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ABSTRACT

Introduction: Ureaplasma urealyticum (U. urealyticum) and
Ureaplasma parvum (U. parvum) are the two causative agents
for Sexually Transmittable Diseases (STDs), they are often
accompanied by Pelvic Inflammatory Disease (PID), vaginitis,
endometriosis, etc.

Aim: To detect the prevalent genotypes/biovars of Ureaplasma
species by using Duplex Polymerase Chain Reaction (PCR) in
symptomatic women attending the Obstetrics and Gynaecology
clinic of a tertiary care hospital.

Materials and Methods: This was a cross-sectional study,
comprised of 200 symptomatic women aged from 18 to 45 years.
This study was carried out in the Department of Microbiology,
School of Allied Health Sciences, Department of Obstetrics
and Gynaecology, Mahatma Gandhi Medical College and
Research Institute, and Mahatma Gandhi Medical Advanced
Research Institute, Sri Balaji Vidyapeeth, Puducherry, India for
the period of January 2021 to January 2024. Duplex PCR was
performed for the presence of U. urealyticum and U. parvum in
endocervical samples. Amplified PCR products were analysed

and the positive PCR products were sent for sequencing and
the sequenced results were compared with GenBank and
phylogenetic analysis was constructed. Data was analysed
using Chi-square tests to test level of significance between the
two groups (p-value <0.05).

Results: The overall results found that 48 (24 %) of symptomatic
women were positive for Ureaplasma species. In Duplex PCR,
24 (12.0%) were positive for both urease and upv genes;
followed by 15 (7.5%) for urease and 9 (4.5%) for upv genes only.
The phylogenetic tree concluded that the genetic sequences
of Ureaplasma species are closely related to various isolates
within a species.

Conclusion: The study concludes that U. parvum is the most
common pathogen in symptomatic women with predominant
age of 26-35-year-old. The duplex PCR, increase the sensitivity
and specificity by the application of two different genes in a
single amplification reaction. Since the research will focus on
different gene targets of Ureaplasma species by the application
of multiplex in future study.
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INTRODUCTION

Ureaplasma urealyticum and Ureaplasma parvum are two significant
bacterial agents which are characterised by lack of a cell wall can
cause Sexually Transmitted Infections (STI) [1,2]. Ureaplasma species
belong to the Mycoplasmatacae family, which consists of small and
simplest bacteria. They are frequently discovered in the genitourinary
system [1,3]. Symptomatic women are mostly diagnosed with PID,
vaginitis or endometriosis, cervicitis and urethritis in men. In case
of asymptomatic, presence of infections are mild to severe and
may cause infertility more in females compared to males [3,4]. In
pregnant women, the infection can lead to complications such as
premature labour, miscarriage, stillbirth or Intrauterine Death (IUD)
[5,6]. U. parvum is a commensal organism found in the lower
urogenital tract. It is frequently linked to unfavourable pregnancy
outcomes [5]. The presence of U. urealyticum and U. parvum in
placenta is associated with chorioamnionitis, can cause a higher
rate of spontaneous abortion, prematurity, perinatal morbidity and
mortality [5]. Microscopic Haematuria (MH) has also been linked to
U. parvum serovar-3 or serovar-14 infection [7]. Several research
studies have documented the risk of U. parvum which may be
confused with other infections like Mycoplasma hominis, Chlamydia
trachomatis and other urinary tract infections [7-9]. U. parvum has
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been found to be involved in premature delivery [10,11]. The clinical
presentation of U. urealyticum infection differs in males and females.
U. urealyticum infection is highly associated with males having
multiple female sex partners [12].

In earlier, the detection methods for Ureaplasma spp. was solely
relied on selective culture methods, like Shepard’s A7 agar, modified
phenol red-urea, SP-4-urea, modified phenol red-arginine, and SP-
4-arginine broths and now the demonstration of antibodies/antigens/
DNA of these pathogens in the clinical specimens is simpler and less
time-consuming than the culture [1]. The clinical sensitivity of culture
methods is also unclear. Many studies have explored various clinical
materials in which PCR exhibits greater sensitivity when compared
to traditional culture techniques [13].

