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Background: Mycoplasma genitalium (MG) poses a growing public health concern due to the escalating antimicrobial resistance. We
aimed to assess site-specific MG infection and its correlates and macrolide and fluoroquinolones mutations among men who have sex
with men (MSM) in Shenzhen, China.

Methods: Samples were obtained from different anatomic sites of MSM based on their sexual behavior. MG infection was detected
using nested polymerase chain reaction (nested PCR). Identifying macrolide and fluoroquinolone resistance involved targeting the
V region of the 23S rRNA, topoisomerase IV and DNA gyrase genes. Logistic regression was used to evaluate correlates of MG
infection.

Results: We collected 124 pharynx swabs, 132 urethral swabs, and 89 rectal swabs from 162 MSM participants based on their sexual
behavior. MG was detected in 13.0% (21/162) of MSM. The prevalence of MG in the pharynx, urethra, and rectum was 9.7% (12/124),
6.1% (8/132), and 7.9% (7/89), respectively. Among the 21 MG-positive participants, 4.8% (1/21) were infected at all three sites, and
19.0% (4/21) were infected at two sites. Of the 27 MG-positive specimens, 22.2% (2/9) exhibited mutations at position A2071G, with
A2071T being the predominant mutation in the 23S rRNA gene, accounting for 77.8% (7/9) of cases. Mutations in the parC and gyr4
genes were detected in 33.3% (1/3) and 33.3% (2/6) of specimens, respectively.

Conclusion: We observed a high prevalence of MG infections at different anatomic sites among the MSM population in Shenzhen,
China. The high prevalence of macrolide and fluoroquinolone-resistant MG underscores the importance of implementing resistance-
guided therapy, establishing surveillance networks, and exploring new antibiotics against MG.
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Background
Mycoplasma genitalium (MG) is recognized as a causative agent of non-gonococcal urethritis (NGU) and has the
potential to impair male fertility by affecting sperm DNA integrity.' Risk factors associated with MG infection

among MSM encompass elements such as younger age, inconsistent condom use during receptive anal sex, higher
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numbers of sexual partners, engagement in chemsex, stable partnerships with increased condomless sex, and unprotected
anal intercourse within the past six months, especially in individuals living with HIV.*"” While the prevalence of MG in
the general population typically ranges from 1% to 2%,%'° in MSM populations, rates have been reported as high as
9.5% to 10.5%.'"'* The available data on MG prevalence at various anatomical sites within the MSM population in
China can vary significantly. Reported figures indicate a prevalence of 5.4% in the rectal site in Shenzhen at 2010°,
11.8% in Jiangsu during 2008 to 2009'* and 15.3% in Shenyang at 2018;'* For the urethral site, the data shows
a prevalence of 3.4% in Shenzhen at 2010,° 17.2% in non-HIV individuals in Jiangsu during 2008 to 2009, and 25.5%
in HIV-1 infected MSM in Jiangsu during 2009 to 2010."> Pharyngeal prevalence of MG has been reported as high as
13.5% in Jiangsu during.2008—2009'® However, it is important to note that despite the potential for pharyngeal sites to
serve as reservoirs for MG transmission, most published data have focused on estimating urethral and rectal MG
infections, with comparatively limited data available for pharyngeal sites.

The emergence of drug-resistant MG strains has become a frequent concern globally,'® with heightened apprehension
regarding macrolide and fluoroquinolones (FQs) resistance, particularly in the Western Pacific Region.'® While guide-
lines frequently recommend azithromycin as a first-line therapy for MG, macrolide resistance is progressively widespread
and escalating in many countries. Even a single nucleotide polymorphism (SNP) at positions 2071 (E. coli numbering
2058) or 2072 (E. coli numbering 2059) within the 23S rRNA gene can lead to macrolide resistance.'”'® Notably,
macrolide resistance appears to be more prevalent in specimens from MSM'®! with reported rates as high as 95.4% in
France,”® 79.9% in Berlin,?' 88.4% in Belgium,** 84.2-89.7% in Australia®** and 70.6-80.0% in America.”* Moreover,
treatment failure with FQs can be attributed to mutations in the quinolone resistance-determining regions (QRDR) of
topoisomerase IV and DNA gyrase genes, predominantly in the parC and gyr4 genes. Concurrent gyr4 mutations further
elevate the risk of treatment failure.”® Resistance to FQs in the MSM population has been less studied and has been
estimated at rates ranging from 13% in Berlin,>' 24.2% in Belgium,** to 33.3% in Dublin.?® The efficacy of macrolides
and FQs has declined worldwide due to the dissemination of resistant MG strains, leaving limited alternatives for
treatment.

