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Abstract

Long-term effects of risk factors and DNA sequencing of Chlamydia trachomatis
omp-1 gene on active trachoma, severe inflammatory trachoma and C.
trachomatis infection were investigated in 289 children aged 1-2 years old in
1989, in Kongwa, Tanzania. One hundred seventy-six (61%) children were
available for follow-up in 1995. Active trachoma and severe inflammatory
trachoma at baseline predict active trachoma and severe inflammatory trachoma 6
years later after adjusting for age and gender, odds ratios 3.1(1.58-6.11) and
3.96(1.93-8.16), respectively. Familial cattle ownership, living greater than 2
hours away from a water source, and facial cleanliness at both time points were
associated with the presence of active trachoma at both time points, odds ratios
2.58(1.15-5.79), 3.07(1.23-7.64), and 0.52(0.26-1.03), respectively. Noticeably,
children who died during the follow-up period tended to have severe
inflammatory trachoma at baseline in villages where trachoma was relatively less
prevalent (OR: 3.75,95% C.1.:1.09-12.98). DNA sequencing revealed 26 C.
trachomatis omp-1 genotypes of serovar A and 18 of B/Ba. Omp-1 genotypes
evolved temporally, and only 20% of genotypes in 1995 were present in 1989.
Strains which had mutations in B-cell epitopes in 1989 did not predominate in the
1995 survey. However, the B/Ba genotypes exhibited increased variable domain
2 amino acid substitutions. Multitypic infection at baseline predicted subsequent
severe disease and infection compared to monotypic infection, and was associated

with familial cattle ownership. However, homotypic genotype infection with the
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same strain six years later and severe trachoma was also observed. The results
suggest that risk factor reduction interrupts the continuous episodes of re-infection
with C. trachomatis, and that severe inflammatory trachoma could be a marker for
identifying young children who were not likely to survive past preschool years.
Both evolution of omp-1 genotypes, and sequential, homotypic infection are

converging mechanisms of trachoma endemicity.
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Specific Aims

This study includes two main manuscripts entitled, “Predictors of
trachoma and infection in a six-year follow up of children aged one and two™. and
“DNA sequencing of Chlamydia trachomatis major outer membrane protein-1
gene indicates separate mechanisms of trachoma endemicity”. The specific aims
for these two papers are as follows:

I. to identify epidemiologic factors as predictive indicators for active trachoma,
severe inflammatory trachoma, and C. trachomatis infection by performing a
six-year follow-up of a cohort of children living in hyper-endemic trachoma

villages;

9

to determine if trachoma and infection at an earlier time point were good

predictors for trachoma and infection at a subsequent time point;

3. to examine the association between trachoma severity and childhood
mortality;

4. to determine the degree of C. trachomatis omp-1 polymorphism and evolution
using a six-year follow-up of children living in hyper-endemic trachoma
villages;

5. to determine how multitypic and homotypic omp-/ genotype infection related
to disease severity and “persisting” infection in a six-year follow-up;

6. to determine if specific epidemiologic variables correlate with multitypic

omp-1 genotype infection.
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Background
Trachoma, which is caused by repeated infection by Chlamydia

trachomatis, is an ancient disease described in Eber’s Papyrus. It is characterized
by inflammation of the lymphoid follicles and diffuse infiltration with papillae in
the conjunctiva. The sequelae resulting from chronic inflammation include
conjunctival scars, trichiasis, corneal complications and blindness (West and
Bobo, 1995). Trachoma is viewed as a disease of poverty and poor hygiene and
was one criterion used to reject people to immigrate to the United States in the
early 20™ century (Aronson, 1997). Even though trachoma has been eradicated in
most developed countries, it is still the leading infectious cause of blindness in the
world, especially in arid areas of developing countries (Grayston et al., 1985).
Currently, it is estimated that at least five million people suffer from trachoma and
six million people are blind because of trachoma. It is predicted that eight million
people will be blind within the next 25 years (Schachter and Dawson, 1990;
Thylefors et al., 1995). Moreover, trachoma hits the vulnerable groups in the
poorest communities — women and children (Munoz and West, 1997). The
number of cases of blindness will increase remarkably in the future in trachoma-
endemic areas due to the fact that trachoma takes several decades to lead to
blindness and there is a growing population of over 50 years old as the result of an
increase of life expectancy, The public health impact and economic implications

in the under-privileged communities is enormous.
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Studies of trachoma and Chlamydia trachomatis in the past decades have
provided some understanding of the etiology and epidemiology of the disease.
Epidemiologic studies have described the prevalence and distribution of the
disease and have identified the risk factors of infection and disease. In addition,
there have been trachoma vaccine clinical trials on humans, conducted in the
1950s and 60s, but have failed to demonstrate efficacy against re-infection
(Woolridge et al., 1967). The ocular model in the chimpanzee and other animal
models have shown preliminary immune response profiles for primary and
secondary infection (Taylor, 1985). With such advances in biomedical
technology, research in this field also has experienced major breakthroughs. Some
genes have been sequenced in all serovar types such as major outer membrane
protein (MOMP) gene (omp-1), which is thought to be one of the major vaccine
candidates for trachoma (Stephens et al., 1987: Yuan et al., 1989). Moreover,
several B or T cell epitopes have been identified on the variable domains of omp-
1 gene, which can be used to develop new generation of trachoma vaccine
(Morrison et al., 1992). In addition, cytokines and T cells (Thl, Th2 and CD8
cells) are now the focus of research of effective immune response against
Chlamydia trachomatis infection (Cotter and Byrne, 1996). Hygiene behavior
modification in communities such as face-washing has been shown to be a
significant factor in reduction of trachoma endemicitiy (West et al., 1995).
Molecular epidemiologic studies have also been implemented to correlate

characteristics of the etiologic agent with disease severity and to evaluate
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transmission pattern within households and communities (Bailey et al., 1994;
Hayes et al., 1995; Bobo et al., 1997). In the field of treatment, azithromycin has
been found to be very potent and a promising antibiotic that could replace the
topical tetracycline treatment (Bailey et al., 1993a). However, eradicating or even
controlling trachoma seems to be an unattainable goal in hyper-endemic areas
because of the lack of resources, utilization and integration of health services.

This literature review will summarize the etiology, clinical manifestations
and complications, pathogenesis and immunology of chlamydial infection,
diagnosis of chlamydial infection, epidemiology, treatment, and finally,

prevention and control of trachoma.

Chlamydia trachomatis

The genus Chlamydia are obligate, intracellular, Gram-negative bacteria.
They have a unique biphasic growth cycle that relies on host-derived ATP to
synthesize chlamydial proteins. There are four species of the genus Chlamydia.
C. psittaci is a common pathogen of birds and animals, but can occasionally
cause human disease, psittacosis. C. pneumoniae causes respiratory tract diseases
and is also thought to be associated with atherosclerosis. C. pecorum is found in
ruminants and is associated with infectious polyarthritis, encephalitis, pneumonia
and diarrhea. Finally, there is C. trachomatis which is described in detail below

(Peeling and Brunham, 1996).
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There are two human biovar types, biovar trachoma and biovar LGV
(lymphogranuloma venereum) and one mouse biovar type of C. trachomatis. In
addition, at least 18 serovar types, which are defined by
microimmunofluorescence (MIF) testing, have been identified so far (Wang and
Grayston, 1991). Serovar A, B, Ba and C are associated with trachoma; serovar
D,E.F,G, H, L. J, K are linked to the urogenital infections; and biovar LGV,
including serovar L 3, causes more invasive sexual transmitted disease, LGV.
However, through antigenic relatedness and sequence analysis on omp-1 gene,
these serovars can be classified into three serogroups: the B-complex serogroup
(serovars B, Ba, D, Da, E, L, and L,a), the intermediate complex serogroup
(serovars F and G), and the C-complex serogroup (serovars A, C, H, [, Ia, I. and
L3) (Yuan et al., 1989).

Chlamydial Development Cycle

Chlamydia has two phases in its life cycle. an elementary body (EB)
which is small (300 to 400 nm), infectious but metabolically inactive and a
reticulate body (RB) which is larger (800 to 1000 nm), metabolically active but
noninfectious. The first step in the life cycle occurs when the EB attaches to
surface squamocolumnar epithelial cells through specific ligand-receptor binding.
However, should be noted, that chlamydial adhesins and cell receptors have yet to
be identified with certainty. Then, the EB enters the host cell through two
possible mechanisms, phagocytosis or endocytosis. After internalization, vesicles

containing EBs do not fuse with endosomes. Instead, the EB differentiates into
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RB, which in turn, divides by binary fission. After 18 to 20 hours of infection,
RBs begins to differentiate into EBs. Before rupturing the cell and releasing
mature infectious EBs capable of infecting susceptible cells, the endosome
membrane may expand to form an inclusion occupying over three-quarters of the
cell. The growth cycle is completed when the host cell lyses or the intact
inclusion is expelled in order to release EBs to start another infectious process.
Major Outer Membrane Protein(omp-1) Gene

Chlamydia possesses one of the smallest prokaryotic genomes,
approximately 660 megadaltons with a cryptic 4.4 megadalton plasmid. There are
about 800 genes in chlamydia. The most well characterized gene is one that
encodes for the major outer membrane protein (MOMP), omp-/ gene. From its
sequence, it has been deduced that there are four hyper-variable domains (VD).
and subtype specificity is loacted in these regions (Yuan et al., 1989). Most
variability occurs in VD [, [T and IV. In addition, the neutralization antibody
epitopes are also found in these regions (Morrison et al., 1992). In animal
models, partial protection against reinfection has been demonstrated through
immunization of MOMP extract to guinea pigs (Batteiger et al., [1993).
Omp-1 diversity

Allelic polymorphism of the single copy of the omp-/ gene has been
thought to account for the antigenic variation of C. trachomatis (Stephens et al.,
1987; Brunham et al., 1994). It has been suggested that omp-/ remains stable in

serotyping properties without major antigenic shift (Morrison et al., 1992). A
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number of studies have investigated omp-/ variants of C. rrachomatis in different
populations and geographic settings (Dean et al., 1992; Hayes et al., 1992;
Brunham et al., 1994; Dean et al., 1995; Frost et al., 1995; Lampe et al., 1995;
Brunham et al., 1996; Bobo et al., 1997; Dean and Millman, 1997). A relatively
wide antigenic diversity of omp-1 has been found in trachoma and sexually
transmitted diseases (STD) core populations, whereas little heterogeneity has been
found in non-STD core population. Lampe et al. has found little omp-1 VD
sequence variation in clinical isolates from patients with upper or lower genital
tract infection (Lampe et al., 1993). In contrast, one study in STD core groups in
Nairobi, Kenya, has indicated that the tempo of genetic change for C. trachomatis
is very dynamic, and the omp-1 locus is highly polymorphic with 51% major
antigenic shift and 49% minor antigenic drift (Brunham et al., 1994).

It has been thought that recombination between different omp-/ genes
leads to major antigenic shifts, but,. it is not very likely to occur because C.
trachomatis has a single copy of omp-/ gene in its chromosome. However, Hayes
et. al identified an isolate with a novel omp-/ gene which might have resulted
from the natural recombination event between serovar L; and L., (Hayes et al.,

1994).

Clinical Presentation of Trachoma and Its Sequelae
During childhood, active trachoma is characterized by lymphoid follicles,

inflammation and diffuse infiltration with papillae on the conjunctiva. Follicles,
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which are yellow or white with greater than 0.5 mm round spots are avascular
lymphoid tissues with infiltration of B cells and T cells. Papillae are small red
dots in the superior tarsal conjunctiva and are more pronounced in the presence of
secondary bacterial infection. Severe inflammatory trachoma, which is seen in
10% or more of children in trachoma-endemic areas, presents severe
inflammation and thickening of the conjunctiva obscuring over 50% of the deep
tarsal vessels. Necrosis of follicles may lead to scarring which can appear as
small, stellate spots or can be severe as a “basket weave” in the conjunctiva.
Severe scarring can contract the tarsal plate and rotate the eyelashes inward. By
adulthood, this can lead to trichiasis which is the prc.:sence of at least one eyelash
rubbing on the eyeball. Corneal opacity appears when eyelashes turn in and then
abrade the cornea. Blindness due to trachoma occurs if corneal scarring and
opacification is present (West and Bobo, 1995).

Thylefors et al. proposed a simplified system to assess trachoma and its
complications (Thylefors et al., 1987). The simplified WHO grading system is as
follows:

Normal Conjunctiva The upper tarsal conjunctiva is pink, smooth, thin,

and transparent.

Follicular Trachoma (TF)  TF is defined by five or more > 0.5 mm

follicles in the upper tarsal conjunctiva. Follicles are round lumps or spots

that are paler than the surrounding conjunctiva.
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Intense Inflammatory Trachoma (TI) Tl is defined by pronounced
inflammatory thickening of the upper tarsal conjunctiva that obscures
more than half of the normal deep tarsal vessels. Diffuse inflammatory
infiltration, oedema, or enlargement of vascular tufts with or without
follicles appears in the conjunctiva.

Trachomatous Scarring (TS) TS is defined by the presence of scarring in

the tarsal conjunctiva. Scars are seen as white lines. bands, or sheets

(fibrosis) in the tarsal conjunctiva. Sometimes, diffuse fibrosis can also

obscure the tarsal vessels. Therefore, one needs to be more careful to

distinguish these scars from TL

Trachomatous Trichiasis (TT) TT is defined by the presence of at least

one eyelash rubbing on the eyeball.

Corneal Opaciry(CO) CO is defined by visible corneal opacity over the

pupil.

Each category represents relevance for the public health impact by
trachoma on a population. If high prevalence of TI is found in a population, C.
trachomatis is considered to be highly active in this population, and a prompt
intervention should take place. The high prevalence of TT which represents C.
trachomatis activity in the past indicates the need for surgical services. The
prevalence of CO indicates the potential impact of trachomatous blindness for the

population (Munoz and West, 1997).
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Binocular loupes (X2.5) should be used on an eye examination for
trachoma. Photographs of tarsal conjunctiva have been used for trachoma grading
in field studies. West et al. have shown high reliability of photograph grading,
with percent agreement > 85% and kappa statistic > 0.7, compared to clinical
grading in the field (West and Taylor, 1990). The simplified WHO trachoma
grading system has been applied in several studies, and it has been shown to be a

rapid and reliable assay for assessing the magnitude of the problem of trachoma .