Diagnosing infections in different body systems requires a quick and
accurate detection of U. parvum for prompt treatment as well as to
avoid some clinical complications like infertility, stillbirth, miscarriages
and recurrent abortions [5]. Development of Real Time PCR and
Loop Mediated Isothermal Amplification (LAMP) is highly helpful to
detect sensitivity and specificity for the diagnosis of Ureaplasma
infection in respiratory tract of preterm infants [14,15]. The study
employs the efficacy of duplex PCR technique to identify both
U. urealyticum and U. parvum in single amplification and potentially
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setting a new standard for diagnosing genital infections, to reduce
the cost and time. These infections are not frequently recognised
due to the constraints of conventional diagnostic techniques,
which lacks in proper treatment. The study mainly focuses on a
non invasive method for the detection of Ureaplasma species in
symptomatic women, to improve the diagnostic sensitivity and
accuracy. ldentifying Ureaplasma genotypes/biovars can help
healthcare providers to ensure that the patients may receive the
most appropriate antibiotics and reducing the risk of resistance.
The main aim of the study was to detect the prevalent genotypes/
biovars of genital infections caused by Ureaplasma species using
duplex PCR in symptomatic women attending the Obstetrics and
Gynaecology clinic of a tertiary care hospital.

MATERIALS AND METHODS

This cross-sectional study was carried out in the Department of
Microbiology, School of Allied Health Sciences, Department of
Obstetrics and Gynaecology, Mahatma Gandhi Medical College
and Research Institute, and Mahatma Gandhi Medical Advanced
Research Institute, Sri Balaji Vidyapeeth, Puducherry, India for the
period of January 2021 to January 2024. The ethical clearance
from the committee member’s MGMCRI/RAC/2021/IHEC/12 dated
on 07.06.2021. After getting a written informed consent, specimen
was collected from 200 symptomatic women based on the
inclusion criteria.

Inclusion criteria: Patients presenting to Gynaecology OPD with
complaints of Pelvic Inflammatory Disease (PID), abnormal vaginal
discharge, burning micturition, cervical fragility, cervical erosions,
genital ulcers and lower abdominal pain and age >18 years or
<45 years were included in the study.

Exclusion criteria: Antenatal women with any known pregnancy
complications. Patients who have received macro bile/tetracyclines
during the past 10 days. Women with cancerous or precancerous
lesions of the cervix detected by clinical examination and/or Pap
smear, antenatal women in the third trimester were excluded from
the study.

Sample size: The sample size was calculated by using proportionate
formula based on the national prevalence of symptomatic cases
of Ureaplasma was 25.8% which was rounded up to 26% [3].
The ethical clearance from the committee member's MGMCRI/
RAC/2021/IHEC/12 dated on 07.06.2021. After getting a written
informed consent, specimen was collected from 200 symptomatic
women based on the inclusion criteria.

Study Procedure

Endocervical swabs were collected from the symptomatic women
and transferred to the sterile phosphate buffered saline solution.
Specimens were transported to the research laboratory for molecular
testing and the DNA was extracted by using QIAmp Blood mini
kit, QIAGEN, Germany. Molecular detection was performed by
using Duplex PCR. The amplified PCR positive samples were
sequenced for Ureaplasma species. Phylogenetic analysis was
made for sequenced products using MEGA software version 10.0.
After genomic extraction, the remaining clinical specimen will be
autoclaved and disposed as per the biomedical waste management
rules, 2016 [16].

Molecular diagnosis of Ureaplasma species: The endocervical
swab was collected in Department of Obstetrics and Gynaecology,
MahatmaGandhiMedical CollegeandResearchInstitute, Puducherry,
India. Genomic DNA was extracted from the endocervical swab
using the commercial extraction kit “QIAGEN Blood Mini DNA,
Germany” [17]. The genomic DNA was extracted according to their
manufacturer’s instructions and the concentration of the extracted
DNA was measured by spectrophotometry (NanoDrop 2000
Spectrophotometer, Thermo Scientific). The extracted DNA was
preserved at -20°C for molecular testing.
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Duplex PCR: Prepared mix of 25 pL contains 12.5 pL of the Taqg
DNA Polymerase 2x Master Mix RED 1.5 mM MgCl, (Ampligon,
Denmark), followed by final concentration 1 pL of 25 pM of each
forward and reverse primers of U. urealyticum and U. parvum
[Table/Fig-1]. Addition of 5.5 pL sterile nuclease-free water and
finally 3.0 pL of genomic DNA to the reaction mix. The sample
positive for U. urealyticum and U. parvum (size 424 bp and
153 bp) is utilised as a positive control and nuclease free water
was added as No Template Control (NTC) for each run. The Duplex
PCR was carried out using Applied Bios-system, VeritiDx 96-
wells Thermal cycler (Thermo Fisher Scientific, Singapore). Primer
sequences were confirmed with NCBI- BLAST (www.ncbi.nim.
nih.gov/blast/Blast.cgi) to show the high specificity for the known
sequences available in the public domain. About 2 pL of 100-bp
DNA ladder (HiMedia, BioSciences, India) was added to the well for
determination of amplicon size for the specific target. About 8 pL
of the amplified PCR products were analysed by 2% Agarose gel
electrophoresis stained with Ethidium bromide solution. The voltage
80°C for 30 minutes was applied by using a Power Pac 300 (Bio-
30 Rad, USA) power supply. The gel was visualised using Gel+
Documentation system (Bio-Rad, USA). Amplicon PCR products of
both U. urealyticum and U. parvum showed 424 bp and 153 bp
were considered as positive, respectively.

