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Background: Concurrent sexually transmitted infections (STls) are common in
sexually active populations. We aimed to estimate the prevalence and coinfection
rates of bacterial STIs among sexually active, HIV-positive men who have sex
with men (MSM), and to assess the potential benefits of different combination
treatment regimens in managing concurrent bacterial STls.

Methods: From September 2021 to September 2023, HIV-positive MSM
underwent STI testing when they had symptoms suggestive of STls or recently
acquired hepatitis C virus (HCV) infection or early syphilis. The oral rinse, rectal
swab, and urethral swab specimens were tested for Chlamydia trachomatis,
Neisseria gonorrhoeae, Mycoplasma spp., Ureaplasma spp., and Trichomonas
vaginalis with the use of multiplex real-time polymerase-chain-reaction assays.
The estimated coinfection rates were used to evaluate the benefits of different
combination treatment regimens for managing coinfections.

Results: During the study period, 535 participants (median age, 37 years; and
CD4 count, 615 cells/mm?®) were enrolled. On their first visits, at least one
bacterial pathogen was detected in 57.9% and concomitant bacterial infections
were found in 32.9% of the participants. The most commonly identified
pathogen was U. urealyticum (36.3%), followed by C. trachomatis (22.8%), and
N. gonorrhoeae (19.8%). The factors associated with any bacterial STls included
older age (per 1-year increase, adjusted odds ratio [AOR], 0.97; 95% confidence
interval [Cl], 0.95-1.00), early syphilis (AOR, 1.87; 95% Cl, 1.22-2.84), and having
more than 5 sex partners in the preceding 3 months (AOR, 2.08, 95% ClI, 1.07-
4.06). A combination therapy of benzathine penicillin G with a 7-day course
of doxycycline could simultaneously treat 27.1% of C. trachomatis coinfections
in participants with early syphilis, while a combination therapy of ceftriaxone
with doxycycline could simultaneously treat 40.6% of chlamydial coinfections
in participants with gonorrhea.

Conclusion: Bacterial STls were prevalent and concomitant infections were
not uncommon among sexually active, HIV-positive MSM, supporting regular
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screening for bacterial STls. The effectiveness of preemptive use of doxycycline
as combination therapy for concurrent STIs warrants more investigations.
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sexually transmitted coinfection, syphilis, Chlamydia trachomatis, Neisseria
gonorrhoeae, Mycoplasma, Ureaplasma, polymerase chain reaction

Introduction

Sexually transmitted infections (STIs) have been on the increase
over the past 20years, which may be related to the adoption of
biomedical HIV interventions and changes in sexual behaviors (1). Of
bacterial STIs, Treponema pallidum, Chlamydia trachomatis and
Neisseria gonorrhoeae are the most prevalent pathogens among men
who have sex with men (MSM) (2-4). Several cell wall-less members
of the Mollicutes class, namely Mycoplasma genitalium, M. hominis,
Ureaplasma urealyticum, and U. parvum, are also associated with
urogenital infections. While M. genitalium has been demonstrated to
cause urethritis, proctitis, and epididymitis (5) and U. urealyticum
may cause urethritis (6), M. hominis and U. urealyticum are thought
to be related to male infertility (7).

Bacterial sexually transmitted coinfections are not uncommon
in at-risk populations. It has been shown that 20-42% of individuals
with N. gonorrhoeae infections have C. trachomatis coinfections (8).
Among sexually active, HIV-positive MSM, we previously have
found high rates of C. trachomatis and/or N. gonorrhoeae
coinfections in those with recent hepatitis C virus (HCV) infection
(50%) and incident syphilis (36%) (4). A sub-study nested in a
randomized controlled trial evaluating the treatment response of
early syphilis also demonstrated a high rate of sexually transmitted
coinfections (27%) in patients with early syphilis, including
chlamydial infection, gonorrhea, and non-gonococcal urethritis (9).
With the advances in polymerase-chain-reaction (PCR) technology,
multiplex PCR assay can amplify several different DNA sequences
simultaneously and enable rapid detection of sexually transmitted
coinfections. Furthermore, multi-site testing of specimens from
oropharyngeal, urethral, rectal and vaginal sites has shown to
facilitate the detection of STIs in both symptomatic and
asymptomatic individuals (10, 11).

