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Abstract

Purpose — Bacterial vaginosis (BV) is quite common and linked with serious public health issues such as
premature delivery and spread of sexually transmitted infections. The study aims to identify different genital
mycoplasmas (GM) in high vaginal swabs (HVS) from adult females in Bahrain.
Design/methodology/approach — In total, 401 HVS were collected and cultured on MYCOFAST®
RevolutioN 2 test for identification and antibiotic susceptibility. Polymerase chain reaction (PCR) was
performed for detection of Mycoplasma genitalium (Mg), Mycoplasma hominis (Mh) and Ureaplasma species.
DNA-probe based detection for Gardnerella, Candida and Trichomonas was performed by BD Affirm Assay.
Representative PCR amplicons were sequenced by Sanger sequencing.

Findings — In PCR, Ureaplasma sp. was the most common GM, followed by Mg and M#; the prevalence
being 21.2, 5.2 and 1.5%, respectively. On the contrary, 10.7% samples showed positivity for Ureaplasma
Wealytzcum (Uu) and 1 7% for Mh in MYCOFAST@ RevolutioN 2. The concordance rates between
MYCOFAST® RevolutioN 2 and PCR for Mh and Ureaplasma sp. were 97.7 and 84%, respectively.
Considering PCR as gold standard, sensitivity, specificity, positive predictive value, and negative
predictive value of MYCOFAST® RevolutloN 2 were 33.3,98.8, 28.6,98.9 and 37.7, 96.5, 74.4, 85.2% for Mh
and Ureaplasma sp., respectively. The Uu and Mh 1solates showed antibiotic-resistance ranging from 53%—

' 58% and 71 %—-86%, respectively.
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Research limitations/implications — The prevalence of Ureaplasma sp. was high. Significant co- Genital
occurrence of GM was noticed with BV. MYCOFAST® RevolutioN 2 had lower detection-rate than PCR, so a .
combination is suggested for wider diagnostic coverage. mYCOplasmaSIT}
Practical implications — The research reflects on status of prevalence of GM in adult females in Bahrain,and ~ gdult Bahraini
their co-occurrence with bacterial vaginosis. Diagnostic approach with combination of tests is suggested for females
wider coverage. The research has epidemiologic, diagnostic, and therapeutic implications.
Originality/value — This is the first report from the Kingdom of Bahrain reflecting on burden of GM from this
geographic location. The diagnostic efficacy of MYCOFAST® RevolutionN 2 test and polymerase chain
reaction was evaluated for GM detection. 377
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Paper type Research paper

Introduction

The vaginal canal is a home to diverse microbial community that coexists with the host in a
symbiotic relationship, known as the vaginal microbiota (VMB) (Andrade Pessoa Morales ef al,
2021). VMB is a complex microecosystem that changes with age and menstrual cycle (Andrade
Pessoa Morales et al, 2021). Lactobacillus, as the predominant vaginal flora, plays an important
role in innate defence by maintaining vaginal pH below 4.5 (Auriemma et al, 2021).

A shift in vaginal flora with diversity of bacterial species, known as bacterial vaginosis (BV),
raise the vaginal pH above 4.5 making it vulnerable to infections (Vasundhara, Raju,
Hemalatha, Nagpal, & Kumar, 2021). BV may increase predisposition to other sexually
transmitted diseases, and may affect 23%—29 % women across regions (Foessleitner et al,, 2021).

Mycoplasma spp. and Ureaplasma spp. are well-known pathogens affecting human
respiratory and urogenital systems, and are responsible for a wide spectrum of inflammatory
disorders in neonates, children and adults (Taylor-Robinson & Furr, 1993). Mycoplasmas are
eubacteria classed with Mollicutes, and lack cell wall (Taylor-Robinson & Furr, 1993; Yiwen,
Yueyue, Lianmei, Cuiming, & Xiaoxing, 2021). M. genitalium, M. hominis, Ureaplasma
urealyticum and U. parvum are responsible for urogenital problems in both men and women
and are considered as important pathogens for non-gonococcal urethritis (Yiwen ef al., 2021).
These four species are collectively called as genital mycoplasmas (GM) (Yiwen ef al., 2021).

GM cause sexually transmitted infections, which are associated with critical disorders in
fertile women, including cervicitis, vaginitis, and if not treated, it can cause infertility and
pelvic inflammatory disease (PID) (Kelly, Garland, & Gilbert, 1987).

Ureaplasma urealyticum is a major causative agent for non-chlamydial and non-
gonococcal urethritis, cervicitis, chorioamnionitis, preterm delivery and vaginitis (Zheng
et al., 2020). Also, in pregnant women, mycoplasma infection can lead to abortion or preterm
labour (Zheng et al., 2020).

For diagnosing GM infections, culture method is insufficient (Zhou, Ma, Yang, & Gu,
2018), and serological methods only allow for a retroactive diagnosis (Zhou ef al., 2018). Rapid
methods have recently become available, including nucleic acid amplification tests (NAAT)
such as polymerase chain reaction (PCR) (Coleman & Gaydos, 2018; Adebamowo et al., 2017).
Routine screening for reproductive tract infections (RTIs) has been implemented in countries
like the USA, Denmark, UK and Sweden (Ma et al, 2021), whereas, in developing countries,
routine screening is not performed.

To date, the prevalence of GM, and their co-occurrence with BV, is not clearly reported from
the Kingdom of Bahrain, which prompted us to perform this study. Also, we aimed at analysing
the utility of MYCOFAST® RevolutioN 2 test, and PCR, in accurately diagnosing these GM.

