequent to internalization.

Release of chlamydiae, following productive infection, is by cell lysis or budding
through the host cell surface but the mechanisms and the possible role of chlamydial
enzymes have not been established. Typically the host cell is destroyed at the time when
elementary bodies are released into the environment. However, in special circumstances
chlamydial infection may persist through several cell generations.

Undoubtedly the major challenge in chlamydial cell biology is to discover the mechanism
by which the growth cycle is controlled. This mechanism may be extremely complex.

The immune response

Abundant humoral, secretory, and cell-mediated immune (CMI) responses are readily
demonstrable following chlamydial infection. The quantitative responses are often directly
proportional to the degree of host involvement during the infection, with systemic disease
resulting in exalted responses above those seen with localized mucous membrane infection.
However, no virulence antigens have yet been isolated. Their existence is deduced because
homologous antibody to elementary bodies can inhibit some virulence attributes (specific
attachment to host cells, parasite specified endocytosis, and inhibition of phagolysosomal
fusion).
Observations in humans. Circumstantial evidence suggests that resistance to re-

infection following a primary infection, or exposure to chlamydial antigens, does exist.
Thus, relative resistance to reinfection appears to develop over time (for example in
trachoma). In some trachoma vaccine trials a short-lived protective effect could be shown.
Evidence for resistance to genital tract infection is less clear, although age-specific
infection rates do suggest that repeated exposure may have some protective effect.
Antibodies of the IgG, IgA andIgM class appear following a C. trachomatis infection
and secretory antibody can be found at the involved surfaces. Abundant cell-mediated
immune responses can also be demonstrated.

Animal models. Subhuman primates can be infected or immunized with killed
elementary bodies, and serotype-specific resistance to reinfection can be shown after
ocular challenge. Because resistance appears to be serotype specific, it is likely that the
antibodies (if they are the determinants of immunity) are formed against the outer
membrane proteins. The antigens responsible for inducing protection against trachoma
infection in subhuman primates (and presumably in humans as well) are different from
the antigens inducing hypersensitivity. Male and female subhuman primates are also
susceptible to genital tract infection with human C. trachomatis isolates. Primary
infection appears to confer a modest degree of protection against homologous
challenge.

It is likely that some of the naturally-occurring C. psittaci or C. trachomatis infections
in lower mammals can be used, by inference, to generate information concerning human
immunity to infection with C. trachomatis. Some of these models, such as the guinea-pig
inclusion conjunctivitis infection, have a number of features that are similar to human
C. trachomatis infection.

Components of the immune response. It is possible that lymphocytes play a role in
controlling C. psittaci infection. Lymphokines, probably specific interferon gamma, have
also been shown to inhibit the growth of chlamydiae (C. trachomatis and C. psittaci).
Rather than eliminating infection these lymphocyte products may play a role in
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maintaining an inapparent infection. It is also likely that antibody plays a role in
resistance to C. trachomatis. Antibodies against the major outer membrane protein can
inhibit the infectivity of C. trachomatis in cell culture. This antibody appears to prevent
an intracellular event (possibly reorganization from elementary body to reticulate body)
and does not inhibit attachment or penetration.

Vaccination. In order to successfully parasitize target cells, chlamydiae have developed
specific mechanisms for attachment, penetration, and protection against cellular defence
mechanisms. Each of these characteristics may be considered a virulence attribute.
Collectively they could represent the potential Achilles' heel of this organism and be the
targets of any strategy for antichlamydial vaccine development. Obviously prevention of
infection should be the major goal, but it is possible that an antichlamydial vaccine could
be effective in preventing ascending genital tract infection. A target population for such a
vaccine would probably be prepubescent females.

It may be important to separate the immunizing antigens from sensitizing antigens. To
achieve this, it is likely that a subunit vaccine would be required. Developers of such a
vaccine would probably have to face the need to induce serotype-specific immune
responses. The virulence antigens may well be highly serotype specific. Thus, a vaccine
would have to incorporate antigens of the serotypes predominant in the geographical
area. Preparation of subunit antigens from purified chlamydial particles could not
provide adequate quantities of antigen. Genetic engineering will therefore be required to
produce cloned antigens.