Data on macrolide and FQs resistance genes of MG in China are predominantly derived from sexually transmitted
disease (STD) clinics, with reported rates of 88.9% and 89.5% in Nanjing, 66.4% and 77.7% in Guangzhou, and 23.1%

and 65.0% in Hong Kong among patients in STD clinics,?’°

it is important to note that the antimicrobial resistance
(AMR) statistics in China are strikingly high. However, there is limited data available to assess AMR of MG at various
anatomical sites among MSM in China. The objectives of this study are threefold: (1) to investigate the prevalence of
MG infection at the pharynx, urethra, and rectum; (2) to identify potential risk factors for MG infection, including
demographics and sexual behavior; and (3) to screen for antimicrobial resistance associated with macrolides and FQs

among MSM in Shenzhen, China.

Methods

Sample Collection
Between June 2020 and December 2020, participants were recruited at the Shenzhen Longhua District Center for Disease
Control and Prevention. To be eligible for participation in this study, patients had to be: a. at least 18 years old; b. agree
to complete an online questionnaire; c. receive at least one site detection for MG detection (pharyngeal, urethral and/or
rectal swab). Exclusion criteria included: a. under the age of 18; b. those with severe visual, hearing or cognitive
dysfunction who cannot complete the questionnaire; c. refuse the sample collection. The recruitment methods of our
study are as follows: 1) Recruitment by CDC of Shenzhen Longhua District: Posters were displayed at the Longhua CDC
health check-up center to promote the project, facilitating eligible MSM to join the study; promotional activities were
conducted at the VCT site at Longhua CDC and among MSM populations already included online, encouraging
participation;

2) Recruitment through MSM social media and dating apps: Popular dating apps widely used by the domestic MSM
community, such as Blued (with over 27 million registered users) and Zank, were utilized to create dedicated accounts for
this study. The apps were used to search for target populations in Shenzhen with set conditions. If individuals met the
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inclusion and exclusion criteria for the project, they were invited to participate; 3) Recruitment at MSM gathering spots:
Posters were displayed at places frequently visited by MSM, such as barbecue bars and nightclubs, to promote the study.
Personnel were also arranged to visit these locations on weekends for on-site promotion and recruitment; 4) Snowball
recruitment: Participants in the study were able to refer other eligible MSM individuals to join the study.

It took approximately 10 minutes for participants to complete an online questionnaire on demographics, sexual
behavior preference, and symptoms onset in the previous week. Fixed partner in the questionnaire refers to a committed
or steady sexual partner, often in contrast to casual or non-monogamous sexual relationships. “Recreational drugs” refers
to illegal drugs used in the context of sexual activity, such as nitrite inhalants (commonly known as rush), methamphe-
tamine (crystal meth), and ecstasy (MDMA). After completing the questionnaire, a trained volunteer collected swabs
from at least one of the sites (pharyngeal, urethral, and rectal swabs) from participants according to their sexual behavior.
For instance, the volunteer will collect the rectal swab if the participants perform exclusively receptive anal sex. If the
participants perform versatile sexual behavior (eg receive and give both oral and anal sex), the volunteer will collect all

three sites. The participants could get free consultations from a doctor specializing in sexually transmitted diseases
(STDs).

MG Detection and Sequence Analysis of Samples

MG was detected via nested polymerase chain reaction (PCR) as described by Jiang J et al'® (Supplementary Table 1).
MG-positive samples were sent to Sangon Biotech Co. for detection of macrolide and FQs resistance mediating
mutations on the same day or stored at — 20 °C until molecular analysis of resistance (within 4 weeks after sampling).

DNA is extracted using a DNA extraction kit (Sangon Biotech Co). From these extracted DNA, mutations associated
with macrolide resistance were detected using primers targeting region V of the 23S rRNA gene. FQs resistance
mutations in the gyr4 and parC genes were screened using primers as reported previously.”® PCR amplification of the
V region of 23S rRNA, parC and gyrA sequence was performed as in a previous study?® (Supplementary Table 2).