Laboratory Diagnosis
Detection of ocular C. trachomatis infections

Laboratory diagnosis for ocular chlamydial infection include both culture
and non-culture methods. Non-culture methods consist of antigen and nucleic
acid detection methods. Serologic tests for C. trachomatis infection in trachoma
are generally not useful because antibodies against C. trachomatis are long-lived
and a positive serologic test will not distinguish a previous from a current
infection (Black, 1997).
(1) Culture Methods

Traditionally, laboratory diagnosis of C. trachomatis infections in
trachoma relies on cell tissue culture on McCoy cells. Definitive diagnosis is
made by staining the McCoy cells with direct fluorescent antibody to species-
specific MOMP and looking for inclusions. Due to its extremely high specificity,

(nearly 100%), it is valued as the gold standard for detection of C. trachomatis.
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However, the culture only detects viable infectious chlamydial elementary bodies
and it has relatively low sensitivity when compared with nucleic acid
amplification methods. In addition, strict cold chains of specimen transportation
and storage conditions are required. One study has shown that C. trachomatis
was not detected by culture method even in some severe trachoma patients
(Taylor et al., 1989a). Nevertheless, organisms can be preserved from culture for
genotyping, antimicrobial susceptibility testing or morphologic studies.
(2) Non-culture Methods

The non-culture methods include non-nucleic acid amplification methods,
such as direct fluorescent antibody (DFA) tests and EIA, and DNA amplification
methods.
(a) Non-nucleic acid amplification methods

Direct fluorescent antibody (DFA) test is one of the most useful diagnostic
techniques, with a sensitivity over 80% and specificity over 98%. In addition, it
is less time consuming and does not require cold-chain during transport. The
DFA test can detect C. trachomatis in direct conjunctival smears on a slide by
using direct fluorescent antibody microscopy. Monoclonal antibodies to the
species-specific epitope of MOMP are preferred for detecting C. trachomatis
infections by the DFA test. There are some disadvantages to using DFA testing.
It is laborious and requires highly trained and experienced personnel. In addition,
an adequate specimen with columnar epithelial cells is required for an optimal

result.
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Enzyme-linked immunosorbant assay (EIA) is another diagnostic test for
C. trachomatis. 1t is based on the detection of all species of chlamydia
lipopolysaccharide (LPS) which has higher solubility and quantity than MOMP.
Most EIAs are less sensitive than “culture-based methods™ with a sensitivity from
60% to 75%, and specificity of approximately 97% (Black, 1997). One major
disadvantage, however, is a higher false-positive rate due to cross-reaction with
the LPS of other gram-negative bacteria. Therefore, this technique is not widely
used to detect trachoma infections because other bacteria also infect the
conjunctiva.
(b) Nucleic acid amplification

Nucleic acid amplification technology has also been used to detect C.
trachomatis infections. Polymerase chain reaction (PCR) and ligase chain
reaction (LCR) are very promising because nucleic acid amplification methods
are extremely sensitive and specific. In trachoma investigations, both PCR and
LCR have been evaluated for detection of C. trachomatis infections at both ocular
and nasal sites. Data have shown that chlamydial DNA load is positively
correlated with disease severity and persistent infection. In addition, high rates of
inapparent infection with C. trachomatis in a trachoma endemic area were
detected by PCR. Although a false-positive result might be due to contamination,
these can be minimized if proper practices are followed in the laboratory. In
addition, false-negative results might be due to the presence of substances in the

specimens that are inhibitory to nucleic acid amplification. It has been shown that
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<5% of ocular samples have PCR inhibitors, indicating that it does not have
substantial impact on the detection of C. trachomatis from conjunctival specimens
(Bobo et al., 1997).
C. trachomatis typing

Serovar-specificity of C. trachomatis is due to the serovar-specific
epitopes in MOMP. Serovar typing of C. trachomatis is determined by MIF test
which is sensitive and the only serologic test for detection of species- and serovar-
specificity. Recently, omp-/ gene typing of C. trachomatis based on nucleotide
sequencing has been used to understand the epidemiology and pathogenesis of
chlamydial infection (Dean et al., 1992; Bailey et al., 1994; Hayes et al., 1995;

Bobo et al., 1997).

Immunology

Epidemiologic studies have shown that C. trachomatis infection and active
trachoma decrease with age in the trachoma endemic areas (West et al., 1991b;
Bailey et al., 1996). Data from trachoma vaccine trials in the 1960s and animal
challenging studies have demonstrated that protective immunity against C.
trachomatis was induced (Wang and Grayston, 1967; Woolridge et al., 1967).
Currently, MOMP is a primary target antigen for chlamydial vaccine
development. Neutralizing antibodies against MOMP have shown to protect
against infection (Caldwell and Perry, 1982; Zhang et al., 1987). However,

protective immunity is short-lived and homologous-specific, as seen from
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multiple re-infections with the same or different serovar. This phenomenon of
repeated infections with C. trachomatis in trachoma endemic areas suggests the
absence of long-term protective immunity. Interestingly, in trachoma endemic
areas where everyone is exposed to C. trachomatis, a substantial portion of people
are less likely to have repeated C. trachomatis infection and trachoma while a
significant subset of people suffer from frequent re-infections which lead to
severe sequelae. Evidence has shown that the genetic factors of the host may
participate in persistent C. trachomatis infection (Bobo et al., 1997). Delayed-
type hypersensitivity response induced by chlamydial heat shock protein (HSP60)
in re-infection is thought to be involved with the development of histopathology
(Morrison et al., 1989a; Morrison et al., 1989b). It is thought that severe
inflammation and tissue damage in chlamydial infection is immune-mediated.

[t has been suggested that local secretory IgA (sIgA), rather than IgG, is
protective from infection (Bailey et al., 1993b). In addition, suppression of
chlamydia-specific IgA antibody-secreting cells has been observed in people with
intense trachoma (Ghaem-Maghami et al., 1997). It is also thought that cell-
mediated immunity (CMI) plays a principle role as seen B-cell in deficient mice
that are capable of clearing infection (Ramsey and Rank, 1991). In the murine
model, interferon-y produced by T-cells and natural killer (NK) cells participate
in the elimination of infected cells and clearance of C. trachomatis (William et al.,
1993). In studies of adoptive transfer experiments and monoclonal Ab-mediated

in vivo depletion, CD4+ cells have been identified as the predominant protective
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T cell subset. In further analysis, Thi-type profile response such as [L-2, TNF-o
and [FN-vy rather than Th2 profile has been found (Su and Caldwell, 1995).
Thl1 vs Th2 response

Recent studies have focused on the cytokine profiles with disease severity
in order to understand Th1/Th2 responses in chlamydial infection and
immunopathology. Cytokines characteristic of a Thl response, are I[L-2, [L-12
and IFN-v, and have been detected in individuals with intense inflammatory
trachoma whereas a Th2 response, involving [L-4, [L-5 and IL-10, has not been
detected in individuals with clinical symptoms of trachoma (Bobo et al., 1996).
One case-control study in people with severe trachomatous scarring showed that
hsp60 can increase the number of IL-4 producing cells and induce the production
of [L-4-specific mRNA (Holland et al., 1996). To date, the data suggest that there
are two CD4+ T cell subsets involved in different stages of infection, re-infection
and disease severity. The immunological mechanism remains unclear.
Cytotoxic T Lymphocytes (CTL) response

Animal studies have demonstrated that cytotoxic T lymphocytes play a
role in chlamydial infection. CTL lyse chlamydia infected cells in vitro as well as
protect against in vivo challenge (Beatty and Stephens, 1994; Starnbach et al.,
1994). Holland et al. detected peptide-specific CTL response from peripheral
blood mononuclear cells (PBMC) only in individuals free from conjunctival
scarring and in children resolving from infection (Holland et al., 1997).

Serovar-specific B-cell epitopes
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Serovar-specific B-cell epitopes on the major outer membrane protein in
C. trachomatis have been studied (Su et al., 1990b; Su and Caldwell, 1993;
Batteiger, 1996; Batteiger et al., 1996). Epitopes mapto VD I, VD [l and VD IV
while antigenic determinants have not been mapped to VD III (Morrison et al.,
1992). In addition, monoclonal antibodies specific to epitopes are capable of
neutralizing chlamydia infectivity (Caldwell and Perry, 1982). Therefore, these
B-cell epitopes are major target antigens for the development of subunit
chlamydial vaccine. However, it has believed that C. trachomatis strains with
mutations at the B-cell epitopes could escape neutralization and result in re-
infection.
T-cell Epitopes

T-cell epitopes on the MOMP have been investigated (Su et al., 1990a;
Allen et al., 1991). Surprisingly, T-cell epitopes have been identified on the non-
surface exposed VD III as well as the other three surface exposed VDs. It has
been shown that T cell’s help for the immunodominant exposed VDs. B-cell
determinants are elicited by incorporating the MOMP T-cell epitopes. Higher
titered antibodies specific to the B-cell sites of the chimeric peptide can be
produced after immunizing mice with chimeric peptides containing both T- and
B-cell epitopes (Su and Caldwell, 1992). It is also postulated that mutation at the
T-cell epitopes could result in re-infection or promote persistent infection with C.

trachomatis and thus facilitate disease progression (Dean and Millman, 1997).
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Therefore, it is important to include T-cell epitopes in a synthetic or recombinant
subunit vaccine.
Persistent infection

Evidence of persistent infection has been shown in vitro and in
epidemiologic studies. In vitro, nutrient deficiency, antimicrobial agents and
interferon gamma can change chlamydial metabolism and development so that
aberrant forms are produced, and they become dormant inside of infected cells.
However, dormant chlamydia can still release some antigens and induce a chronic
inflammatory response (Beatty et al., 1994). A subset of people with moderate to
severe trachoma have no detectable viable organisms but have active chlamydial
infection (Schachter et al., 1988). In addition, one study has shown that people
with scarring are positive immunocytologically but are culture negative (Mabey et
al., 1987). In a 3- month weekly follow-up, children with severe trachoma were
associated with persistent C. trachomatis infection with higher chlamydial load
(Bobo et al., 1997). Therefore, persistent infection as well as repeated infections
are involved in establishing chronic inflammation that leads to severe sequelae in

trachoma.

Epidemiology
Even though trachoma has been eradicated in most developed countries, at
present, blinding trachoma is a major public health problem in various parts of

geographic areas extending from North Africa and the sub-Saharan region,
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throughout the Middle East, to the dryer regions of Indian subcontinent and
southeast Asia. In addition, pockets of trachoma blindness exist in Latin
America, Australia and the Pacific Islands (Dawson et al., 1981). Within these
regions, trachoma is more prevalent in the poor, underdeveloped, and arid areas
where water supplies are not sufficient.

Generally speaking, there are two different types of trachoma endemicity
in the communities based on the prevalence of active trachoma: trachoma
endemic and trachoma hyper-endemic. In the hyper-endemic communities, the
prevalence of active trachoma is as high as 60 to 90 percent in preschool children
(Courtright et al., 1989; West et al., 1991b). Preschool children are at highest risk
for active trachoma and the prevalence generally decreases with age, especially by
teenage (West et al., 1991b). Trachomatous scarring can be seen in school
children and the prevalence increases with age. Late sequelae, such as trichiasis,
entropion, and corneal opacity which indicate a high magnitude of trachoma
endemicity in the past 15 to 40 years are common in this type of community
(Courtright et al., 1989). In the trachoma endemic areas, the group at highest risk
for active trachoma shifts to school children, and the prevalence of trachoma
sequelae could be higher than that of active disease. Trachoma intervention on
such communities should focus more on the complication of blindness (Munoz

and West, 1997).

Age
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Preschool children are a high risk group for C. trachomatis infection and
active trachoma in the trachoma endemic areas. Several studies in Kongwa,
Tanzania have provided us with most of our knowledge of the natural history of
trachoma in the trachoma endemic areas. West et al. have shown 60% of
preschool children had active trachoma and 10% had severe inflammatory
trachoma (West et al., 1991b). Forty-eight percent of children aged 1-7 years old
in one village were C. trachomatis positive by PCR (Bobo et al., 1991).
Prevalence of active trachoma reaches a peak in preschool-aged children then
declines rapidly after 10 years of age. Trachomatous scarring begins to appear in
some school children and the prevalence increases with age, with it being 60% in
people over 25 years old. In addition, trichiasis is only found in teenagers and
adults and the prevalence reaches almost 20% in people over 25 years old (Taylor
etal., 1992).

Sex

One cross-sectional study showed that females have 2-4 times the risk for
follicular trachoma, trachomatous scarring, trichiasis and corneal opacity than
males after adjusting for age (West et al., 1991b). Another study showed that
female caretakers are more likely to have active disease than women who are not
caretakers (Congdon et al., 1993). It is believed that child-care activities increase
exposure to C. trachomatis for female caretakers for young children, who are the

main reservoir of infection. In addition, one longitudinal study over one-year
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period suggested an almost twofold increased risk of constant, severe trachoma
for female children than male children (West et al., 1996).
Geographic Clustering

Clusters of trachoma has been demonstrated at the neighborhood and
household level (Katz et al., 1988; Bailey et al., 1989; West et al., 1991b). The
prevalence of active trachoma varied by villages from 38% to 95%. The cluster
phenomenon is even more obvious within balozi, a geographically related ten-
household unit (West et al., 1991b).
Water Availability

It has been observed that distribution and prevalence of trachoma is
associated with arid and dusty areas where water resources are scarce (Prost and
Negrel, 1989). Longer distance from a water source is associated with active
disease and infection (Tielsch et al., 1988; West et al., 1989). In addition, active
trachoma is also associated with the amount of water used on washing children in
Gambia (Bailey et al., 1991). Less access to water (number of tube wells in
wards) has also been identified as a risk factor for trachoma in Nepal (Katz et al.,
1996). Although the importance of water supplies has been demonstrated in the
prevention from trachoma, obstacles in environment factors, water engineering in
arid and dusty areas as well as economic issues in trachoma-endemic developing
countries make it very difficult to improve water supplies.

Cattle Herding
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Cattle herding is believed to be associated with trachoma. Studies in
Tanzania have showed that familial cattle ownership increases the risk of having
trachoma and chlamydial infection in children (West et al., 1991a; West et al.,
1995; West et al., 1996). This involves a complex cycle in which cattle droppings
that tend to attract flies, place children at higher risk for exposure. This increase
in chance of infection is also due to the decrease in water available necessary for
hygiene in such arid communities. The study by West has demonstrated that
cattle ownership is associated with a child less likely to have sustained facial
cleanliness (West et al., 1995). However, cattle herding, which also represents
higher socioeconomic status for households in those community, could confound
the effect of socioeconomic status on trachoma or chlamydial infection. It is also
believed that cattle could be a mark for families with traditional lifestyles who
tend to have the poorest living condition (Munoz and West, 1997).

Type of Roof

The type of house roof has also been investigated for the association with
trachoma in Tanzania. It is thought that a household with a tin roof indicates a
higher socioeconomic status for the individuals than those without a tin roof. In
addition, traditional thatch roof could be associated with higher density of flies
inside of the house. One study has shown that the traditional type of roof is
associated with trachoma and chlamydial infection (West et al., 1991c). Another

study has shown that a tin roof on the house is associated with sustained facial
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cleanliness for children (West et al., 1995). In one study in the same area a tin
roof is not associated with higher incidence of trachoma (West et al., 1996).
Individual Hygienic Behaviors

Studies have indicated that facial cleanliness and other hygiene practices
are associated with trachoma and chlamydial infection. Ocular discharge, nasal
discharge, flies, dust and food on face have been used as indicators of lack of
cleanliness in a child (West et al., 1991a). Among them, the first three
characteristics are better indicators of active trachoma or severe inflammatory
trachoma. Facial cleanliness is protective against active trachoma and severe
inflammatory trachoma (Taylor et al., 1989b; West et al., 1991a). In a face-
washing clinical trail, children with sustained facial cleanliness are less likely to
have any trachoma and severe inflammatory trachoma one year later (West et al.,
1995). In a study in Mexico, children who wash their face 7 or more times per
week have significantly less trachoma than those who wash less often (Taylor et
al., 1985). Furthermore, facial cleanliness can reduce the risk of constant, severe
trachoma among children (West et al., 1996). Other hygiene behaviors and
practices have also been examined. Handkerchief and towel use can reduce the
risk for trachoma (Taylor et al., 1989b; West et al., 1991c). However, there are
discrepancies on noseblowing onto clothes as risk for trachoma (Taylor et al.,
1985; Tielsch et al., 1988).

Host Genetic Factors
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Host genetic susceptibility plays a significant role on the clinical
presentation and sequelae of trachoma. A case-control study of trachomatous
scarring showed that cases are 1.9-fold times to have HLA-A28 antigen than
controls. In addition, in subtyping of the HLA-A28 specificity, the A*6802 allele
is significantly over-represented among cases (Conway et al., 1996). Finally,
Conway et al. also showed that trachomatous scarring is independently associated
with tumor necrosis factor alpha (TNF-«) promoter, TNFA-308A and TNFA-
238A (Conway et al., 1997).