DIAGNOSTIC TESTS AND REAGENTS

Cell culture
The isolation of C. trachomatis in cell culture permits definitive diagnosis but requires

live organisms and maintenance of tissue culture cells. Recovery of live chlamydia
requires methods which include many variables. Collection of a correct specimen with an
appropriate swab will reduce variations in organism recovery. Different brands or batches
of swab may interfere with the isolation of organisms and should therefore be pretested.
Several simple transport media supplemented with antibiotics are suitable. Specimens
should be stored at 4 'C for periods of less than 24 hours or else kept frozen at - 70 0C
until inoculation. Even at low temperatures, there is some loss in viability. McCoy cells
are used by most laboratories although other cells such as HeLa 229 can be used. Either
shell vials or microculture plates may be used as culture vessels depending upon the
number of specimens for processing and the degree of sensitivity required. Cultures in
vials may provide extra positives in low prevalence populations. In order to obtain
maximum yield, it is necessary to centrifuge the cell monolayers with the inoculum at
about 3000 g for 60 minutes at a temperature not exceeding 37 IC. The supernatant fluid
is then removed after a 2-hour incubation period and replaced with fresh medium
containing cycloheximide. Each batch of cycloheximide should be pretested to determine
the optimum concentration which is least toxic and yields maximal inclusion counts. Cells
may be examined after 48-72 hours of incubation by staining with iodine or Giemsa, or
after 24 hours by staining with fluorescent or enzyme-conjugated antibodies. Passage of
inoculated cultures improves the rate of chlamydial isolation.

Antigen detection
Direct examination of smears with Giemsa or Papanicolaou staining is not sufficiently

sensitive. Recently two methods for chlamydial antigen detection have become available
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from commercial sources. The fluorescent antibody method used fluorescent-labelled
monoclonal antibodies to detect chlamydia directly in smears of clinical specimens.
Depending upon the population sampled and the number of organisms used as a cutoff,
the reported sensitivity of the direct smear, compared with culture, has ranged from
70-1001o with a specificity of greater than 97%. The major advantages of the
fluorescence test are simplified transport and storage of specimens, rapid processing, high
specificity, and the possibility of checking the slide for cells. The disadvantages include
the need for precise collection and fixation of specimens, a high-quality fluorescence
microscope and an experienced microscopist, as well as problems in processing large
numbers of specimens because of difficulties in the work and tedium of the assay. Fewer
publications have appeared on the evaluation of enzyme immunoassays (EIA) for antigen
detection. Moreover, initial published data on efficacy may be outdated because of
continued revision of these assays. In general, the sensitivities of the tests have varied
around 67-97% and their specificities about 92-980/o. The advantages of EIA include
uncomplicated transport and storage, objectivity of measurement, and the possibility of
processing a large number of specimens. The disadvantages are that the adequacy of the
specimen cannot be checked and expensive equipment may be required.
Other antigen detection techniques have not yet yielded assays of satisfactory simplicity

and sensitivity. Promising new approaches such as immunofiltration staining and
agglutination assays are under investigation. Nucleic acid hybridization is feasible and
offers very high specificity, but requires the development and assessment of simplified
hybridization procedures and non-radioactive probes.

There are particular problems in the evaluation of newly developed assays for
chlamydial antigen. Many studies fail to compare their assays with the most sensitive
culture methods or to define clearly the study population and specimens being examined.
Several other factors should be considered: differences in results between males and
females and in different syndromes, the relationship between positivity rates and
symptoms, role of antibody therapy and discordant test results, and specificity of the test
compared with patients' follow-up tests. Besides calculating the sensitivity and specificity,
studies should report the predictive values which are more accurate measurements of test
performance in high- or low-risk populations.

Serology
Serology is at present of little value in the routine clinical management of chlamydial

infections except for a few deep-seated conditions such as pneumonia, salpingitis or
lymphogranuloma venereum. Microimmunofluorescence is used mainly as a research
tool. Enzyme immunoassays for chlamydial antibodies based on several different
immunoglobulin classes have been developed and await appropriate evaluation. IgM
serology appears to be of some value in the diagnosis of pneumonia in infants and
occasional cases of LGV.

TREATMENT

Antibiotic therapy for C. trachomatis infection is usually initiated on clinical or
epidemiological grounds rather than after positive chlamydial isolation. Reasons for
initiation of therapy include: (1) recognition of chlamydia-associated syndromes such as
non-gonococcal urethritis or mucopurulent cervicitis; (2) treatment of the sexual contacts
of patients with these syndromes; and (3) treatment of gonorrhoea, which often coexists
with chlamydia. Most patients with chlamydial infection are thus treated without benefit
of microbiological confirmation and are managed without subsequent proof of cure.
More widespread use of specific chlamydia diagnostic tests is needed to make treatment
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less empirical, and to identify patients with asymptomatic infections who would otherwise
not be treated.