Materials and methods

Place of study and sample collection

The study was performed in the department of Microbiology, Immunology and Infectious
Diseases (DMIID), College of Medicine and Medical Sciences of the Arabian Gulf University,
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AGJSR Kingdom of Bahrain. High vaginal swabs (HVS) were collected in Gynaecology Clinic of
41.3 Salmaniya Medical Complex, Bahrain, from patients presenting with non-specific vaginal
’ discharge. The samples were sent to Microbiology Department at Salmaniya Medical
Complex (MDSMC) for testing on BD Affirm assay for Gardnerella, Candida and
Trichomonas infections. Further, these HVS samples were sent to DMIID for Mycofast®
RevolutioN 2 Test, and molecular testing, for GM {Mycoplasma genitalium (Mg), Mycoplasma
378 hominis (Mh), Ureaplasma sp.(Usp)}.

Through March to August 2021, 401 random HVS samples were collected in AMIES
transport media (Deltalab, Spain). The results of the BD Affirm molecular probe assay for
Gardnerella, Candida and Trichomonas (only for the positive swabs for GM) were obtained

from MDSMC for comparative analyses.

Processing of samples

A new sterile swab was inserted in the transport medium, and 500 pl of mycoplasma
preservation and transport solution was added to the transport medium. The tubes were
incubated at 37°C with 5% COs for 24 h.

MYCOFAST® RevolutioN 2 test
MYCOFAST® RevolutioN 2 (ELITech — France) test was used for identification and
antimicrobial susceptibility of Ureaplasma wurealyticum and M. hominis (Redelinghuys,
Ehlers, Dreyer, Lombaard, & Kock, 2013). Then, 500 pl of the transport medium was pipetted
into 3 ml UMMt-medium vial provided with MYCOFAST® RevolutioN 2 test. After mixing,
100 pl of UMMt solution each was pipetted in 24 wells of the MYCOFAST® tray, followed by
adding two drops of mineral oil. Respective trays were sealed with plastic seal and incubated
at 37°C for 24 h. Samples with no indication of growth after 24 h were re-incubated for further
24 h.

Growth was inferred by the change of colour of the medium from yellow to red or orange
due to the metabolism of urea and arginine, respectively, by Ureaplasma urealyticum and
Mycoplasma hominis. The trays had following two divisions:

Black-labelled side (for Ureaplasma urealyticum)

Wells 1 to 3 were for identification of Ureaplasma urealyticum in different concentrations: 10°,
10%,10° CCU/ml. Wells 4 to 13 were for testing antimicrobial susceptibility of Ux. Following
antibiotics were used: Levofloxacin (concentrations at 2 and 4 pg/ml), Moxifloxacin (2 and 4
ug/ml), Erythromycin (8 and 16 pg/ml), Tetracycline (1 and 2 pg/ml), Doxycycline (1 and 2
ug/ml).

Red-labelled side (for Mycoplasma hominis)

Well 14™ was used for identifying Mycoplasma hominis in a concentration of 10* CCU/ml.
Wells 15-24 were for antimicrobial susceptibility testing of Mh. Following antibiotics were
used: Levofloxacin (1 and 2 pg/ml), Moxifloxacin (0.25 and 0.5 pg/ml), Clindamycin (0.25 and
0.5 pg/ml), Tetracycline (4 and 8 pg/ml), Doxycycline (4 and 8 pg/ml).

Molecular detection by conventional polymerase chain reaction

PCR was done to detect M. genitalivm, M. hominis and Ureaplasma sp. in all samples. Swabs in the
transport media were used for molecular detection. DNA was extracted from swabs by using
QIAamp DNA mini kit (Qiagen, Crawley, UK). DNA controls procured from vircell
MICROBIOLOGISTS were used for each GM species. A 1:10 dilution was prepared from each
lyophilised DNA control. The PCR products were analysed by gel electrophoresis on 1.5% agarose.
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Polymerase chain reaction cycling and primers Genital
The primers used in this study targeted the urease gene in Ureaplasma, and S16 rRNA in mycoplasmasin
Mycoplasma. Following primers were used: Mycoplasma genitalivm —F: 5'-TAC ATGCAA GTC adult Bahraini
GATCGG AAG TAG C-3 and R: 5-AAA CTC CAG CCA TTG CCT GCT AG-3' (Stellrecht,

Woron, Mishrik, & Venezia, 2004, Mycoplasma hominis — F: 5-CAATGGCTAATGCCG females
GATACGC-3 and R: 5-GGTACCGTCAGTCTGCAAT-3 (Waites, Katz, & Schelonka, 2005;

Yoshida, Maeda, Deguchi, Miyazawa, & Ishiko, 2003); Ureaplasma sp. (urealyticum/parvum) — F: 379
5-ACGACGTCCATAAGCAACT-3" and R: 5-CAATCTGCTCGTGAAGTATTAC-3

(Timenetsky, Santos, Buzinhani, & Mettifogo, 2006). The expected amplicon sizes were 427,

344 and 429 bp, respectively. Amplification was performed using Applied Biosystems PCR

system 9700 thermocycler. PCR reactions for M. genitalium, M. honunis and Ureaplasma sp. were

run ranging between 30 and 42 cycles for different species as described by Stellrecht ef al, Waites

et al, Yoshida ef al and Timenetsky ef al, respectively.

DNA sequencing
Representative amplicons of M. genitalium, M. hominis and Ureaplasma sp were
commercially sent to MedGenome Labs Pvt Ltd, Bangalore, India, for sanger sequencing.

