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Abstract

Background: Pregnant women with Chlamydia trachomatis and Neisseria gonorrhoeae infections can vertically transmit these mi-
croorganisms to their newborns through the birth canal and cause neonatal conjunctivitis secondary to sexually transmitted infec-
tions.
Objectives: In this cross-sectional study, we aimed to evaluate the prevalence of C. trachomatis and N. gonorrhoeae infections among
pregnant women attending a hospital in Tehran, and also determine the vertical transmission rate of these two organisms to the
eyes of newborns after vaginal delivery.
Methods: Endocervical and conjunctival swabs were collected from pregnant women and their newborns within 24 hours after
birth. Demographic and clinical data of participants were obtained using a questionnaire and from the hospital records. Then,
DNA was extracted and tested by a multiplex PCR assay to detect C. trachomatis and N. gonorrhoeae in specimens.
Results: Genital infections of C. trachomatisandN.gonorrhoeaewere detected in 9.6% (11 of 125) and 1.6% (2 of 125) of pregnant women,
respectively. Among newborns, ocular infection with C. trachomatis was detected in 2 (1.6%), and no case of N. gonorrhoeae infection
was found. Both infected infants were born from asymptomatic infected women. Therefore, the vertical transmission rate of C.
trachomatis infection was calculated as 18.1%. Our results also revealed that ocularC. trachomatis infection in neonates is significantly
in association with genital C. trachomatis infection in pregnant women (OR = 0.16, 95% CI = 0.03 - 0.7, P = 0.002).
Conclusions: Pregnant women with asymptomatic infection of C. trachomatis have a key role in the distribution of chlamydial
conjunctivitis in newborns. Since ocular prophylaxis in neonates is not effective for chlamydial conjunctivitis, therefore education
and screening of pregnant women, as well as treatment of infected cases, remain as the best approach for controlling the disease.
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1. Background

According to the WHO, annually, more than 330 mil-
lion new cases of curable sexually transmitted infections
(STIs) occur worldwide, which equals to about one million
new infections every day (1). Chlamydia trachomatis and
Neisseria gonorrhoeae are leading bacterial causes of the
STIs with same symptoms among sexually active adults (2).
Although infected women carry primarily the major bur-
den of diseases associated with C. trachomatis and N. gon-
orrhoeae such as mucopurulent cervicitis (MPC), gonococ-
cal or non-gonococcal urethritis (GU or NGU), and pelvic in-
flammatory disease (PID) with an increased risk of infertil-

ity; they are also of concern as potential sources of neona-
tal conjunctivitis secondary to STIs (3, 4). According to ev-
idence, pregnant women with active, untreated infections
of C. trachomatis andN. gonorrhoeae can transmit these bac-
teria to their neonates during parturition with the risk of
about 10 - 50% (5).

Chlamydia trachomatis is the leading cause of vertically
transmitted neonatal conjunctivitis with a peak of inci-
dence during the spring and summer months (6). It is
estimated that 20 to 50% of neonates with proven expo-
sure toC. trachomatiswill develop conjunctivitis after birth
(7, 8). The clinical presentations of chlamydial conjunc-
tivitis differ from mild symptoms to severe mucopuru-
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lent discharge with inflammation and swelling eyelids (9).
Nowadays, less than 1% of all neonatal conjunctivitis is at-
tributed to N. gonorrhoeae. However, ocular infection of
newborns with N. gonorrhoeae is associated with a high
risk of corneal perforation and might result in blindness
if not treated properly (10). Iranian neonates may be at
a higher risk of ophthalmia neonatorum (ON) as the re-
sult of lacking an ocular prophylaxis program in the coun-
try (11). Currently, neonatal ocular prophylaxis and pre-
natal STIs screening are not carried out routinely in Iran,
and only those with clinical symptoms of infections are
tested. A previous study has reported that the frequency
of ophthalmia neonatorum among hospitalized neonates
of 2 hospitals in Tehran is about 4.9% (12).

