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Abstract

Background: Pseudoexfoliation syndrome (PES) is a systemic disease characterized by the aggregation of fibrillar extracellular
material in intraocular and extraocular tissues with unknown etiology. Clarifying the etiopathogenesis of PES would be important
for public health.

Objectives: We aimed to investigate the possible role of Chlamydia in the etiology of PES.

Methods: This cross-sectional study was carried out in the ophthalmology clinic of a tertiary hospital. The study included two
groups, including the patient group (PES patients with nuclear cataracts) and the control group (patients with nuclear cataracts).
Patients with other ophthalmic problems and systemic diseases were excluded. Blood samples and conjunctival swabs taken from
49 patients and 42 controls were used in the study. Anti-Chlamydia trachomatis IgG and IgM, anti-C. pneumoniae IgG and IgM, In-
terleukin (IL)-6, and IL-20 were studied in the serum samples. The PCR study was performed with conjunctival swab samples and
sequence analysis of PCR-positive samples was performed.

Results: According to the results of the study, there was no statistically significant difference between the groups in terms of anti-C.
trachmatis 1gG, anti-C. trachmatis IgM, anti-C. pneumoniae IgM, IL-6, and PCR results. There was a statistically significant difference
between patient and control groups in terms of anti-C. pneumoniae IgG and IL-20 levels. The DNA sequencing of all PCR products
was found to be compatible with C. pneumoniae.

Conclusions: It seems that C. pneumoniae might have an important role in the etiology and development of PES. However, further

studies in larger groups are needed to clarify these results.
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1. Background

Chlamydiaceae family contains 11 species that are
pathogenic foranimals or humans (1). Chlamydia trachoma-
tis and C. pneumoniae are common human pathogens
responsible for a broad range of illnesses (1, 2). Strains
of C. trachomatis are separated into three biovars, and
they are further subtyped by serovars. In developing
countries, trachoma biovars (A-C) are the leading causes
of non-congenital blindness (3). Chlamydia pneumoniae
is a common infectious agent in the world that causes
respiratory tract infections, accounting for approximately
10% of community-acquired pneumonia. In addition, the
symptoms of C. pneumoniae infection range from asymp-
tomatic to pneumonia and also cause various chronic
diseases such as atherosclerosis, asthma, and arthritis
(3, 4). Moreover, it has been reported that C. pneumoniae

may be linked to age-related macular degeneration (5).
This pathogen interacts with different cell types such as
epithelial cells, monocytes/macrophages, smooth muscle
cells, and endothelial cells (4).

Chlamydial antigens are recognized through a variety
of receptors, e.g., cell surface receptors, cytosolic innate
immune sensors, and endosomal receptors (3). It is known
that the activation of these receptors induces a strong
chemokine and cytokine response that enhances PMN in-
filtration into the infected field. In this way, in advance en-
try into a new cell, EBs are subjected to PMNSs, and their
function is to clear the infection (6). However, this inflam-
matoryreaction, whichis necessary for bacterial clearance,
also becomes a reason for immunopathology such as scar-
ring and tissue damage (3).

Pseudoexfoliation syndrome (PES) is a systemic dis-
ease characterized by the aggregation of fibrillar extra-

Copyright © 2021, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.


http://dx.doi.org/10.5812/jjm.116962
https://crossmark.crossref.org/dialog/?doi=10.5812/jjm.116962&domain=pdf
https://orcid.org/0000-0002-5113-5509

Gonca Setal.

cellular material in intraocular and extraocular tissues (7,
8). Due to the aggregation of pseudoexfoliation material
in the eye, different complications such as weak pupil-
lary dilation, cataract formation, pseudoexfoliative glau-
coma (PEG), pseudouveitis, posterior synechia, and zonu-
lar weakness may occur (9). Jammal et al. studied the char-
acteristics of patients with PES. They reported that PEG was
detected at 25.4% in patients with PES (10). The presence of
fibrillary material may enhance the risk of complications
after and during cataract surgery and of late dislocation of
intraocular lenses (8).

