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ABSTRACT

Chlamydiae are a group of intracellular organisms which have been associated with wide spec-
trum of clinical infections such as trachoma, pelvic inflammatory disease, infertility, psittacosis,
respiratory infections, atherosclerosis, asthima and arthritis. In this review, the newer perspec-
tives regarding the microbiology of the Chlamydiae and their association with various clinical

conditions are reviewed.
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INTRODUCTION

Chlamydiae are a group of intracellular
organisms which have been associated with
a wide spectrum of clinical infection rang-
ing from trachoma, pelvic inflammatory dis-
ease, infertility, psittacosis, respiratory in-
fections, atherosclerosis, asthma and arthri-
tis [Table 1] (1). In addition to the three rec-
ognised species Chlamydia trachomatis,
Chlmnydia penumomiae and Chlamydial
psittaci, a fourth species Chlamydia pecorum,
a pathogen of ruminants has recently been
proposed (2). Species were grouped accord-
ing to their biologic and biochemical prop-
erties and a greater than 95% homology is
their 16S ribosomal RNA :sequence (3).
C. -preumoniae is-a human pathogen recog-
nised as an important cause of respiratory
illness. About 40%-60% of adult population

have antibodies to C. pneumoniae world
over, suggesting that the infection is preva-
lent and re-infection common. Current in-
terest centers on the emerging role of
C. pneumoniae infection in the pathogenesis
of atherosclerosis and asthma (4). This ar-
ticle reviews the newer perspectives regard-
ing the microbiology of Chlamydia and its
association with various clinical conditions.

BIOLOGY OF CHLAMYDIAE: AN
UPDATE '
Increased awareness of the clinical sig-
nificance of human Chlamydial infection in
all parts of the world has been paralleled
by interesting basic observations on the bi-
ology of these organ‘ism. Chlamydia have a
unique biphasic-life cycle with dimorphic
forms that are functionally and morphologi-
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Table 1. Spectrum of human diseases caused by Chlamydiac

Species “Acute Diseases

‘Sequelae/Chronic Diseases

C. trachomatis
Serovars A-C
Serovars D-K

conjunctivitis
urethritis

ophthalmia neonatorum
neonatal pneumonia
LGV serovars

C. pneumoniae pharyngitis
sinusitis
bronchitis

‘trachoma

proctitis, epididymoorchitis, Reiter’s
syndrome pelvic inflammatory disease,
ectopic pregnancy, tubal infertility, Fitz-
Hugh-Curtis syndrome

lymphogranuloma venereum

Cardiovascular disease
pasthma

community acquired pneumonia

C. psittaci

parrot atypical pneumonia

canaries hepatic and renal dysfunction
pigeons

turkeys endocardits

ducks

chickens

cats conjunctivitis

ewes abortion

cally distinct. Life cycle is initiated when
an infectious but metabolically inactive el-
ementary body [EB] attaches to the host
epithelial cell surface: The precise mecha-
nism by which EB’s attach and gain entry
into the ‘host cells is unknown (5). Recent
work suggest that Chlamydia uses heparan
sulfate as a bridge to attach to
glycosaminoglycan [GAG] receptors on
eukaryotic cell surfaces (6). Once
endocytosed, the EB differentiates into a
larger pleomorphic form called the reticu-
late body [RB], which replicates by binary
fission (2). The intracellular regulatory sig-
nal that control EB-to RB conversion-and
vice-versa are not known but the relative

concentration of cAMP and ¢cGMP appears
to be important (7). Once inside the host
cell, Chlamydia resides in a membrane
bound vacuole that can evade phagoly-
sosomal fusion. The endosome 'istrans-
ported to the distal regions of Golgi appa-
ratus and incorporates host derived
sphingolipids into the inclusion membrane
(8,9). Thus it appears that Chlamydia are
able to intercept host vesicular traffic bound
for the plasma membrane to sequester lipids
and possibly other host substances synthe-
sized in the Golgi apparatus. Subversion of
host vesicular traffic may represent a dual
advantage for Chlamydia in obtaining ma-
terials form the host for its metabolism as




well as in modifying the inclusion mem-
brane to evade lysosomal fusion and im-
mune detection. Chlamydia lack the ability
to synthesise high energy compounds such
as ATP and GTP essential for replication
and metabolism’ leading Moulder in 1974
to coin the term ‘energy parasites’.
Chlamydia are incapable of de-novo
nucleotide biosynthesis and are dependent
on host nucleotide pools (10). - '