Statistical analysis
Concordance rate between PCR and MYCOFAST was calculated using formula:

Concordancerate =a+d/a+b+c+d

where, a = samples positive by both PCR and MYCOFAST; b = PCR +ve and MYCOFAST
-ve; ¢ = PCR —ve and MYCOFAST +ve; d = both PCR and MYCOFAST negative.

The sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) were calculated on MedCalc Version 20.027 statistical software package for biomedical
research.

Results

Age distribution of the positive cases for genital mycoplasmas

The age of the positive cases ranged from 21-64 years. Most of the cases were between the
age of 22 and 39 years; there was a predominance around the age of 34 years.

Prevalence of genital mycoplasmas based on polymerase chain reaction
Out of 401 samples, 102 (25.4 %) showed positivity for GM based on molecular testing. From
these 102 samples, a total of 112 GM were detected (some samples had positivity for more
than one type of GM). Ureaplasma sp. was the most common GM, followed by Mg and Mh.
Based on PCR, the prevalence of these species were 21.2% (2 = 85),5.2% (n = 21) and 1.5%
(n = 6), respectively (Figure 1a). A total of ten samples were positive for more than one GM
species; seven samples showed positive amplicon for M. genitalium + Ureaplasma. sp and
three samples were positive for M. hominis + Ureaplasma. sp.

The confirmation of the PCR results was done by repeating the PCR of positive samples
twice and using a positive DNA control commercially provided for each species to confirm the
targeted amplicons. The representative PCR gels are shown in Figure 2(a)—(c).

MYCOFAST® RevolutioN 2 test
Detection of U. urealyticum and M. hominis. Of the 401 HVS tested, 43 (10.7%) were positive
for Ureaplasma urealyticum and seven (1.7%) for M. homunis. The samples positive for
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M. hominis were concomitantly positive for Ureaplasma sp. The limitation of this test is that it
only detects Ureaplasma urealyticum, and M. hominis and does not detect Mycoplasma
genitalivm and Ureaplasma parvum.

Growth enumeration of MYCOFAST® RevolutioN 2 tests {07 Ureaplasma urealyticum.
The tests showed 38 (88.3%) samples giving growth in 10° CCU/ml enumeration well,
whereas only five (11.6%) samples showed growth in 10%/10* CCU/ml enumeration wells.

Antibiotics susceptibility profile. The Ureaplasma urealyticum isolates showed resistance to
the tested antibiotics ranging from 53%-58%. The M. hominis isolates were resistant to the
tested antibiotics ranging from 71 %-86%. The detailed antibiotics susceptibility profiles for
Ureaplasma urealyticum and M. hominis are shown in Table 1.

Comparison between polymerase chain reaction and MYCOFAST and concordance rate

A comparative description of the detection of genital mycoplasmas by PCR alone, MYCOFAST
alone and combined detection by PCR + MYCOFAST is shown in Figure 1(b). In this study, we
got a total of seven positive MYCOFAST® RevolutioN 2 for M. hominis, and two of them were
consistent with the PCR results. For U. urealyticum, we got a total of 43 positive samples
positive in MYCOFAST® RevolutioN 2 test, and 32 of these were compatible with the PCR
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Antibiotics tested in MYCOFAST® % resistance (n) for % resistance (n)
RevolutioN 2 panel Ureaplasma urealyticum for M. hominis
Levofloxacin 58% (25) 86% (6)
Moxifloxacin 56% (24) 71% (5)
Erythromycin 58% (25) NPP*
Tetracycline 53% (23) 1% (5)
Doxycycline 56% (24) 71% (5)
Clindamycin NPP* 57% (4)

Note(s): *NPP = Not present in MYCOFAST® RevolutioN 2 panel
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Figure 2.

(a) shows the
representative gel
having positive
amplicons for

M. hominis (Lanesl, 2
and 3), (b)
representative
amplicons of

M. genitalium (Lanes],
2 and 3) and (c)
representative
amplicons of
Ureaplasma sp.
(Lanesl, 2 and 3). Lane
M is 100 bp ladder

Table 1.
Antibiotics resistance
rates for Ureaplasma
urealyticum (n = 43)
and M. hominis n =7
tested in MYCOFAST
RevolutioN 2 test for
respective antibiotics

results (Figure 1b). The concordance rates between MYCOFAST® RevolutioN 2 test and PCR

for M. hominis and Ureaplasma sp. were 97.7 and 84 %, respectively.

Sensitivity, specificity, positive predictive value and negative predictive value of

MYCOFAST® RevolutioN 2 test

Considering PCR as gold standard, the sensitivity, specificity, PPV and NPV of
MYCOFAST® RevolutioN 2 test were 33.3, 98.8, 28.6, 98.9 and 37.7%, 96.5, 74.4, 85.2% for
M. hominis and Ureaplasma sp., respectively. The accuracy of the MYCOFAST® RevolutioN
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AGJSR 2 test in detecting M. hominis and Ureaplasma sp. was 95.8%-99% (95% CI) and 80%-87%
413 (95% CI), respectively.

Results of high vaginal swabs by BD Affirm molecular assay for vaginosis/vaginitis agents
Out of 102 samples that were positive for GM in PCR, 34 were positive for Gardnerella, 22
were positive for Candida and ten cases showed concomitant infections with Candida and
382 %agcllngrella. None of these samples had positivity for T7ichomonas. Results are described in
able 2.