Joshi and Singanwad (11) studied surgical difficulties
linked with PES and noticed that intraoperative difficul-
ties were present in 27.4% of PES patients. The presence of
fibrillar material in extraocular tissues such as the heart,
lung, kidneys, liver, and meninges has been demonstrated
via electron/light microscopes (12). Pseudoexfoliation syn-
drome is generally seen in older age groups and its preva-
lence varies according to race, geographic region, and eth-
nicity (8). The factors leading to the development of PES
are not yet fully understood (12). There are various stud-
ies showing the association of PES with systemic diseases
such as vascular (13), cardiovascular (14), and cerebrovas-
cular diseases (15). In addition, PES involves low-grade in-
flammation (16).

Cytokines are protein mediators, which participate in
many physiological processes and play a key role in in-
flammation. Increased production of pro-inflammatory
cytokines is related to disease progression (17). Inflamma-
tory molecules in patients with PES, such as IL-6, C-reactive
protein, plasma homocysteine, and IL-13 were detected at
higher levels (9). Also, there are studies showing an in-
crease in IL-6 levels in Chlamydia infections and patients
with PES (5, 18). In addition, IL6 is a pivotal cytokine in
the integrated immune response and has been targeted in
the treatment of numerous inflammatory diseases (19). Be-
sides, IL-6 is used as a biomarker because of its central role
in inducing and maintaining the inflammatory response
(20). Also, IL-20 is a member of the IL-10 family. These cy-
tokines are thought to be associated with the pathogenesis
of autoimmune and chronic inflammatory diseases such
as inflammatory bowel disease, psoriasis, and rheumatoid
arthritis (21). In this study, IL-20 was chosen as another
marker of inflammation since we did not observe a study
investigating IL-20 in patients with PES in the literature
screening.

In several studies on PES, it has been observed that PES
isassociated with various systemic disorders, but none has
been carried out on Chlamydia associations of the disor-
der (9, 12, 22, 23). Inflammation lays behind the common
pathogenesis of these diseases. Therefore, we hypothe-
sized that infection with Chlamydia might be an additional

risk factor for the etiopathogenesis of PES-related diseases.
In the present study, IgG and IgM antibodies against C. tra-
chomatis and C. pneumoniae along with IL-6 and IL-20 were
investigated in the blood samples taken from patient and
control groups. Also, the C. trachomatis and C. pneumoniae
16S rRNA regions were amplified with the PCR method us-
ing conjunctival swab samples taken by viral transport.

2. Objectives

In the present study, we aimed to investigate the possi-
ble role of Chlamydia in the etiology of PES.

3. Methods

3.1. Study Group

The study group comprised 49 PES patients with nu-
clear cataracts, and the control group comprised 42 pa-
tients with nuclear cataracts. Patients with ophthalmicdis-
eases such as primary open-angle glaucoma, uveitis, and
age-related macular disease were not involved in the study
or control group. Having systemic diseases, such as hyper-
tension, diabetes, or malignancies were the other exclu-
sion criteria. The control group consisted of individuals
who did not have any systemic and ophthalmic diseases
other than cataracts. Peripheral blood samples and con-
junctival swab samples were taken from the patients. The
patient group included 22 females and 27 males (n = 49,
age range 53 - 88 years). The control group included 15 fe-
males and 27 males (n = 42, age range 53 - 84 years). Pe-
ripheral blood samples (5 mL) from the patients were cen-
trifuged at 5000 X g for five minutes. Then, serum samples
were stored at-80°C until analysis. Conjunctival swab sam-
ples that were taken with the universal transport medium
(UTM-RT; Copan, Italy) were also stored at -80°C until anal-
ysis.

3.2. ELISA Assays

The ELISA studies were performed on collected serum
samples to detect antibodies against C. trachomatis and C.
pneumoniae and to determine IL-6 and IL-20 cytokine levels.
Serum samples were studied as recommended by the man-
ufacturers (C. trachomatis and C. pneumoniae [Euroimmun,
Luebeck Germany IgM and IgG], IL-6 [DIAsource, Louvain-
la-Neuve, Belgium], and IL-20 [Sunred, Shanghai, China]).
Optical density was determined by measuring at 450 nm
with a spectrophotometer (Thermo Scientific, Multiskan
Go Type 1510).
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3.3. Nucleic Acid Extraction and PCR Assay

