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Abstract

Chlamydia trachomatis is considered as a public health problem due to its high prevalence and increased rates of gynecological
disorders. The major outer membrane protein (MOMP) of this bacterium is the most abundant protein in its membrane and has
been evaluated not only as a vaccine development candidate but also is used in many diagnostic tests. The MOMP weighs 69 kDa
and contains four variable segments (VS 1-4) separated by constant regions. Several research groups have developed recombi-
nant single-variable segments of MOMP expressed in Escherichia coli cytoplasm. But, all variable segments have been used
minimally for the diagnosis of a chlamydial infection. In this experiment, the authors obtained the recombinant MOMP of C.
trachomatis {MOMP) in E. coli ’IMOMP and extracted, purified, and partially characterized it. This was later used to identify
anti-Chlamydia trachomatis antibodies in sera of infertile patients by immunodetection assays, enzyme-linked immunosorbent
assay (ELISA), and indirect immunofluorescence tests. The ELISA test showed high sensitivity and low specificity of 100 and
58.3%, respectively. The above results obtained were linked to the cross-reactivity of antibodies against C. pneumoniae or C.

psittaci. Hence, an evaluation was performed to obtain an optimized test for the diagnosis of C. trachomatis infection.
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Introduction

Chlamydia trachomatis is considered as a public health prob-
lem due to its high prevalence and increased rates of gyneco-
logical disorders that are caused by a sexually transmitted infec-
tion (O’Connell and Ferone 2016). This bacterium is an obligate
intracellular parasite that is divided into 19 serological variants
based on the antigenicity of the major outer membrane protein
(MOMP). Serovars D-K and L1-L3 strains of C. trachomatis
are seen to cause urogenital tract infections, cervicitis, endome-
tritis, and salpingitis in women. Chronic infections like pelvic
inflammatory disease, ectopic pregnancy, blocked fallopian
tube, and infertility are also seen to occur with serovars D-K
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strains (Bastidas et al. 2013). The serovars L1-L3 are also seen
to cause an invasive disease called as the lymphogranuloma
venereum (O’Connell and Ferone 2016; Bastidas et al. 2013).

MOMP is a species-specific membrane protein that is high-
ly immunogenic. Hence, this membrane protein is considered
as the best antigen to develop a vaccine but is also used in
infection diagnosis (Wen et al. 2016). At present, several pub-
lications have informed about vaccine results in animal
models, as well as the enzyme-linked immunosorbent assay
(ELISA) test development with recombinant MOMP obtained
from Escherichia coli cloned with expression vectors (Jiang
et al. 2017; Bandehpour et al. 2006).

The gene encoding MOMP is ompA, which is one of the
most polymorphic genes that is present in this bacterium and
has a molecular size of 1200 bp, approximately. It shows four
variables and five constant regions (Findlay et al. 2005; De
Haro-Cruz et al. 2011). Mygind et al. (2000) reported that
when the three-recombinant variable segments (VS1, VS2,
and VS4) were used as antigens, the ELISA test showed a
sensitivity of 80% and a specificity of 90%. Even more, the
VS3 segment was considered an immunodominant peptide
that was seen to promote and generate host protective
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antibodies against infection (Ishizaki et al. 1992; Batteiger
et al. 1996). These results showed that MOMP recombinant
poly-antigens could become a valuable tool for the serological
diagnosis of Chlamydia infection (Mygind et al. 2000). The
purpose of this study was to obtain an ELISA test using the
partial recombinant protein of MOMP (including the four VS
and excluding only the constant regions 1 and 5 to try to make
the ELISA technique more sensitive and eliminate the cross-
reaction with antibodies anti-C. pneumoniae) as antigen
which was to be used as a serological diagnostic test of
Chlamydia infection.

Material and methods
Cloning of recombinant Chlamydia MOMP

It is known that MOMP has five constant and four variable
regions that are found on the surface of the outer membrane,
wherein the VS1, VS2, and VS4 regions are seen to stimulate
the humoral response and the VS3 region stimulates the cel-
lular response. Due to this, our experiment mainly looked for
the expression of a recombinant protein with four variable
regions that allowed to recognize antibodies against C.
trachomatis with a serotype or serogroup specificity.