Co-occurrence/association of genital mycoplasmas with main etiological agent of vaginosis
(Gardnerella vaginalis) and fungal vaginitis (Candida)

On analysing the PCR results with BD Affirm assay, a significant co-occurrence of GM was
noticed with Gardnerella vaginalis. As shown in Table 2, 23 (27%; 23/85) Ureaplasma sp.,
three (50%; 3/6) M. hominis and eight (38%; 8/21) M. genitalium were also positive for
Gardnerella vaginalis. Whereas, co-occurrence of Candida was shown in 19 (22.4%)
Ureaplasma sp., one (17%) M. hominis and one (5% ) M. genitalium positive samples (Table 2).

DNA sequencing
Of the representative amplicons that were sent for commercial sequencing, some failed the QC
check, whereas others passed. Blast search analysis of the generated sequences of
Ureaplasma sp. confirmed them as Ureaplasma parvum/Ureaplasma urealyticum (majority
being Ureaplasma parvum), and the analysis of M. genitalium sequencing results confirmed
them as M. genitalium. Unfortunately, the sequencing for M. homunis amplicons failed due to
some technical reasons, and we could not send samples again for re-sequencing due to
financial constraints. Phylogenetic analyses of the sequences of Ureaplasma sp. and
M. genitalium demonstrated genetic variations (Figure 3a and b).

The representative sequences were submitted and published in GenBank (https://www.
ncbinlm.nih.gov/genbank/) with Accession Number ON755316, ON755317, ON755319 for
Ureaplasma parvum and ON755318 for Ureaplasma urealyticum.

Discussion

GM are often isolated from female genital tracts. Although their presence (e.g. M. hominis) as
a normal flora makes the determination of their pathogenic roles more difficult, several
studies have found that vaginal colonisation with these organisms is linked to an increased

BD Affirm molecular assay positivity for No. of positive samples (%)
Candida 22 (21.6%)
Gardnerella 34 (33.3%)
Candida + Gardnerella 10 (9.8%)
Table 2. Trichomonas 0(0%)
The results of BD
Affirmmolecularassay Co-occurrence of Gardnerella with GM
for Gardnerella, Gardnerella + Ureaplasma sp. 23 (27%)
Candida and Gardnerella + M. hominis 3(50%)
Trichomonas in 102 Gardnerella + M. genitalium 8 (38%)
PCR positive samples . .
for GM, and Co-occurrence of Candida with GM
co-occurrence of GM Candida + U?’eaplasma Sp. 19 (224%)
with Gardnerella and Candida + M. hominis 1(17%)
Candida Candida + M. genitalium 1(5%)
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AGJSR risk of developing certain pathogenic conditions and linked to pregnancy abnormalities

41.3 (Sarier ef al, 2018). With a growing body of research showing that GM can be clinically

’ significant in some conditions, a reliable and sensitive laboratory approach for their detection

is needed (Clegg, Passey, Yoannes, & Michael, 1997). Moreover, the burden of this clinical

entity (infection with GM) is not reflected in published literature from our geographic region.

So, from this standpoint, we decided to screen for the prevalence of genital mycoplasmas

384 in adult females in Kingdom of Bahrain who visited hospital with complains of vaginal

discharge, firstly, to have a preliminary insight into this health burden of GM occurrence in

this geographic region, and secondly, in comparing between a commercial test kit

(MYCOFAST) and PCR for detection of these organisms. Moreover, we intended to

analyse the co-occurrence of mycoplasmas with Gardnerella vaginalis and Candida, the
organisms primarily responsible for BV and fungal vaginitis, respectively.

In our study, a total of 102 (25.4%) samples were positive either for M. hominis, M.
genitalium or Ureaplasma sp. by PCR. For all practical purposes, considering PCR as the gold
standard, we found the prevalence of M. hominis, M. genitalium and Ureaplasma sp. as 1.5,5.2
and 21.2%, respectively. We could not find any published study from Bahrain for comparing
our results; however, there were fragmentary studies from the nearby Middle Eastern
regions. For instance, a study from Makkah reported the prevalence of 14.1% for M.
genitalium, and 9.6% for U. urealyticum/parvum (Ashshi et al, 2015). A study from Lebanon
reported a prevalence of 35% for Ureaplasma parvum, 4.6% for Ureaplasma urealyticum,
3.6% for Mycoplasma hominis and 0.2% for Mycoplasma genitalium (Hanna et al., 2020).
Another study from Iran reported a prevalence of 23.2% for M. genitalium (Mohseni
Moghadam, Kheirkhah, Mirshekari, Fasihi Harandi, & Tafsiri, 2014). The results of our
study, and the published results from the nearby regions (of the Middle East), reflect a
geographical variation in the prevalence of GM, which is obvious.

In MYCOFAST® RevolutioN 2 test, which is a commercial kit based on culture and
colorimetric test, of all 401 samples, only 43 (10.7%) samples gave positive results. In
comparison to PCR, we got comparatively lower detection rate with this test. Researchers
have tried comparing between conventional culture and PCR methods for sensitive and
precise identification of GM (de Barbeyrac et al, 1993), and inferred that despite culture being
considered gold standard, PCR enabled speedy and accurate identification of GM (Frolund,
Bjornelius, Lidbrink, Ahrens, & Jensen, 2014; Sarier et al, 2017). Moreover, culture requires
specialised laboratories and has human subjectivity. PCR is therefore extensively employed
in laboratories with better experience as opposed to culture (Kusanovic et al., 2020).