Evaluation of the activity of an antimicrobial agent against C. trachomatis by utilizing
cell-culture systems have proved valuable in predicting the efficacy of antibiotics in sub-
sequent treatment trials. Antimicrobials with consistently high activity against C. tracho-
matis include the tetracyclines, erythromycin, rifampicin and the sulfonamides. Two
newer oxyquinolones, ciprofloxacin and ofloxacin, also have good in-vitro activity
against chlamydia. Antimicrobials with little or no apparent in-vitro activity against
C. trachomatis include the aminoglycosides, the aminocyclitols, nalidixic acid, trimetho-
prim, vancomycin, metronidazole, lincomycin, and the cephalosporins including the
newer third-generation agents. Most of the penicillins exhibit intermediate activity
against chlamydia in cell culture, producing alterations in the number and shape of
inclusions at relatively low concentrations but not totally preventing inclusion formation
until high concentrations. Clindamycin and chloramphenicol are both reported to have
minimum inhibitory concentrations that also fall in an intermediate range. To date, no
evidence of geographical variation in antimicrobial sensitivity of C. trachomatis has been
demonstrated. Likewise, strain-to-strain variation and serovar-related variability in
antimicrobial sensitivity have not been described.
Most of the clinical evidence regarding the effectiveness of various antimicrobials

against C. trachomatis has been obtained from men with urethritis. Two general
principles have emerged from these studies. Penicillin, ampicillin, amoxicillin, cephalo-
sporins, and spectinomycin in single-dose regimens given for treatment of gonorrhoea
usually do not eradicate concomitant chlamydial infection. Secondly, 7 or more days of
treatment with the tetracyclines or a macrolide antibiotic will eradicate C. trachomatis
from nearly all men, at least through 3 weeks of follow-up. Rifampicin has been success-
fully used for treatment of chlamydial urethritis, but cannot be recommended for treat-
ment of NGU because of its cost, inactivity against Ureaplasma urealyticum, and its
potential for producing resistant C. trachomatis strains. In recent studies, beta-lactam
antibiotics such as amoxicillin or pivampicillin, when given for 7 or more days,
successfully treated C. trachomatis cervical infection. Further study of these regimens is
needed. Acute epididymitis, an ascending complication of chlamydial urethritis, responds
to tetracycline therapy in most instances.
Fewer studies have assessed the treatment of chlamydial cervical infection in women.

Available studies suggest that 7-14 days of tetracycline, minocycline, doxycycline,
erythromycin, sulfonamides and trimethoprim-sulfamethoxazole all effectively eliminate
C. trachomatis from the cervix, at least through 3 weeks of follow-up. Longer treatment
regimens using these drugs have been equally effective and have no apparent benefit com-
pared with the 7-14 days' treatment. Regimens shorter than 7 days have been little
studied, but 3-day therapy with trimethoprim-sulfamethoxazole and 5-day therapy with
tetracycline, when used to treat gonorrhoea, successfully cured coincident chlamydial
infection as judged by short-term follow-up. During pregnancy, erythromycin or sulfis-
oxazole has been effective in the treatment of chlamydial cervical infection.
Few controlled data regarding the efficacy of various antibiotic regimens in women

with proven chlamydial salpingitis are available. In part, this is due to the difficulty in
establishing the diagnosis microbiologically unless cervical, endometrial, and tubal
cultures are obtained. To further complicate the situation, clinical cure and micro-
biological cure may not always correspond. Further comparative therapeutic studies in
women with pelvic inflammatory disease in whom comprehensive microbiological studies
have been carried out are clearly needed. Until such data are available, most experts
favour the inclusion of at least one drug that is effective against chlamydia in vitro in any
treatment regimen for salpingitis. There have been few controlled treatment trials of
either C. psittaci or LGV infection.
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PREVENTION AND CONTROL