The ompA gene from the serovar L2 strain of C. trachomatis
(American Type Culture Collection (ATCC), VR-902B;
GenBank accession number: KP120855.1) was amplified. An
in-house polymerase chain reaction (PCR) was carried out for
the amplification of an 879-bp fragment (Yang et al. 1993; De
Haro-Cruz et al. 2011). P3:5TGACTTTGTTTTCGACCGTG
TTTT3' and P4:5'TTTTCTTAAGATTTCATCTTGTTCAT
/CTG3' primers were used. PCR cycling conditions were as
follows: 5 min for pre-denaturation at 95 °C, followed by 35 cy-
cles at 95 °C/1.5 min, 60 °C/2.5 min, and 72 °C/3 min, respec-
tively, and 72 °C/10 min for the final extension. The PCR prod-
uct (879 bp) was later visualized with GelStar™ nucleic acid
gel stain (Lonza, Walkersville, MD, USA) under a UV transil-
luminator (MultilmagenTM light cabinet, Alpha Innotech Co.,
San Jose, CA, USA). The ompA amplicon was directly ligated
with a pGEM-T easy vector (TA cloning vector; Promega,
Madison, WI, USA) and was transferred on to E. coli JIM109
and was later grown on Lysogeny broth (LB) agar plates with
10 pg/mL ampicillin. Using the P3 and P4 primers, the insert
containing the ompA gene was sequenced at the Cellular
Physiology Department of the National Autonomous
University of Mexico (UNAM), Mexico City, Mexico.

Once it was determined that the sequence corresponds to the
strain of the lymphogranuloma venereum, a second amplifica-
tion was performed with the primers PG1:5’ACGCGTCG
CGTGACTTTGTTTTCGACCGTG3' and PG2:5'
ATAGTTTAGCGGCCGCTCATTTTCTAGATTTCATC3’
with the same reaction conditions described above. The
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amplified fragment was inserted into the plasmid PGEX-6P1
by cutting with the restriction enzymes Sal I and Notl construct
called ompLGV. The design of these primers allows to have a
transcription initiation site without stopping codon which allows
the recombinant protein to have glutathione-S-transferase
(GST) tails which will allow the purification of the peptide.

Protein expression and purification
of the recombinant MOMP

For protein expression, E. coli strain BL21was transformed with
the ompLGV construct following manufacturer’s instructions
(GE Healthcare Bio-Sciences Corp. Piscataway, NJ, USA). A
5-mL aliquot of an overnight culture was sub-cultured into
800 mL fresh Luria-Bertani (LB) medium (Sigma-Aldrich, St.
Louis, MO, USA) containing ampicillin (50 mg/L). Transformed
cells were incubated at 37 °C to an optical density (OD; 600 nm)
of 0.5-0.8 and then maintained at room temperature for 5 min.
Protein expression was induced with 0.4 mM isopropyl 3-D-1-
thiogalactopyranoside (IPTG) for 4 h at 37 °C, under continuous
stirring at 200 rpm. The cells were harvested by centrifugation at
3500g for 15 min and resuspended in phosphate-buffered saline
(PBS). Subsequently, the cells were characterized by immuno-
fluorescence with monoclonal antibodies to the species-specific
MOMP. Later, bacteria were broken two times by sonication for
15 s at 70% amplitude in pulse-mode in a Sonifier B-15P
(Branson Sonic Power Co., Danbury, CT, USA).

The lysate was centrifuged at 23,000g for 40 min at 4 °C.
The supernatant was filtered through a 0.45-um pore-size filter
(Millipore, Bedford, MA, USA). The GST-tagged protein was
purified using glutathione sepharose beads (GE Healthcare) ac-
cording to manufacturer’s instructions. The purity of the recom-
binant protein was verified by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and was subse-
quently concentrated to a final concentration of 1 mg/L using
a 10-kDa cutoff Amicon protein concentrator (YM-10;
Millipore, Corporation, Bedford, MA, USA). The final protein
concentration was determined by the Bradford assay (Bradford
1976). Samples were kept at — 4 °C until analysis.