Virulence of C. trachomatis Strains

It has been postulated that certain strains of C. trrachomatis are more
virulent in clinical presentation than others. Two studies of genital infections
have provided some evidence. One study showed men infected with serovar F/G
were less likely to have symptoms of urethral discharge than those infected with
other serovars (Van de Laar et al., 1996). Dean et al. found omp-1 F genotype
variants were associated with upper genital tract infection, pelvic inflammatory
diseases and histopathology compared to omp-1 F prototype. In addition, omp-1
E genotypes were more likely involved with asymptomatic diseases (Dean et al.,
1995). However, another study by Bobo et al. did not support this postulation.
The study did not find any particular genovar was associated with persistent
infection over 3 months which was related to severe inflammatory trachoma

(Bobo et al., 1997).
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Control & Prevention

Although there are no community anti-trachoma campaigns in developed
countries, trachoma disappears with economic development and associated socio-
cultural and behavioral changes (Thylefors, 1985). However, trachoma and
trachomatous blindness are still one of the major public health issues in the poor
and under-privileged communities of developing countries where cultural and
behavioral practices increase the risk of infection. Therefore, communities-based
programs which include treatment and behavioral modification are needed to
eradicate trachoma.
Improvement in Water Availability

[t will be impractical to improve water availability in developing countries
by hydraulic engineering in the arid areas because of lack sufficient funds.
However, improvements in household water utilization is more practical for
trachoma control in such settings.
Hygiene Behavior Modification

A study has demonstrated that facial cleanliness in children is protective
for any trachoma or severe inflammatory trachoma for up to a year with 65% and
42% reduction, respectively (West et al., 1995). In a community clinical trial,
intervention by face-washing has shown face-washing villages had lower risk of
having severe trachoma one year later (West et al., 1995).

Antibiotic Treatment
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Topical tetracycline 1% eye ointment or 1% oily drops 1-2 times per day
for 4-6 weeks is effective in clearing infection and clinical symptoms. Although
relatively inexpensive, good compliance is an issue. In addition, even with
community-wide participation in trachoma endemic areas, topical tetracycline
treatment only has a short-term effect. Data have shown the incidence of new
infection one month after treatment stoppage is 21% (West et al., 1993).

There is a promising antibiotic against C. trrachomatis called azithromycin.
It is an azalide macrolide which can maintain long-term high tissue levels with
only a single oral dose. The effect of azithromycin has been shown in a
randomized controlled trial in treatment of trachoma, indicating that the one-dose
azithromycin is as effective as topical tetracycline treatment to resolve clinical
trachoma (Bailey et al., 1993a). However, one of the major disadvantages is the
high cost of the antibiotic that makes it unaffordable for these under-privileged
communities.

Vaccine

Although antibiotics are highly effective in controlling trachoma, there is
still a need for an efficacious trachoma vaccine. Several trachoma vaccine trials
were conducted in 1960’s (Nichols et al., 1966; Dhir et al., 1967; Guerra et al.,
1967; Woolridge et al., 1967; Nichols et al., 1969; Sowa et al., 1969). However,
these vaccines, which used relatively crude, purified EB suspensions as antigen,
only conferred a short-lived protective effect. Moreover, some vaccines seemed

to increase serious complication of trachoma through enhanced hypersensitivity
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reaction (Woolridge et al., 1967). Although, an EB-derived vaccine can induce a
partial immunity in experimental animals, re-infection causes increased disease
manifestations. In addition, the induced immunity was homotypic and
heterologous infection in vaccined animals led to substantially more severe
disease (Brunham, 1994). In the past decade, understanding of the molecular
antigenic structure of the chlamydial EB has generated new hope in the
development of an effective chlamydia subunit vaccine.

MOMP has been the major vaccine antigen candidate. Several studies
have tried to evaluate immunogenicity of the MOMP subunit vaccines which are
oligopeptides, cloned recombinant fragments, or live recombinant vectors such as
Salmonella, poliovirus or phage (Hayes et al., 1991; Murdin et al., 1993). The
preliminary data were promising and encouraging in vitro.

However, there are several obstacles for an effective trachoma vaccine.
First, mucosal immunity is needed against C. trachomatis infections. Conferring
protective immune effectors such as sIgA to conjunctiva after immunization is
necessary. Second, polymorphism of omp-/ gene has been demonstrated in STD
core group and trachoma endemic areas. An approach to incorporate cross-
serovar or cross-genovar B-cell and T-cell epitopes in candidate antigen is needed
to elicit immune responses which can protect from multiple serovars and
genotypes.

Other chlamydial proteins have been considered in vaccine development,

including heat shock protein (HSP70), MIP and exoglycolipid antigen. Of them,
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a new vaccine design approach by using anti-idiotypic antibody to the
exoglycolipid has shown induction of protective immunity against challenge in

mice (Whittum-Hudson et al., 1996).
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Molecular Epidemiologic Study on Ocular Chlamydial Infection

Among Children Living in Trachoma Hyper-endemic Villages

In the beginning of this section, [ will introduce the ethical issues in
human subjects of this study, and explain the selection method of study
population and the rationale. Then, this study will be presented in two
manuscripts, entitled “Predictors of trachoma and Chlamydia trachomatis
infection in a six-year follow up of children aged one and two* and “DNA
sequencing of Chlamydia trachomatis major outer membrane protein-1 gene
indicates separate mechanisms of trachoma endemicity”. Finally, other data
which are not shown in the two manuscripts will be presented at the end of this
section.

Issues in Human Subjects

This study was in accordance with the protocol (Research Project
Notification Number: 95-06-02-05) which was approved by Joint Committee on
Clinical Investigation at the Johns Hopkins Hospital in accordance with the
Helsinki Declaration (Appendix 1). Verbal informed consent was obtained from
participants’ parents. Children with active trachoma identified in the field were
treated with topical tetracycline after sample collection. No adverse

consequences or unexpected side effects are encountered in the course of study.
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Study Population

In a 1989 face-washing intervention trial, 250 eligible households in each
village containing at least one child aged 1-7 years were randomly selected after a
complete census. Within each household, one child was randomly selected to
participate in the study. A total of 289 children aged 1-2 years old from five
villages that were part of a face-washing intervention program in 1989-90 were
identified from files of the Kongwa trachoma project. These children were
followed up in 1995 for this study. The results of this cohort of children are in
manuscript one and two. The rationale to choose only children aged 1-2 years in
this study includes that :1) children aged 1-2 years were at the highest risk in this
region; 2) the first episode of disease or infection occurs in childhood; and 3) a
higher follow-up rate can be achieved.

Another cohort of children aged -2 years old living in the same balozi
(neighborhood unit) in 1995 were also selected in order to study the C.
trachomatis omp-1 polymorphism. The results of this cohort are in manuscript
two. The selection method for this cohort of children was different from the first
cohort. Random selection was performed from a complete census in each
corresponding balozi in one village where children aged 1-2 years were plenty.
All children aged -2 years in each corresponding balozi were enrolled in other
four villages where the numbers of children aged 1-2 years old in balozi were not

enough for the study.
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Finally, DFA samples from 74 children aged 1-2 years in 1986 were used

in the pilot study for the evaluation of sample adequacy.
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ABSTRACT

Long-term effects of risk factors on active trachoma, severe inflammatory
trachoma and C. trachomatis infection were investigated in 289 children aged 1-2
years old in 1989, in Kongwa, Tanzania. 176 (61%) children were available for
follow-up in 1995. Active trachoma and severe inflammatory trachoma at
baseline predict active trachoma and severe inflammatory trachoma 6 years later
after adjusting for age and gender, odds ratios 3.10(1.58-6.11) and 3.96 (1.93-
8.16), respectively. Familial cattle ownership, living greater than 2 hours away
from a water source and facial cleanliness at both time points were associated
with the presence of active trachoma at both time points, odds ratios 2.58(1.15-
5.79), 3.07(1.23-7.64) and 0.52(0.26-1.03), respectively. Noticeably, children
from villages where trachoma was less common died in the six-year period tended
to have severe inflammatory trachoma at baseline (odds ratio: 3.75, 95%
C.I.:1.09-12.98). The results suggest that risk factor reduction interrupts the
continuous episodes of re-infection with C. trachomatis, and that severe
inflammatory trachoma could be a marker for identifying young children who

were not likely to survive past preschool years.
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INTRODUCTION

Trachoma is still one of the leading causes of blindness worldwide,
especially in many developing countries in Africa, Asia, Latin America and
Oceania (1, 2). It is believed that repeated ocular Chlamydia trachomatis
infections result in a broad spectrum of clinical signs of trachoma from follicular
trachoma or intense inflammatory trachoma in children, to conjunctival scarring
in young adults, and trichiasis/entropion in older adults (3). The latter sign can
lead to blindness in later adulthood. However, a considerable portion of people
with chlamydial infection do not have any signs clinically, and cross-sectionally,
a significant proportion of people with clinical trachoma do not have any
laboratory evidence of C. trachomatis infection (4, 5). Studies have identified a
subgroup of children in trachoma hyper-endemic communities with chronic.
severe disease, and some with persistent infection (6, 7). It is suspected that this
group of children is at high risk of developing severe sequelae in their later life. It
is likely that multifactoral interactions between the host and chlamydia determine
the clinical presentation and duration of trachoma in the face of infection (7).

Epidemiologic factors including demographic, socioeconomic,
environmental, biologic and genetic factors, have been associated with clinical
trachoma, and ocular chlamydial infection in cross-sectional studies, and in
longitudinal studies with intermittent one year follow-up (6-11). However, the

relationship of these epidemiologic factors to disease after a longer follow-up
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period remains to be elucidated. Moreover, the relationships of trachoma severity
to subsequent mortality in children has not been explored.

High mortality in very young children in sub-Sahara countries is still a
tremendously devastating health issue for the under-served populations.
Infectious diseases such as malaria, measles and AIDS, malnutrition and poverty
have been linked to mortality of young children (12). Factors associated with
childhood mortality, such as socioeconomic status and poor water sources, are
also related to the presence of trachoma (13). In addition, host HLA haplotypes.
that might have an impact on one’s survival from other infections, may contribute
to differential immune and clinical response to chlamydial infection and disease
presentation (14, 15). It is unknown if active trachoma or severe inflammatory
trachoma is associated with childhood mortality, and if the mechanism for such an
association is direct or indirect. It is possible that either severe clinical
manifestations of trachoma are linked to young children’s mortality through other
infectious processes, or that severe inflammatory trachoma could be an indicator
for poor socioeconomic status in association with a specific host genetic makeup
that predisposes to mortality.

The purposes of this study are 3 fold: 1) to identify epidemiologic factors
as predictive indicators for the presence of active trachoma, severe inflammatory
trachoma, and C. trachomatis infection six years later in a cohort of children in a
hyper-endemic trachoma region; 2) to predict trachoma and infection in a later

time point by previous trachoma and infection status; and 3) to examine the
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association between trachoma severity and childhood mortality.
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MATERIALS AND METHODS

Subjects. Kongwa, Tanzania is a trachoma hyper-endemic area where 60 percent
of preschool children suffer from this disease (10). In a 1989 face-washing
intervention trial, 250 eligible households in each village containing at least one
child aged 1-7 years were randomly selected after a complete census. Within the
household, one child each was randomly selected to participate in the study (16).
All of 289 children aged 1-2 years old from five villages who were part of a face-
washing intervention program in 1989-90 were identified from files of the
Kongwa trachoma project. These children were traced, and 176 children were
found in 1995 for follow-up studies.

In 1989-90, data were collected on age, sex, residential village and
neighborhood, familial socioeconomic status represented by presence of a tin roof
on the house and cattle ownership (16). Education level of the child’s mother was
categorized as either receiving any school education or never receiving any
education. The time from the household to the nearest water source during the
dry season was also determined as greater or less than 2 hours. In addition, facial
hygiene status was evaluated by trained local interviewers as the presence of
ocular or nasal discharge (16). Presence of clean face was defined as none or only
one facial sign present. Additional data collected in 1995 included
ethnicity(being Mkaguru). The reasons for children not to be available for follow-

up were collected as refusal, death or migration.
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Two photographs of the right tarsal conjunctivum of each child were taken
before sample collection at each time point. In 1989-90, the tarsal conjunctivum
of the right eye of each child was sampled with a cotton-tipped Dacron swab and
rolled on direct fluorescent antibody (DFA) slides. In 1995, the ocular sample
was placed in PCR transport buffer (4). Verbal informed consent was obtained
from participants’ parents. Children with active trachoma identified in the field
were treated with topical tetracycline after sample collection. All study
procedures were approved by Joint Committee on Clinical Investigation of the
Johns Hopkins Hospital, in accordance with the Declaration of Helsinki.
Clinical grading of trachoma. Trachoma was graded from photographs of the
right tarsal conjunctiva, using the W.H.O. simplified grading scheme (17):
follicular trachoma if at least 5 follicles of >0.5 mm were observed; severe
inflammatory trachoma with or without follicles if 50% or greater of deep tarsal
vessels were occluded; scarring if any scarring was evident. Active trachoma was
defined as the presence of severe inflammatory or follicular trachoma. The
photographs were graded by trained readers who were masked regarding village
and laboratory identification number.

Laboratory (Appendix 2) Each DFA slide was scraped with an individual razor
blade, and the scrapings were suspended in 100 ul of water and boiled for 10
minutes (18). A diagnostic PCR-EIA assay for a conserved omp-1 280 bp gene
fragment was performed (19). Processing controls for DNA contamination

consisted of known DFA sample slides which were both DFA and PCR negative
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from a previous study, and were included every tenth sample slide. The samples
collected in 1995, which were in transport buffer, were processed as described
previously (4). The diagnostic PCR-EIA assay was performed on all samples,
using previously published methods (4, 19). Taq DNA polymerase (2.5 units)
(Boehringer-Mannheim, Indianapolis, IN) was used in all PCRs.

Data Analysis. Characteristics of availability for follow-up were compared by
contingency table analyses. McNemar test was used to examine the trend of
trachoma in the follow-up children in the six-year period. In order to investigate
the predisposition to trachoma and C. trachomatis infection in certain children,
logistic regression models were used to predict active trachoma as a function of
previous active trachoma status, or predict severe inflammatory trachoma as a
function of previous severe inflammatory trachoma after adjusting for age and
gender.

Multivariate logistic regression was used to examine the association
between dependent variable and explanatory variables in the following analyses.
In order to understand the long-term effect of risk factors, risk factors at baseline
were used to predict the status of trachoma and infection in 1995. In addition, the
association between risk factors in 1989 and active trachoma or severe
inflammatory trachoma at both time points was examined. The effects on active
trachoma and severe inflammatory trachoma at both time points of maintaining

familial cattle ownership, the presence of tin roof, clean face and greater than two
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hours to a water source during the dry season at two time points ( 1989-90, 1995),
were also assessed.

In order to examine the impact of the modification of risk factors on
disease at the follow-up, change in status of risk factors was used as a predictor.
Active trachoma or severe inflammatory trachoma in 1995 in children was
predicted by possession of these risk factors at baseline by logistic regression
analysis after adjusting for age and gender.