Although current STT guidelines recommend quarterly screening
for chlamydia, gonorrhea, and syphilis for sexually active MSM to
improve case finding and reduce onward transmission, STI screening
in this population has been reported to be suboptimal (12, 13). While
symptomatic STIs prompt immediate treatment, asymptomatic
concurrent STIs may remain untreated due to insufficient screening
and limitations of the cost incurred and the time required for PCR test
results to be available. Therefore, adding doxycycline alongside
ceftriaxone is suggested in the management of gonorrhea, especially
when there is a significant risk of coinfection with chlamydial
infection (12). However, the appropriate preemptive treatments for
other concurrent STIs are not well defined. This study aimed to
estimate the prevalence and coinfection rates of bacterial STIs among
sexually active, HIV-positive MSM in Taiwan, and to evaluate the
potential benefit of different treatment combination regimens in
managing concurrent bacterial STTs.
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Methods
Study population and setting

This prospective study was conducted at the National Taiwan
University Hospital, a tertiary center for HIV care in northern Taiwan.
During 2019-2020, we implemented a screening program for
N. gonorrhoeae and C. trachomatis infections among sexually active
people with HIV (PWH), which revealed high coinfection rates in
those with recent HCV infection and syphilis (4). Therefore, the
screening program was continued among at-risk PWH. From
September 2021 to September 2023, we consecutively enrolled
HIV-positive MSM aged 20years or older who presented with
symptoms suggestive of STIs, or recently acquired HCV infection
within 1year or early syphilis. The diagnoses of STIs, HCV infection,
and syphilis were made based on clinical signs and confirmed through
laboratory testing. According to the national guidelines for HIV
treatment (13), PWH received serologic tests for syphilis, hepatitis B,
and hepatitis C at the first visit for HIV care; afterwards, they received
regular serologic tests for syphilis and viral hepatitis every 3-6 months
and annually, respectively. The study was approved by the Research
Ethics Committee of National Taiwan University Hospital (registration
number, NTUH-201811021RINA), and all participants provided
written informed consent for both STT testing and data collection
prior to enrollment.

Study procedures

The participants were provided with clear and specific instructions
for proper self-collection of specimens, including oral rinse, rectal
swabs, and urethral swabs. This process involved swishing and
gargling with 10mL of sterile water for 15s for oral rinse samples,
inserting a blind anal swab 3-5cm into the anal canal and rotating it,
and inserting a urethral swab 1 cm into the urethra and rotating it. The
specimens were tested for 7 sexually transmitted pathogens, including
C. trachomatis, N. gonorrhoeae, M. genitalium, M. hominis,
U. urealyticum, U. parvum, and Trichomonas vaginalis. Bacterial STIs
were diagnosed when specimens collected from any anatomical site
were tested positive for any of these 7 pathogens by PCR assays.
According to the STI treatment guidelines, participants who were
diagnosed with STIs based on symptoms and those who were
asymptomatic but tested positive for C. trachomatis or N. gonorrhoeae
received antibiotic treatment (12). While screening and treatment of
asymptomatic Mycoplasma and Ureaplasma infection is not
recommended by current STI guidelines (12, 14), the decision to treat
individuals who tested positive for Mycoplasma and Ureaplasma spp.
was at the discretion of the treating physicians. Because diagnostic
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information might not be immediately available, a preemptive 7-day
course of doxycycline was recommended for participants with
urethritis and proctitis based on potential pathogens and for those
with gonorrhea due to the high coinfection rate with chlamydia (12).
Participants with concurrent STIs and not receiving preemptive
antibiotic treatment might require additional follow-ups as outpatients
to receive the appropriate treatment. Participants underwent initial
screening for STIs before receiving either preemptive or definitive
treatment. A test of cure to detect treatment failure was not regularly
performed unless adherence to treatment administered was uncertain
or symptoms persisted (12). Some participants were diagnosed with
HCV infection at enrolment through their participation in another
study for early detection of acute HCV infection with the use of
pooled-plasma HCV RNA testing (15).