It is to be emphasised here that the PCR we used in our study could detect the three types
of GM, namely, M. hominis, M. genitalium and Ureaplasma sp. This was in contrast with
MYCOFAST® RevolutioN 2, which could not detect M. genitalium. Redelinghuys et al
reported 77 and 80% sensitivity and specificity of MYCOFAST® RevolutioN 2, respectively.
They assumed that the MYCOFAST® Revolution 2 assay could be a cost-effective alternative
to traditional culture methods, and laboratory employees may be able to offer clinicians with
the results in shorter period (Redelinghuys et al.,, 2013). However, in our study, the sensitivity,
specificity, PPV and NPV of MYCOFAST® RevolutioN 2 test were 33.3, 98.8, 28.6, 989 and
37.7%,96.5, 74.4, 85.2% for M. hominis and Ureaplasma sp., respectively. On the other hand,
the accuracy of the MYCOFAST® RevolutioN 2 test in detecting M. hominis and Ureaplasma
sp. was 95.8%-99% (95% CI) and 80%—-87% (95% CI).

Based on MYCOFAST® RevolutioN 2 test, the Ureaplasma sp. isolates showed resistance
to the tested antibiotics ranging from 53%-58%, and M. hominis were resistant, ranging
from 57%—86%. This was comparable with the global reports on antibiotics susceptibility of
GM. The published studies have reported that the antimicrobial resistance of mycoplasmas,
especially against Macrolides, Fluoroquinolones and Tetracyclines antibiotics (Bebear ef al,
2000; Lendamba, Mbeang Nguema, Onanga, & Mombo, 2022), has increased in previous
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years. Therefore, minocycline and josamycin are recommended as a new primary choice in Genital
anti-mycoplasmas treatment (Lee & Yang, 2020). ;

In our study, we also compared our PCR results of the positive cases for GM with other myCOplasmasln

o e ; N P ; : adult Bahraini
vaginitis and vaginosis-related microorganisms like G. vaginalis, Candida and Trichomonas,
which were screened for by BD Affirm probe assay. There was a significant corrdiversity in
our repr between GM and G. vaginalis, 1.e. approximately 27% of Ureaplasma sp., 50% of M.
homunis and 38% of M. gemitalium harbouring cases were also positive for Gardnerella 385
vaginalis. Similar results have been reported in recent past where a strong association
between BV and enhanced susceptibility to M. genitalium was suggested (Lokken et al., 2017).
In a recent study, Nye, Harris, Pherson and Cartwright (2020) also suggested a strong
association between M. genitalium infection and BV in symptomatic females with vaginitis.

For Candida, 22.4% of Ureaplasma sp., 17% of M. hominis and 5% of M. genitalium
harbouring cases were also positive for Candida infection. Interestingly, we noticed that the
GM were more associated with G. vaginalis than Candida.

The presence of Ureaplasma in the lower genitourinary tract samples equalling 10° CCU/
ml is usually considered as the load indicating an infection that should be treated with
antibiotics. Ureaplasma colonisation is thought to occur in low quantities in all lower
genitourinary tract specimens (urine, vaginal swabs) and is considered as a normal flora
(Kokkayil & Dhawan, 2015). Determining load of Ureaplasmas in upper genitourinary tract is
not essential as it is always regarded as an infection (Kasprzykowska, Elias, Elias,
Maczynska, & Sobieszczanska, 2014). In our study, we got about 38 (88%) Ureaplasma that
showed growth of 10° CCU/ml, and only five (12%) samples gave growth only of 10%/10* CCU/
ml, which indicates that most of our Ureaplasma species found were true infections.

In nutshell, we found a cumulative prevalence of 25.4% for GM in our study population; the
prevalence of Ureaplasma sp. was significantly high as opposed to other GM. Sequencing and
BLAST analyses demonstrated predominance of U. parvum in our study. The genetic variation
in the derived sequences of Ureaplasma and M. genitalium is worrisome. MYCOFAST®
RevolutioN 2 test showed lower sensitivity in detecting Ureaplasma sp. and Mycoplasma
hominis, than PCR. Since MYCOFAST® RevolutioN 2 test has limitations in detecting
M. genitalium, which can be detected by PCR, and that it has lower sensitivity than PCR, we
suggest performing both MYCOFAST® RevolutioN 2 and PCR tests for accurate diagnosis.
Moreover, the usage of MYCOFAST® RevolutioN 2 along with PCR is important because
MYCOFAST® RevolutioN 2 test will reflect on antibiotics susceptibility of the isolate, which has
an added therapeutic advantage. We found a significant co-occurrence of mycoplasmas with BV
in our study population. To the best of our knowledge, this is the first report from the Kingdom of
Bahrain reflecting on burden of GM from this geographic location.

females

Acknowledgment

The authors thank Mr Tomy Kaitharath for the technical support provided during the study.
The authors are grateful to Dr Parvez A. Khan for helping in statistical analyses. The authors
are also grateful to the university REC and Ministry of Health, Kingdom of Bahrain, for
approving this study.

Ethical approval and consent to participate: All methods were carried out in accordance
with relevant guidelines and regulations. The study was approved by the Research and
Ethics Committee, CMMS, Arabian Gulf University (E039-PI-4/19) and by the Ministry of
Health, Kingdom of Bahrain (AURS/ 403/2020). Written informed consent was obtained from
all subjects and/or their legal guardian(s).

Consent for publication: Not applicable.

Availability of data and materials: All data generated or analysed during this study are
included in this published article.