Gene jet kit (GeneJET, Thermo Scientific, USA) was
used for DNA extraction from conjunctival swab speci-
mens. The DNA region of approximately 207 bp - 215
bp (the length was variable according to the species) in
the 16S rRNA genome was amplified by the PCR tech-
nique. Sequences of primers used for target gene re-
gion amplification panChi6F2 (5-CCGCCAACACTGGGACT-
3’) and panChi6R2 (5’ -GGAGTTAGCCGGTGCTTCTTTAC-3’)
(24). The PCR products (3 pL) were resolved by agarose gel
(1%, w|v) electrophoresis in 0.5X TBE buffer at 200 V for 30
min. The DNAwas visualized by UVillumination after stain-
ing with ethidium bromide. Water was used as a negative
PCR control.

3.4. DNA Sequencing and Comparative Analysis

Amplicons of positive samples were purified using a
GeneJet PCR Purification Kit (Thermo Scientific, USA). A
sequencing PCR was performed with the specifically de-
signed inner primers panFseq (5-CCAACACTGGGACTGAGA-
3) and panRseq (5-GCCGGTGCTTCTTTAC-3). The sequenc-
ing PCR assay was done using a BigDye Terminator V3.1 cy-
cle sequencing kit (Applied Biosystems). Then, sequencing
was performed in ABI PRISM 3130 Genetic Analyzer (Applied
Biosystem, CA, USA). The obtained sequences were com-
pared with the reference sequences containing 16S rRNA
gene sequences of C. pneumoniae and C. trachomatis avail-
able from the GenBank Database. The GenBank accession
numbers of reference sequences were L06108.1 (Chlamydia
pneumoniae 16S ribosomal RNA sequence) (25), DQ019305.1
(Chlamydia trachomatis strain Ia/870 16S ribosomal RNA
gene, partial sequence) (26), and DQ019306.1 (Chlamydia
trachomatis strain JJUW36 16S ribosomal RNA gene partial
sequence)(27). Nucleotide and amino acid alignment com-
parisons were carried out with the Clustal W method us-
ing the MEGA 7.0.21 program. Phylogenetic analyses were
performed with the Neighbor-Joining (NJ) method using
MEGA7.021.

3.5. Statistical Analysis

Positive and negative values obtained by ELISA and PCR
studies in patient and control group samples were com-
pared with the chi-square test for each group. Values of P
< 0.05 were considered to indicate statistically significant
differences. Comparisons were made with the GraphPad
Prism 6 for Windows (version 6.01) program.

4. Results

Atotal of 91 participants (54 females and 37 males) were
enrolled, including 49 PES patients with nuclear cataracts

Jundishapur | Microbiol. 2021; 14(5):e116962.

and 42 control patients with nuclear cataracts. The mean
ages of the patient group and the control group were de-
termined as 70.02 and 66.28, respectively. In addition, 27
(55.102%) of the patient group were males, 22 (44.897%)
were females, 27(64.285%) of the control group were males,
and 15 (35.714%) of the control group were females. Anti-C.
trachomatis IgG/IgM and anti-C. pneumoniae IgG/IgM ELISA
results and P values are shown in Tables 1 and 2. Accord-
ing to the results, no significant difference was found be-
tween the patient and controls groups in anti-C. trachoma-
tis IgG and IgM (P-values 0.0515 and 0.3253, respectively)
(Table 1). While a statistically significant difference was de-
tected in anti-C. pneumoniae IgG, no significant difference
was detected in anti-C. pneumoniae IgM (P-values 0.0349
and 0.3882, respectively) (Table 2).

Besides, IL-6 and IL-20 levels were studied in blood sam-
ples taken from the patient and control groups, and the
results are shown in Table 3. As seen, while there was no
statistically significant difference between the patient and
control groups in IL6, a significant difference was found in
IL20 levels (P-values 0.0612 and 0.0459, respectively). The
PCR results of conjunctival swab samples taken from the
patient and control groups are shown in Table 4 and Fig-
ure 1. No statistically significant difference was found be-
tween the patient and control groups in Chlamydia PCR re-
sults (P-value 0.0928). Based on phylogenetic analysis, it
was determined that all of the PCR-positive samples in the
patient and control groups showed close homology to the
16S rRNA gene sequence of C. pneumoniae although H30,
H42,and K10 exhibited closer homology to it (Figure 2). The
ELISA results of Chlamydia PCR-positive samples are shown
in Table 5.