Data Analyses

Descriptive analyses (demographics and sexual behavior) were performed on IBM SPSS Statistics for OS Version 26.0
(IBM Corp, New York, USA). Univariate logistic regressions were conducted to assess whether participants’ demo-
graphics and sexual behavior could be associated with the detection of MG. Odds ratios (ORs) and corresponding 95%
confidence intervals (ClIs) were estimated. Only significant variables with a P value <0.20 in univariate analysis were
included in the multivariate logistic regression model. The adjusted odds ratio (aOR) and its corresponding 95%
confidence interval (CI) were calculated, and P < 0.05 was considered statistically significant. The mutation sequencing
data in 23S rRNA, gyr4 and parC genes from MG-positive DNA specimens were analyzed with the software program
BioEdit (http://www.mbio.ncsu.edu/bioedit/bioedit.html). The obtained sequences were aligned against corresponding
parts of the genome sequence of MG strain G37 (GenBank accession no. NC_000908.2). Amino acid changes in the
QRDRs of the gyrd and parC genes in this study were compared with previous studies.?®

Ethics Approval

The study adheres to the principles of the Declaration of Helsinki and was approved by the Ethics Committee of
Shenzhen Longhua District Center for Disease Control and Prevention (No. 2020005). Written information and consent
were obtained from all participants, and we used a private phone specially for this study to inform the participants of the
test result. The test result would be uncovered only when participants themselves receive the call.

Results

Socio-Demographic Characteristics

A total of 169 MSM were initially recruited for the study. However, 7 participants were excluded due to questionnaire
loss, resulting in the analysis based on the remaining 162 participants. The median age of the participants was 29 years
(range 20-57), with a majority (89.5%) identifying as Han ethnicity. Educational attainment varied, with 77.8% of
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participants having completed senior high school or lower, while 19.1% held a Bachelor’s degree, and 3.1% possessed
a Master’s degree. Most participants (83.3%) reported their marital status as single. In terms of sexual orientation, 59.3%
identified as homosexual, 2.5% as heterosexual, and 32.1% as bisexual. A small proportion (6.2%) chose not to disclose
their sexual orientation. The median age for first oral or anal sexual encounters with men was 21 years (range 845) and
22 years (range 13—43), respectively. The minimum reported ages for first oral and anal sexual encounters were 8 and 13,
respectively. About 11.7% of participants reported engaging in their first oral sex experience before the age of 18, while
8.6% reported the same for anal sex. A significant portion of participants reported recent symptoms in the pharynx
(17.9%), urethra (18.5%), and anorectum (22.2%), including symptoms like itch, discomfort, discharge, dysuria, or
bleeding (Table 1).

Sexual Behaviors and Potential Risk Factors Associated with MG Infection

Among the 162 MSM participants, 38.3% reported having a fixed sex partner. In our study, an estimated 26.5% of
participants reported consistent condom use when engaging in sexual activity with a fixed partner. Specifically, 29.6% of
MSM reported consistent condom use during oral sex and 42.6% reported consistent condom for anal sex. A noteworthy
8.6% of MSM had previously engaged in commercial sex, and 22.2% reported having multiple sexual partners in the past
12 months. Additional details regarding participants’ sexual behaviors are available in Table 1. No significant risk factors,
such as demographic or sexual behavior, were found to be associated with MG infection (Table 2).

Table | Demographic and Behavioral Characteristics of MSM in
Shenzhen, China (n = 162)

Variable n %
Age (years)

20-27 56 | 346

28-32 55 | 34.0

3341 33 | 204

42-57 18 .1
Ethnic

Han 145 | 89.5

Other ethnic 17 10.5
Monthly income

<4500 37 | 228

4501-7000 8l 50.0

7001-10,000 19 1.7

>10,000 25 15.4
Marital status

Single 135 | 833

Married 16 9.9

Divorced 11 6.8
Education

High school and below 126 | 77.8

Bachelor’s degree 31 19.1

Master’s degree 5 3.1
Self-identified sexual orientation

Homosexual 96 | 59.3

Heterosexual 4 25

Bisexual 52 | 32.1

Uncertain 10 6.2
Have a fixed partner

Yes 62 | 383

No 100 | 61.7

(Continued)
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Table | (Continued).