The association between childhood mortality, trachoma and C.
trachomatis infection at baseline was examined after adjusting for age, gender,
familial cattle ownership and mother’s education. Effect modification was further
assessed using stratified analysis and multivariate logistic regression analysis by
residential villages. Residential villages were stratified into two groups based on
the prevalence of active trachoma in 1989 and geographic location: trachoma
“high prevalence villages™ with prevalence of active trachoma of 77% and 77%,
and trachoma “‘low prevalence villages™ with prevalence of 45%, 65% and 59%

(Fig 1).
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RESULTS
Characteristics of follow-up children compared to those lost to follow-up Sixty-
one percent (176/289) of 1-2 year old children who were identified from files of
the Kongwa Trachoma Project in 1989-90 were available in 1995. Characteristics
of children who were not located tended to be different from those who were
located (Table 1). Those children who were lost to follow-up tended not to have
severe inflammatory trachoma, C. trachomatis infection, and to live in families
who owned cattle, as compared to children who were followed up. None of the
other epidemiologic characteristics were significantly different between children
who were followed up in 1995 and children who were not. For the subset of 28
(10 %) children who were lost to follow-up due to death, 61% were | year old in
1989 compared to 38% age one year old who were available for follow-up in
1995 (Table 1). Death rates were higher in younger children, so this finding was
expected. Two (0.7%) children refused to participate in 1995.
Prevalence trend in trachoma and C. trachomatis infection in six-year follow-up
The prevalence rate of active trachoma, severe inflammatory trachoma and
C. trachomatis infection among the same children in 1989-90 and 1995 is shown
in Table 2. There was a significant drop in the prevalence of active trachoma
from 70 percent to 55 percent, while there was a slight drop in the prevalence of
severe inflammatory trachoma from 33 percent to 25 percent. For 1989 samples,

DNA was amplified from archival DFA slides, whereas for 1995 samples, DNA
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was amplified on fresh specimens stored in buffer. So, we did not compare
infection rate from baseline to follow-up.

Risk factors for trachoma and infection in 1989 and 1995 Table 3 illustrates the
status of trachoma and four epidemiologic factors in the same children in 1989-90
and 1995. Among the 176 children who were available for follow-up, 44 percent
had active trachoma at both time point, and 19 percent were free of active
trachoma at both time points. A significant proportion (14 %) had severe
inflammatory trachoma at both time points. Over 80 percent of children did not
change status for familial ownership of cattle or for tin roof, indicating stability
for this risk factor. However, there was 36% improvement of facial cleanliness,
and 25% had better access to water at the later time point (Table 3).

Prediction of disease six years later by the status at baseline The 1989 disease
status were used to predict these outcomes in 1995. Children with active
trachoma and severe inflammatory trachoma in 1989 were more likely to have the
same outcome in 1995 after adjusting for age and gender (Table 4).

Risk factors for trachoma in 1995 The association of active trachoma, severe
inflammatory trachoma, and C. trachomatis infection in 1995 with epidemiologic
variables at baseline is depicted in Table 5. Children who were living greater than
2 hours away from a water source in 1989 were more likely to have severe
inflammatory trachoma. In addition, familial cattle ownership at baseline was

marginally associated with the presence of trachoma.
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Risk factors for trachoma at both time points Further analyses of risk factors for
the presence of active trachoma, and severe inflammatory trachoma at both time
points for children are shown in Table 6. Familial cattle ownership in 1989 was
significantly associated with the presence of active trachoma at both time points,
while facial cleanliness in 1989 was marginally protective against disease at both
time points. In addition, living greater than 2 hours away from a water source in
the dry season, and familial cattle ownership in 1989 were predictors for severe
inflammatory trachoma at both time points.

The stability of the risk factors may be an issue in having disease or
infection at two time points. Therefore, we conducted analyses for examining the
effect of familial cattle ownership, having a tin roof on the house, facial
cleanliness and living greater than 2 hours away from water source in the dry
season at both time points after adjusting for other variables on trachoma and
infection (Table 7). Familial cattle ownership and living greater than 2 hours
away from water source in the dry season at both time points was significantly
associated with the presence of active trachoma at both time points, while lack of
facial cleanliness in 1989 and 1995 marginally increased the risk for the presence
of active trachoma in 1989 and 1995. In addition, familial cattle ownership at
both time points were predictors for the presence of severe inflammatory
trachoma at both time points.

Reduction of disease by the change of risk factors In order to determine if the

modification of risk factors can reduce the risk of having trachoma, familial cattle
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ownership, living in a house without tin roof, living greater than 2 hours from
water, or an unclean face at baseline were investigated. Children with an unclean
face at baseline but who had a clean face at follow-up had reduced risk of severe
inflammatory trachoma (OR = 4.03, 95% C.1.=1.02-15.93, p=0.047) compared to
having an unclean face at both time points. Adjustments for age, gender and
maternal education were made.

Child mortality and severe inflammatory trachoma Because 10 percent of
children aged 1-2 years old in 1989-90 were known to have died by 1995, the
association between trachoma, C. trachomatis infection and death of children was
investigated. After adjusting for age, gender, familial cattle ownership and
maternal education, there was a trend for active trachoma, severe inflammatory
trachoma and C. trachomatis infection to predict the death of children. Severe
inflammatory trachoma was the strongest predictor of mortality (Table 8). In
particular, severe inflammatory trachoma was a strong predictor of mortality of

children aged 1-2 in “‘low prevalence villages™.
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DISCUSSION

Children with active trachoma, severe inflammatory trachoma or C.
trachomatis infection in their early life are more likely to have trachoma and
infection six or seven years later in this trachoma-endemic area. In these
communities, almost every child will acquire ocular C. trachomatis infection and
have mild to severe clinical trachoma in their early life. The prevalence, and
duration of trachoma in children appears to decrease with age (10, 20). Reasons
for this decline could be that the immune system in older children may generate
some degree of protective immunity to chlamydial re-infection. It is also possible
that there is less exposure to C. trachomatis with increased age, due to the change
in risk factors in older children. In this study, we expected to see the decline of
active trachoma six years later in children aged land 2 years at baseline.
However, certain children tend to suffer from this disease constantly, and do not
lose clinical signs. In one previous longitudinal study with three time points in
Gambia, persons with previous moderate or severe trachoma were more likely to
have active disease at previous or subsequent points over a 20-month period than
those with mild trachoma (21). We have demonstrated previously that subsets of
children in this region tended to have persistent, severe disease over one year, and
in another study to be infected for up to three months (6, 7). In this study, the
presence of active trachoma and severe inflammatory trachoma at baseline was

predictive of trachoma and severe inflammatory trachoma six years later.
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Therefore, subgroups of children in this area are still at high risk of having
disease.

One possible explanation for “persisting” disease is that infection at the
second time point is just another re-infection and the child is at high risk for
constant re-infection. In this case, chlamydial infection can be reduced through
modification of behavioral, hygienic and environmental factors, or with antibiotic
treatment (6, 16, 22-24). This data suggested that the risk of having trachoma was
reduced by changing status of facial hygiene in a six-year period. In addition, we
also demonstrated that maintaining risk factors at both time points, including
familial cattle ownership, long distance to water source and unclean face, was
associated with “persisting” disease six years apart. It is likely that interventions
of improved water availability and increased facial hygiene can reduce repeated
episodes of active trachoma. We would also expect that the risk of trichiasis and
blindness could also be reduced in these individuals.

However, an additive explanation of “persisting” disease is that it
represents persistent C. trachomatis infection with the same strain, and not
exogenous re-infection. It has been demonstrated that persistent ocular C.
trachomatis infection is associated with high chlamydial loads versus sporadic
infection in associated with low chlamydial burden (7). In addition, interferon-y
can induce persistent chlamydial infection in tissue-cultured cells (25).
Genotyping on the major outer membrane protein gene (omp-1) in 22 children

with “persisting” infection demonstrated that almost half of the children had the
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same omp-1 genotype throughout an infectious period (26). These studies support
the view that host-associated factors may interact with socio-environmental risk
factors to maintain infection in this cohort.

In the present study, children’s facial cleanliness and water availability
over six years period improved at the later time point. Face-washing campaigns
have demonstrated that it is possible to reduce unclean faces and severe trachoma
in this area five years ago, and that this could be a major factor for improving
children’s facial hygiene (16). In addition, with increase of age, children were
more likely to take care of themselves. Nevertheless, an long-term community-
based intervention is still needed because C. trachomatis can strike back promptly
(24). Since repeated re-infections or persisting infection with C. trachomatis
infection could lead to severe sequelae of trachoma, it is very likely that
impacting the sequelae of trachoma will only work using long-term, community-
based intervention on elimination of C. rrachomatis.

The results of this study indicate that having facial cleanliness can reduce
the risk of severe disease in endemic settings. In addition, children whose mother
went to school were 1.6-fold more likely to have clean face in 1989 (data not
shown). In a case-control study in Gambia, families with trachoma used less
water for washing children than those without trachoma (27). However, previous
studies have demonstrated that water availability may not be the determining
factor for water use in the household (10, 28). Therefore, increasing literacy and

incorporating face-washing measures into school education should have a
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substantial impact on facial cleanliness of young children over a long period to
reduce trachoma endemicity in this area. Therefore, more effective trachoma
control could be achieved if appropriate water usage programs are linked with
improvement of water availability.

In this study, 10 percent of children aged 1-2 years old in 1989 were not
available for follow-up in 1995 due to death. The overall children who died in the
six-year period could be higher, since the information was unknown in children
who were lost to follow-up due to migration. However, the similar distribution in
age, gender, socioeconomic status (living in a house with tin roof), and maternal
education between children who migrated and children who were available for
follow-up, indicates that mortality in children who migrated could be low. In
addition, severe trachoma and chlamydial infection were much lower in this group
of children. Also, we observed the same trend in the association between child
mortality and severe inflammatory trachoma using the group of follow-up
children or the group of migrated children as the reference group. Therefore, loss
to follow-up due to migration is probably not likely to be a significant factor to
bias the association.

The association of child mortality and severe trachoma has not been
reported. In our study, severe inflammatory trachoma was associated with death
of children in “low prevalence villages™ after adjusting for age, gender,
socioeconomic factors (familial cattle herding and mother education), but not in

*“high prevalence villages”. Since the mortality rate was similar in both groups of
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villages, it is unlikely that severe inflammatory trachoma per se is causal in the
death of young children. In addition, there was no difference in loss to follow-up
children by “prevalence villages”. One possible explanation is that children with
severe inflammatory trachoma might tend to be more susceptible to other
childhood diseases and have more serious complications. In the “low prevalence
villages”, households of these children may more likely to be poorer or to have
traditional practices which contributed to children’s death. On the other hand, the
socio-economic status and practices in “high prevalence villages”, where over
90% were ethnic group Mkaguru, were more homogenous than those in “low
prevalence villages”. In addition, near 80% of children had active trachoma at
baseline in “high prevalence villages™ which could dilute the effect by trachoma
on a child’s death. Therefore, effect modification by *“prevalence villages™ on the
association between severe inflammatory trachoma and child mortality was
observed. Nevertheless, severe inflammatory trachoma could be a good and
practical indicator for children aged -2 years who may be at increased risk of
early death in trachoma endemic countries.

In summary, this study has demonstrated that risk factors can have cross-
sectional as well as longitudinal associations with the presence of active
trachoma, severe inflammatory trachoma and C. trachomatis infection in a
trachoma endemic area. Moreover, this is the first report of an association

between severe inflammatory trachoma and early childhood mortality. It will be
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necessary to document other ongoing infectious and the presence of immune risk

factors in order to clarify the association with childhood mortality.
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FIGURE LEGENDS

Figure 1. Subdistricts within Kongwa district, Dodoma Region of Tanzania.
Study villages are indicated by i; * denotes the study administrative site.
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Table 1. Comparison of Characteristics by Availability for Follow-up

Percent of children

Variables in 1989 Available in 1995 Lost to follow-up ' Deceased
(n=176) (n=85) (n=28)
Age (2 year versus lyear) 62 55 39%*
Gender Female 55 45 54
Male 45 55 46
Ethnic Group (Mkaguru) 69 nd* nd
Active Trachoma at baseline 70 58 68
TI® 33 20* 39
C. trachomatis infection * 27 14* 25
High Prevalence Villages ° 49 44 43
Familial Cattle Ownership 35 20* 18
Tin Roof 22 28 19
Clean Face 58 61 50
Water Source 43 41 39
(>2 hr dry season)
Some Maternal Education 49 54 50

! Children who were not deceased

* No data

3 Severe inflammatory trachoma

* PCR detection on DFA slide samples

° High prevalence as defined by active trachoma

* Children who were available for follow-up as reference group, p<0.05
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Table 2. Disease and Infection Prevalence in 1989-90 and 1995 in follow-up

children
Number (Percent)
Characteristic 1989-90 1995
(Age 1-2 years) (Age 6-8 years)
Active Trachoma 123 (70) 97 (55)*
T 57 (33) 44 (25)
C. trachomatis infection® -3 70 (40)

! Severe inflammatory trachoma

? PCR detection

? Data were not comparable due to method of PCR detection, so it is not presented
* p<0.05 by McNemar test
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Table 3. Comparison of Characteristics in 1989-90 with 1995 of 176 Children Available for Follow-up '

Variables- Number (Percent)

Characteristic present in Active Trachoma T ? Clean Face Water (>2hr)
1989-90 1995
No No 34 (19) 98 (56) 91 (52)
No Yes 19 (11) 19 (11) 9(5)
Yes No 45 (26) 32(18) 43 (25)
Yes Yes 78 (44) 25(14) 32(18)

' Clean face and water > 2 hours was available for n=175, and T1 for n=174.

1 .
Severe inflammatory trachoma
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Table 4: Prediction of disease status in 1995 among the follow-up children by the disease status in

1989
Characteristics(1989) Characteristics( 1995)
Number Number (%) OR (95% CI) p-value
Active Trachoma(1995)
Active Trachoma Yes 123 78(66%) 3.10(1.58-6.11) 0.001
No 53 19(38%) 1.00
—[-I ]
T1' Yes 57 25(44%) 3.96(1.93-8.16)  <0.001
No 117 19(16%) 1.00

Logistic regression analysis adjusting for age and gender
TI * = Severe inflammatory trachoma
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Table 5. Predictors of the Presence of Disease or Infection in 1995 of 176 Follow-up Children

A . , . .2
Characteristics(1989)  Category Active Trachoma Severe Inflammatory Trachoma’ C. trachomatis Infection

Adjusted OR(YS% Cl)  Adjusted OR(95% CI) Adjusted OR(Y5% C1)

‘uolssiwiad (noyum pauqiyosd uononpoidal Joyung "JOUMO 1ybuAdoo ay} jo uoissiwtad yum pasonpoidey

Age 2 years 094 (0.49-1.79) 0.79 (0.38-1.63) 1.24 (0.65-2.38)
| year 1.00 1.00 1.00

Gender Female 0.73 (0.39-1.38) 0.95 (0.46-1.97) 0.84 (0.45-1.59)
Male 1.00 1.00 1.00

Ethnicity (Mkaguru) Yes 1,20 (0.60-2.40) 1.BR (0.78-4.49) 10O (0.78-3.26)
No 1.00 .00 1,08y

Cattle Ownership Yes 1.821 (0.91-3.62) 117 (0.54-2.51) 166 (0.84-3.25)
No 1.00 1.00 1.(H)

Tin Roof Yes 1.39 (0.63-3.04) 1.45 (0.59-3.53) 1.25 (0.58-2.72)
No 1.00 1.00 1.00

Clean Face Yes 0.86 (0.45-1.64) 0.69 (0.33-1.45) 100 (0.52-1.92)
No 1.00 1.00) 1.00

Distance to Water

< 2 hours

1.73 (0.89-3.37)

2,154 (1.01-4.58)

140 (0.72-2.71)

>=2 1.00 1.00 1.00
hours

Maternal Education Some 1.34 (0.71-2.52) 0.92 (0.45-191) 0.82 (0.43-1.55)
None 1.00 .00 1.00

Logistic Regression Analysis; *p<0.05 and 10.05<p<0). |
Y174 cases tor severe inflammiatory trachoma



Table 6. Predictors of the Presence of Disease at Both 1989-90 and 1995 of 176 Follow-up