Immunofluorescence microscopy

Ten microliters of transformed E. coli culture was spotted onto
an 8-mm slide well. The slide was air-dried and was fixed with
methanol for 5 mins, post-washing with PBS, then 20 pL of
fluorescein-conjugated monoclonal antibodies to the species-
specific major outer membrane protein (Pathfinder™
Chlamydia DFA, Bio-Rad Laboratories, Inc., Redmond,
WA, USA) was added. Later, the slide was incubated for
20 min at room temperature and was also washed with 5 mL
PBS. Slides were screened at a magnification of x400 and
confirmed at x1000 with a Carl-Zeiss epifluorescence
AxioScope Almicroscope.
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SDS-PAGE and western blot

Recombinant Chlamydia MOMP (tMOMP) was purified and
treated with 2x loading buffer, boiled for 5 min, and centri-
fuged for 5 min at 10,000g. Samples were later charged on to a
12% SDS-PAGE gel and were stained with Coomassie blue R
stain (Sigma-Aldrich). For western blot, the proteins were
electrophoretically transferred to 0.2 um polyvinylidene
difluoride (PVDF) membranes (Invitrogen Corp. Carlsbad,
CA, USA) at 200 mA for 2.5 h. Membranes were blocked at
room temperature for 2 h in PBS containing 3% bovine serum
albumin (BSA), 0.05% Tween 20, and 0.02% sodium azide
(NaN3; T-A-PBS). Then, 0.5 mL of positive control serum
(not diluted) of C. trachomatis 1gG IFA kit (Hemagen
Diagnostics, Inc. Virgo® Products Division. Columbia, MD,
USA) or 1:16 diluted serum specimens at 4 °C overnight was
added. Blots were washed with T-A-PBS and incubated at
room temperature for 2 h with goat anti-human IgG horserad-
ish peroxidase—conjugated secondary antibody (Chemicon
Int., Temecula, CA, USA). The blots were washed with
PBS-Tween buffer (PBS-T), were rinsed with PBS, and were
later developed with 4-chloro-1-naphthol and hydrogen per-
oxide (H,O,).

Serum study

In this study, serum of 40 infertile Mexican women was used.
Sixteen were considered positive for C. trachomatis infection
and 24 were negative for C. trachomatis infection, which were
confirmed by the Chlamydia 1gG antibody test (C.
trachomatis/C. trach 1gG IFA kit Hemagen Diagnostics,
Inc.). The positive serum was of patients with infertility by
tubal occlusion with titles of IgG antibodies against C.
trachomatis higher than 1:64, and the negative serum was of
patients without tubal occlusion with titles of IgG antibodies
against C. trachomatis lower than 1:64. Written consent was
obtained from all serum donors. Blood donor serum was col-
lected at the central laboratory of National Institute of
Perinatology of Mexico City.

Detection of serum antibody anti-C. trachomatis
by ELISA

Human serum of infertility patients was analyzed by ELISA.
Nunc™ C96 Maxisorp Immunoplates (Thermo Scientific Inc.
Rockford, 1L, USA) was coated with 100 uL of 1 pug/mL
recombinant Chlamydia MOMP in 0.05 M carbonate-
bicarbonate buffer (pH = 9.6) and refrigerated overnight. The
plates were washed three times with 0.05% Tween-20 (Sigma-
Aldrich) in PBS-T. The wells were blocked with 1% BSA
(Sigma-Aldrich) in PBS-T at 200 uL/well for 1 h at room
temperature and washed three times with PBS-T. In each well,
100 puL diluted human serum (1:128 in PBS-T) was added and

incubated for 2 h at 37 °C. The plates were washed three times
with PBS-T. Horseradish peroxidase—conjugated secondary
antibodies (goat anti-human Ig, Chemicon) were diluted in
PBS-Tat 1:15,000; 100 1L of this diluted secondary antibody
was added to each well and was incubated for 1 h at 37 °C.
After incubation, the product was washed three times with
PBS-T; subsequently, 100 uL of substrate solution (4 mg of
orthophenylenediamine (OPD), 8 uL of H,0O, (30%), and
10 mL of citrate buffer) was added to each well, and the plates
were incubated for 30 min at room temperature. Following
incubation, the enzymatic reaction was stopped by adding
50 uL of 2.5 M sulfuric acid solution to each well. The optical
density (OD) was determined using a 490-nm filter (EI1x808,
Biotek, Winooski, VT, USA).