Amplicon

Specific gene target primers size References
Ureaplasma urealyticum (Urease gene)
Uu-1-5"- ACGACGTCCATAAGCAACT-3’

424 bp [1]
Uu-2-5’- CAATCTGCTCGTGAAGTATTAC'-3’
Ureaplasma parvum (upv gene)
Forward: 5'-TGCGGTGTTTGTGAACT-3’ (1

153 bp 1
Reverse: 5 TGATCAAACTGATATCGCAATTATAGA-3'

[Table/Fig-1]: Details of Duplex PCR primers for Urease and upv gene targets.

Phylogenetic analysis of Ureaplasma species: For phylogenetic
investigations, the PCR amplified products was purified using
QlAmp PCR Purification kit (QIAGEN, Germany) and sent for
sequencing to Mediomix Healthcare Private Limited, Bengaluru and
they were sequenced by using Applied Biosystems ABI3730XL.
The sequenced data was analysed for further determination
using Nucleotide Basic Local Alignment Search Tool (BLAST)
program (http://blast.ncbi.nim.nih.gov/Blast.cgi) (National Centre
for Biotechnology Information -NCBI database). These sequenced
data were aligned with corresponding nucleotides from GenBank
by using ClustalW (https://www.ebi.ac.uk/Tools/msa/clustalo/) and
Maximum Likelihood (ML) method. Phylogenetic tree generated
using IQ-TREE tool (default parameters) based on multiple sequence
alignment. The ML bootstrap support values are denoted as blue
circles as described in the legend.

STATISTICAL ANALYSIS

The Chi-square test and Fisher’s-exact test will be utilised to
compare two groups using GraphPad Prism, online software. Al
p-value <0.05 will be considered statistically significant.

RESULTS

This study was involved with 200 symptomatic women. A greater
proportion of the 83 (41.5%) patients were recruited from the age
26-35-year-old. [Table/Fig-2] indicates significance of the patients’
ages, which are divided into three groups.

No. of symptomatic patients No. of positive samples
Age (years) (n=200) (%) (n=48) (%)
18-25 42 (21) 12 (25)
26-35 83 (41.5) 23 (47.9)
36-45 75 (37.5) 13 (27.1)

[Table/Fig-2]: Demographic details of symptomatic patients (n=200).
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Overall, 200 symptomatic samples, showed 48 (24%) positive for
Ureaplasma species either one or both targets. In Duplex PCR, both
urease and upv gene were showed positive for 24 (12%) samples,
followed by 15 (7.5%) and 9 (4.5%) showed only in urease and upv
gene, respectively. [Table/Fig-3] shows the PCR amplified products
of 424 bp and 153 bp.

2023
Urease & UPV Gene 10.11.2023

[Table/Fig-3]: Both urease and upv gene showed positive in Duplex PCR.
M: 100 bp DNA Ladder, NC: Negative control; PC: Positive control; Samples 69, 81, 82, 86 and
87 — Showed positive for both gene targets and Samples 70, 71 and 89 were showed negative

[Table/Fig-4] shows the statistical analysis of clinical parameters for
positive and negative symptomatic patients. Fibroid uterus (p-value
<0.0001), vaginal discharge with odour (p-value <0.0001), vaginal
discharge (p-value <0.0001) and vaginal itching (p-value=0.0003)
were statistically significant. Remaining parameters like lower
abdominal pain, irregular menstrual cycle, ovarian cyst, dysuria,
amenorrhoea, dysmenorrhoea, heavy menstrual bleeding was not
statistically significant.