5. Discussion

Chlamydia trachomatis is a significant human pathogen
and the cause of sexually transmitted infection and blind-
ing trachoma (28). Trachoma is the leading contagious
cause of blindness worldwide (29). The infection evokes
an intensive mixed inflammatory response in the conjunc-
tiva launched by cytokines and interferons delivered by
infected cells (30). In the study, the presence of anti-C.
trachomatis IgG and anti-C. trachomatis IgM was investi-
gated in serum samples to investigate the presence of C.
trachomatis antibodies in the patient and control groups.
Anti-C. trachomatis IgG was detected in 6.12% of the pa-
tient group, while all of them were negative in the control
group. Anti-C trachomatis IgM was detected as 4.08% in the
patient group and 2.04% in the control group (Table 1). The
low level of antibody positivity is thought to be the result
of the availability of antibiotics and improvement in living
and socio-economic conditions; besides, the introduction
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Table 1. Anti-Chlamydia trachomatis IgG and IgM Results in Case and Control Groups Measured by ELISA Technique

Chlamydia trachomatis 1gG

Chlamydia trachomatis IgM

Patient Group No. (%) Control Group No. (%)
Positive 3(6.12) 0(0)
Negative 46(93.87) 2(100.0)
Total 49(100.0) 42(100.0)

Patient Group, No. (%) Control Group No. (%)
2(4.08) 1(2.04)
0.0515 47(95.91) 41(97.61) 0.3253
49(100.0) 42(100.0)

Table 2. Anti-Chlamydia pneumoniae IgG and IgM Results in Case and Control Groups Measured by ELISA Technique

Chlamydia pneumoniae IgG

Chlamydia pneumoniae IgM

P P
Patient Group, No. (%) Control Group, No. (%) Patient Group, No. (%) Control Group, No. (%)
Positive 28(57.14) 16 (38.09) 3(6.12) 2(4.76)
Negative 21(42.85) 26 (61.90) 0.0349 46(93.87) 40(95.23) 03882
Total 49(100.0) 42(100.0) 49 (100.0) 42(100.0)
Table 3. IL-20 and IL-6 Cytokine Levels in Case and Control Groups Measured by ELISA Technique
1L-6 IL-20
P P
Patient Group, No. (%) Control Group, No. (%) Patient Group, No. (%) Control Group, No. (%)
Positive 0(0.0) 2(4.76) 29 (59.18) 17(40.47)
Negative 49 (100.0) 40(95.23) 0.0612 20 (40.81) 25(59.52) 0.0459
Total 49(100.0) 42(100.0) 49 (100.0) 42(100.0)

M NC PC P5

P44 P48

I

. » 8 €=207215bp

Figure 1. PCR results belonging to the patient group. Marker (M); Negative control (NC); Positive control (PC); P, patient sample.

Table 4. PCR Results of Conjunctival Swab Samples Taken from Patient and Control
Groups

Patient Group, No. (%) Control Group, No. (%) P
Positive 8(16.32) 3(714)
Negative 41(83.67) 39(92.85) 0.0928
Total 49(100.0) 42(100.0)

to National Trachoma Control programmes decreased the
prevalence in developed countries. In addition, the intro-
duction of the Global Elimination of Trachoma 2020 pro-

gram by the WHO using SAFE (S, surgery to trachomatous
trichiasis; A, antibiotics to C. trachomatis; F, facial clean-
ing; and E, environmental development) strategy greatly
reduced the prevalence (29).

Chlamydia pneumoniae regulates host cell functions
throughout infection. For example, C. pneumoniae stim-
ulates proinflammatory cytokines such as IL-8, IL-1b, and
TNF mediated by toll-like receptor-2 (TLR-2) and TLR-
4 withjwithout NLR (NOD-like receptor) pyrin domain-
containing protein 3 (NLRP3) inflammasome activation
(4). The activation of cell-mediated immune responses
is presumed to be significant for protective immunity
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Table 5. ELISA Results of PCR-Positive Samples

ELISA Results

Chlamydia pneumoniae PCR

Anti-Chlamydia pneumoniae

Results
126G IgM IL-6 1L-20
Sample P5 P N N N P
Sample P9 P N N N P
Sample P13 P N P N N
Sample P21 P P N N P
Sample P30 P P N N P
Sample P42 P P N N P
Sample P44 P P P N P
Sample P48 P P P N P
Sample C3 P P N P P
Sample C10 P N N N P
Sample C14 P P N N P

Abbreviations: N, negative; P, positive; Sample P, patient sample; Sample C, control sample.