Children

58

Characteristics Category Active Trachoma Severe Inflammatory Trachoma'
(1989)
Adjusted OR(95% CI)  Adjusted OR(95% CI)
Age 2 years 0.75 (0.38-147) 0.66 (0.26-1.66)
I year 1.00 1.00
Gender Female 0.70 (0.36-1.36) 1.00 (0.39-2.54)
Male 1.00 1.00
Ethnicity (Mkaguru) Yes 1.70 (0.82-3.53) 257 (0.68-9.67)
No 1.00 1.00
Cattle Ownership Yes 2.66* (1.32-5.36) 2.281 (0.87-5.97)
No 1.00 1.00
Tin Roof Yes 1.25 (0.56-2.81) 1.07 (0.30-3.76)
No 1.00 1.00
Clean Face Yes 0.511 (0.21-1.01) 0.51 (0.20-1.34)
No 1.00 1.00
Distance to Water < 2 hours 1.70 (0.86-3.35) 3.00* (1.08-8.31)
>= 2 hours 1.00 1.00
Maternal Education Some 1.48 (0.76-2.87) 0.83 (0.32-2.13)
None 1.00 1.00

Logistic Regression Analysis; *p<0.05 and 10.05<p<0.1
' 174 cases for severe inflammatory trachoma
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Table 7. Likelihood of the Presence of Disease for Both 1989-90 and 1995 in Association with
Categorical Variables Present at Both Time Points of 176 Follow-up Children

Characteristics Category Active Trachoma Severe Inflammatory Trachoma'
(1989)
Adjusted OR(95% CI)  Adjusted OR(95% CI)
Age 2 years 0.84 (0.42-1.66) 0.67 (0.27-1.65)
I year 1.00 1.00
Gender Female 0.59 (0.30-1.14) 0.84 (0.34-2.07)
Male 1.00 1.00
Ethnicity (Mkaguru) Yes 1.43 (0.67-3.04) 2.48 (0.65-9.45)
No 1.00 1.00
Cattle Ownership Yes 2.58*(1.15-5.79) 2.381 (0.90-6.31)
No 1.00 1.00
Tin Roof Yes 090 (0.35-2.27) 0.27 (0.03-2.29)
No 1.00 1.00
Clean Face Yes 0.521 (0.26-1.03) 0.59 (0.23-1.50)
No 1.00 1.00
Distance to Water < 2 hours 3.07* (1.23-7.64) 1.06 (0.35-3.25)
>= 2 hours 1.00 1.00
Maternal Education Some 1.42 (0.74-2.72) 0.83 (0.34-2.05)
None 1.00 1.00

Logistic Regression Analysis; *p<0.05 and 10.05<p<0.1

' 174 cases at both time points for active trachoma. and 172 cases for severe inflammatory

trachoma
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Table 8. Childhood Mortality Predicted by the Association of Disease and Infection in 1989-90 in High and Low Prevalence

Villages

Total (n=289)
Characteristics

High Prevalence Villuges (n=135)  Low Prevalence Villages (n=154)

Crude OR  Adjusted OR  95% Cl Adjusted OR  95% CI Adjusted OR 95% CI
Active Trachoma 1.09 1.23 0.52-291 0.42 0.11-1.62 2,881 0.85-9.78
T 1.61 1.77 0.76-4.12 1.16 0.33-4.11 3.75% 1.09-12.98
C. trachomatis Infection®  1.12 1.27 0.50-3.22 1.30 0.35-4.80 §.55 (.37-6.45

Logisitic Regression Analysis, adjusted for age, gender, cattle herding and maternal education; * p<0.05 and 1 0.05<p<0.1

' Severe inflammatory trachoma
3 .
“PCR detection
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ABSTRACT

In a six year follow-up study of trachoma, DNA sequencing of Chlamydia
trachomatis detected from 177 conjunctival samples revealed 26 C. trachomatis
major outer membrane (omp-1) genotypes of serovar A and (8 of B/Ba. Omp-/
genotypes evolved temporally, and only 20% of genotypes identified in 1995
were present in 1989. Strains with mutations in B-cell epitopes did not
predominate or evolve as expected. However, selection of B/Ba genotypes
exhibiting increased variable domain 2 amino acid substitutions occurred.
Multitypic infection at baseline predicted subsequent severe disease and infection
compared to monotypic infection, and was associated with familial cattle
ownership. However, homotypic genotype infection with the same strain six
years later was also associated with severe trachoma. Both evolution of omp-/
genotypes, and sequential, homotypic infection are converging mechanisms of

trachoma endemicity.
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INTRODUCTION

Chlamydia trachomatis, the agent of trachoma, is still the leading cause of
infectious blindness in many developing countries. It is thought that repeated
episodes of infection contribute to conjunctival scarring, and the sequelae of
trichiasis and blindness !. The immunodominant major outer membrane protein
(omp-1) of C. trachomatis has been extensively studied, and its diversity was the
basis of serologic classification of C. trachomatis. Nucleotide sequencing of the
omp-1 gene has shown that there are four variable domains (VD) [-IV which are
interspaced with five highly conserved regions 2. B and T-cell epitopes are
present in VD I- IV in different serovars, and neutralizing antibodies to serovar
and serogroup specific peptides can be generated 3-7. Short-term protective
immunity against C. trachomatis has been demonstrated in animal studies and
human trachoma vaccine trials 8-'0. However, it is unclear why many individuals
are not protected against subsequent natural infection.

It is thought that omp-/ polymorphism contributes to C. trachomatis
endemicity. Studies in high risk, sexually transmitted disease (STD) core groups
in Kenya indicated that there was much diversity, and temporal change occurred
in omp-1 genotypes in genital infection 11-12. It has been postulated therefore that
C. trachomatis variants with amino acid substitutions in B or T-cell epitopes
could escape immune surveillance, and that these variants might contribute to C.
trachomatis persistent infection and more severe diseases !3. In addition, both in

vitro and human studies have shown that persistent infection may occur 4. 15,
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In this six-year survey of C. trachomatis conjunctival infection in
trachoma hyper-endemic villages, both evolution of multiple omp-/ genotypes
and persisting infection with the same genotype suggest that separate host factors

contribute to the lack of protective immunity and trachoma endemicity.
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RESULTS
Overall C. trachomatis omp-1 sequence

Four serovars of C. trachomatis were identified in the 76% (177/233) of
conjunctival samples that were positive by a diagnostic PCR for a conserved omp-
I gene fragment. They included serovar A (63%), B/Ba (36%), C (0.6%) and E
(1%). Nucleotide sequences of serovar C and E were identical to the reference
strains, C/TW-3/0T and E/Bour. Sequence data are shown in Figure 1 for the 26
genotypes of serovar A, and 18 genotypes of serovar B/Ba. Since only six
nucleotides differ between serovar B and Ba in VD [ to [V, B/Ba was used to
designate all serovar B and Ba-like local strains in which there were 2 to 4
nucleotide differences as compared to prototype B or Ba. There were also six
genotypes of A and two of B/Ba that had only VD I and II sequence information.
Genotype A was dominant in both 1989 (38%) and 1995 (40%). Genotypes B
(1989:14%, 1995:18%) and B2d (1989:8%, 1995:12%) were also dominant, while
the other genotypes were at low frequency and usually unique to a time point.

Unique or "signature” nucleotide (nt) substitutions were identified in all
Tanzanian genotypes of serovar A and serovar B/Ba as compared to the reference
strains A/Har-13, B/TW-5/0OT and Ba/AP-2 that have been used for vaccine
research (Figure 1). As indicated in Figure 1, four (80%) of five substitutions
resulted in amino acid changes.

Nucleotide substitutions tended to occur at specific positions in the omp-1

gene. Overall, 61% of nt substitutions from the study genotypes were the same at
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corresponding position as compared to closely related serovars. For example, two
of three signature nt substitutions of serovar A were also found in closely related
serovar C: G — A, nt: 304, and A — C, nt: 523. Furthermore, 63%(39/62) nt
substitution resulted in non-synonymous codons.

B-cell epitope mutations.

Two A genotypes, and five B/Ba genotypes detected from six (3%)
different children (2 in 1989 and 4 in 1995) had amino acid substitution in known
B-cell epitopes (Figure 1). However, there was trend for these strains not to
become prevalent in either time point. C. trachomatis infection, disease status,
and genotype at both time points are shown in Table 1. These genotypes did not
predict disease severity, and genotypes were unique individually and temporally.
As indicated, subject one lost the A4 genotype mutation in the B-cell epitope
region at the second time point. Subject two evolved mutations from genotype A
to A12b at the second time point, which indicated an endogenous evolution or an
exogenous acquisition. Epidemiologic characteristics of children with B-cell
epitope mutants were further examined. Five of the children were living in
trachoma “high prevalence” villages, but there was no clustering of other
epidemiologic variables as compared to other children.

Variable domain 2(VD-2) “hot spot” mutations

For serovar B/Ba, nucleotide substitutions occurred 2-3 times more

frequently in the VD II region (14%) as compared to VD [ and VD IV (7%), and

VD III (5%). In addition, 50% of genotypes had single or multiple mutations in
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VD II: nt 502-516 (Fig 1). Point mutations in 47% (7/15) occurred in this region,
and 6/7 lead to amino acid substitutions. This region was designated a "hot spot”,
and there is overlap with a known B-cell epitope. For serovar A, the frequencies
of nucleotide substitutions for VD I and VD II were 18% and 23%, respectively,
while for VD III and VD IV they were 10%. No “hot spot” region was observed
for serovar A.
Overall phylogenetic analyses

Genotype sequences were extremely close to each other. There were only
1 or 2 nucleotide differences between genotype A and other A genotypes.
Similarly, there were only | to 3 nucleotide differences between genotype B and
other B/Ba genotypes. Genotypes Ala and A14a formed one discrete clade within
serovar A (Figure 2A). Three specific clades were identified within serovar B/Ba
(Figure 2B). Genotypes B2f, B2d, B24b, B23a, B124a, B12a and B2c formed
one subgroup, and B124a, B12a and Ba formed a cluster within this subgroup.
The second and third clades were composed of B2a and B24a, B4c and B4d,
respectively. In addition, B2a and B24a shared amino acid substitutions in a B
cell epitope region, “'**NNENQTKVSN'*" of VD II (Figure 1).
Infection and disease in the same child in 1989 and 1995.

There were twenty-four children who had C. trachomatis infection at both
time points, and genotyping was available for twenty-two (Table 2). Among
them, 14% (3/22) had a serovar shift, and 41% (9/22) had a genotype shift.

Moreover, 45% (10/22) had homotypic infection with the same genotype at both
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time points. In terms of disease severity, 64% (14/22) had the same clinical grade
at both time point. For the remaining 8 (36%), clinical status changed at the
second time point; 6 went from severe inflammatory to follicular trachoma; and
one from severe inflammatory trachoma to no sign of trachoma; and the other
from follicular to severe inflammatory trachoma. For the 12 children who were
available one year later in 1996, 11/12 had active trachoma and one had no
disease.

There was no significant association between genotype shift and change of
trachoma status. Multi-genotypic infection was common in this group of
children, and >40% were infected with at least two genotypes simultaneously.
Eight children had multiple but different genotypic infection at both time points.
There were only 1 to 3 nucleotide differences between genotypes of the same
serovar in the same individual cross-sectionally or temporally. In addition, eight
children had monotypic infection in 1989 and in 1995.

Prediction of disease and infection by multitypic infection at a previous time
point

Disease severity was not associated with a particular serovar or genotype.
However, children with multitypic infection at a previous time point (1989 or
1995) were more likely in 1995 or 1996 to have severe inflammatory trachoma

and infection (Table 3).
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Epidemiologic factors and multitypic infection.

The association between multitypic infection and epidemiologic factors
was examined in 49 children aged 1-2 years in 1989-90 and in 60 children aged 6-
8 years in 1995. Children who were living in trachoma “high prevalence villages™
in 1989-90 were more likely to have multitypic infection (O.R.= 11.05.95% C.L
= 1.30-93.82, p = 0.03). In addition, familial cattle ownership in 1995
significantly increased the risk of having multitypic infection (O.R.=4.36, 95%
C.L=1.16-16.37, p=0.03). In 1995, living in “high prevalence villages™ did not
predict for multitypic infection (O.R.=3.12, 95% C.1.= 0.62-15.75, p=0.17).

Other epidemiologic factors, such as age, gender, maternal education, facial
cleanliness, living in a house with a tin roof and water availability, were not
significantly associated with multitypic infection.

Evolution, clinical severity and geographic cluster of “hot spot” genotypes.

Of the cohort of children aged 1-2 years in 1989, there were 14 and 20
children infected with serovars B/Ba in 1989 and 1995, respectively. “Hot spot™
B/Ba genotypes became dominant in serovars B/Ba in 1995 in the cohort of
children available for follow-up. There was a significant increase of "hot spot”
mutations from 36% (5/14) in children aged 1-2 years in 1989 to 70% (14/20) in
children aged 6-8 years in 1995 (X*=3.93, p=0.048). However, the prevalence of
“hot spot” genotypes in a second cohort of children 1-2 years old in 1995 was

32% (9/28). There was no association between disease severity and “hot spot”
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genotypes. In addition, having a mutation in this region did not predict
subsequent disease or infection in 1995 or 1996.

In order to study the geographic clustering of "hot spot” genotypes, a
comparison was performed between "hot spot” and other B/Ba genotypes at the
level of a balozi (a unit of ten houses). In 1995, 48% (23/48) of children who had
“hot spot” genotypes were from eighteen balozis that were dispersed among five
villages, while 23 (48%) children who did not have “hot spot™ genotypes were
from fifteen other balozis. There were only two children co-infected with “hot
spot” and non-“hot spot” genotypes from two different villages. If only
considering those balozis (10) where there were at least two children who were
infected with serovar B/Ba, there was no co-existence of a "hot spot” genotype
and other genotypes. Therefore, “hot spot” genovar infection was seen to cluster
at the level of balozi.

Validation of omp-1 genotyping

Because of the genotype diversity observed in this study, a comparison of
nucleotide sequences generated with Taq polymerase and high fidelity Pwo DNA
polymerase in clones and original samples with unique substitutions was
performed. Clones with nucleotides discrepancies by these two enzymes were
retested by Pwo DNA polymerase, and the PCR products were sequenced to
decide the final nucleotide sequences of the clones. Only 11 nucleotides (5.7 x
107 / nt / cycle) differed between these two enzymes in a total of 6378

nucleotides under comparison after 30 cycles of amplification. In addition,
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nucleotide sequence data of the reference serovar A, B, and E strains were exactly
the same as published data upon multiple sequencing following PCR from a
stock of DNA.

All negative control samples were negative by C. trachomatis PCR.
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DISCUSSION

In this study, the occurrence of multitypic and homotypic genotype
infection at two time points in children living in trachoma-endemic villages
suggests that separate but converging pathways could contribute to trachoma
endemicity. Multitypic, but not monotypic infection, predicts subsequent
infection and severe disease in children, and is associated with epidemiologic risk
factors, such as familial cattle ownership. Extensive omp-1 polymorphism,
especially the evolution at a later time point of a hyper-substituted area of VD 2 in
B/Ba strains, indicates that rapid genotypic evolution may contribute to
ineffective host immunity. By contrast, infection and disease with the same strain
at time points six years apart suggests that a separate immunologic mechanism
could govern the inability to clear infection in this cohort.