Number of | Urease/Upv Urease/Upv

patients | gene positive | gene negative

(n=200) patients patients p-
Clinical conditions (%) (n=48) (%) (n=152) (%) value*
Lower abdominal pain 45 (22.5) 11 (22.9) 34 (22.3) 0.9053
Dysuria 11(5.5) 3(6.2 08 (5.2) 0.7273
Irregular menstrual cycle 31 (15.5) 5(10.4) 26 (17.1) 0.3612
Amenorrhoea 8 (4) 3(6.2) 05 (3.2 0.4010
Dysmenorrhea 7 (3.5) 2(4.2) 05 (3.2) 0.6742
Ovarian cyst 15(7.5) 3(6.2) 12(7.9) 1.0000
Fibroid uterus 6 (3) 0 06 (3.9) 0.0001
Heavy menstrual bleeding | 31 (15.5) 7 (14.5) 24 (15.7) 1.0000
Vaginal discharge with 18(9) 18 (37.5) 0 0.0001
odour
Vaginal discharge 13 (6.5) 11 (22.9) 02 (1.3) 0.0001
Vaginal itching 15 (7.5) 10 (20.8) 05 (3.2) 0.0003

[Table/Fig-4]: Clinical conditions of symptomatic patients positive for urease as well

as upv gene (n=200).
*p-value <0.05 is considered as statistically significant

The specificity of the 11 sequences was determined by using
BLAST analysis (http://blast.ncbi.nim.nih.gov/Blast.cgi) showed
maximum identity of 99-100% with other isolates available in NCBI
database. The study sequences were compared with the reference
sequences. The aligned 11 sequences PP153929 to PP153939
were available in the GenBank, NCBI database. The phylogenetic
tree was constructed based on their genetic sequences obtained
by the ML method, which classifying Ureaplasma species from both
genes as well as the genetic relatedness between various isolates
of the same species which is illustrated in [Table/Fig-5]. Study
isolates PP153939 and PP153938 forms were closely related with
Irag strain ON037201.1 which gives 100% bootstrap value. Four
reference strains ON755316.1 and ON755318.1 from Baharain
followed by OM362258.1 and OM362276.1 from Iraq forms a
separate ancestral lineages from other isolates. Study sequences
pairs PP153933-PP153937, PP153936-PP153932, PP153935-
PP153934, and PP153931-PP153929 shared a common ancestor
with the cluster formed by Iran isolate MW076224.1, with bootstrap
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value 80.75%. Other reference strains from China, Australia and
Irag AB013929.1, AB014054.1, AF085731.2, AF085732.1 and
OR775458.1, OR775459.1 are closely grouped with present study
strains PP153930. The percentage of sequence similarity was
95.0% covered by reads with the sequences from reference strains.

ON755316.1
ON755318.1 Bah
OM362258.1 Iraq
0M362276.1 Iraq
[— ON037201.1 Iraq
L_{: PP153939
PP153938
— MW076224.1 Iran
L{: PP153931
PP153929
— PP153933
L—pr153937

Bootstrap

—— PPI53936
——pr153932

—— PPI53935

L prisaon

PP153930
OR775458.1 Iraq
OR775459.1 Iraq
AF085731.2 Australia
AF085732.1 Australia
AB013929.1 China
AB014054.1 China

[Table/Fig-5]: Phylogenetic analysis using IQ-TREE tool based on multiple
sequence alignment of Ureaplasma species.

The Maximum Likelihood (ML) bootstrap support values are denoted as blue circles as described
in the legend

DISCUSSION

Ureaplasma spp. is a self-replicating organism, appears both
in genome size as well as in cellular dimensions. U. urealyticum
and U. parvum are the two important pathogens causing
urethritis/cervicitis in infertile patients [1,4,6,12]. In compliance of
guidelines for STls Treatment 2021, urethritis is known to cause
by Ureaplasma species [18]. Infertility in female patients has
notified with few clinical symptoms like MH and Chronic Micturition
urethral Pain (CMP) etc., caused by U. parvum infections [7]. The
investigation was performed by Zhou YH et al., revealed that 19.2%
overall prevalence of Ureaplasma species was observed in infertile
and control groups [12]. In the present study, the prevalence of
Ureaplasma species was recorded 24.6% in symptomatic women
of Puducherry population. U. parvum is more predominant among
clinical isolates of infertile men when compared to U. urealyticum
[1,12]. Similarly, present study also found that U. parvum was more
frequent than U. urealyticum in female. Hence, this study deals only
with the women reproductive health instead of men. Iranian study
was showed the prevalence of Mycoplasma and Ureaplasma in
pregnant women was 5.6% and 11.2%, respectively [8]. A study
from South Korea has shown that 16.3% urinary U. parvum infected
patients were infertile due to tubal factor damages [7]. Culture is
the gold standard for determining Ureaplasma pathogen identities,
yet this method has limitations in terms of contamination and time
commitment [1,13].