ANTIGENEIC RELATICN SHIP

Chlamydia are antigenically complex
organisms possessing antigens of genus,
species and serotype specificity (11). The
group complements fixation [CF] antigen,
shared by all the members is the
lipopolysaccharide [LPS], located on the
outer membrane of both EB.and RB (12).
The major outer membrane protein
[MOMP] contains both species and serotype
specific antigens (13). The 15 serovars of
C. trachomatis are best reognised by micro-
immunofluorescence [micro IF] technique.
MOMP.is responsible for most of the reac-
tivity seen in micro IF test. A 60 kilodalton
[kDa] Cysteine rich structural protein
[CHSP 60] has a highly immunogenic spe-
cies - specific epitope (1). A genus specific
57 kDa protein plays an important role in
immunopathology (14). Serovars of
C. psittaci can be demonstrated by neutrali-
sation test and by micro IF (15). Only
one sercvar of C. pneumonise has been
demonstrated.

CLINICAL SPECTRUM OF HUMAN
INFECTION

C. trachomatis is almost exclusively a hu-
man pathogen known to cause trachoma,
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conjunctivitis, urethritis - cervicitis, ﬁx‘octitis,
epididymoorchitis. Reiter’s Syndrome; pelvic
inflammatory disease, ectopic: pregnancy,
tubal infertility, Fitz-Hugh Curtis Syndrome
(1). For Chalmydial infections, recent ad-
vances in diagnosis and screening technology
and single dose antimicrobial therapy will
likely have a significant impact on the effi-
cacy of disease control programs and the op-
portunity for eventual disease eradication.

‘Human psittacosis is a zoonosis caused
by exposure to infected birds or poultry and
manifests as a flu-like illness or atypical
pneumonia in more severe cases. Infectioni
is characterised by multiorgan involvement
often resulting in hepatic and renal dysfunc-
tion and endocarditis (16).

C. pneumoniage is a common cause of
acute repiratory tract infection, accounts for
6%-10% of community acquired pneumo-
nia (4). Infection is usually mild or asymp-
tomatic but can be severe, especially in the
elderly, probably as a result of underlying
illness, impaired mucociliary clearance and
immune status (17). Seroepidemiologic
studies show that most primary infections
occur during school age and early teenage
years, among adult seroprevalence is 40%-
70%. Reinfection are. common, and serum
antibodies do not appear to be protective,

The association of C. pneumoniae infec-
tion with coronary heart disease and acute
myocardial infarction has been studied by
many workers (18-20). The association of
C. pneumoniae infection with coronary heart
disease and acute myocardial infarction was
first made on the basis of elevated IgGand
IgA antibodies and LPS containing immune
complexes in '50% to 60% in patients with
coronary heart disease or acute myocardial
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infarction compared with 7%-12% in the
controls (18).- Electron - microscopy,
polymerase chain reaction [PCR] and
immunochemical evidence of C. pneumoniae
~in coronary arterial fatty streaks and
atheromatous plaques have also been de-
scribed (18,19).

The sustained IgA and IgG antibody
levels against C. pneumonige in persons with
atherosclerosis suggest that chronic infection
may be frequent after infection. The site of
colonisation for a chronic C. pneumoniae in-
fection may be in the alveolar macrophage
of the lung. Thus the initial event in
atherogenesis may be the formation of the
fatty streak. Fatty streaks consist of lipid
laden macrophages derived from blood
monocytes and T-lymphocytes attracted to
the arterial subintima. Conversion of the fatty
streak to atheroma depends on many factors,,
e.g., the proliferation and differentiation of
smooth muscle cells and fibroblasts. Chronic
infection with C. prieumoniae may result form
organisms harboured in macrophages
trapped in the arterial wall. Growth of
C. preumoniae in endothelial, smooth muscle
cells, and macrophages from peripheral
blood monocytes has been reported (21). The
idea that an infectious agent is involved in
the atherogenic process is not new, but the
role of C. prieumoniae in this process needs to
be defined.

The first observations on the association
of C. pneumonige infection with the exacer-
bation of asthma were made in 1986 when
wheezing was associated with acute
bronchitis due to C. pnermoniae infection (22).
Subsequent studies showed that exacerba-
tion of asthma due to C. pneumoniae infec-