Variable n %
Sex of the fixed partner

Men 52 | 321

Women 10 6.2

Transgender 4 25

Not available 96 | 59.2
Condom use with a fixed partner

Yes 43 | 265

No 21 13.0

Not available 98 | 60.5
Condom use with a casual partner

Yes 150 | 92.6

No 12 74
Age at first anal sex

<18 14 | 86

=18 143 | 883

Not available 5 3.1
Roles in anal sex

Insertive 56 | 346

Receptive 36 | 222

Both 70 | 432
Condom use in anal sex in the past 3 months

Always 69 | 426

Often 44 | 272

Occasionally 42 | 259

Never 7 43
Age at first oral sex

<18 19 | 1.7

=18 138 | 852

Not answer 5 3.1
Roles in oral sex

Insertive 43 | 265

Receptive 26 16.0

Both 93 | 574
Condom use in oral sex in the past 3 months

Always 48 | 29.6

Often 31 19.1

Occasionally 29 17.9

Never 54 | 333
Ever received rimming

Yes 94 | 58.0

No 68 | 42.0
Ever gave rimming

Yes 55 | 340

No 107 | 66.0
Multi-person sex in the past 12 months

Yes 36 | 222

No 126 | 77.8

(Continued)
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Table | (Continued).

Variable n %
No. of male sex partner in the past 12 months
<5 16 | 71.6
5-15 39 | 241
>15 7 4.3
Recreational drug® use before sex in the past 12
months
Yes 120 | 73.7
No 45 | 263
Alcohol abuse before sex in the past 12 months
Yes 37 | 228
No 125 | 77.2
Commercial sex in the past 12 months
Yes 14 8.6
No 148 | 91.4
Rectal symptom*
Yes 36 | 222
No 122 | 753
Not available 4 2.5
Urethral symptom*
Yes 30 | 185
No 128 | 79.0
Not available 4 25
Pharyngeal symptom*
Yes 29 | 179
No 129 | 79.6
Not available 4 2.5

Notes: *Symptom like itch, discomfort, discharge, dysuria, or bleeding. “Recreational
drug includes nitrite inhalants (rush), methamphetamine, and ecstasy (MDMA).

Table 2 Correlates of Mycoplasma Genitalium Positivity in MSM in Shenzhen, China (n = 162)

Variable / Characteristic No. of MG P OR (95% CI) aOR (95% CI)
Positive
MSM
Age (years)
18-27 5 (8.9%) 0.365 | 0.49 (0.11,2.29)
28-32 9 (16.4%) | 0.976 | 0.98 (0.23, 4.09)
3241 4 (12.1%) | 0.653 | 0.69 (0.14, 3.49)
42-57 3 (16.7%) 1.00
Ethnicity
Han 19 (13.2%) | 0.869 | 1.14 (0.24, 5.38)
Other ethnic 2 (11.8%) 1.00
Monthly income
<4500 2 (5.4%) 0.094 | 0.23 (0.04, 1.29) | 0.21 (0.03, 1.23)
4501-7000 9 (I1.1%) | 0.258 | 0.50 (0.15, 1.66) | 0.59 (0.17, 2.12)
7001-10,000 5(26.3%) | 0.621 | 1.43 (0.35,5.89) | 2.00 (0.42, 9.57)
>10,000 5 (20.0%) 1.00 1.00
(Continued)
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Table 2 (Continued).