Sample H5
Sample H9
Sample H13
Sample H21
Sample H44
Sample H48
Sample K3
Sample K14
Sample K10

1 DQ019305.1 Chlamydia trach

Sample H42
4‘_,753mp1e H30
L06108.1 Chlamydia pneumoniae 16S nbosomal RNA sequence

omatis strain [a/870 16S ribosomal RNA gene partial sequence

1 DQ019306.1 Chlamydia trachomatis strain JJUW-36 16S ribosomal RNA gene partal sequence

0.020

Figure 2. Comparative phylogenetic analysis of sequences obtained using sequence an

alysis with reference sequences. Sample H5, patient sample 5; Sample H9, patient

sample 9; Sample Hi3, patient sample 13; Sample H21, patient sample 21; Sample H44, patient sample 44; Sample H48, patient sample 48; Sample K3, control sample 3; Sample
K14, control sample 14; Sample K10, control sample 10; Sample H42, patient sample 42; Sample H30, patient sample 30;10 L06108.1, Chlamydia pneumoniae 16S ribosomal RNA
sequence; DQ019305.1, Chlamydia trachomatis strain 1a/870 16S ribosomal RNA gene, partial sequence; DQ019306.1, Chlamydia trachomatis strain JJUW36 16S ribosomal RNA gene

partial sequence.

against this infection. The cytokine response of mono-
cytes/macrophages contributes to two situations; it may
contribute to infection control and induction of immune
reactive disorders (31).

In the study, the presence of anti-C. pneumoniae IgG
and IgM was studied in serum samples in order to inves-
tigate the presence of C. pneumoniae antibodies in the pa-
tient and control groups. Anti-C. pneumoniae IgG was de-
tected in 57.14% of the patient group and 38.09% of the con-
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trol group. Anti-C. pneumoniae IgM was detected as 6.12%
in the patient group and 4.76% in the control group (Table
2). According to the PCR results, 16.32% positivity in the pa-
tient group and 7.14% positivity in the control group was
detected (Table 3 and Figure 1). Sequence analysis was done
with the positive samples. Comparative phylogenetic anal-
ysis was performed using the sequences obtained after se-
quence analysis.

Based on phylogenetic analysis, it was determined that
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all of the PCR-positive samples in the patient and control
groups showed close homology to the 16S rRNA gene se-
quence of C. pneumoniae although H30, H42, and K10 ex-
hibited closer homology to it (Figure 2). No study exam-
ining the relationship between Chlamydia and PES patho-
genesis was found in the literature review. However, there
are several studies showing that C. pneumoniae is associ-
ated with various systemic diseases. Yuki et al. (32) no-
ticed that higher C. pneumoniae titers are associated with
POAG (primary open-angle glaucoma). In another study,
Miao et al. (33) showed that TLR2/CXCR4 co-association
makes easier C. pneumoniae infection-stimulated speed-up
of atherosclerosis. The fact that anti-C. pneumoniae anti-
body rates were higher in the patient group than in the
control and the PCR results obtained from conjunctival
swab samples were compatible with C. pneumoniae sug-
gests that these findings are important data that should be
supported by further studies.

In addition, IL-6 and IL-20, which are the markers
of inflammation, were studied in the patient and con-
trol groups. According to IL-6 ELISA results, no positiv-
ity was detected in the patient group, while it was 4.76%
in the control group (Table 3). Chlamydia trachomatis in-
fection stimulates the overproduction of a diversity of in-
flammatory cytokines such as IL-8, IL-6, TNF, granulocyte-
macrophage colony-stimulating factor, growth-regulated
oncogene-alpha, and chemokines, which are involved in
Chlamydial immunopathology. Throughout acute infec-
tion, C. trachomatis stimulates these inflammatory media-
tors to reduce the host immune response; as the repeated
or prolonged infection happens, more immune cells and
inflammatory mediators are delivered to fighting the in-
fection. The overproduction of inflammatory mediators
contributes notably to disease symptoms by damaging
neighboring cells. Such investigations confirm a close rela-
tionship between the host immune system and Chlamydia
(34). Chronicinfectious agents such as C. pneumoniae cause
an increase in inflammatory markers such as C-reactive
protein, leukocyte, TNF, IL-1, and IL-6, which are known to
be associated with atherosclerosis (35).