For the analysis of the results, Eq. (1) was used.
Abs sample—Abs negative control

S .
——ratio = — -
Co Abs positive control—Abs negative control

(1)

The signal-to-cutoff (S/Co) is calculated by subtracting the
absorbance value of the samples with the absorbance value of
the negative control between the difference of subtracting the
absorbance value of the positive control and the absorbance
value of the negative control. Samples with absorbance values
greater than or equal to the cutoff were considered positive.

Chlamydia 1gG antibody test

The Chlamydia 1gG antibody test (CAT) is an indirect fluo-
rescent antibody (IFA) technique that enables observation of
the antigen-antibody binding, detected secondarily by
fluorescein-conjugated anti-globulin, to the corresponding an-
tibody molecules. A 1:2 serial dilution of the serum specimens
was made in PBS (pH 7.2); the 1:128 diluted specimens were
placed on slides of the C. trachomatis/C. trach 1gG TFA kit
(Hemagen Diagnostics, Inc.). The development of CAT was
carried out following manufacturers’ instructions. Slides were
read on a Carl-Zeiss epifluorescence microscope with a x100
objective. The endpoint titer was the serum dilution that gave
a definite uniform bright-green fluorescence of Chlamydia
particles within inclusions in the cytoplasm of infected cells.

Computer programs for molecular biology

Resulting nucleotide and amino acid sequences were aligned and
analyzed with BioEdit v.7.0.4 program (Tom Hall, Ibis
Therapeutics, Carlsbad, CA, USA). Homologous sequences
were identified by the basic local alignment search tool
(BLAST) from the genetic and amino acid sequence as templates
in the database of GenBank (National Center for Biotechnology
Information advances science and health (NCBI-NIH)).
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Statistical method

The sensitivity and specificity of the ELISA test were evalu-
ated by means of the 2 x 2-table method.

Results

Using the primer sets P3 and P4, an 879-bp DNA fragment,
partially including the ompA gene, was amplified and cloned
into the pGEM-T vector. The nucleotide sequence of the gene
was analyzed and compared to the GenBank database for
serovar L2 of C. trachomatis. The results obtained had 98%
similarity (808/809), indicating that ompA gene was correctly
amplified from serovar L2 of C. trachomatis.

For the expression of the ompA gene, the PCR product was
inserted into the PGEX-6P vector and E. coli BL21 was trans-
formed obtaining the ompLGV construction. Several clones
were reviewed and the one that produced the highest concen-
tration of protein was chosen. A 12% SDS-PAGE assay
showed that the ompA gene was well transcribed in the recom-
binant strain (protein of 29 kDa, approximately), but was not
detected in the transcripts of a control transformant E. coli
BL21 (PGEX-6P; Fig. 1).

The result indicates that the cloned ompLGYV construction
was adequately expressed in E. coli BL21. Furthermore, a
fluorescein-conjugated monoclonal antibody against the
MOMP from C. trachomatis evidenced the presence of this
protein in the recombinant BL21 strain (Fig. 1).

Fig. 1 Molecular cloning and a
expression of Chlamydia
trachomatis major outer
membrane protein in Escherichia
coli. a Cloning an 879-bp frag-
ment from the ompA gene. Lane
1: Amplicon of 879 bp. Lane 2:
DNA molecular size marker. b
Purification of recombinant pro-
tein by means of affinity chroma-
tography. Lane 1: Total extract of
E. coli BL21 transformed with
ompLGYV construction; Lanes 2
and 3: First wash followed by a
second wash; Lanes 4-6: Eluted
protein, and Lane WM is a mo-
lecular weight marker. ¢ E. coli
BL21 stained with a monoclonal
antibody against major outer
membrane protein from C.
trachomatis conjugated with iso-
thiocyanate of fluorescein. d E.
coli BL21 not stained with a
monoclonal antibody (negative
control)

bp 1

879
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Establishment of indirect ELISA

The optimal conditions of indirect ELISA were the following:
antigen concentration at 1 pg/well and serum dilution, 1:128
(Table 1), with an optimal S/Co value of 1.4. Forty serum sam-
ples were tested under these conditions, and the S/Co value was
calculated as low as 1.2 (Fig. 2). All tests were performed with
three replicates. Twenty-six serum samples with S/Co>1.4
values were considered as serum with anti-Chlamydia antibod-
ies, whereas serum samples with S/Co < 1.4 values were con-
sidered as serum without anti-Chlamydia antibodies (Fig. 2;
Table 1). ELISA test results were compared with CAT test
results. Of 40 specimens, 16 were true-positive, whereas 14
were true-negative and 10 were negative false by CAT test
according to ELISA test results. The sensitivity and specificity
of the ELISA with respect to the CAT test were 100 and 58.3%,
respectively (Table 1).