Downl oaded from http://ftp. nowublishers.confagjsr/article-pdf/41/3/376/ 112965/ agj sr-07-2022-0108. pdf by guest on 25 June 2026



AGJSR Competing interests: The authors declare that they have no competing interests

41.3 Funding: Internal grant was provided by the Kuwait Cultural Office in Bahrain (through
’ Arabian Gulf University, Bahrain; Student Project No. E039-PI-4/19) for Shaikhah Al-Enezi
towards the study of Master in Laboratory Medicine Programme at the Arabian Gulf

University.
Authors’ contributions: MS, NKS, NAAM: conceptualisation; MS, SKA, NKS, NAAM: data
386 analysis; SKA, MohdS (Mohd. Shadab), AAM: methods; SKA, MS: original writing; MS, SKA,
NKS, NAAM, MohdS, AAM: review and editing. All authors have reviewed and approved the

manuscript.

References

Adebamowo, S. N., Ma, B., Zella, D., Famooto, A., Ravel, J., & Adebamowo, C. (2017). Mycoplasma
hominis and mycoplasma genitalium in the vaginal microbiota and persistent high-risk human
papillomavirus infection. Frontiers in Public Health, 5, 140. doi: 10.3389/fpubh.2017.00140.

Andrade Pessoa Morales, ]., Marconi, C., El-Zein, M., Ravel, ], da Silva Pinto, G. V., Silveira, R,, ... &
Guimaraes da Silva, M. (2021). Vaginal microbiome components as correlates of cervical human
papillomavirus infection. The Journal of Infectious Diseases. doi: 10.1093/infdis/jiabb47.

Ashshi, A. M,, Batwa, S. A, Kutbi, S. Y., Malibary, F. A., Batwa, M., & Refaat, B. (2015). Prevalence of
7 sexually transmitted organisms by multiplex real-time PCR in Fallopian tube specimens
collected from Saudi women with and without ectopic pregnancy. BMC Infectious Diseases, 15,
569. doi: 10.1186/s12879-015-1313-1.

Auriemma, R. S,, Scairati, R., Del Vecchio, G., Liccardi, A., Verde, N., Pirchio, R., . .. & Colao, A. (2021).
The vaginal microbiome: A long urogenital colonization throughout woman life. Frontiers in
Cellular and Infection Microbiology, 11, 686167. doi: 10.3389/fcimb.2021.686167.

Bebear, C. M., Renaudin, H., Charron, A., Gruson, D., Lefrancois, M., & Bebear, C. (2000). In vitro
activity of trovafloxacin compared to those of five antimicrobials against mycoplasmas
including Mycoplasma hominis and Ureaplasma urealyticum fluoroquinolone-resistant isolates
that have been genetically characterized. Antimicrobial Agents and Chemotherapy, 44(9), 2557—
2560. doi: 10.1128/AAC.44.9.2557-2560.2000.

Clegg, A., Passey, M., Yoannes, M., & Michael, A. (1997). High rates of genital mycoplasma infection in
the highlands of Papua New Guinea determined both by culture and by a commercial detection
kit. Journal of Clinical Microbiology, 35(1), 197-200. doi: 10.1128/jcm.35.1.197-200.1997.

Coleman, J. S., & Gaydos, C. A. (2018). Molecular diagnosis of bacterial vaginosis: An update. Journal
of Clinical Microbiology, 56(9). doi: 10.1128/JCM.00342-18.

de Barbeyrac, B., Bernet-Poggi, C.,, Febrer, F., Renaudin, H., Dupon, M., & Bebear, C. (1993). Detection of
Mycoplasma pneumoniae and Mycoplasma genitalium in clinical samples by polymerase chain
reaction. Clinical Infectious Diseases, 1 7ASuppl 1), S83-89. doi: 10.1093/clinids/17.supplement_1.s83.

Foessleitner, P., Petricevic, L., Boerger, L, Steiner, I, Kiss, H., Rieger, A,, ... & Farr, A. (2021). HIV
infection as a risk factor for vaginal dysbiosis, bacterial vaginosis, and candidosis in
pregnancy: A matched case-control study. Birth, 48(1), 139-146. doi: 10.1111/birt.12526.

Frolund, M., Bjornelius, E., Lidbrink, P., Ahrens, P., & Jensen, J. S. (2014). Comparison between culture
and a multiplex quantitative real-time polymerase chain reaction assay detecting Ureaplasma
urealyticum and U. parvum. PLoS One, 9(7), €102743. doi: 10.1371/journal.pone.0102743.

Hanna, J., Yassine, R, El-Bikai, R., Curran, M.D., Azar, M., Yeretzian, J., ... & El Chaar, M. (2020).
Molecular epidemiology and socio-demographic risk factors of sexually transmitted infections
among women in Lebanon. BMC Infectious Diseases, 20(1), 375. doi: 10.1186/s12879-020-05066-8.

Kasprzykowska, U,, Elias, ], Elias, M., Maczynska, B., & Sobieszczanska, B. M. (2014). Colonization of
the lower urogenital tract with Ureaplasma parvum can cause asymptomatic infection of the

upper reproductive system in women: A preliminary study. Archives of Gynecology and
Obstetrics, 289(5), 1129-1134. doi: 10.1007/s00404-013-3102-7.

Downl oaded from http://ftp. nowublishers.confagjsr/article-pdf/41/3/376/ 112965/ agj sr-07-2022-0108. pdf by guest on 25 June 2026


https://doi.org/10.3389/fpubh.2017.00140
https://doi.org/10.1093/infdis/jiab547
https://doi.org/10.1186/s12879-015-1313-1
https://doi.org/10.3389/fcimb.2021.686167
https://doi.org/10.1128/AAC.44.9.2557-2560.2000
https://doi.org/10.1128/jcm.35.1.197-200.1997
https://doi.org/10.1128/JCM.00342-18
https://doi.org/10.1093/clinids/17.supplement_1.s83
https://doi.org/10.1111/birt.12526
https://doi.org/10.1371/journal.pone.0102743
https://doi.org/10.1186/s12879-020-05066-8
https://doi.org/10.1007/s00404-013-3102-7

Kelly, V. N,, Garland, S. M., & Gilbert, G. L. (1987). Isolation of genital mycoplasmas from the blood of Genital
neonates and women with pelvic infection using conventional SPS-free blood culture media.