The participants were asked to complete a self-administered
questionnaire interview, which assessed their socioeconomic status,
symptoms suggestive of STTIs (genital or anal lesions, dysuria, urogenital
or rectal discharge, and diarrhea with pus, mucus or blood), previous
history of STIs within 1year, sexual behaviors in the preceding
3 months (such as the number of sexual partners, sexual preference,
sexual activity, frequency of condom use, chemsex, internet-based sex,
and transactional sex), and substance use in the preceding year (such
as the use of 3,4-methylenedioxy-N-methylamphetamine, rush
poppers, ketamine, marijuana, amphetamine, cocaine, and heroin).

Laboratory investigations

The oral rinse and urethral and rectal swab specimens were
collected using the specimen collection kit and tested with the use of
multiplex real-time PCR assay (Allplex™ STI Essential Assay; Seegene
Inc., Seoul, Republic of Korea) to identify C. trachomatis,
N. gonorrhoeae, M. genitalium, M. hominis, U. urealyticum, U. parvum
and T. vaginalis. The Seegene assay has an overall sensitivity of 98%
and specificity of 94% (16, 17). High concordance of results was
shown in the testing of urine samples, urethral swabs, genital swabs,
and semen samples between the assay and agar culture, PCR
amplification, and next-generation sequencing (18). CD4 cell count
was determined using flow cytometry (BD FACS Calibur; Becton
Dickinson, CA, United States), while plasma HIV RNA load (PVL)
was quantified using Cobas AmpliPrep/Cobas TagMan HIV-1 test
(version 2.0; Roche Molecular Systems) with a lower detection limit
of 20 copies/ml. The diagnosis of syphilis involved clinical evaluation
of symptoms and serologic tests, including a reactive rapid plasma
reagin test (BD Macro-VueTMRPR Card tests) for screening and
confirmation using the Treponema pallidum particle agglutination
assay (FTI-SERODIA-TPPA; Fujirebio Taiwan Inc., Taoyuan, Taiwan).
Hepatitis B virus surface antigen (HBsAg) and HCV antibody were
measured with the use of an enzyme immunoassay (Abbott
Laboratories, Abbott Park, IL). To detect acute HCV infection and
reinfection, plasma HCV RNA was determined using Cobas
AmpliPreP HCV test (version 2.0; Roche Molecular Systems,
Pleasanton, CA, United States) (15).

Statistical analysis

Categorical variables were compared using the chi-squared test or
Fisher’s exact test, whereas continuous variables were analyzed using
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a Mann-Whitney U test. A logistic regression model was conducted
to identify factors associated with bacterial STIs. For multivariable
analyzes, we included variables with a p value <0.1 in univariable
analyzes, and then used a backward stepwise selection to determine
the final model. The effects of each variable on acquisition of bacterial
STTs were estimated with 95% confidence intervals (CIs) of odds ratios
(ORs). A two-tailed p value <0.05 was considered statistically
significant. All statistical analyzes were performed using Stata 17.0
(Stata Corporation, College Station, TX, United States).

Results

During the 2-year study period, a total of 535 HIV-positive MSM
were enrolled. The overall rate of participants with at least one
bacterial STI pathogen detected at any anatomical site was 57.9%
(310/535). Table 1 summarizes the baseline characteristics of the
participants with and those without bacterial STIs. Overall, the
participants had a median age of 37 years and a median CD4 count of
615 cells/mm?’; and 94.4% of them had achieved PVL <200 copies/mL
with antiretroviral therapy. At screening, 8.2% had symptoms of STTs;
8.2% tested positive for hepatitis B surface antigen and 25.0% tested
positive for HCV antibody and/or RNA; and 59.3% received a
diagnosis of early syphilis. Compared with participants without
bacterial STTs, those with bacterial STTs were more likely to be younger
(median age, 36 vs. 38 years, p=0.004) and to have a history of syphilis
(88.1% vs. 81.8%, p=0.042) and early syphilis (64.5% vs. 52.0%,
p=0.004), symptoms suggestive of STIs (10.7% vs. 4.9%, p=0.017),
substance use (47.6% vs. 35.5%, p=0.010), more than 5 sex partners
in the past 3months (17.6% vs. 9.0%, p=0.009), and inconsistent
condom use (75.6% vs. 63.4%, p=0.005).