Significant genetic diversity and evolution of omp-/ VD 1 through 4 was
observed in children living in hyper-endemic trachoma villages in this large study.
A number of smaller studies in trachoma !5-18 and STD core populations !!-13. 19-
21 have reported similar diversity. It has been hypothesized that the tempo of
genetic change is more dynamic in endemic populations than in low prevalence
settings due to increased exposure and pressure on the immune system 22. Indeed,
genital isolates of serovars D and I with single point mutations escaped
neutralization with monoclonal antibodies and human "immune" sera 23.
However, in a 3-month prospective trachoma study, chlamydia strains did not

mutate in persistently or sporadically infected children from one village !5.
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Genetic recombination has been documented between lymphogranuloma
venereum strain, L1, and L2 isolated from STD patients in South Africa, that
resulted in immunologically distinct strains 24. The mechanism in terms of any
interactions between the host immune system and chlamydial recombinant
proteins has not been elucidated. In all other sequencing studies, point mutations
have been documented 12.13.15-21_ [n the present study, only point mutations
were found, but serovar B/Ba-like genotypes were identified. Since only six
nucleotides differed between the two types, these genotypes could not be
classified and may thus represent a unique serovar. The predominant genotype B
in this study differed from prototype B by two nucleotides, and from prototype Ba
by four nucleotides, whereas study type B2d differed from either prototype B or
Ba by three nucleotides. Interestingly, genotypes B and B2d were mutually
exclusive in the ten-family, socio-geographic unit, the balozi. It is thus possible
that study strains B and B2d also possess distinct immunotyping properties.
Studies comparing these isolates with monoclonal antibodies, and human tears
and sera are ongoing in our laboratory.

Increased mutation in a 15-nucleotide region of VD 2 of serovar B/Ba was
observed in a cohort of children in 1989 in this study, and the resultant 10 "hot
spot” genotypes evolved to predominate in 1995. Phylogenetic analysis indicated
that they had a close relationship to prototype Ba serovar. For the second cohort
of children in 1995, the “hot spot” strains were at the same level as the first cohort

in 1989. In addition, only two “hot spot™ strains could be identified in two
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different individuals. This finding supports the view that natural selective
pressures for dominance of these strains at the later time point could be related to
host-immune pressure for mutation in an individual, and not to immigration of
these strains from other villages. However, an alternative explanation is that “hot
spot” genotype B2d was introduced to the susceptible cohort from other villages,
while other “hot spot” strains were derived by host immune pressure.

In the present study, omp-1 genotypes, A, B and B2d, were mostly
responsible for observed trachoma hyper-endemicity. The other omp-1 genotypes
that had 1-3 nucleotide differences from the dominant genotypes were only
identified in one subject at one time point. One possible explanation is that these
strains mutated endogenously due to host immune selective pressure, but they
could not compete with the other dominant genotypes either inside the host or
during transmission to other hosts. Another possible explanation is that
multitypic infection was due to exogenous re-infection with different genotypes
during the study period. A third possibility is that these minor variants represent
an artifact of PCR and/or sequencing, however, our control experiments suggest
only a minority of variants would have been generated in this manner. In order to
better understand the mechanism involved, prospective, sequencing studies at
small time intervals would need to be performed.

A very small minority of children possessed strains with B-cell epitope
mutations at both time points, and these genotypes were unique to a time point.

Although five of the six children were from high trachoma prevalence villages.
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high prevalence, per se, did not contribute to dominance of these strains. It could
be argued that if these epitopes were in fact important in protective immunity,
then mutation should have contributed to a concomitant rise in the prevalence of
these strains.

It has been postulated that differences in disease severity in chlamydial
infection may be due to strain-associated virulence properties. In studies of
genital infection, F/G serovars were associated with less severe urethral
symptoms in men 23, whereas F genovariants were associated with more upper
genital tract infection and pelvic inflammatory disease than E types in women !9.
There have been no subsequent animal ocular or genital infection studies with
these strains to further extend the observations of strain virulence. In our
trachoma study, we did not find an association of particular chlamydial types with
severe, inflammatory trachoma, either cross-sectionally or longitudinally. In
addition, a 3-month longitudinal study in a trachoma-endemic village also did not
find a particular type-association with infection duration !'5. Our findings support
the view that chlamydia virulence in trachoma may be determined by socio-
environmental risk, and particularly, by the efficiency of host response to
infection in a setting of high exposure and chlamydial omp-/ mutation. For
example, multitypic infection in 1989 predicted for continued infection and
disease in 1995 and 1996 as compared to children who had monotypic infection.
In addition, cattle-herding, as a risk factor, was associated with multitypic

infection in 1995 for the cohort who were 1-2 year olds in 1989. This is an
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illustration of the contribution of sociologic and behavioral differences to
exposure between these age groups in the village. Younger children are more
likely to be carried by their caregiver or to be inside the house, whereas older
children tend cattle and play with each other. Although chlamydia has not been
reported from ocular samples of cattle, the same genus of fluid-seeking flies,
Musca sorbens, are also found near man and cattle. It is possible that flies may
play a role in the association of cattle-herding and multitypic infection 26- 27.

In the present study, there were also some children who had homotypic
genotype infection at both time points, whether as monotypic or multitypic
infection. These children maintained disease. In a previous study by our group,
children were shown to be persistently infected for three months with the same
strain !5, Therefore, some children cannot clear chlamydia infection for 3-month
periods, and the present study suggests perhaps for as long as six years. Most
likely, this cohort is different in regard to the immune mechanism that allows
persisting infection or re-infection with the same strain compared to children with
multitypic infection, or infection at only one time point. Comparison studies are
ongoing in our laboratory to determine if there are differences in certain tear
cytokines and antibodies in these children.

The efficacy of DNA sequencing studied by PCR can be affected by Taq
polymerase nucleotide misincorporation. Comparison studies of high fidelity
Pwo DNA polymerase and Taq validated that “false nucleotide mutations™ were

at a minimum. I[n addition, more than half of the nucleotide substitutions resulted
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in non-synonymous codons, and signature nucleotide substitutions were identified
all samples. This supports the view that Taq error was not a factor in the reported
genotype diversity of this study.

The diversity and evolution of omp-1 genotypes revealed in this study of
trachoma endemic villages, and the concurrent finding of homotypic omp-1 type
infection at time points six years apart illustrates how multiple pathways
contribute to trachoma endemicity. In under-served village populations, omp-/
evolution due to immune pressure in an endemic setting should prompt
researchers to choose another vaccine target. Moreover, in those children with
"persisting” infection with the same strain, it will be important to determine if
unique host factors distinguish them from their counterparts who cleared

infection.
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MATERIALS AND METHODS

Study population. Two groups of children from villages in the Kongwa district of
central Tanzania were selected from a 1989 face-washing intervention trial. In
the trial, two hundred and fifty eligible households in each village containing at
least one child aged 1-7 years were randomly selected after a complete census.
For our study, the first cohort, 289 children who were | or 2 years oid in 1989-
1990 from five villages in the Kongwa district, was identified from files of the
face-washing study 28; 176 were available for follow-up as 6-8 years old in 1995.
In addition, 41 children in the first cohort who were part of a chronic trachoma
case-control study were surveyed again in 1996. In order to better understand the
trend of evolution of omp-1 genotypes, a second cohort of 284 children aged 1-2
years old in 1995 were also sampled from the same villages and compared with 1-
2 years old in 1989.

Epidemiologic characteristics including age, gender, residential villages,
maternal education, familial cattle ownership, living in a house with tin roof,
distance to water source, and child’s facial cleanliness, were collected in 1989 and
1995 28. Subjects who had trachoma were treated with topical tetracycline after
eye examination in accordance with WHO recommendations. This study was
approved by the Joint Committee on Clinical Investigation of the Johns Hopkins
Hospital in accordance with the Helsinki Declaration.

Trachoma grading and sample collection. Two photographs of the right tarsal

conjunctivum of each participant were taken at all time points, and then graded by
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trained readers with a 2.5X loupe using the simplified World Health Organization
trachoma scheme 29- 30, Clinical grading of trachoma was as follows: no signs of
trachoma (NS); follicular trachoma if =5 follicles of > 0.5 mm in diameter; and
severe inflammatory trachoma (TT) with or without follicles if at least 50% of
deep tarsal vessels were occluded. Active trachoma (TF) was defined as the
presence of severe inflammatory trachoma or follicular trachoma.

In 1989, the right tarsal conjunctivum was sampled with a cotton-tipped
dacron swab and fixed with acetone for direct fluorescent antibody (DFA) test.
Slides were read using immunofluorescence microscopy for omp-1/ and then were
frozen at -20 °C. The conjunctival samples collected in 1995 and 1996 were
immediately placed in PCR holding buffer 3. All samples were collected after
the photographs were taken.

Sample preparation (Appendix 2). Each DFA slide was scraped thoroughly and
carefully with an individual razor blade, and the scrapings were suspended in 100
ul of water and boiled for 10 minutes, after which a diagnostic PCR-EIA assay for
a conserved omp-/ gene fragment was performed 32.33. Processing controls for
DNA contamination consisted of known DFA sample slides which were both
DFA and PCR negative from a previous study, and were included every tenth
sample slide 31. The 1995 samples, which were in transport buffer, were
processed as described in a previous study 3!.

PCR conditions (Appendix 2). A diagnostic PCR-EIA assay was performed on

all samples using previously published methods 3! 32. If samples were positive, a
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1025 bp omp-1 gene fragment was amplified using primers OMP-1 bp: 627 [5'-
ACCACTTGGTGTGACGCTATCAG-3' sense] and OMP-2 bp: 1651 [5'-
CTCACGTAAATGCACAATTCCG-3' antisense] which encompassed the four
hypervariable regions. Next, a nested hypervariable PCR was performed to
amplify a 937 bp omp-/ gene fragment using primers OMP-N-1 bp: 653 [5'-
GCGTATGGGTTACTATTGT-3' sense] and OMP-N-2 bp: 1589 [5'-
GTGGATGCAGACAAATAC-3 antisense]. Amplified DNA was visualized
using silver-stained polyacrylamide gels (Herring, 1982). Taq DNA polymerase
(2.5 units) (Boehringer-Mannheim, Indianapolis, [IN) was used in all PCRs.

SEQUENCING. The hypervariable omp-1 nested PCR product was
cloned according to the manufacturer’s instructions (pCRTM[I TA Cloning Kit,
Invitrogen, San Diego, CA), and DNA from 3 transformants per sample were
sequenced by the fluorescence dideoxy-terminator method of cycle sequencing
(Applied Biosystems, Foster City, CA)(Smith, 1986; McCombie, 1992). The 937
bp DNA band was electro-eluted from a 0.8% agarose gel slice for sequencing. In
order to control for sequencing accuracy, reference serovars A/Har-13, B/TW-
5/0T and E/Bour (American Type Culture Collection, Rockville, MD) were
sequenced multiple times. In addition, clones with specific nucleotide
substitutions were re-sequenced from clones as well as original samples with high
fidelity Pwo DNA polymerase (Boehringer-Mannheim, Indianapolis, IN) to
compare sequence data with that generated using Taq polymerase.

GENOTYPING ANALYSIS. A unique omp-! genotype was defined as
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at least one nucleotide substitution in omp-1 VD [ to IV regions compared to the
reference strains. A type-specific genotype nomenclature was devised and is
illustrated by the example, A,y,a. The first letter, A, would indicate the serovar
type, the subscript(,_ y or ;) indicates the variable domain containing the
substitution compared to the dominant genotype (e.g., A). The last letter (a, b,
etc.) would indicate the specific variant. The designation, dominant genotype,
refers to the type which was most prevalent.

Nucleotide and amino acid sequences were aligned for each unique
genotype as well as the reference strains A/Har-13, B/TW-5/ OT, and Ba/AP-2
using ESEE software (version 3.0s, Eric Cabot). Due to the occurrence of only 6
nucleotide differences in variable domains of omp-/ gene between serovar B and
serovar Ba, we designated those genotypes as serovar B/Ba because of the close
relationship to B and Ba.

[n order to understand whether selection of strains with substitutions in B
cell epitope regions for prevalence in the study area occurred, sequences of
genotypes were also compared to two known B cell epitope regions. They
included “VAGLEK™ at VD I of serovar A 34 and “NNENQTKVSN” at VD II of
serovar B 35.

GenBank accession numbers (National Library of Medicine, Rockville,
MD) were assigned sequentially for each variable domain of a given genotype
from AF070227-AF070414 in the order of sequences in Figure 1. For example,

genotype A, VD 1-4, would be AF070227, AF070228, AF070229 and AF070230,
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and so on for each type when there was at least one nucleotide substitution.
PHYLOGENETIC ANALYSIS. In order to determine the topology of
the phylogenetic tree, consensus values for the branch points on the phylogenetic
tree were determined by generating 100 permuted trees using the SEQBOOT,
DNADIST, and NEIGHBOR programs in the Phylogeny Inference Package
(PHYLIP) package (version 3.5c.) distributed by Dr. Joseph Felsenstein. In
addition, distance matrices for nucleotide and amino acid sequences were also
calculated in order to determine the branch length of the phylogenetic tree.
Finally, Fitch-Margoliash and least-squares distance methods in the PHYLIP
package were used to determine the phylogenetic relatedness of the sequence set.
DATA ANALYSIS. Multitypic infection was defined if at least two
different genotypes were simultaneously present in one ocular sample, while
monotypic infection was defined if only one genotype was present. Two villages
where the prevalence of trachoma was 77% each in 1989 were designated as
trachoma "high prevalence villages”. Low prevalence villages were the
remainders, although trachoma rates were above 45%. Chi-square test or Fisher’s
Exact test was used to examine the association between disease severity and
specific serovar, or genotypes at each time point. Logistic regression analysis was
used to predict the likelihood of subsequent trachoma or C. trachomatis infection
status in 1995 or 1996 by multitypic infection in 1989 or 1995, respectively. In
addition, the association between epidemiologic variables and multitypic infection

with C. trachomatis infection in 1989 or 1995 was examined by logistic
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regression analysis. The results are expressed with odds ratios, 95% confidence

intervals and two-tailed p-values. Statistical analyses were performed using SAS

software (version 6.11, Cary, NC).
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Table 1: C. trachomatis Infection, omp-1 Genotypes, and Trachoma status in
1989 and 1995 in Children with Genotypes which had Substitution in

Known B-cell Epitope Region
C. trachomatis’ Genotype Disease Status”

Subject 1989 1995 1989 1995 1989 1995

1 + o+ A4°, B2 A, A3 TI TF

2 + + A Al2b TI TI

3 + - B2a,B2da -o-’ TF TF

4 + + A, Adc B,Bla,B2b TI TF

5 - + -0- B12 TI TI

6* -0- + -0- B2e -o- TI

! detected by PCR

>TI = severe inflammatory trachoma; TF = active trachoma

*_ 0 - = not available

* aged 2 years old in 1995

3 Genotypes with substitutions in known B-cell epitope regions are in bold style

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 2. Comparison of Disease Severity with Genotype in Children Available for

Follow-up

Genovar Type Disease Status'
Subject 1989 1995 1989 _1.995 1_916
I A A TI___TI TI
2 A A TL _TI -o-°
3 A A TT TF TF
4 A A. A2b TI TF -0-
5 Al2a, A A, A3b TI TI TF
6 A24a, A3c, A A TI TI -0-
7 A2 A TI TI NS
8 A A3 T TI -0-
9 A A3 TI TF -0-
10 A Al2b TI TI -0-
11 A23a A3a TI NS TF
12 A3, A2c A, Ade TI TF TF
13 Ale, Alf, A4d A TI TI TI
14 B3a,B B TI TI TI
15 B4c, B4d, B B T _ TI -0-
16 B3, B B, B2c TF _TF -o-
17 B2f, B2d_ B2d,B23a TI___TI TI
18 B.E A TI TI -0-
19 A, A4c B, Bla, B2b TI TF -0-
20 A4, B2 A, A3 TI TF TI
21 B2d, B24b ALA2, A2a TI TI TF
22 A, Ada Ala, A3 TF TI TI

:TI: severe, inflammatory trachoma; TF= follicular; NS= no clinical sign of trachoma
~ -0 - =Data not available
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Table 3: Prediction of infection and disease status by multitypic C. trachomatis
omp-l genotype infection at a previous time point

89

Previous Infection Type (1989 or 1995)

Category Multitypic Monotypic O.R.(95% C.I.) p value
(N=18) (N=35)

Subsequent time point

(1995 or 1996)

Active Trachoma 16(89%)  25(70%) 3.20(0.62-16.54) 0.165

TI' 11(61%) 12(34%) 3.01(0.93-9.77) 0.066

Chlamydia trachomatis Infection”  15( 83%) 10(29%) 12.50(2.96-52.77) 0.001

Logistic regression analysis

'TI = severe inflammatory trachoma
2. . . .
“infection status using PCR detection
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FIGURE LEGENDS

Figure 1. Nucleotide and deduced amino acid sequence for omp-1 variable
domain 1-4 of reference strain A/Har-13, B/TW-5/0T, and Ba/AP-2 and variant
A and B/Ba genotypes. Dots indicate homology between reference and study
strains; nucleotide substitution are indicated. Corresponding amino acids are
listed above nucleotides, and substitutions in variants are indicated. * indicates B
cell epitopes. ¥ indicates “hot spot” region for B/Ba genotypes.
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Figure 2A. Nucleotide phylogenetic tree of reference strain A/Har-13 and study

variants A.