Nowhere in the world has a comprehensive programme for the control of chlamydial
infections been developed and instituted; indeed in most parts of the world chlamydial
infections are not recognized or treated, owing to the problems in diagnosis and the
prolonged requirements for therapy. Where chlamydial infections are recognized, the
approach towards control has been to copy gonorrhoeal management strategies in treat-
ment and case-finding.
Few countries have data that measure the extent of the problem, a diagnosis of non-

gonococcal urethritis often being made in the place of genital chlamydial infection. In
England and Wales, the occurrence of nonspecific urethritis has been recorded since 1960
and the annual incidence of this group of diseases has nearly doubled in the last decade. In
the USA, there is clearly a contrast between the occurrence of gonoccoccal and non-
gonococcal urethritis, in the places where both have been studied. Whereas the incidence
of gonorrhoea reached a plateau around 1980 and has decreased since then, the incidence
of non-gonococcal urethritis has appeared to increase steadily since 1970. This difference
has been attributed to treatment of gonorrhoea cases in the public and private sectors and
to public health control measures including contact tracing and treatment of sexual
partners, which were carried out by the national gonorrhoeal control programme. In
1985, the Centres for Disease Control introduced the first step of a National Chlamydial
Control Programme/f the essential features of which include (a) a call for national report-
ing of certain chlamydial syndromes (urethritis, cervicitis, pelvic inflammatory disease,
and epididymitis), (b) treatment of these syndromes (without necessarily a laboratory-
confirmed diagnosis) for persons with potential chlamydial and gonococcal infection, and
(c) treatment of asymptomatic contacts and all cases of gonococcal infection. Laboratory
diagnosis is advised for all other women and men in high-risk clinic settings (e.g., STD
clinics, abortion clinics, adolescent or family planning clinics in cities, etc.). In all other
settings, including pregnancy, the provision of a laboratory diagnosis will depend upon
previous risk-assessment studies. In most areas of the USA these studies indicate a higher
risk among young (under 20 years old) women or men in the lower socioeconomic groups
with a history of prior STD or multiple sexual partners. Neonatal ocular prophylaxis with
erythromycin or tetracycline ointments is advised for prevention of both chlamydial and
gonoc ccal ophthalmia.

In many parts of the world, limited resources for disease control and more pressing
needs for the expenditure of public health effort may not permit chlamydial control to be
given a high priority. Nevertheless, when resources are sought, it will be necessary not
only to have local research studies that demonstrate the contribution of chlamydial
infections to important outcomes such as infertility, but also to show that effective
control programmes can be devised and initiated. Thus research concerned with control of
infection must also be considered.

RESEARCH NEEDS

Studies are needed to further define the role of C. trachomatis, if any, in chronic
inflammatory conditions of the endometrium, the fallopian tubes and the prostate; in
post-abortal pelvic infection; arthritic conditions; upper and lower respiratory tract
infections; and in dysplastic and neoplastic cell changes of the female genital tract.

Research efforts should be directed towards increasing our understanding of the factors
that might influence the course of infection, particularly those interfering with or

f Chiamydia trachomatis infections. Policy guidelines for prevention and control. Morbidity and mortality weekly report
(Suppl.), Vol. 34, No. 35, 1985.
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promoting the spread of infection to the upper genital tract and to extragenital organs,
e.g., the use of contraceptives (mechanical and hormonal) and the influence of the
presence of other microbial agents on the establishment and course of chlamydial
infection.

Epidemiology

In order to focus the intervention strategies on the high-risk groups for infection,
prevalence studies should be carried out to define these groups as well as the
complications and transmission of infection. The importance of asymptomatic carriers of
C. trachomatis in disease transmission should also be studied.

Case-control studies of the influence of prior chlamydial and gonococcal infection on
infertility should be initiated in a greater number of developing countries in order to assess
their importance. Further cohort studies of infertility following salpingitis should also be
initiated under WHO guidance.
The effect of C. trachomatis in relation to other genitourinary infections on perinatal

mortality and morbidity, low birth weight, prematurity, and intra- and postpartum
maternal infections should be further studied. The incidence and severity of the sequelae
of conjunctivitis and pneumonia in infants in developing countries also requires
investigation. The reason for the increasing age-specific antibody rates to C. trachomatis
between infancy and puberty, a period when sexual infection is unlikely, needs eluci-
dation.

Serotyping of C. trachomatis strains should be done in trachoma endemic areas
comparing genital and ocular strains, and in LGV endemic areas comparing strains from
the genital tract and from genital ulcers. The epidemiology, clinical significance, and
ecology of C. psittaci strains that may be passed between humans have also to be further
studied.