Figure 1 shows the proportions of different bacterial STIs
identified from the participants. The most commonly identified
pathogen was U. wurealyticum (n=194, 36.3%), followed by
C. trachomatis (122, 22.8%), N. gonorrhoeae (106, 19.8%), M. hominis
(94, 17.6%), M. genitalium (57, 10.7%), and U. parvum (6, 1.1%). No
participants tested positive for T. vaginalis. Figure 2 demonstrates
the proportions of bacterial STIs detected from different anatomical
sites. Most bacterial STIs were detected from rectal sites (239/533,
44.8%), followed by oral rinse (137/500, 27.4%) and urethral sites
(115/499, 23.0%). While the detection rates of C. trachomatis,
M. genitalium, M. hominis, and U. urealyticum were highest in
specimens from rectal sites (83.6% [102/122], 64.9% [37/57], 81.9%
[77/94], 62.9% [122/194], respectively), the detection rate of
N. gonorrhoeae was highest in specimens from oral rinse (67/106,
63.2%). Concomitant bacterial infections were found in 32.9%
(176/535) of the participants, especially in specimens from rectal
sites (116/176, 65.9%). Factors associated with bacterial STIs are
listed in Table 2. In multivariable analysis, the independent factors
associated with bacterial STIs among HIV-positive MSM included
early syphilis (AOR, 1.87; 95% CI, 1.22-2.84) and having more than
5 sex partners (AOR, 2.08; 95% CI, 1.07-4.06), while older age
showed marginal association (per 1-year increase, adjusted OR
[AOR], 0.97, 95% CI, 0.95-1.00). Further information regarding the
factors associated with specific bacterial STIs is listed in
Supplementary Tables S1-S6. In multivariable analysis, chlamydia
was associated with early syphilis (AOR, 1.66; 95% CI, 1.05-2.63);
gonorrhea was related to age (per 1-year increase, AOR, 0.94; 95%
CIL, 0.91-0.98) and symptoms of STIs (AOR, 4.00; 95% CI,
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TABLE 1 Baseline characteristics of the participants.

Total (N = 535)

10.3389/fmed.2024.1328589

No bacterial STls
(N =225)

Bacterial STls
(N =310)

Clinical characteristics
Age, median (IQR), years 37 (32-43) 36 (32-42) 38 (33-45) 0.004
HBsAg positivity, 1 (%) 44 (8.2) 29 (9.4) 15 (6.7) 0.264
HCYV infection?, n (%) 134 (25.0) 83 (26.8) 51(22.7) 0.279
History of syphilis, (%) 457 (85.4) 273 (88.1) 184 (81.8) 0.042
Early syphilis", n (%) 317 (59.3) 200 (64.5) 117 (52.0) 0.004
Late syphilis, n (%) 140 (26.2) 73 (23.5) 67 (29.8) 0.106
Receiving cART at screening, 1 (%) 521(97.4) 301 (97.1) 220 (97.8) 0.626
CD4 count at screening, median (IQR), cells/mm’ 615 (473-815) 615 (469-815) 615 (478-798) 0.836
PVL at screening, median (IQR), log,, copies/mL UD? (UD-UD) UD? (UD-UD) UD? (UD-UD) 0.228
PVL <200 copies/mL at screening, 1 (%) 505 (94.4) 290 (93.6) 215 (95.6) 0.319
Questionnaire interview
Symptoms of STIs at screening, 1 (%) 44/535 (8.2) 33/310 (10.7) 11/225 (4.9) 0.017
Previous STIs within 1year, n (%) 299/535 (55.9) 180/310 (58.1) 119/225 (52.9) 0.234
University or higher education, 1 (%) 392/464 (84.5) 226/274 (82.5) 166/190 (87.4) 0.153
Full-time employment, 7 (%) 381/462 (82.5) 2271273 (83.2) 154/189 (81.5) 0.643
Monthly income >1,600 USD, 1 (%) 163/463 (35.2) 101/274 (36.9) 62/189 (32.8) 0.369
Substance use, n (%) 195/458 (42.6) 128/269 (47.6) 67/189 (35.5) 0.010
Anal-penile sex, 1 (%) 364/459 (79.3) 222/270 (82.2) 142/189 (75.1) 0.065
Oral-penile sex, n (%) 338/459 (73.6) 207/270 (76.7) 131/189 (69.3) 0.078
Oral-anal sex, 1 (%) 178/451 (39.5) 108/267 (40.5) 70/184 (38.0) 0.607
Partner known to have STI, n (%) 220/442 (49.8) 139/261 (53.3) 81/181 (44.8) 0.079
Number of sex partners >5 within 3 months, n (%) 65/463 (14.0) 48/273 (17.6) 17/190 (9.0) 0.009
Inconsistent condom use, # (%) 317/449 (70.6) 201/266 (75.6) 116/183 (63.4) 0.005
Use of mobile dating application, n (%) 267/450 (59.3) 166/269 (61.8) 101/181 (55.8) 0.211
Chemsex, 7 (%) 81/455 (17.8) 56/272 (20.6) 25/183 (13.7) 0.058