Detection of antibodies against recombinant MOMP
by western blot

Twenty-eight serum samples analyzed by ELISA test were
evaluated by western blot. Thirteen of them were positive
and 15 were negative to western blot testing. Sera reacted
predominantly with antigens ranging between 29 and
32 kDa. The Chlamydia-positive control serum from the
CAT test showed antibodies against 29, 32, and 83 kDa anti-
gens, whereas 5/10 positive sera to ELISA and CAT tests
showed antibodies against the 29 kDa antigen and the other

MwWé 5 4 3 2 1

kDa

29.2
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Table 1T Number of patients seropositive to Chlamydia trachomatis

infection by immunofluorescence and ELISA assays

ELISA assay Chlamydia 1gG antibody testing Total
Positive Negative

Positive 16 10 26

Negative 0 14 14

Total 16 24 40

five sera showed antibodies against the 32 kDa antigen. Three
negative false sera to CAT test showed antibodies against
29 kDa protein, while the negative sera to ELISA and CAT
tests did not show antibodies against 29 or 32 kDa antigens
(Fig. 2).

Discussion

The micro-immunofluorescence test (MIF) has been considered
the gold standard in the serological diagnosis of Chlamydia in-
fection. This test has several disadvantages that include the re-
quirement of the elementary bodies of each of the serotypes of C.
trachomatis, laborious technique, observer-dependent reading,
and significant interlaboratory variation (Baud et al. 2010;
Land et al. 2003). On the other hand, the ELISA test has been
claimed to be highly sensitive and specific, because of these
several assays have become commercially available in which
specific synthetic peptides or recombinant proteins directed to
MOMP are used (Bandehpour et al. 2006; Baud et al. 2010;
Land et al. 2003; Mygind et al. 2000). In spite of the above, in
many of the cases, these tests have not showed great sensitivity
and specificity to identify infertile women with active infection
by Chlamydia (Baud et al. 2010; Land et al. 2003). Due to the

kDa 1 2 4 5 6 7 8
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Fig. 2 Immunodetection of recombinant major outer membrane protein
of Chlamydia trachomatis. a Western blot analysis. Lane 1: Positive
control serum (Chlamydia trachomatis/C. trach 1gG IFA kit from
Hemagen Diagnostics, Inc); Lanes 2—-5: Serum of patients with C.
trachomatis infection; and Lanes 6-8: Serum of patients without C.

above, an ELISA test of greater sensitivity and specificity is
required.

Recombinant protein production in E. coli system is a com-
mon practice in many laboratories (Schumann and Ferreira 2004;
Khan et al. 2016). MOMP from C. trachomatis is a highly im-
munogenic antigen with a full-length of 39 kDa and is the major
predominant protein on the surface (Findlay et al. 2005; De
Haro-Cruz et al. 2011). In this study, a construction named
ompLGV was performed with the variable segments VS1, VS2,
VS3, andVS4; thereby, we ensured that an effective and specific
response was achieved. The DNA sequencing of ompLGYV con-
struct confirmed the presence of the ompA gene, and sequencing
showed 98% identity with the nucleotide sequence and 97% with
the amino acid sequence of C. trachomatis LGV 2 (GenBank
accession number, KP120855.1). The molecular weight calculat-
ed was 28.9 kDa according to the amino acid sequences. Once
purified by affinity chromatography, SDS-PAGE gel indicated
the presence of proteins with weights of 17, 29, and 62 kDa,
approximately. Because IMOMP is tagged with GST and GST
is a protein of 26 kDa, the size of our recombinant protein was
estimated to be of 55 kDa. However, for reasons that have not
been fully characterized in the literature, the structure of the GST
fusion tag often degrades upon denaturation and reduction for
SDS-PAGE gel electrophoresis (this data was furnished by the
supplier of GST-tagged proteins products, Thermo Fisher
Scientific, Waltham, MA, USA). Due to the above, the 29 kDa
protein was considered as the IMOMP of C. trachomatis as it
was very similar to the molecular weight estimated in silico for
the obtained amino acid sequences (28,924 Da, according to the
Expasy peptide mass software) of the ompA gene fragment of
879 bp. The 62 kDa protein may correspond to a complex of
proteins between GST and tMOMP or the formation of a com-
plex of IMOMP since this protein has many cysteine amino acids
(Sardiu et al. 2007). Wen et al. (2016) observed MOMP dimer
formation during recombinant MOMP expression in E. coli
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trachomatis infection. b Response of antibodies against ’IMOMP from
C. trachomatis of infertile women. Response of total antibodies evaluated
by ELISA test with 1:128 diluted serum from infertile women. Obtained
signal-to-cutoff (S/Co) ratios were the measurement of the signal strength
of the sample and the signal strength of an internal cutoff
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strains, and Sun et al. (2007) described the high stability of the
trimeric form of the MOMP protein of C. trachomatis to SDS at
temperatures ranging from 4 to 37 °C and over a pH range of 5—
8; also the trimers of MOMP showed resistant to digestion with
trypsin.