Pathology, 19(3), 277-280. doi: 10.3109/00313028709066563. m%c%lgllgsrhnrasm
Kokkayil, P., & Dhawan, B. (2015). Ureaplasma: Current perspectives. Indian Journal of Medical adu fa 21111’11

Microbiology, 332), 205-214. doi: 10.4103/0255-0857.154850. emales
Kusanovic, ]. P, Vargas, P, Ferrer, F.,, Diaz, F., Cordova, V., Martinovic, C., . .. & Escobar, M.F. (2020).

Comparison of two identification and susceptibility test kits for Ureaplasma spp and 387

Mycoplasma hominis in amniotic fluid of patients at high risk for intra-amniotic infection.
Journal of Maternal-Fetal and Neonatal Medicine, 3320), 3409-3417. doi: 10.1080/14767058.
2019.1572742.

Lee, J. Y., & Yang, ]. S. (2020). Prevalence and antimicrobial susceptibility of mycoplasma hominis and
Ureaplasma species in nonpregnant female patients in South Korea indicate an increasing trend
of pristinamycin-resistant isolates. Antimicrobial Agents and Chemotherapy, 64(10). doi: 10.
1128/AAC.01065-20.

Lendamba, R.W., Mbeang Nguema, P.P., Onanga, R., & Mombo, L.E. (2022). Determination of the
prevalence of Mycoplasma hominis and Ureaplasma species in Bacterial vaginosis patients in
association with antibiotic resistance profile in Franceville, Gabon. Microb Pathog, 166, 105528.
doi: 10.1016/j.micpath.2022.105528.

Lokken, E. M., Balkus, J. E., Kiarie, J., Hughes, ]J. P., Jaoko, W., Totten, P. A,, ... & Manhart, L. E.
(2017). Association of recent bacterial vaginosis with acquisition of mycoplasma genitalium.
American Jouwrnal of Epidemiology, 186(2), 194-201. doi: 10.1093/aje/kwx043.

Ma, C,, Dy, J,, Doy, Y., Chen, R,, Li, Y., Zhao, L., ... & Zhang, K. (2021). The associations of genital
mycoplasmas with female infertility and adverse pregnancy outcomes: A systematic
review and meta-analysis. Reproductive Sciences, 28(11), 3013-3031. doi: 10.1007/s43032-020-
00399-w.

Mohseni Moghadam, N., Kheirkhah, B., Mirshekari, T.R., Fasihi Harandi, M., & Tafsiri, E. (2014).
Isolation and molecular identification of mycoplasma genitalium from the secretion of genital
tract in infertile male and female. Iranian Journal of Reproductive Medicine, 12(9), 601-608.

Nye, M. B, Harris, A. B, Pherson, A. ], & Cartwright, C. P. (2020). Prevalence of Mycoplasma
genitalium infection in women with bacterial vaginosis. BMC Womens Health, 20(1), 62. doi: 10.
1186/s12905-020-00926-6.

Redelinghuys, M. ], Ehlers, M. M., Dreyer, A. W., Lombaard, H. A., & Kock, M. M. (2013). Comparison
of the new Mycofast Revolution assay with a molecular assay for the detection of genital
mycoplasmas from clinical specimens. BMC Infectious Diseases, 13, 453. doi: 10.1186/1471-2334-
13-453.

Sarier, M., Demir, M., Goktas, S., Duman, I, Buyukkinaci, M., Yuksel, Y., ... & Sengul, A. (2017).
Results of real-time multiplex polymerase chain reaction assay in renal transplant recipients
with sterile pyuria. Transplantation Proceedings, 49(6), 1307-1311. doi: 10.1016/j.transproceed.
2017.02.051.

Sarier, M., Sepin Ozen, N., Guler, H., Duman, 1., Yuksel, Y., Tekin, S, ... & Erdogan Yilmaz, M. (2018).
Prevalence of sexually transmitted diseases in asymptomatic renal transplant recipients.
Experimental and Clinical Transplantation. doi: 10.6002/ect.2017.0232.

Stellrecht, K. A., Woron, A. M., Mishrik, N. G., & Venezia, R. A. (2004). Comparison of multiplex PCR
assay with culture for detection of genital mycoplasmas. Journal of Clinical Microbiology, 42(4),
1528-1533. doi: 10.1128/JCM.42.4.1528-1533.2004.

Taylor-Robinson, D., & Furr, P. M. (1993). Models of infection due to mycoplasmas, including
Mycoplasma fermentans, in the genital tract and other sites in mice. Clinical Infectious Diseases,
17Suppl 1), S280-282. doi: 10.1093/clinids/17.supplement_1.s280.

Timenetsky, J., Santos, L. M., Buzinhani, M., & Mettifogo, E. (2006). Detection of multiple mycoplasma
infection in cell cultures by PCR. Brazilian Journal of Medical and Biological Research, 39(7),
907-914. doi: 10.1590/s0100-879x2006000700009.