2. Objectives

The vertical transmission rate of C. trachomatis and
N. gonorrhoeae infections in Iran has not been well doc-
umented, and currently, there is no data from our re-
gion (Tehran, Iran). To address this gap, we aimed for the
present study to firstly evaluate the prevalence of C. tra-
chomatis and N. gonorrhoeae infections among pregnant
women and secondly determine the vertical transmission
rate of these two organisms in the eyes of their newborns
after vaginal delivery.

3. Methods

3.1. Population Study

From November 2017 to January 2018, pregnant women
attending the delivery room of Shahid Akbarabadi Hospi-
tal in Tehran, Iran. Their infants within 24 hours after vagi-
nal delivery were included in this cross-sectional study. The
maternity unit of this public hospital provides compre-
hensive care to referrals from the middle and low socioe-
conomic statuses and covers more than 70% of all the de-
liveries in the southern region of the city (8802 annual live
births), which equals to approximately 5 - 10% of the an-
nual birth cohort in the city. Exclusion criteria were ce-
sarean section (C/S) PROM, genitourinary symptoms, and
prior antibiotic use. None of the neonates born received
prophylactic eye drops. Participation in this study was vol-
untary, and informed consent was obtained from women
for taking part in the study. Demographic and clinical data
on the pregnant women were collected by interview, and
the main characteristic data of infants were obtained from
the medical records.

3.2. Sample Collection

At first, a gynecologist examined the pregnant women
who had the inclusion criteria of the study. Subsequently,

a cervical specimen was obtained from each female via in-
serting and rotating a sterile Dacron swab into the endo-
cervical canal. A pediatrician examined newborns of en-
rolled women after vaginal delivery and obtained ocular
samples by sterile cotton swabs via gentle scraping of each
conjunctiva. Obtained swabs were placed separately into
the collection tubes containing 1 mL of sterile PBS (Phos-
phate Buffer Salin, pH: 7.3), mixed well, and transported
on ice to the Research Laboratory at the Institute of Im-
munology and Infectious Diseases (Hazrate Rasool Univer-
sity Hospital) within 24 - 48 hours. On receipt in the labo-
ratory, specimens were vortexed briefly (1 - 3 seconds) and
centrifuged for 20 minutes at 4000 × rpm. Subsequently,
100 µL of samples were transferred to a 1.5 mL tube and
stored at -70°C until processed.

3.3. DNA Extraction

DNA was extracted from specimens by using a DNPTM

kit (Cat No. EX6071, Sinaclon, Iran) according to the manu-
facturer’s instructions. Eluted DNA in 50 µL TE buffer (Tris-
EDTA, pH: 7.5) was stored at -20°C until PCR analysis.

3.4. PCR Assay

A multiplex PCR (primary m-PCR) with primers KL-1/
KL-2 (targeting 241 bp fragment of the cryptic plasmid in
C. trachomatis) and HO1/ HO3 (targeting 390 bp fragment
of the cppB gene in N. gonorrhoeae) was performed to de-
tect both organisms in one reaction tube, as described pre-
viously (13). Prior to testing of clinical specimens, PCR
conditions were optimized as uniplex PCR using the DNA
extracts from standard reference strains of C. trachomatis
(serovar L2 type strain 434/Bu, ATCC VR-902B) and N. gon-
orrhoeae (ATCC 11688). Then, m-PCR assay was established
with optimized conditions (reaction volumes and anneal-
ing temperatures) of uniplex PCR for testing specimens.
Briefly, the 50µL Duplex PCR reaction mixture consisted of
3µL from each extracted DNA, 25µL of the master mix solu-
tion (Cinnagen Ltd Co., Iran), 1.5µL of each specific oligonu-
cleotide primer and 13 µL distilled water. In addition, the
reaction involved one cycle at 95°C for 5 minutes, followed
by 35 cycles of denaturation at 95°C for 35 seconds, anneal-
ing at 55.6°C for 40 seconds, and extension at 72°C for 1
minute followed by a last cycle extension at 72°C for 10 min-
utes. The amplification reactions were performed on a Lab-
cycler PCR system (SensoQuest). Amplified products were
analyzed on 1.5% agarose gel through 0.5% TBE buffer and
were visualized by DNA safe stain (Cinnagen Ltd Co., Iran)
under a UV transilluminator.