Variable / Characteristic No. of MG P OR (95% CI) aOR (95% CI)
Positive
MSM
Marital status
Single 18 (13.3%) | 0.655 | 0.69 (0.14, 3.47)
Married | (6.3%) 0.353 | 0.30 (0.02, 3.80)
Divorced 2 (18.2%) 1.00
Have a fixed sex partner
Yes 9 (14.5%) | 0.644 | 1.25 (0.49, 3.15)
No 12 (12.0%) 1.00
Age of first oral sex
<18 19 (13.8%) | 0.698 | 0.74 (0.16, 3.45)
=18 2 (10.5%) 1.00
Roles in oral sex
Insertive 6 (23.1%) | 0.077 | 2.80 (0.89, 8.78) | 3.24 (0.89,11.77)
Receptive 6 (14.0%) | 0.461 1.51 (0.50,4.5) 1.48 (0.44, 4.99)
Both 9 (9.7%) 1.00 1.00
Roles in anal sex
Insertive 8 (14.3%) | 0816 | 1.13 (041, 3.15)
Receptive 14 (11.1%) | 0.795 | 0.85 (0.24, 2.97)
Both 9 (12.9%) 1.00
Condom use in anal sex in the past 3 months
Always 7 (10.1%) | 0.838 | 1.14(0.34,3.83) | 1.05(0.06,17.41)
Often 5(11.4%) | 0.190 | 2.08 (0.70, 6.24) | 1.23 (0.07,21.85)
Occasionally 8 (19.0%) | 0.735 | 1.48 (0.16, 14.10) | 2.41 (0.14,40.03)
Never I (14.3%) 1.00 1.00
Condom use in oral sex in the past 3 months
Always 5(104%) | 0.269 | 2.06 (0.57, 7.46)
Often 6 (19.4%) | 0.992 | 0.99 (0.22, 4.50)
Occasionally 3 (10.3%) 0.691 1.28 (0.38, 4.34)
Never 7 (13.0%) 1.00
Ever gave rimming
Yes 10 (18.2%) | 0.161 | 1.94 (0.77, 4.90) | 2.07 (0.67,6.37)
No Il (10.3%) 1.00 1.00
Ever Received rimming
Yes 12 (12.8%) | 0.930 | 0.96 (0.38, 2.42)
No 9 (13.2%) 1.00
Multi-person sex in the past 12 months
Yes 7 (194%) | 0.195 | 1.93 (0.71,5.22) | 091 (0.25,3.29)
No 14 (11.1%) 1.00 1.00
No. of male sex partner in the past 12 months
<5 14 (12.1%) | 0.862 | 0.82 (0.09, 7.35)
5-15 6 (15.4%) | 0.941 | 1.09 (0.11,10.76)
>15 | (14.3%) 1.00
Recreational drug® use before sex in the past 12 months
Yes 6 (16.2%) | 0.504 | 1.42 (0.51, 3.97)
No 15 (12.0%) 1.00
(Continued)
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Table 2 (Continued).

Variable / Characteristic No. of MG P OR (95% CI) aOR (95% CI)
Positive
MSM
Alcohol abuse before sex in the past 12 months
Yes 7 (189%) | 0.178 | 1.99 (0.73, 5.43) 1.91 (0.58,6.28)
No 14 (11.2%) 1.00 1.00
Commercial sex in the past 12 months
Yes 2 (143%) | 0.830 | 1.19(0.25, 5.78)
No 19 (12.3%) 1.00
Rectum symptom*
Yes I5(12.3%) | 0.485 | 1.45(0.51, 4.07)
No 6 (16.7) 1.00
Urethra symptom*
Yes 18 (14.1%) | 0.535 | 0.66 (0.18, 2.43)
No 3 (10.0%) 1.00
Pharynx symptom*
Yes 17 (13.2%) | 0.941 | 1.05(0.32, 3.4I)
No 4 (13.8%) 1.00

Notes: *Symptom like itch, discomfort, discharge, dysuria, or bleeding. “Recreational drug includes nitrite inhalants (rush),
methamphetamine, and ecstasy (MDMA).

The Prevalence of MG Among MSM

In our study, each of the 162 MSM participants underwent testing at least one anatomical site according to their self-
reported sexual behavior. A total of 124 pharyngeal swabs, 132 urethral swabs, and 89 rectal swabs were collected from
these participants, ensuring comprehensive testing. MG was detected in 13.0% (21/162) of the participants, and the
prevalence of MG at different anatomical sites was as follows: a) MG was detected in 9.7% (12/124) of pharyngeal
swabs. b) MG was found in 6.1% (8/132) of urethral swabs. c) The prevalence of MG in rectal swabs was 7.9% (7/89).
Among the 21 MG-positive participants, 1 individual was infected at all three anatomical sites, and 4 participants were
found to be infected at 2 of the tested sites (Figure 1).

Antimicrobial Resistance Mutations in MG

27 MG-positive specimens (out of 21 MG-positive participants) were collected and available for the detection of
mutations associated with resistance to macrolides and FQs (Table 3). In terms of amplicon production for detecting
resistance mutations, 33.3% (9/27) of specimens had sufficient amplicons for the 23S rRNA gene, 11.1% (3/27) for the
parC gene, and 22.2% (6/27) for the gyr4 gene. Among the specimens for which sequencing data were available, 77.8%
(7/9) displayed an A2071T single nucleotide polymorphism (SNP), while 22.2% (2/9) exhibited an A2071G SNP. For the
three successfully amplified parC genes, 66.7% (2/3) were identified as having a wild-type parC sequence, while 33.3%
(1/3) displayed a G241T SNP, leading to alterations in the amino acid at position 81 (Gly81Cys). This specimen that
carried the G241T mutation in parC concurrently exhibited macrolide resistance (A2071T). Regarding the six success-
fully amplified gyrd genes, 66.7% (4/6) of specimens had a wild-type gyr4 sequence, while 33.3% (2/6) harbored
mutations in the gyr4 genes. Specifically, 16.7% (1/6) displayed a base missing at position 428 (C428-), and another
16.7% (1/6) contained two SNPs (C353G and A256G), resulting in alterations in the amino acids at positions 118
(Alal18Gly) and 86 (Met86Val), respectively. Notably, all two specimens with gyr4 SNPs exhibited concurrent
macrolide resistance (A2071T).
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169 MSM were invited to participate