CART, combination antiretroviral therapy; HbsAg, hepatitis B surface antigen; HCV hepatitis C virus, IQR, interquartile range; PVL, plasma HIV RNA load; STI, sexually transmitted

infection; UD, undetectable; USD, United States Dollar.
“Participants testing positive for anti-HCV IgG and/or HCV RNA in the past 12 months.

"Early syphilis included primary, secondary and early latent syphilis. Participants presenting with ulcers in the oropharyngeal, anal, and genital regions were diagnosed with primary syphilis,
while those with skin rashes, mucocutaneous lesions, or generalized lymphadenopathy were diagnosed with secondary syphilis. Early latent syphilis was defined as either seroconversion
within the past 1year; or, in cases of patients with a prior history of syphilis, a fourfold or higher increase in RPR titer, with the absence of syphilis symptoms.

“Late syphilis included late latent syphilis and latent syphilis of unknown duration, defined by the presence of reactive syphilis serology, either with no prior syphilis diagnosis or with a fourfold
or higher increase in RPR titer in cases with a prior syphilis diagnosis; additionally, there should be an absence of symptoms and no evidence of acquiring the disease within the past year.

4PVL <20 copies/ml.

1.96-8.21), while the CD4 count (per 10-cell/mm? increase, AOR,
1.01, 95% CI, 1.00-1.02) showed marginal association.

The detailed information on the coinfection rates of bacterial STI
among the participants is shown in Table 3. Participants with early
syphilis were frequently coinfected with U. urealyticum (133/317,
42.0%), followed by C. trachomatis (86/317, 27.1%) and N. gonorrhoeae
(64/317, 20.2%). Participants testing positive for C. trachomatis were
frequently coinfected with U. wurealyticum (65/122, 53.3%) and
N. gonorrhoeae (43/122, 35.2%), and those testing positive for
N. gonorrhoeae were frequently coinfected with U. urealyticum
(62/106, 58.5%) and C. trachomatis (43/106, 40.6%). Participants who
tested positive for any bacterial STI pathogen had a notably high rate
of concurrent early syphilis, ranging from 60.4 to 70.5%. To further
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characterize concurrent bacterial STTs among the participants with
syphilis, Supplementary Figure S1 depicts the rates of bacterial STIs
among those with and without early syphilis. The prevalence of
bacterial STIs among the participants with early syphilis was
significantly higher than that among those without early syphilis
(63.1% vs. 50.0%, p=0.003).