The primers and PCR product sizes are listed in Table
1. The electrophoresis pattern of amplified products is
shown in Figure 1.
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Table 1. The Sequence of Primers Used in This Study

PCR Organism Primer Pairs Primer Sequences (5′ -3′) Amplicon Size References No.

m-PCR

Neisseria
gonorrhoeae

HO1 GCTACGCATACCCGCGTTGC
390

13
HO3 CGAAGACG1TCGAGCAGACA

Chlamydia
trachomatis

KL-1 TCCGGAGCGAGTTACGAAGA
241

KL-2 AATCAATGCCCGGGATTGGT

Confirmatory PCR N. gonorrhoeae
ORF1 CAACTATTCCCGATTGCGA

283 14
ORF2 GTTATACAGCTTCGCCTGAA

Figure 1. The electrophoresis pattern of amplified products. Uniplex PCR (lane 9:
390 bp band of Neisseria gonorrhoeae, lane 10: 241 bp band of Chlamydia trachomatis);
m-PCR (lanes 3, 4, 5, and 7: 241 bp and 390 bp bands of C. trachomatis and N. gon-
orrhoeae); confirmatory PCR (lane 8: 283 bp band of N. gonorrhoeae), lanes 2 and 6:
negative controls, lanes 1 and 11: 100 bp DNA ladder.

3.5. Quality Control

To prevent false-positive results due to non-gonococcal
strains, N. gonorrhoea positive samples of m-PCR were
retested by confirmatory PCR using alternate primers and
targeting a 283 bp fragment of theorf gene inN. gonorrhoea
(14).

3.6. Statistical Analysis

The possible association of background variables with
infection in each group was examined using logistic re-
gression, and a common odds ratio (95% CI) was used for
significantly associated factors. The prevalence of C. tra-
chomatis and N. gonorrhoeae infections were determined
using MedCalc Statistical Software version 15.8 (MedCalc
Software bvba, Ostend, Belgium; https://www.medcalc.org;
2015). The statistical significance was set at P < 0.05.

4. Results

4.1. Subjects

A total of 390 endocervical and conjunctival swabs
were collected from 130 pregnant women and 130 new-
borns (≥ 10% of eligible subjects during the study pe-
riod), of which ten were excluded from the study (5 women
and five newborns) because of missing samples, techni-
cal problems and/or insufficient data. Among the preg-
nant women with the mean age of 27.8 years (range: 16 -
45 years), 26.4% and 20.8% had a history of STIs and abor-
tion, respectively. Additionally, a high proportion of stud-
ied women had ≥ 1 child (73.6%). Of newborns, 73 were
male, and 52 were female. The mean gestational age and
mean birth weight were recorded as 38.2 weeks (SD = ±
2.02) and 3201 g (SD = ± 499), respectively. Symptoms sus-
picious for conjunctivitis were observed in 4 infants (3.2%).

4.2. Diagnosis of Chlamydia trachomatis and Neisseria gonor-
rhoeae Infections

In total, C. trachomatis and N. gonorrhoeae DNA was de-
tected in 10.4% (13/125, 95% confidence intervals (CI): 0.5 -
17.7) of endocervical samples, and no dual infection was
found. According to results of m-PCR, genital infections of
C. trachomatis and N. gonorrhoeae were diagnosed in 8.8%
(11/125, 95%CI: 4.3 - 15.7) and 1.6% (2/125, 95%CI: 0.1 - 5.7) of
pregnant women, respectively. There was no association
between C. trachomatis and N. gonorrhoeae infections and
background variables in pregnant women. Of 125 new-
borns evaluated by PCR assay, C. trachomatis infection was
identified in 2 infants, yielding a chlamydial infection in-
cidence of 1.6% (95%CI: 0.1 - 5.7), which is approximately 16
cases per 1000 live births. In addition, no case of gonococ-
cal infection was found in our study. Both infected infants
were male, infected unilaterally, and born from mothers
who had a C. trachomatis positive test.