Microbiology and immunology
A major priority is the cloning and expression of chlamydial antigens. Studies of the

structure ofMOMP should be actively pursued with the aim of defining the configuration
of immunodeterminant regions. Similar studies are needed for other important proteins
and for expression of lipopolysaccharides by cloning of the biosynthetic enzymes. There is
a need to delineate much more extensively the antigenic and epitopic specificity of
antibodies produced in carefully defined human chlamydial infections. Techniques for the
analysis of chlamydial genetic control mechanisms need to be developed. Systems for
transforming chlamydia in vitro with DNA carrying suitable genetic markers must be
established.
Models for clinically relevant target cells are required to identify the putative receptors

and ligands as well as the chlamydial components responsible for uptake and inhibition of
phagolysosomal fusion. The role of the lipopolysaccharides in attachment, immune
damage to the host, and improved diagnostic assays for chlamydial antigen needs further
elucidation. The host-parasite relationship at the cellular level of the different C. tracho-
matis biovars and of C. psittaci needs investigation as do the mechanisms of induction or
activation of inapparent chlamydial infection. The role of morphologically atypical
chlamydia in this process requires clarification. There is a need to study persistent
chlamydial infection in vitro in greater detail and to establish whether it is an important
entity in vivo.
The components of the immune system that are responsible for resistance to reinfection

or that contribute to pathogenesis should be identified together with those chlamydial
immunodeterminants inducing them. To these ends and to promote vaccine development,
appropriate animal models for chlamydial mucous membrane infection are required.
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Further research is needed on the optimal methods of antigen presentation to elicit
maximum mucosal immunity.

Additional work is required on the metabolic activities and physical properties of
isolated RB and EB preparations, the nutritional requirements of replicating chlamydia,
and the differences between infected and uninfected cells in their transport mechanisms
for essential nutrients or cofactors.

Diagnostic methods

Specific, sensitive, inexpensive and technically simple diagnostic methods are required
for the diagnosis and surveillance of chlamydial infections, especially in the developing
world. Particularly, there is an urgent need to develop simple and inexpensive non-culture
chlamydial detection assays. Another requirement is coordinating the provision of
reference reagents for chlamydial serology and the evaluation of new diagnostic
methodologies against optimal culture techniques.

Further research should be addressed to methods of simplifying and improving
chlamydial isolation (e.g., studies of cell permissiveness, transportation, specimen
collection, and swab toxicity). Assays for class- and subclass-specific immunoglobulin
responses to C. trachomatis infection should be evaluated to determine their usefulness in
diagnosis. Non-invasive techniques are needed for the diagnosis of urethral infection in
asymptomatic men.

Treatment
Antimicrobial regimens for the treatment of C. trachomatis infections should be

evaluated by controlled trials in the following situations: in women with upper genital
tract infection (salpingitis and/or endometritis); in men with acute epididymitis or
proctitis; LGV infection in endemic regions; in men and women with uncomplicated
C. trachomatis genital tract infections, utilizing simpler antimicrobial regimens (shorter
treatment courses or less frequent drug administration). High priority should be given to
regimens effective against both N. gonorrhoeae and C. trachomatis; and to the treatment
of pregnant women.
The use of a reference cell culture method for evaluating the activity of new antibiotics

against C. trachomatis should be promoted. In addition, a surveillance system should be
established for monitoring antimicrobial resistance in C. trachomatis strains, especially in
those areas where antimicrobials are used indiscriminately.

Prevention and control

Computer-based models are needed to choose the most cost-effective strategies for
chlamydia control. These strategies may include the use of screening or diagnostic tests to
identify the population groups for intensive control.

Field trials to compare various control methods should be conducted. Examples include
the effectiveness of treatment for chlamydia-associated syndromesg versus the effective-
ness of treatment based on laboratory diagnosis, or the comparison of self-referral versus
contact-tracing methods of finding sexual partners for treatment.

Neonatal ocular prophylaxis regimens effective against both C. trachomatis and
N. gonorrhoeae should be evaluated, especially in areas of antibiotic-resistant gonococcal
infection.

' These syndromes do not require specific laboratory diagnosis, e.g., non-gonococcal urethritis, cervicitis, pelvic inflam-
matory disease, tubal factor infertility, ectopic pregnancy, and male accessory gland infertility.