Moreover, there are studies examining the role of cy-
tokines in the PES group. Sarenac Vulovic et al. (36) ex-
amined the role of proinflammatory cytokines (IL-6, TNF-
o, and IL-17) in the PES formation process in the serum.
They found that IL-6 levels were highly significant in the
PES group compared to the control and PEG groups. No
difference was detected in TNF, whereas IL-17 was not de-
tected (36). Yildirim et al. (18) studied the role of cytokines
in PES and noticed that the significant result was related
to the mean IL-6 levels that were higher in the PES group
than in the control group. In another study, Takai et al. (37)
studied multiplex cytokines in the aqueous humor and

showed that except for a significant reduction in IL-6 in the
POAG group, the other cytokine levels were not different in
the POAG and PEG groups compared to the cataract group.
But, in our study, IL-6 was found to be negative in the pa-
tient group. This situation can be explained by the work
of Zenkel et al. (38), who indicated that the levels of inter-
leukins IL-6 and IL-8 in the aqueous humor were three folds
higher than thatin controls in the early stage of the disease
but not in the late stage or XFG.

Another inflammation marker, IL-20, was detected in
59.18% of the patient group and 40.47% of the control
group (Table 3). As known, IL-20 is an IL-10 family mem-
ber cytokine. Members of the IL-10 family of cytokines play
important roles in regulating immune responses during
host defense, as well as in autoimmune disorders, inflam-
matory diseases, and cancer (39). Itis also known that these
cytokines provoke the innate immune response to limit tis-
sue epithelial damage resulting from viral and bacterial in-
fections (40). No study investigating IL-20 levels in patients
with PES was found in the literature review. However, the
increased specific antibody against C. pneumoniae in PES
patients in comparison with controls suggests a possible
association between PES and C. pneumoniae infection.

As mentioned earlier, C. pneumoniae is also found in
atherosclerotic lesions (3). Thus, macrophages infected
with C. pneumoniae may enter the circulatory system and
spread to various organs. Later, macrophages infected
with C. pneumoniae up-regulate the expression of adhesion
molecules and stimulate the production of inflammatory
cytokines (5, 35). As known, studies have shown that IL-20
is released in eye injuries (41). However, our findings sug-
gest that it may be caused by possible autoimmune dis-
orders, inflammatory diseases, and tissue disorders due
to viral and/or bacterial diseases in both PES and control
groups. The ELISA results of the PCR-positive samples are
given in Table 5. Accordingly, anti-C. pneumoniae IgG, anti-
C. pneumoniae IgM, IL-6, and IL-20 positivity percentages
were 63.63%, 27.27%, 9.09%, and 90.90%, respectively. Based
on the results of comparing the blood and conjunctiva
swab samples of PCR-positive patients, we can interpret
that C. pneumoniae may have a role in the etiology and
pathogenesis of PES. However, this hypothesis needs to be
investigated with further analysis and a wider patient pop-
ulation.

5.1. Conclusions

It is important for public health to elucidate the fac-
tors that may cause PES because PEG is observed at a higher
rate in patients with PES and also because of the compli-
cations of cataract surgery in these patients. According
to the literature review, no study has investigated the link
between C. pneumoniae and PES. The relationship between
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this pathogen and PES should be further investigated be-
cause this would be a new approach to use antibiotics to
treat vision-threatening optic neuropathy (pseudoexfolia-
tion glaucoma). This would be an important guide for oph-
thalmologists. Moreover, it would be possible to obtain
findings that significantly minimize unnecessary medica-
tion use and thereby time loss, side effects, and economic
loss. Thus, our findings provide valuable contributions to
this field in the literature. Although C. pneumoniae may
have an important role in the etiology and development
of PES, further studies are needed to clarify these results.
In addition, there is a need for future large-scale studies to
elucidate the associations and systemic features of PES syn-
drome.
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