Clinical symptoms attributable to conjunctivitis were
observed in one case (eye discharge and redness). The
vertical transmission rate of C. trachomatis from pregnant
women to infants was calculated as 18.1% (95%CI: 2.2 - 65.6).
Additionally, ocular C. trachomatis infection in newborns
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was significantly in association with genital C. trachomatis
infection in pregnant women (OR= 0.16, 95%CI= 0.03 - 0.7, P
= 0.002). Positive PCR results were communicated to the
infants’ parents, and infected infants underwent further
examinations by a neonatologist and ophthalmologist.

5. Discussion

Screening for STIs is a public health priority, specifi-
cally in the context of pregnant women (15). Several stud-
ies have been conducted in our country to investigate the
prevalence estimate of C. trachomatisandN. gonorrhoeae in-
fections among pregnant women; however, there are lim-
ited data regarding the vertical transmission rate of these
two organisms. To our knowledge, this is the first time that
vertical transmission rate of C. trachomatis and N. gonor-
rhoeae infections have been estimated in the capital city,
Tehran, Iran. Even though it is important to note some lim-
itations of our study, which should be considered in inter-
preting our results.

Firstly, the prevalence of C. trachomatis and N. gonor-
rhoeae infections was assessed at a single site. Secondly, the
study site was located in the southern region, and finally,
the study sample size was relatively small. Therefore, the
findings of our study may not be generalizable to the other
regions and the whole population of Tehran.Our finding of
an 8.8% C. trachomatis infection rate in the present study
is consistent with results from studies conducted within
the past two decades across Iran. In a meta-analysis on re-
ports of C. trachomatis infection rate among pregnant Ira-
nian women, the overall prevalence of C. trachomatis infec-
tion has been reported to be 8.74% (95%CI: 5.40 - 13.84) (16).
However, the prevalence estimate of C. trachomatis infec-
tion that we report in this study is moderate in compari-
son to those reported previously in this region (2.2% and
3.3% by Khezerdoust et al., 11.1% by Rashidi et al., and 11.2%
by Chamani et al.) (17-19).

Differences in the socioeconomic status of studied
populations and sensitivities of laboratory methods may
account for some of these reported variations. In the cur-
rent study, we found an incidence rate of about 1.6% for C.
trachomatis infection in the ocular specimens of neonates.
The association between neonatal conjunctivitis and geni-
tal infections in pregnant women has been known for over
two decades (20). Consistently, our data in this study re-
vealed that ocular infection of newborns with C. trachoma-
tis is significantly in association with chlamydial infection
in their mothers (OR = 0.16, 95%CI = 0.03-0.7, P = 0.002). The
vertical transmission rate of C. trachomatis that we have
estimated in newborns of Tehran (18.1%), is significantly
lower than that reported in a similar study from the city
of Shiraz, in the southern region of Iran (28 of 37 (75.6%),

P = 0.003) (21). Differences in the prevalence rate of C. tra-
chomatis infection in various geographical regions of Iran
may justify some part of these variations.

The prevalence estimate of genital N. gonorrhoeae in-
fection in the present study (1.6%) was comparable to the
recently reported prevalence of 1.3% and 1.2% among preg-
nant women of Shiraz and Sabzevar (North-East of Iran)
cities (21, 22). However, no neonates with ocular N. gonor-
rhoeae infection were identified in this study. The relatively
low rate of gonococcal infections in pregnant women may
justify the absence of ocular N. gonorrhoeae infection in
our study. Given the total number of vaginal deliveries
recorded during the three months of the study period (n =
1242), we would expect an additional 20 infants with ocular
C. trachomatis infection, in keeping with the current study.
However, as mentioned earlier, this study was performed
at a single site, and participants may not be representative
of the whole population in our region.

5.1. Conclusions

In the present study, the incidence of ocular C. tra-
chomatis infection among neonates was calculated as 16
cases per 1000 live births. More importantly, both infected
infants in this study were born from mothers who were
asymptomatically infected with C. trachomatis. Since preg-
nant women with asymptomatic infection of C. trachoma-
tis have a key role in the distribution of disease, prenatal
screening tests that do identify pregnant women at higher
risk for developing sequels, as well as education and treat-
ment of infected cases are recommended as the best ap-
proach for controlling the disease. Finally, further stud-
ies with larger sample sizes and more focused on differ-
ent causative agents of neonatal conjunctivitis in different
parts of our country, Iran is suggested for the future.
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