tion may occur in 1%-11% of respiratory in-
fections in adults as well as children. The
mechanism underlying the association is
unclear. Preliminary results in animal mod-
els suggest that C. pnemonige can produce
persistent infection and cause pulmonary in-
flammation, and production of Chlamydia-
specific IgE antibodies in children with re-
active airway disease (23). Activated T-
lymphocytes and cytokines appear to play a
critical role as mediators of persistent inflam-
mation in asthma. Interleukin-4 [IL-4] is es-
sential for B-lymphocyte class switching
form IgG to IgE. The role of persistent infec-
tion in the pathogenesis of asthma merits
further study because unlike viral infections,
C. pneumonige infections can be eradicated
through appropriate antimicrobial therapy
(1). Immunopathology may also be the re-
sult of a hit-and-run mechanism in which
immune response to CHSP60 breaks self-
tolerance to human HSP 60 and leads to an
autoimmune reaction that results in tissue
damage which needs further exploration.
Clinical manifestation associated with
C. pneumoniae infection continue to emerge.
Possible links-to chronic conditions, such as
atherosclerosis and asthma remain to be elu-
cidated and with the recent discovery of the
involvement of infectious agents in other
chronic conditions, it seems reasonable to
apply molecular tools for Chlamydial detec-
tion to identify their potential involvement
in other aetiologically undefined chronic in-
flammatory conditions such as inflammatory
bowel disease and rheumatoid arthritis (1).

LABORATORY DIAGNOSIS

Since curative antibiotic therapy for
Chlamydial infections is readily available,



early diagnosis is an essential component
to control these infections. The goals of early
identification are to interrupt the chain of
transmission in the community and prevent
long-term sequelae (1). The earliest method

of isolation in cell culture and embryonated

hens eggs has been replaced by antigen
detection methods, such as enzyme
immunoassay [EIA] and direct fluorescence
assay [DFA]. EIA’s are suitable for public
health laboratories serving large geographic
areas because of simplcity in technique.
However, EIA lacks the sensitivity as a
screening assay because of lower detection
limit of 10,000 EB’s (24). Monoclonal anti-
bodies specific for C. pneumonige are now
commercially available for DGA and cul-
ture confirmation (25). Nucleic acid ampli-
fication test based on PCR. Ligase chain
reaction [LCR] and transcription mediated
amplification technology are now commer-
cially available. However, PCRkassay have
detection limit of 10-100 EBs (26,27).

The micro-IF assay the standard
method used for Chlamydial serology was
first developed to serotype strains of
C. trachomatis but soon adapted for detec-
tion of antichlamydial antibody which de-
tects type specific antibodies -against indi-
vidual chlamydial serotypes (28). Indian
study by Rai and Mahajan (29) showed a
strong correlation between micro-IF and
ELISA with sensitivity of 97% and 91% re-
spectively. However ELISA has an advan-
tage in being simple to pérform and inter-
pret. Radioimmunoassay [RIA] has a very
high sensitivity but its routine diagnotic
value needs to be evaluated (30). Other tests
such indirect haemagglutination [THA]
(31), neutralisation test (32) and immuno-
electophoresis (33) have been used. How-
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ever their sensitivity and specificity are too
low and are thus unsuitable for routine di-
agnostic use. Availability of monoclonal an-
tibodies and EIA for antigen and antibody
detection has contributed in early and spe-
cific diagnosis of these infections.

TREATMENT

Although doxycycline and erythromy-
cin are effective drugs used in Chlamydial
infections the newer macrolides azithro-
mycin and clarithromycin has become the
drug of choice. Compared ‘with conven-
tional therapy, azithromycin has excellent
pharmacokinetic characteristics, such as-
increased bio-availability, lower incidence of
gastrointestinal tract side effect and in-
creased concentration in mucus, macro-
phages and tissues with a half life of five to
seven days (1). Although the higher cost of
azithromycin may be a limiting factor the
single dose regimen make it more accept-
able to patients (34). Studies are needed to
determine if these regimens achieved clini-
cal and microbiological cure.

CHLAMYDIA: INDIAN SCENARIO

Indian scenario regarding the role of
Chlamydia in various clinical condition is
ambiguous because of limited availability of
literature. Bhujwala et al (35) carried out a
study on 65 patients of pelvic inflamma-
tory disease and infertility to detect pres-
ence of antibodies against C. trachomatis and
N. gonorrhoea using.indirect immuno-
peroxidase test and ELISA. Chlamydial an-
tibody was detected in 62.9% of cases of
PID and-60% of cases-infertility respec-
tively (35-37).

In another stﬁdy carried out in cases of
ALRTI in children <5 years in India
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Chlamydia sp was detected in 11% of cases
in association with Mycoplasma. or. bacte-
ria. however it was a sole pathogen in 2.9%
cases (38). C. prneumoniae infection was seen
in 6.4% of cases in the first 2 years of life
(39) which is contrary to the observations

from previous studies, where it was ob-

served that C. prewmoniae infection is un-
common in children under 5 years of age
(40). A single IgG antibody titer of >1:512
is considered as diagnostic for acute
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