Figure 2B. Nucleotide phylogenetic tree of reference strain B/TW-5/OT and
Ba/AP-2 and study variants B/Ba.

Bootstrap values greater than 50 between genotypes are shown at the branch
points.
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Comparisons of laboratory methods and trachoma clinical grading
PCR versus DFA (1986 & 1989, n=363)

Overall, 363 direct fluorescent antibody (DFA) samples, including 74
samples collected in 1986 and 289 samples collected in 1989, were processed and
detected by C. trachomatis PCR. Seventy-five (89%) C. trachomatis DFA
positive samples were C. trachomatis positive by PCR while 48 (17%) DFA
negative samples were C. trachomatis positive by PCR (Appendix 3). The kappa
value between these two assays was 0.62. There was a dose-response trend
between these two assays by number of EBs on DFA, which was only available
for the samples collected in 1986. The agreement between the two assays was
75% in samples containing 5-99 EBs while the agreement increased to 98% in
samples containing over 100 EBs. In contrast, only | of 10 specimens that
contained 1-4 EBs (defined as DFA negative), was positive by PCR. All negative
control samples were negative by PCR.

PCR versus Clinical Grading of Trachoma
(a) DFA Slide Samples (1986 & 1989, n=363)

A pilot study was performed in order to apply C. trachomatis PCR on
archival DFA slide samples. Seventy-four DFA slide samples collected from
children aged -2 in Kongwa, Tanzania in 1986 and 289 DFA slide samples from
children aged 1-2 in 1989 were tested in 1995.

Overall, 114 (45%) samples were positive by PCR from 254 children with

active trachoma in 1986 and 1989. Among them, 60 (60%) children with severe
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inflammatory trachoma were C. trachomatis positive by PCR. In addition, 11%
of children (n=109) with no clinical signs of trachoma were positive by PCR
(Appendix 3). The kappa value between clinical grading of trachoma and PCR on
DFA slide samples was 0.25 for active trachoma and 0.33 for severe

inflammatory trachoma.

(b) Samples in PCR Transport Buffer (1995, n=176)

Overall, 60 (62%) conjunctival swab samples from children (n=97) with
active trachoma were positive by PCR. Among them, 36 (82%) children with
severe inflammatory trachoma were positive by PCR. In addition, 10 (13%)
children with no signs of active trachoma had C. trachomatis infection by PCR.
The kappa value between clinical grading of trachoma and PCR on samples in
transport buffer was 0.47 for active trachoma and 0.46 for severe inflammatory
trachoma.

Photography Grading in Trachoma

The trained reader had high agreement with the trainer in the trachoma
grading by photographs. A random sample of 20 pairs of photographs was used
to compare the inter-observer variation. Only one difference in follicular
trachoma (TF) and intense inflammatory trachoma (TT), respectively between the
trained reader and the trainer. The kappa values for TF and TI were 0.90 and 0.88,
respectively. In addition, 58 pairs of photographs which were difficult to grade
by the reader were further examined by the reader and the trainer. There were

70% and 66% agreement between these two observers in TF and TI, respectively.
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The kappa values for TF and TI were 0.38 and 0.35, respectively. The final
trachoma grading for the 58 pairs of photographs was determined by the reader
and the trainer together.
Sequencing

Serovar types of 9 samples determined by sequencing were compared to
those by monoclonal antibodies in previous study (Taylor et al., 1989a). One
previously identified as serovar A was identified as serovar B/Ba by sequencing.

Other samples had the same serovar type identified as monoclonal antibody

typing.

Sample Adequacy
DNA Adequacy of Sample

[n order to assess the overall quality of DNA from archival DFA slides,
we performed PCR for amplifying the conserved HLA-DRA and beta-globin gene
fragments for 103 samples. Surprisingly, only 17% and 47% of samples were
positive for HLA-DRA and beta-globin gene fragment, respectively (Appendix
4). All but two (12.5%) HLA-DRA positive samples also were beta-globin
positive.

In further analysis, we found that positivity of C. trachomatis PCR but not
DFA had differential effect on these two markers. There was no statistical
difference in the result of HLA-DRA gene by C. trachomatis positivity (22.5%

versus 14.3%, p=0.285) while there was a statistically significant difference for
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beta-globin gene (65.5% versus 34.9%, p=0.003). In addition, there was a trend
that the result of HLA-DRA or beta-globin gene fragment was determined by
DFA result if PCR was negative. Noticeably, for PCR negative samples, there
were relative lower positive rates for these two markers for DFA-positive samples
when compared to those for DFA-negative samples (HLA-DRA: 0% for DFA(+)
versus 16% for DFA(-), p=0.580; beta-globin: 14% for DFA(+) versus 38% for
DFAC(-), p=0.405). On the other hand, for PCR positive samples, prevalence of
both markers was higher than PCR negative samples and there was no difference
in prevalence for both markers by DFA result(tHLA-DRA: 21% for DFA(-), 24%
for DFA(+); beta-globin: 63% for DFA(-), 67% for DFA(+)). It indicated that the
negative result of PCR from archival DFA-positive slides was determined by the
adequacy and quality of sample DNA not the inhibitors in PCR.
Efficiency of HLA-DRA and beta-globin gene primers

In order to evaluate whether there was differential efficiency of both sets
of primers, we also performed PCR for HLA-DRA and beta globin gene fragment
on serial diluted known sheared human genomic DNA from Caucasians in 3
amplification. The data demonstrated that there were less than a 10-fold
difference between these two sets of primers and the end point for both primer
sets was the same at 200 fg/ul. Therefore, the data demonstrated that beta-globin
gene was a better marker to assess the adequacy of DNA samples among
Tanzanian children. Furthermore, unique HLA-DRA haplotype might be present

and prevalent in this population.
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Estimation of DNA Inadequate Samples

We can use information from DFA positive but both C. trachomatis PCR
and beta globin gene PCR negative samples to estimate the prevalence of DNA
inadequate samples. The percentage of negative result for C. trachomatis PCR
and beta-globin gene PCR among DFA positive samples could be used as an
index for DNA inadequacy. There were 21 PCR positive but beta-globin negative
samples and one PCR negative but beta-globin positive samples in 28 DFA
positive samples. Therefore, it was estimated that 61(21%) out of 289 samples in
1989-90 were inadequate for amplifying DNA. In addition, the prevalence of
conserved HLA-DRA and beta-globin gene fragment after excluding DNA

inadequate samples was 22% and 59%, respectively.

Results that are not presented in the manuscripts
Trachoma “high prevalence villages”

Two villages where the prevalence of active trachoma was 77% each were
designated as trachoma-*“high prevalence villages”. These two villages are very
close too each other in proximity. In addition, over 90% of children in these two
villages are one single ethnic group, Mkaguru. The other three villages, where the
prevalence was relatively lower than that in “high prevalence villages”, were
designated as trachoma “low prevalence villages”. In the low prevalence villages,

only 46% of children are Mkaguru. In addition, “high prevalence villages” and
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“low prevalence villages™ were significantly different in familial cattle
ownership, having a house with tin roof, and water availability (Appendix 5).
Univariate analysis for active trachoma in 1989

Crude odds ratios and 95% confidence intervals of risk factors by
univariate analysis are shown in Appendix 6. Familial cattle ownership and living
in “high prevalence villages™ are associated with the presence of active trachoma
in 1989.
Univariate analysis for severe inflammatory trachoma in 1989

Crude odds ratios and 95% confidence intervals of risk factors by
univariate analysis are shown in Appendix 7. Familial cattle ownership, clean
face, living greater than 2 hours away from a water source, and living in “high
prevalence villages™ are associated with the presence of severe inflammatory
trachoma in 1989.
Univariate analysis for C. trachomatis infection in 1989

Crude odds ratios and 95% confidence intervals of risk factors by
univariate analysis are shown in Appendix 8. Familial cattle ownership and living
in “high prevalence villages™ are associated with the presence of C. trachomatis
in 1989. Having a clean face is protective against infection in 1989.
Univariate analysis for active trachoma in 176 follow-up children in 1995

Crude odds ratios and 95% confidence intervals of risk factors by
univariate analysis are shown in Appendix 9. Living in “high prevalence

villages™ is associated with the presence of active trachoma in 1995.
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Univariate analysis for severe inflammatory trachoma in 176 follow-up

children in 1995

Crude odds ratios and 95% confidence intervals of risk factors by
univariate analysis are shown in Appendix 10. Living in *“high prevalence
villages™ is associated with the presence of severe inflammatory trachoma in
1995. In addition, being mkaguru marginally increased the risk of having severe
inflammatory trachoma in 1995.

Univariate analysis for C. trachomatis infection in 176 follow-up children in
1995

Crude odds ratios and 95% confidence intervals of risk factors by
univariate analysis are shown in Appendix 11. Living greater than 2 hours away
from a water source, and living in “high prevalence villages” significantly
increased the risk of having C. trachomatis infection in 1995, while having a
clean face reduced the risk of having infection in 1995.

Variable “mother as caregiver”

In 1995, the follow-up children’s caregivers were identified as their
mothers or others which included their grandmothers, aunts, other relatives or
elder siblings. The data showed that children with their mothers as caregivers
increased the risk of having active trachoma as compared to those with others as
caregivers. This finding could be confounded by other underlying factors that we

did not investigate in this study. It is more likely that children with their mothers
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as caregivers had more younger siblings (under 5 years old) in their families as
compared to children without their mothers as caregivers. It has been shown that
children aged 2-3 years old were the high risk group for trachoma and having a
sibling with trachoma was strongly associated with the presence of trachoma in
this region. In addition, there was a differential distribution of mothers as
caregiver in the “high prevalence villages” and “low prevalence villages™.
Further investigation in the practice of mothers’ care of children in different
ethnic groups is needed to understand the real impact of this variable.
Effects of clean face and distance to a water source greater than 2 hours on the
risk of trachoma at both time points by familial cattle ownership status

In order to understand the interaction of familial cattle ownership and two
other factors, clean face and distance to a water source on trachoma, a stratified
analysis by familial cattle ownership was performed. The data showed that
having an unclean face and distance to a water source greater than 2 hours
increased the risk of having active trachoma at both time points for children
without familial cattle ownership (Appendix ). There were no effects for these
two risk factors for children with familial ownership. In addition, there was no
interaction for familial cattle ownership and clean face and distance to a water

source on the presence of severe inflammatory trachoma at both time points.

Omp-1 genotypes in 1989 and 1995
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Distribution of omp-1 genotypes by serovars A and B/Ba and by years is
shown in Appendices 12 and 13.
Amino acid phylogenetic tree of reference strains and study variants

Appendices 14 and 15 demonstrate the amino acid phylogenetic tree of
reference strain A/Har-13 and study variants A in 1989-90 and 1995. respectively.
Appendices 16 and 17 demonstrate the amino acid phylogenetic tree of reference
strains B/TW-5/0T and Ba/AP-2 and study variants B/Ba in 1989-90 and 1995.
respectively. Dominant genotype B2d formed a subgroup with reference strain

Ba/AP-2 with bootstrap values greater than 50.
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Limitations

The major concern of this study is the comparability of PCR results in
samples 1989 and 1995. DNA adequacy for PCR in samples collected in 1989
was affected by the sample collection method, previous assay, 6-7 years of
storage, and the preparation processing for PCR. DNA degradation was estimated
in 25% of those samples by using PCR for HLA-DRA and beta-globin gene.

Data also suggested that the impact of DNA degradation was more in those
samples with lower chlamydial load as compared to those with higher chlamydial
EB number. In addition, DNA degradation could also result in fragmented
chlamydial DNA. Some samples with PCR(+) on the conserved omp-1 gene
fragment were not able to generate the whole omp-/ gene fragment for
sequencing. Therefore, the overall positive rate of C. trachomatis in 1989 was
much lower. The number and type of omp-/ genotype in 1989 were also affected,
especially in children with mild diseases and infection. Risk factors for children
with “persisting” infection at both time points cannot be identified. However,
children with severe disease and infection in 1989 will not affect much. So, two
separate mechanisms for trachoma endemicity based on 22 children with
“persisting” infection” will be still valid. In addition, it will make our findings in
omp-1 polymorphism more strong if there were more unique genotypes in those

DNA inadequate samples.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



110

Another concern is that only two time points are in this six-year follow-up
study. We do not know the number of episodes of disease or re-infection during
the six-year period. In addition, we do not know when the risk factors changed
and the impact of the change at that time on trachoma or infection. Our
conclusions could be limited. Nevertheless, this study still provide significant
information to researchers on trachoma epidemiology and C. trachomatis
infection in a cohort of children followed for a long period of time.

Due to losses to follow-up and further stratification in data analysis, it is
likely that we could not detect some true associations because of lack of power.
Further investigation on epidemiologic variables with multitypic infection, and

active trachoma with childhood mortality is needed to verify the associations.
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Conclusions

Public Health Impact

The goals of this molecular epidemiologic study were to gain a better
understanding of the interaction of epidemiologic and biologic factors with each
other, and how these interactions contribute to trachoma endemicity in preschool
children. The rationale for our study is what WHO recommendations of treating
only symptomatic disease or mass treatment of a single village for purposes of
trachoma control have failed. Secondly, a significant portion of chlamydia
vaccine research has been directed at the immunodominant omp-/ protein as a
vaccine candidate, ignoring the possibility that mutation could render this antigen
ineffect in an endemic region.

In this study, epidemiologic factors associated with “persisting” active
trachoma and severe inflammatory trachoma at two time points six years apart in
hyper-endemic villages were identified. Our data demonstrates that facial
cleanliness reduces the risk of having severe disease even after six years of
follow-up. The immediate goal of face-washing programs would be to decrease
the prevalence of infection in children, with long-term benefit of lowering the
incidence of trichiasis and blindness in adults. The incorporation of behavioral
modification in local practices with cultural acceptance by the community will be
an important factor in developing a societal intervention for trachoma at the

community level. However, our study indicated that a substantial number of
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children still have severe diseases at a later time point, and they maintain the same
genotype of chlamydia at two time points six year apart. Therefore, a better
understanding of the biologic factors related to the microorganism and its host are
key in devising a combined strategy to control trachoma and blindness.