Y

—b| 7 participants were excluded for questionaire loss

162 MSM enrolled (132 Urethra, 89 Rectum, 124 Pharynx)

v

21 MSM MG positive (8 Urethra, 7 Rectum, 12 Pharynx)

v

9 samples were
successfully sequenced for
23S rRNA

v

Y

3 samples were successfully
sequenced for parC

v

6 samples were successfully
sequenced for gyrA

2 L 4 7 L 4
1 (33.3%) 2 (66.6%) 2 (33.3%) 4 (66.6%)
0,
9(128;" znszglsp Ifsr\:]:d - sample had a SNP samples had a samples had samples had a WT
in parC WT parC SNPs in gyrA gyrA
| I
l v v
1G241T 1 C353G; A256G
1 C428- 2
2heq71a F42r1Y (Gly81Cys) (Ala118Gly;Met86Val)
1 Urethra 3 Urethra 1 Urethra 1 Urethra 1 Urethra
1Pharynx 3 Rectum
1Pharynx

Figure | Summary of Mutations Detected in 23S rRNA, parC, and gyrA for Mycoplasma genitalium Isolates from Various Anatomical Sites of 169 MSM in Shenzhen, China.

Discussion

In recent years, increased scholarly attention has been directed towards the prevalence of MG infections among MSM.

A 2021 meta-analysis conducted in China revealed a notable MG infection rate of 9.7% among the Chinese MSM

population,'?

a figure consistent with findings from an Australian study involving 1001 MSM, wherein 9.5% tested

positive for MG.* Additionally, a 2021 French study investigating MG infection and drug resistance among MSM

reported a baseline MG infection rate of approximately 10.5% within the MSM community.'' However, our study
conducted in Shenzhen, involving 162 MSM, identified an even higher MG infection rate of 13.0% (21/162). This rate

Table

3 Resistance-Associated Mutations to
Fluoroquinolones in Mycoplasma Genitalium lIsolates from Various
Anatomical Sites of 21 MSM in Shenzhen, China

Macrolides and

Participants Site Macrolides Fluoroquinolones
Mutations Mutations
23S rRNA # parC gyrA
Urethra A2071T G241T/ WT
Gly81Cys
Urethra A2071G WT C428-/Alal43-
Urethra NA NA NA
Pharynx NA NA NA
(Continued)
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Table 3 (Continued).

Participants Site Macrolides Fluoroquinolones
Mutations Mutations

23S rRNA # parC gyrA
5 Rectum NA NA NA
Pharynx A2071G NA WT
Urethra NA NA NA
6 Urethra NA NA NA
Pharynx NA NA NA
Rectum A2071T NA NA
Pharynx NA NA NA
9 Pharynx NA NA NA
10 Rectum NA NA NA
I Urethra A2071T NA NA
12 Pharynx A2071T NA NA
13 Pharynx NA NA NA

Urethra A2071T NA C353G +

A256G/

Alal 18Gly +

Met86Val
14 Rectum A2071T NA WT
Pharynx NA NA NA
15 Rectum A2071T WT WT
16 Rectum NA NA NA
17 Pharynx NA NA NA
18 Pharynx NA NA NA
19 Pharynx NA NA NA
20 Rectum NA NA NA
Urethra NA NA NA
21 Pharynx NA NA NA

Notes: * M. genitalium numbering; NA: not amplified; WT: wild type; -: bp deletion.

surpasses those observed in China, Australia, and France, underscoring a pronounced MG prevalence among MSM in
Shenzhen.*'"'? These findings emphasize the imperative for intensified interventions aimed at curbing MG infection
rates within this specific demographic.