Downl oaded from http://ftp. nowublishers.confagjsr/article-pdf/41/3/376/ 112965/ agj sr-07-2022-0108. pdf by guest on 25 June 2026


https://doi.org/10.3109/00313028709066563
https://doi.org/10.4103/0255-0857.154850
https://doi.org/10.1080/14767058.2019.1572742
https://doi.org/10.1080/14767058.2019.1572742
https://doi.org/10.1128/AAC.01065-20
https://doi.org/10.1128/AAC.01065-20
https://doi.org/10.1016/j.micpath.2022.105528
https://doi.org/10.1093/aje/kwx043
https://doi.org/10.1007/s43032-020-00399-w
https://doi.org/10.1007/s43032-020-00399-w
https://doi.org/10.1186/s12905-020-00926-6
https://doi.org/10.1186/s12905-020-00926-6
https://doi.org/10.1186/1471-2334-13-453
https://doi.org/10.1186/1471-2334-13-453
https://doi.org/10.1016/j.transproceed.2017.02.051
https://doi.org/10.1016/j.transproceed.2017.02.051
https://doi.org/10.6002/ect.2017.0232
https://doi.org/10.1128/JCM.42.4.1528-1533.2004
https://doi.org/10.1093/clinids/17.supplement_1.s280
https://doi.org/10.1590/s0100-879x2006000700009

AGJSR Vasundhara, D., Raju, V. N,, Hemalatha, R., Nagpal, R., & Kumar, M. (2021). Vaginal & gut microbiota

413 diversity in pregnant women with bacterial vaginosis & effect of oral probiotics: An

’ exploratory study. Indian Journal of Medical Research, 153(4), 492-502. doi: 10.4103/ijmr.IJMR_
350_19.

Waites, K. B, Katz, B, & Schelonka, R. L. (2005). Mycoplasmas and ureaplasmas as neonatal
pathogens. Clinical Microbiology Reviews, 18(4), 757-789. doi: 10.1128/CMR.18.4.757-789.2005.

388 Yiwen, C., Yueyue, W, Lianmei, Q. Cuiming, Z., & Xiaoxing, Y. (2021). Infection strategies of
mycoplasmas: Unraveling the panoply of virulence factors. Virulence, 12(1), 788-817. doi: 10.
1080/21505594.2021.1889813.

Yoshida, T., Maeda, S., Deguchi, T., Miyazawa, T., & Ishiko, H. (2003). Rapid detection of Mycoplasma
genitalium, Mycoplasma hominis, Ureaplasma parvum, and Ureaplasma urealyticum
organisms in genitourinary samples by PCR-microtiter plate hybridization assay. Journal of
Clinical Microbiology, 41(5), 1850-1855. doi: 10.1128/JCM.41.5.1850-1855.2003.

Zheng, W. W., Zhang, W. ]., Cui, D., Nie, Z. C,, Ding, B. S., Cheng, J. H., & Mei, C. Z. (2020). Examination
of Ureaplasma urealyticum and Mycoplasma hominis in 4082 Chinese patients. Brazilian
Jowrnal of Medical and Biological Research, 54(2), €10099. doi: 10.1590/1414-431X202010099.

Zhou, Y. H, Ma, H. X, Yang, Y., & Gu, W. M. (2018). Prevalence and antimicrobial resistance of
Ureaplasma spp. and Mycoplasma hominis isolated from semen samples of infertile men in
Shanghai, China from 2011 to 2016. European Journal of Clinical Microbiology and Infectious
Diseases, 37(4), 729-734. doi: 10.1007/s10096-017-3167-5.

Corresponding author
Mohammad Shahid can be contacted at: Mohammeds@agu.edu.bh

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Downl oaded from http://ftp. nowublishers.confagjsr/article-pdf/41/3/376/ 112965/ agj sr-07-2022-0108. pdf by guest on 25 June 2026


https://doi.org/10.4103/ijmr.IJMR_350_19
https://doi.org/10.4103/ijmr.IJMR_350_19
https://doi.org/10.1128/CMR.18.4.757-789.2005
https://doi.org/10.1080/21505594.2021.1889813
https://doi.org/10.1080/21505594.2021.1889813
https://doi.org/10.1128/JCM.41.5.1850-1855.2003
https://doi.org/10.1590/1414-431X202010099
https://doi.org/10.1007/s10096-017-3167-5
mailto:Mohammeds@agu.edu.bh

	Prevalence of genital mycoplasmas and co-occurrence with Gardnerella vaginalis in high vaginal swabs from adult females in  ...
	Introduction
	Materials and methods
	Place of study and sample collection
	Processing of samples
	MYCOFAST® RevolutioN 2 test
	Black-labelled side (for Ureaplasma urealyticum)
	Red-labelled side (for Mycoplasma hominis)
	Molecular detection by conventional polymerase chain reaction
	Polymerase chain reaction cycling and primers
	DNA sequencing

	Results
	Age distribution of the positive cases for genital mycoplasmas
	Prevalence of genital mycoplasmas based on polymerase chain reaction
	MYCOFAST® RevolutioN 2 test
	Detection of U. urealyticum and M. hominis
	Growth enumeration of MYCOFAST® RevolutioN 2 tests for Ureaplasma urealyticum
	Antibiotics susceptibility profile

	Comparison between polymerase chain reaction and MYCOFAST and concordance rate
	Sensitivity, specificity, positive predictive value and negative predictive value of MYCOFAST® RevolutioN 2 test
	Results of high vaginal swabs by BD Affirm molecular assay for vaginosis/vaginitis agents
	Co-occurrence/association of genital mycoplasmas with main etiological agent of vaginosis (Gardnerella vaginalis) and funga ...
	DNA sequencing

	Discussion
	Acknowledgment
	References