Biologic mechanisms of trachoma endemicity, that is, multitypic infection
and homotypic omp-1 genotype infection, were revealed in those children with
“persisting” chlamydial infection. Extensive omp-/ polymorphism, the tempo of
mutation, and the absence of long term immunity against disease in this endemic
region indicate that omp-/ gene is not a good vaccine candidate. However, an
efficacious vaccine remains desirable because of its cost-effectiveness in poor,
under-served populations, especially in regions where water is scarce. There are
two levels, involving the community and the individual that could substantially
reduce C. trachomatis endemicity. Ostensibly, the tempo of omp-/ mutation
could slow down if the community burden of C. trachomatis was reduced, thus
restricting infection to smaller and smaller socio-geographic units. As a result,
omp-1 mutation will decrease. At the individual level, reducing chlamydial load
in the susceptible host could result in more rapid clearance of chlamydia with less
chance of selection of omp-1 variants by host immune pressure. Moreover, the
chance of having persistent infection and disease could be reduced as the risk of
having multitypic infection decreases. Finally. reduction of infectious burden will

favorably impact on intra-familial or intra-balozi transmission of chlamydia.
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This study also reveals a link between trachoma severity and childhood
mortality, but further investigations are needed to verify the association and
biologic cause. Nevertheless, this marker could provide a good and practical
indicator for public health workers to identify high risk children in order to
prevent early childhood mortality in endemic regions.

Future Direction in Trachoma Research

The B/Ba genotypes in this study may be a new serovar, because DNA
sequencing indicated that they resembled both B and Ba. Tissue culture isolation
and immunologic characterization of these genotypes are ongoing. Complete
DNA sequencing on omp-1 and immunotyping of culture isolates will determine
if these genotypes are new serovars. Tear samples were also collected from these
children because we were interested if the correlation of tear secretory IgA levels
and Th1/Th2 cytokines with disease and infection could provide insight into the
immunopathogenesis of C. trachomatis infection. In addition, we are
collaborating with the CDC and other trachoma investigators worldwide to
institute a better nomenclature for naming chlamydia genotypes, and to set-up a
central sequencing database on the internet for researchers. This should facilitate
both epidemiologic and immunologic research in trachoma..

The mechanism to why some individuals progress from trachomatous
scarring to trichiasis remains unclear. To date, epidemiologic markers related to
mothers as primary care-givers or cattle-ownership have been found to be

associated with trichiasis in women. However, the association of cattle-
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ownership has not been elucidated. In the present study, we found that familial
cattle ownership was associated with multitypic infection, and that this is a
predictor for persisting disease or infection. This result indicates that the cohort
with multitypic infection could be at increased risk of trichiasis. However, studies
on the basic host-related immuno-genetic mechanism related to development of
trichiasis and the interaction with socio-environmental factors have not been
performed. A better understanding of these factors could give additional insight
on how to interrupt disease progression.

Some children in the present study had infection at two time points six
years apart with a homotypic strain, and this suggests that persistent infection may
occur in some hosts. It would be very important to determine if unique immuno-
genetic characteristics distinguish these children from their counterparts who clear
infection rapidly or who only have sporadic infection. Preliminary data in our
laboratory indicate that some Tanzanian children have a point mutation in a
highly conserved region of HLA-DRA-CD4 positive binding site. HLA typing of
blood samples from Tanzanians correlated with infection persistence should also
be investigated in order to determine if antigen presentation via particular HLA
types is related to infection and disease variation. This information would be
useful for vaccine research. In addition, it will be important to establish if
persistent infection with the same genotype over longer time periods occurs, and

if this could be a biologic factor contributing to the developing of trichiasis.
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Research in trachoma may provide insight into the pathogenesis of genital
chlamydial infections, and aid in development of a vaccine that could be useful in
preventing genital infection and the sequelae of infection. Animal models can
only contribute indirectly to immunologic and pathologic studies in humans. In
addition, it is easier to follow the course of disease in trachoma then in human
genital infection. It will be interesting to determine whether two different omp-/
genotype infections contribute to the pathogenesis of genital chlamydial infection.

In conclusion, it could take a long time to eradicate the leading cause of
infectious blindness in the world. Research in chlamydial pathogenesis,
immunogenetics, and the interaction of omp-1 polymorphism with epidemiologic
factors are needed. Current findings suggest that a multifaceted approach will be
needed in order to make a substantial public health impact in the control of

infection and disease sequelae in poor and under-served populations of the world.
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Appendix 2: Laboratory Methods
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Appendix 3: Comparison of C. trachomatis PCR from archival DFA' slides and
DFA test and clinical trachoma in children in 1986 and 1989,

Kongwa Tanzania

Category Total No. C. trachomatis (+) by PCR
No. (%)
A. DFA Test'
C. trachomatis (-) 279 48 (17%)
C. trachomatis (-i-)2 84 75 (89%)
B. Clinical Trachoma
No Sign 109 12 (11%)
Active Trachoma 254 114 (45%)
Severe Inflammatory Trachoma 100 60 (60%)

! direct fluorescent antibody against C. trachomatis major outer membrane

protein-1
* with > 5 elementary bodies
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Appendix 4: Amplification of conserved HLA-DRA gene and 3-globin gene
fragments on DFA slides samples from children in 1986 & 1989
by C. trachomatis DFA' and PCR status

C. trachomatis Infection Total No. HLA-DRA(+) B-globin(+)
No.(%) No.(%)
PCR(-) and DFA(-) 56 9(16%) 21(38%)
PCR(-) and DFA(+)? 7 0 (0%) 1(14%)
PCR(+) and DFA(-) 19 4(21%) 12(63%)
PCR(+) and DFA(+) 21 5(24%) 14(67%)
Total 103 18(17%) 48(47%)

" direct fluorescent antibody against C. trachomatis major outer membrane
protein-1
*with>5 elementary bodies
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Appendix 5: Distribution of characteristics in 289 children aged 1-2 years old in
trachoma “high prevalence villages™' and “low prevalence villages™

in 1989
Characteristics High Prevalence Low Prevalence Villages
Villages
No. %o No. Yo
Age (2 years) 77 57.0 91 59.1
Gender(Female) 73 54.1 76 494
Ethnic Group(Mkaguru)®* 78 90.7 41 45.6
Cattle Herding* 60 444 24 15.6
Tin Roof* 21 15.6 46 30.1
Clean Face 79 58.5 89 57.8
Water > 2 Hours* 97 71.9 25 16.2
Maternal Education 67 49.6 80 519

* p<0.05, chi-square test

! High prevalence villages were referred to two villages where the prevalence of
active trachoma was 77% each in 1989. The remainder was designated as “low
prevalence villages”, although trachoma rates were between 45% to 65%.

? Data only available in 176 follow-up children in 1995
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Appendix  6: Association of characteristic and active trachoma in 1989 in 289

children aged 1-2 in 1989 by univariate analysis

Characteristics Active Trachoma in 1989
Odds Ratio 95% C.L p-value
Age (2 years versus | year) 0.82 0.50-1.36 0.4455
Gender(Female) 0.86 0.53-1.40 0.5386
High Prevalence Villages' 2.58 1.55-4.31 0.0003
Cattle Ownership 3.87 2.01-7.44 0.0001
Tin Roof 0.81 0.46-1.44 0.4730
Clean Face 0.64 0.38-1.05 0.0775
Water >2 Hours 1.51 0.91-2.49 0.1099
Maternal Education 0.77 0.47-1.26 0.3025

Logistic regression analysis

' High prevalence villages were referred to two villages where the prevalence of
active trachoma was 77% each in 1989. The remainder was designated as “low
prevalence villages”, although trachoma rates were between 45% to 65%.
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Appendix 7: Association of characteristic and severe inflammatory trachoma in
1989 in 289 children aged 1-2 in 1989 by univariate analysis

Characteristic Severe Inflammatory Trachoma in 1989
S Odds Ratio 95% C.I. p-value
Age (2 years versus | year) 0.58 0.35-0.97 0.0380
Gender(Female) 0.80 0.48-1.33 0.3903
High Prevalence Villages' 2.37 1.41-3.98 0.0011
Cattle Ownership 2.70 1.58-4.63 0.0003
Tin Roof 091 0.50-1.66 0.7590
Clean Face 0.39 0.23-0.65 0.0003
Water >2 Hours 2.06 1.23-3.43 0.0057
Maternal Education 0.78 0.47-1.29 0.3357

Logistic regression analysis

! High prevalence villages were referred to two villages where the prevalence of
active trachoma was 77% each in 1989. The remainder was designated as “‘low
prevalence villages”, although trachoma rates were between 45% to 65%.
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Appendix 8: Association of characteristic and C. trachomatis infection in
1989 in 289 children aged 1-2 in 1989 by univariate analysis

Characteristics C. trachomatis infection in 1989
Qdds Ratio 95% C.1L p-value
Age (2 years versus | year) 1.09 0.62-1.90 0.7663
Gender(Female) 0.65 0.37-1.13 0.1234
High Prevalence Villages' 2.33 1.33-4.09 0.0032
Cattle Ownership 232 1.31-4.10 0.0039
Tin Roof 0.85 0.43-1.63 0.6007
Clean Face 0.28 0.16-0.49 0.0001
Water >2 Hours 1.70 0.98-2.94 0.0594
Maternal Education 1.07 0.62-1.86 0.7975

Logistic regression analysis

: High prevalence villages were referred to two villages where the prevalence of
active trachoma was 77% each in 1989. The remainder was designated as “low
prevalence villages”, although trachoma rates were between 45% to 65%.
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Appendix 9: Association of characteristic and active trachoma in 1995 in 176
follow-up children in 1995 by univariate analysis

Characteristics Active Trachoma in 1995
Odds Ratio 95% C.L p-value
Age (2 years versus | yearin 1989)  0.99 0.54-1.83 0.9816
Gender(Female) 0.70 0.38-1.27 0.2348
Ethnic Group(Mkaguru) 1.43 0.76-2.70 0.2696
High Prevalence Villages' 2.71 1.47-5.01 0.0015
Cattle Ownership(1995) 1.64 0.87-3.08 0.1267
Tin Roof(1995) 1.68 0.83-3.38 0.1467
Clean Face(1995) 0.83 0.37-1.87 0.6559
Water >2 Hours(1995) 1.82 0.88-3.77 0.1084
Maternal Education 1.45 0.80-2.64 0.2201

Logistic regression analysis

! High prevalence villages were referred to two villages where the prevalence of
active trachoma was 77% each in 1989. The remainder was designated as “low
prevalence villages”, although trachoma rates were between 45% to 65%.
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Appendix 10: Association of characteristic and severe inflammatory trachoma in
1995 in 176 follow-up children in 1995 by univariate analysis

Characteristics Severe Inflammatory Trachoma in 1995
Odds Ratio  95% C.L p-value
Age (2 years versus | yearin 1989) 0.77 0.38-1.54 0.4614
Gender(Female) 0.88 0.45-1.75 0.7201
Ethnic Group(Mkaguru) 2.20 0.98-4.98 0.0577
High Prevalence Villages' 3.36 1.61-7.00 0.0013
Cattle Ownership(1995) 1.75 0.87-3.51 0.1176
Tin Roof(1995) 1.10 0.51-2.39 0.8048
Clean Face(1995) 0.59 0.25-1.38 0.2234
Water >2 Hours(1995) 1.58 0.73-3.42 0.2474
Maternal Education 1.00 0.51-1.98 1.0000

Logistic regression analysis

! High prevalence villages were referred to two villages where the prevalence of
active trachoma was 77% each in 1989. The remainder was designated as “low
prevalence villages™, although trachoma rates were between 45% to 65%.
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Appendix 11: Association of characteristic and C. trachomatis infection in 1995
in 176 follow-up children in 1995 by univariate analysis

Characteristics C. trachomatis infection in 1995
Odds Ratio ~ 95% C.L p-value
Age (2 years versus | year in 1989) 1.18 0.63-2.21 0.6014
Gender(Female) 0.81 0.44-1.49 0.5000
Ethnic Group(Mkaguru) 1.68 0.86-3.27 0.1259
High Prevalence Villages' 2.85 1.53-5.34 0.0010
Cattle Ownership(1995) 1.41 0.75-2.65 0.2822
Tin Roof(1995) 0.89 0.45-1.79 0.7514
Clean Face(1995) 0.40 0.18-0.91 0.0280
Water >2 Hours(1995) 2.08 1.02-4.21 0.0434
Maternal Education 0.94 0.52-1.73 0.8528

Logistic regression analysis

! High prevalence villages were referred to two villages where the prevalence of
active trachoma was 77% each in 1989. The remainder was designated as “low
prevalence villages”, although trachoma rates were between 45% to 65%.
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Appendix 12: Effects of clean face and distance to water on risk of having active
trachoma at both time points six years apart by familial cattle
ownership status, Kongwa, Tanzania, 1989-1995

Characteristics Category Cattle Ownership No Cattle
Ownership
No. Trachoma' No. Trachoma
Clean Face No 20 13(65%) 72 32(44%)
Yes 23 15(65%) 60  17(28%)*
Distance to Water < 2 hours 29 17(59%) 114 39(34%)

>= 2 hours 15

12(80%)

17 10(59%)*

! Active trachoma at both time points
2 p=0.056
3 p=0.050
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Appendix 13: Distribution of omp-1 genotypes A in 1989 and 1995

Genotype Frequency(%)
1989 (n=43) 1995(n=85)

A 19(44) 51(60)
Al2a 1(2) 0
Ala 0 1(1)
Alda 0 1(1)
Al2b 0 1 (1)
Alb 1(2) 34)
Alc 1(2) 0
Ald 1(2) 0
Ale 1(2) 0
Alf 1 (2) 0
A2a 0 L (1)
A2b 0 1(1)
A23a 1(2) 0
A2c 1(2) 0
A24a 1(2) 0
A2d 0 1(1)
Al2e 1(2) 0
A3a 0 L(l)
A3b 0 1(1)
A3c 1(2) 0
Ada 0 1 (1)
A4b 0 1(1)
Adc 1(2) 0
A4d 1(2) 0
Ade 0 L (1)
Adf 1(2) (1)
A2 1(2) 1(1)
A3® 6(14) 12(14)
A4' 1(2) 0
A9’ 0 1(1)
Al10° 1(2) 2(2)
A122 0 (1)
A25° 0 1(1)
Azéf 0 1(1)
A28° 12) 0

_ only have VD I sequence information
* only have VD I and II sequence information
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Appendix 14: Distribution of omp-1 genotypes B/Ba in 1989 and 1995

Genotype Frequency(%)
1989 (n=21) 1995(n=53)

B 7(33) 23(43)
Bla 0 1(2)
Bl2a 0 2 (4)
Bl24a 0 1(2)
B2a 1(5) 0
B24a 1(5) 0
B2b 0 1(2)
B2c¢ 0 1(2)
B2d 4(19) 15(35)
B24b 1(5) 0
B23a 0 1(2)
B2e 0 1(2)
B2f 1(5) 0
B3a 1(5) 0
B4a 1(5) 0
B4b 0 1(2)
B4c 1(5) 0
B4d 1(5) 0

B2! 1(5) 0
B3’ 1(5) 2(4)
B10’ 0 1(2)
B12? 0 1(2)
B13’ 0 2 (4)

i only have VD I sequence information
~only have VD [ and II sequence information
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Appendix 15:

Amino acid phylogenetic tree of reference strain A/Har-13 and study variants A

in 1989
A23a

Adc
A4f
A4d

A2e
A2c
Alb

RefA
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Appendix 16 :

Amino acid phylogenetic tree of reference strain A/Har-13 and study
variants A in 1985

Al1b
A4a

A2d

A12b
RefA
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Appendix 17 :

Amino acid phylogenetic tree of reference B/TW-5/0T and
Ba/AP-2 and study variants B/Ba in 1989

. B24a
B2a

RefBa

B3a
B4c
B4aq

RefB
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Appendix 18 :

Amino acid phylogenetic tree of reference strain BITW-SIOT
and BafAP-2 and study variants B/Bain 1995

— Bla
B2b
— B23a

B2d
| | ~ B124a
RefBa
p B2Ze
B
RefB
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