The potential benefits of different combination treatment
regimens, including single-dose BPG plus 7-day doxycycline or single-
dose azithromycin, single-dose ceftriaxone plus 7-day doxycycline or
single-dose azithromycin, and 14-day doxycycline, in managing
concurrent bacterial STIs according to the coinfection rates are listed
in Supplementary Figure S2. A combination therapy with 7-day
doxycycline, including single-dose BPG plus 7-day doxycycline as well

frontiersin.org
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FIGURE 1

Proportions of bacterial STIs among the participants. STI, sexually transmitted infection; PLWH, people living with HIV; CT, Chlamydia trachomatis; GC,
Neisseria gonorrhoeae; MG, Mycoplasma genitalium; MH, Mycoplasma hominis; UU, Ureaplasma urealyticum; UP, Ureaplasma parvum.
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FIGURE 2

Proportions of bacterial STls detected from different anatomical sites. STI, sexually transmitted infection; CT, Chlamydlia trachomatis; GC, Neisseria
gonorrhoeae; MG, Mycoplasma genitalium; MH, Mycoplasma hominis; UU, Ureaplasma urealyticum; UP, Ureaplasma parvum.
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as single-dose ceftriaxone plus 7-day doxycycline, could

simultaneously treat 27.1% of chlamydial coinfections among
participants with early syphilis and 40.6% among those with
treatment

gonorrhea, as recommended

(Supplementary Figures S2B,E). A combination therapy with

regimens
azithromycin was not deemed sufficient as the first-line treatment

choice for managing concurrent STIs due to concerns of resistance
and clinical efficacy (Supplementary Figures S2C,E).
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Discussion

In this study of STI screening among sexually active, HIV-positive
MSM who presented with symptoms suggestive of STTs, or recently
acquired HCV infection or early syphilis, we found a high prevalence
of bacterial STIs (57.9%), including C. trachomatis, N. gonorrhoeae,
and Mollicutes infections. Sexually transmitted bacteria were more
frequently identified from the rectal sites except N. gonorrhoeae that
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TABLE 2 Factors associated with bacterial STls among the participants.

Univariable analysis

10.3389/fmed.2024.1328589

Multivariable analysis®

OR (95% CI) p-value AOR (95% Cl) p-value

Age, per 1-year increase 0.97 (0.95-1.00) 0.005 0.97 (0.95-1.00) 0.045
HBsAg positivity 1.44 (0.75-2.75) 0.275
HCV infection® 1.26 (0.84-1.88) 0.261
History of syphilis

Early syphilis 1.69 (1.19-2.40) 0.003 1.87 (1.22-2.84) 0.004

Late syphilis 0.73 (0.49-1.08) 0.111
Receiving cART at screening 0.76 (0.25-2.30) 0.627
CD4 count at screening, per 10-cell/mm?® increase 1.00 (0.99-1.00) 0.497
PVL at screening, per 1-log copies/mL increase 1.11 (0.90-1.37) 0.333
Symptoms of STIs at screening 2.32 (1.14-4.69) 0.019 2.30(0.99-5.34) 0.052
Previous STIs within 1year 1.23(0.87-1.74) 0.234
University or higher education 0.71 (0.40-1.25) 0.235
Full-time employment 1.12 (0.69-1.82) 0.643
Monthly income >1,600 USD 1.20 (0.81-1.77) 0.369
Substance use 1.65 (1.13-2.42) 0.010 1.30 (0.79-2.15) 0.307
Anal-penile sex 1.53 (0.97-2.41) 0.066 0.75 (0.42-1.36) 0.346
Oral-penile sex 1.45 (0.96-2.21) 0.079 1.26 (0.79-2.00) 0.338
Oral-anal sex 1.11 (0.75-1.63) 0.607
Partner known to have STI 1.41 (0.96-2.06) 0.079 1.07 (0.70-1.66) 0.747
Number of sex partners >5 within 3 months 2.17 (1.21-3.91) 0.010 2.08 (1.07-4.06) 0.031
Inconsistent condom use 1.79 (1.18-2.69) 0.006 1.64 (0.99-2.74) 0.057
Use of mobile dating application 1.28 (0.87-1.87) 0.211
Chemsex 1.64 (0.98-2.74) 0.060 1.15 (0.60-2.22) 0.666

AOR, adjusted odds ratio; cART, combination antiretroviral therapy; CI, confidence interval; HBsAg, hepatitis B surface antigen; HCV hepatitis C virus; PVL, plasma HIV RNA load; STI,
sexually transmitted infection; USD, United States dollars.