On the other hand, the fluorescein-conjugated monoclonal
antibody against C. trachomatis confirmed the recombinant
MOMP-expressing E. coli when induced with IPTG.

To confirm that the 29 kDa protein is the rIMOMP of C.
trachomatis, a western blot analysis was carried out. The
Chlamydia-positive control serum of the CAT test identified
the 29, 32, and 83 kDa bands that suggested these proteins as
tMOMP of C. trachomatis. The 29 kDa protein has been
considered as the rIMOMP, because it is the protein with the
greatest concentration obtained during purification. However,
the 32 kDa protein may represent the IMOMP obtained from
the finished MOMP synthesis. The 83 kDa band could be the
trimeric form of MOMP linked with the GST-tagged because
it was identified by the positive control serum. However, this
data needed to be confirmed.

Afterward, IMOMP was used to develop an ELISA test to
be used as a serological test to identify women with anti-C.
trachomatis 1gG antibodies. Several ELISA assays have been
commercially developed with Chlamydia antigens; some of
them are known to be C. trachomatis—specific. Menon et al.
(2016) reported that CT-IgG ELISA-plus MEDAC assay
(uses a synthetic peptide of a variable domain from an
immunodominant region of the MOMP), as a serological test
of C. trachomatis, significantly associated sub-fertility, with
50% of infertile women being positive. Land et al. (2003)
observed a sensitivity and specificity of 55 and 83%, respec-
tively, for the MEDAC test, while the ELISA Labsystems
assay showed a sensitivity and specificity of 37 and 87%,
respectively. The ELISA Labsystems assay uses synthetic
peptides from MOMP of C. trachomatis. Mygind et al.
(2000) used recombinant MOMP polyantigens in their
ELISA test and showed a sensitivity of 80% and a specificity
0f 90%. These publications suggest that the accurate ELISA
test is one that uses the recombinant MOMP from C.
trachomatis.

The ELISA test of this study showed an adequate sensitiv-
ity (100%) and specificity (58.3%) that can be used in the
detection of anti-Chlamydia antibodies compared to the CAT
test. However, in comparison with Mygind’s ELISA test, the
sensitivity of the ELISA test used in this experiment was bet-
ter, while the specificity was lower (Mygind et al. 2000). The
low specificity obtained might be linked to the CAT test that
only identified the IgG against Chlamydia, whereas the
ELISA test was seen to identify the total immunoglobulins
against this bacterium. Another possibility is the larger sensi-
tivity shown by ELISA test in comparison to the immunoflu-
orescence assays since it used the rMOMP protein with its
four variable regions. On the other hand, the low specificity
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was linked to the three different conformational structures of
the rIMOMP protein (83, 32, and 29 kDa), wherein only one
could be recognized by antibodies against C. pneumoniae or
C. psittaci. The purification of each protein and its analysis
with an ELISA test will help in the identification of the protein
that will aid to increase the specificity.