In Puducherry, a study was conducted on 2019 by Stephen S
et al., reported that U. parvum is the most significant potential
pathogen compared to U. urealyticum using Commercial Fast Track
Diagnostics (FTD) [15]. Urethritis plus, Real time multiplex PCR
kit which targets seven pathogens viz., Chlamydia trachomatis,
Neisseria gonorrhoea, Trichomonas vaginalis, Mycoplasma hominis,
M. genitalium, U. urealyticum and U. parvum in clinical isolates. A
few researchers from Puducherry and Korea have performed the
efficacy of Real Time multiplex PCR for STI infection and also
indicated that U. parvum is the most predominant infection in female
patients compared to male [15,19]. If a samples were positive for
U. urealyticum (urease gene), it highly suggests the capable of
producing urease enzyme. Other urease producing bacteria includes
viz., Proteus or some strains of Staphylococcus and Streptococcus
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[1]. If specimen is ampilified for upv gene, it indicates unique genetic
marker for U. parvum. Occurrence of both Urease as well as upv
gene it could strongly suggest that may either be a co-infection or
the mixed Ureaplasma species present in the clinical sample [2].

The diagnostic accuracy of PCR for the detection of U. urealyticum
and U. parvum strains found in Indian adults with symptoms of
genital discharge [2,3]. Moreover, 100% of viability was not found
in PCR and it may also detect some non viable Ureaplasma cells
in the clinical isolates [2]. Ideally, in duplex PCR, the amplification
of both targets should occur simultaneously. However, there can
be instances where one target is amplified more efficiently or
preferentially over the other due to various factors. To address
preferential amplification, optimisation of PCR conditions, primer
design and template concentrations may be necessary to
ensure balanced amplification of both targets in duplex PCR [8].
The study from Frelund M et al., were found that the prevalence
of Ureaplasma species was 31% by both gPCR and culture
methods [13].

Another study from Kokkayil P and Dhawan B, suggests that PCR is
more sensitive and reliable method to prevent Ureaplasma infection
and helps to facilitate better clinical management in India [4]. The
present study prefers Duplex PCR than culture, due to more time
consuming and overgrowth of other bacterial contamination [1,13].
In Indian context, the prevalence of serovar for U. urealyticum is
3, 6 and 10 followed by U. parvum 1, 3, 6 and 14 with genital
tract infections and women with preterm labour as well as recurrent
abortions [10,11,13]. About 8.5% of U. parvum (biovar 1) was
identified in male population diagnosed with Non-Gonococcal
Urethritis (NGU) and 13.5% of males are asymptomatic. In case of
U. urealyticum (biovar 2) was identified in 15.8% of men diagnosed
with NGU and 7.8% were diagnosed without urethritis [20].

Clinical conditions were performed between the Ureaplasma positive
and negative patients showed that the women with symptoms
of irregular menstrual cycle, ovarian cyst, vaginal discharge
with odour, vaginal discharge and vaginal itching are statistically
significant. In future our research will be given to the importance of
diagnostic methods for screening of STls in different populations
like pregnant women etc. However, in the present study authors
have standardised in-house preparation of Duplex PCR by
targeting two different genes of U. urealyticum and U. parvum. The
amplified PCR products were confirmed by sequencing and these
sequences are aligned and published in the NCBI database. The
11 sequences from this study have showed the 99-100% of with
other sequences. The phylogenetic analysis of these sequences
shows that close genetic relatedness between the various isolates
of the same species of Ureaplasma. Most of our study sequences
have bootstrap value from 61.5 to 100% are shown in [Table/Fig-5]
which are closely related with other strains from Irag, Baharain,
Australia and Iran.

Limitation(s)

The study may not account for all potential confounding variables
such as socio-economic status, sexual practices, or other underlying
health conditions that could affect infertility or Ureaplasma infection.
These unmeasured factors could influence the study results and the
association between Ureaplasma species and infertility. Conducting
the study at a single hospital might limit the diversity of the sample
population and the findings might not be applicable to other regions
or settings.

CONCLUSION(S)

This study makes a significant contribution by performing the
effectiveness of duplex PCR in identifying the Ureaplasma species
and providing valuable insights for clinical practice, including
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improved diagnostic methods and targeted treatment strategies for
public health concern. In future, the present research will focus on
validating infection in different populations based on these findings
and exploring the role of pathogenesis of Ureaplasma infections in
patients, as well as comparing the reliable diagnostic methods to
enhance the management and understanding this type of infections.
By addressing these areas, one can improve patient outcomes and
existing our knowledge on Ureaplasma infections and their impact
on human'’s health.
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