“Participants testing positive for anti-HCV IgG and/or HCV RNA in the past 12 months.

"The ORs are the estimates of the effect of covariates on bacterial STIs, adjusted for age, early syphilis, symptoms of STIs, substance use, anal-penile sex, oral-penile sex, partner infected with
STI, number of sex partners, inconsistent condom use, and chemsex using a logistic regression model.

TABLE 3 Coinfection rates of bacterial STls among the participants.

Bacterial STI

pathogen

Early
syphilis

Coinfection rates of bacterial STls (%)

GC

MG

MH

Early syphilis (n=317) - 86/317 (27.1) 64/317 (20.2) 37/317 (11.7) 66/317 (20.8) 133/317 (42.0) 4/317 (1.3)
CT (n=122) 86/122 (70.5) - 43/122 (35.2) 10/122 (8.2) 36/122 (29.5) 65/122 (53.3) 1/122 (0.8)
GC (n=106) 64/106 (60.4) 43/106 (40.6) - 12/106 (11.3) 35/106 (33.0) 62/106 (58.5) 2/106 (1.9)
MG (n=57) 37/57 (64.9) 10/57 (17.5) 12/57 (21.1) - 16/57 (28.1) 27/57 (47.4) 0/57 (0.0)
MH (n=94) 66/94 (70.2) 36/94 (38.3) 35/94 (37.2) 16/94 (17.0) - 67/94 (71.3) 3/94 (3.2)
UU (n=194) 133/194 (68.6) 65/194 (33.5) 62/194 (32.0) 27/194 (13.9) 67/194 (34.5) - 3/194 (1.5)
UP (n=6) 4/6 (66.7) 1/6 (16.7) 2/6 (33.3) 0/6 (0.0) 3/6 (50.0) 3/6 (50.0) -

CT, Chlamydia trachomatis; GC, Neisseria gonorrhoeae; MG, Mycoplasma genitalium; MH, Mycoplasma hominis; STI, sexually transmitted infection; UU, Ureaplasma urealyticum; UP,

Ureaplasma parvum.

was mostly detected from oral rinse. Sexually transmitted coinfections

were not uncommon. While 32.9% of the participants had

concomitant bacterial STIs, 63.1% of the participants with early

syphilis was coinfected with bacterial STIs. The use of combination

therapy with doxycycline may provide potential benefits in the

management of concurrent bacterial STIs.
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Previous studies conducted among PWH consistently showed that

the prevalence of C. trachomatis, N. gonorrhoeae, and Mollicutes

infections was 20 to 30%, which was associated with a history of viral

hepatitis and genital warts (4, 19-21). Our study performed STI

screening among PWH at risk for STIs with the use of multiplex PCR

assay to detect pathogens from different anatomical sites; therefore,
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the prevalence of C. trachomatis, N. gonorrhoeae, and Mollicutes
infections (57.9%) was higher compared with those of previous
studies. The results showed that more than 50% of PWH with
symptoms of STIs and recent acquisition of syphilis or HCV infection
had bacterial STIs, suggesting the need for active STT surveillance in
the at-risk populations.

C. trachomatis, N. gonorrhoeae, and M. genitalium are frequently
reported to cause symptomatic urethritis and chronic complications
among men (12). Previous studies showed that the prevalence of
C. trachomatis, N. gonorrhoeae, and M. genitalium infections varied in
different populations and settings. Of them, C. trachomatis infection
has been considered as the most prevalent STI, with the estimated
prevalence of 5-10% in PWH (2, 19, 20). In PWH with a history of
STI or symptoms suggestive of an STI, the prevalence will increase to
11-25% (4, 21). Our study also demonstrated a similar prevalence of
C. trachomatis, N. gonorrhoeae, and M. genitalium infections.
Although the clinical significance of Ureaplasma species identified in
our study has been debated, U. urealyticum was found to be an
etiological agent of non-gonococcal urethritis in a meta-analysis (6)
and the clinical significance of U. parvum in non-gonococcal urethritis
was supported by a cohort study (22). While previous studies showed
that the prevalence of U. urealyticum infection ranged from 9 to 22%
in PWH (19-21), our study demonstrated that U. urealyticum was the
predominant pathogen in PWH, with a higher prevalence compared
with those reported in previous studies. However, most participants
with U. urealyticum were asymptomatic in our study (178/194, 91.8%).