Furthermore, it is necessary to consider the cross-reactivity
of the IgG antibodies against C. pneumoniae or C. psittaci
could be shown by the sera collected and which can be detect-
ed by immunofluorescence or ELISA tests. Hernandez-Trejo
etal. (2014) have made evident that 46% of Mexican pregnant
women have antibodies against C. trachomatis, C. psittaci,
and C. pneumoniae; hence, this could also be a reason for
the hindrance of the diagnoses of C. trachomatis infection.
On the other hand, Baud et al. (2010) identified that three tests
of ELISA for C. trachomatis diagnose showed cross-reaction
with C. psittaci (p <0.001) and one of them with C.
pneumoniae. Similarly, Jones et al. (2003) showed poor spec-
ificity (5.6%; 95% CI, 0.68—18.7%) in C. trachomatis wherein
an ELISA test (Genzyme Virotech) was reactive with 34 of 36
C. psittaci/C. pneumoniae—positive sera.

C. psittaci is a bird pathogen that causes a zoonosis mainly
in people with occupational or recreational exposure, while C.
pneumoniae is a human pathogen that causes infections of the
respiratory tract, such as pneumonia and asthmatic bronchitis.
The serological prevalence is not more than 14 and 86%,
respectively (Fenga et al. 2007; Cui et al. 2018). Both
Chlamydia species show cross-reactivity with antigens such
as lipopolysaccharide (LPS), MOMP, outer membrane protein
2 (Omp2), or heat shock protein 60 (Hsp60) of C. trachomatis
(Rahman et al. 2018a). In patients attending genitourinary
clinics, it has been described that the cross-reactivity between
C. trachomatis and C. pneumoniae is about 25.1%, while with
C. psittaci, it is 0.1% (Moss et al. 1993).

On the other hand, a false negative is a test result that
indicates a person does not have a disease or condition when
the person actually does have it. The western blot analysis
showed that true-positive sera identified 29 and 32 kDa pro-
teins, while the three negative false sera to the CAT test
showed antibodies against 29 kDa protein and only one of
them showed antibodies against 32 kDa protein. With these
results, we considered that maybe the ELISA test had a better
specificity than CAT test and that could possibly not have a
58% specificity (Land et al. 2003). Due to the above, it is
necessary to carry out a study with sera from people infected
with C. pneumoniae and C. psittaci to evaluate the actual
specificity of the ELISA test with the recombinant MOMP.

Strengths and limitations
The strength of this ELISA test was that it recorded a speci-

ficity of 100%, which was seen to enhance the detection of
patients with C. trachomatis infection compared to the
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MOMP-MEDAC, Labsystem, and Savyon tests that show
sensitivities between 55, 37, and 51%, respectively, in patients
with tubal pathology (Land et al. 2003), while in women with
positive infection, the sensitivity is 53, 60, and 42% when the
tests are used, respectively (Rahman et al. 2018b).

The weakness of the test was its low specificity in comparison
with the MOMP-MEDAC, Labsystem, and Savyon tests that
describe 87, 87, and 83% in patients with tubal pathology
(Land et al. 2003), while women with a positive infection are
to show 97, 94, and 91% (Jones et al. 2003), respectively. This
test requires further research due to the low specificity shown by
it. One aspect that was not tested in this study was the dilution of
the serum. Increasing the dilution of the serum could possibly
improve the specificity of the test; however, it could also alter the
sensitivity of the test. Another aspect that remains to be studied is
the use of human sera positive for infection by C. pneumoniae
and C. psittaci for the purpose of knowing how much cross-
reactivity exists with this recombinant protein. It would also be
necessary to study different populations of patients with the dif-
ferent pathologies caused by C. trachomatis infection such as
infertility, pelvic inflammatory disease, ectopic pregnancies,
non-gonococcal urethritis, a sexually transmitted disease lym-
phogranuloma venereum, and in the sexually active population.
In addition, the western blot test could be evaluated to see if it is
better than the ELISA test.

Based on the above, this ELISA test could be useful for
commercialization if one can detect C. trachomatis infection
and differentiate it from infection by other Chlamydia species,
as well as preserve the ability to detect antibodies produced at
different stages of the life cycle and the different C.
trachomatis serovars. Finally, the importance of serological
tests to C. trachomatis infection diagnosis is the potential it
has as an epidemiological tool to evaluate interventions, in-
cluding screening and treatment, also might be used as a po-
tential biomarker of disease (infertility due to occlusion of
fallopian tube), as well as assess humoral immune response
to new vaccine candidates.

Conclusion

In conclusion, the ’IMOMP with the four variable regions of C.
trachomatis expressed in E. coli is useful in the detection of
antibodies to Chlamydia by means of an ELISA test.
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