In consistent with previous studies, our study demonstrated a high
percentage of bacterial coinfections among sexually active,
HIV-positive MSM, especially those with early syphilis (4, 9).
We previously found high rates of C. trachomatis and N. gonorrhoeae
coinfections in PLWH with recent HCV infection (38 and 27%,
respectively) and incident syphilis (29 and 16%, respectively) (4).
Another study using data from a large US commercial laboratory
showed that current or past syphilis was significantly more common
among MSM testing positive for rectal gonorrhea or chlamydia than
those testing negative (24% vs. 13%) (23). Furthermore, a previous
study found that, in cases of newly diagnosed syphilis, MSM had a
higher proportion of concurrent C. trachomatis or N. gonorrhoeae
infection compared to their heterosexual counterparts (20% vs. 4%)
(24). It is known that syphilis is re-emerging globally due to changes
in sexual behaviors and the implementation of biomedical HIV
interventions, particularly among MSM and other vulnerable
populations (25-27). Given the high rate of STI coinfection among
MSM with early syphilis, alongside regular syphilis screening being a
crucial aspect of STT care (12), there is a need to integrate screening
for concurrent bacterial STIs among MSM with early syphilis. This
approach may enhance the early detection of concurrent STIs.

The findings that 20-42% of individuals infected with
N. gonorrhoeae were coinfected with C. trachomatis have led to the
recommendation that individuals treated for gonococcal infection
should also receive anti-chlamydial therapy if chlamydial infection has
not been excluded (12). The other rationale of the recommendation
has also been attributed to the concerns about cost and turnaround
time of microbiologic diagnostics. In addition, asymptomatic
extragenital infections are prevalent among MSM; thus, diagnoses will
be missed if pharyngeal and anorectal screenings are not performed
(28-31). Although sampling from multiple anatomical sites could
yield a higher detection rate, the testing cost incurred also increases
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(32). Considering the high rates of chlamydial coinfection among
sexually active, HIV-positive MSM who acquired early syphilis, a
preemptive 7-day course of doxycycline in combination with single-
dose BPG may offer prompt treatment for chlamydial coinfection,
minimize the need for additional follow-up visits and expenses, and
reduce the risk of onward transmission. Furthermore, a recent study
among patients with early syphilis revealed that treatment with single-
dose BPG plus 7-day doxycycline could achieve a higher serologic
response rate in syphilis treatment compared to treatment with BPG
alone (33). Nevertheless, there is a theoretical risk that increased use
of doxycycline could lead to the development of drug resistance and
affect the microbiota, including Staphylococcus aureus, commensal
Neisseria species, and other organisms within the gut flora (34).
Although resistance to doxycycline is exceptionally rare for
C. trachomatis and T. pallidum, there have been reports of
antimicrobial resistance in M. genitalium (35), warranting more
investigations into the adverse impact of wider use of doxycycline.
There are several limitations of the current study. First, missing
data and recall biases in the questionnaire interview might mislead the
evaluation of associations between bacterial STIs and socioeconomic
status and sexual behaviors in this study. Second, the information on
insertive and receptive roles during sexual intercourse were not
collected, which precluded us from analyzing the association with oral
transmission. Third, we did not evaluate the cost-effectiveness and the
potential impact on resistance related to the use of pre-emptive
doxycycline in combination therapy. However, it's notable that the
expense associated with the multiplex real-time PCR assay
significantly exceeded that of a 7-day course of doxycycline. Finally,
the included participants were sexually active, HIV-positive MSM and
therefore, our findings may not be generalizable to other populations.
In conclusion, bacterial STIs were prevalent and concomitant
infections were not uncommon in multiple anatomic sites among
sexually active, HIV-positive MSM. Our findings highlight the
importance of regular screening of bacterial STIs using PCR assays
and combination treatment regimens for concurrent bacterial STTs,
which could contribute to reduced risk of onward transmission.
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