Diverging from conventional blood testing practices, the collection of MG samples in clinical settings hinges on
patients’ sexual behavior histories, notably involving activities like active oral/anal sex affecting the oropharynx/rectal
area. Consequently, detecting MG infection entails sampling from diverse anatomical sites. Studies indicate variability in
MG infection rates across these sites. An Australian study observed infection rates of 2.7% in urine samples and 7.0% in
rectal samples among MSM.* Similarly, a French study reported rates of 6.3% in urine, 4.3% in rectal swabs, and 0.5% in
pharynx swabs.'" In a 2014 cross-sectional study in Shenzhen, China, the prevalence of MG among MSM stood at 8.1%,
with rectal positivity at 5.4% and urine positivity at 3.4%.° However, a 2018 cross-sectional study in Shenyang, China,
found a notably higher rectal MG infection rate among MSM at 15.3%,'* approximately threefold to Shenzhen (5.4%),°
France (4.3%),'" and Italy (4.8%).*° Our investigation revealed MG infection rates of 6.1% (8/132) in urethral swabs,
7.9% (7/89) in rectal swabs, and 9.7% (12/124) in pharyngeal swabs. Notably, the prevalence of MG at urethral swabs
was lower than in France in 2021 but higher than in Australia in 2017 and Shenzhen in 2010; at rectal swabs was lower
than in Shenyang in 2018 but higher than in Shenzhen in 2010, France in 2021 and Italy in 2017; and pharyngeal swabs
significantly exceeded that of France in 2021. These findings underscore a high prevalence of pharyngeal MG infection
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in Shenzhen, emphasizing the need for focused preventive measures to curb MG infections in this specific anatomical
region.

Findings from a 2018 national cross-sectional study in Germany underscored several key risk factors for STDs among
MSM.?!' These factors included having more than 5 male sex partners within 6 months, engaging in unprotected sex,
using recreational drugs, being HIV positive, and utilizing Pre-Exposure Prophylaxis (PrEP). Notably, younger age
emerged as a significant independent risk factor for infection.’’ Similarly, a 2020 clinical study conducted in Sydney
revealed that MSM individuals on PrEP were twice as likely to be infected by MG compared to those not on this
preventive regimen.*> While previous studies have suggested that sexual behaviors such as early sexual age, a high
number of sexual partners, infrequent condom use during sexual activity, and the consumption of alcohol or drugs before
sex could be potential risk factors for MG infection, our study did not identify significant associations, possibly due to the
relatively small sample size.

Tetracyclines (such as doxycycline), macrolides (such as azithromycin), and FQs (such as moxifloxacin) constitute
the primary treatment options for MG. However, a concerning trend has emerged in recent years regarding increased
resistance among MSM-infected patients to macrolides and FQs. The escalating rates of macrolide-resistant MG and the
diminishing efficacy of azithromycin over time, coupled with mounting reports of resistance to the second-line antibiotic
moxifloxacin, signal significant challenges in MG treatment. A systematic review detailing global MG drug resistance
highlighted an alarming surge in macrolide resistance, soaring from 10% before 2010 to 51% in.2016—2017'° Regional
disparities were evident, with the Americas (0% to 67%) and Australia (18.8% to 66.0%) experiencing the most drastic
increases.'® FQs resistance stood at 7.7%, notably higher in the Western Pacific region compared to the European
region.'® Moreover, MSM cohorts exhibit higher macrolide resistance rates than heterosexual men. A study in southern
Spain demonstrated macrolide and FQs resistance rates of 62.5% and 16.7% among MSM, whereas non-MSM popula-
tions showed rates of 26.6% and 10.0%, respectively.>* Notably, macrolide consumption among MSM was significantly
higher than in non-MSM groups. In a Chinese study on MG in gay sex workers, macrolide resistance reached 83.0%,
with 79.8% and 21.1% of the parC and gyrd genes showing potential FQs resistance mutations, respectively.** Our
findings reveal concerning resistance rates among MSM populations, with 100.0% (9/9) and 33.3% (3/9) exhibiting
resistance to macrolides and FQs, respectively. Of these, 33.3% (1/3) displayed parC mutations, and 33.3% (2/6)
exhibited gyr4 mutations. This highlights an alarming scenario of MG drug resistance in Shenzhen. Despite limited
research, this concerning trend demands immediate attention and calls for targeted strategies to mitigate the spread of
drug-resistant strains.

Consistency in MG treatment guidelines across different countries remains elusive. European guidelines advocate
azithromycin (500 mg on the first day, followed by 250 mg daily for the next 4 days) as first-line treatments for
uncomplicated MG infection, with moxifloxacin (400 mg daily for 7-10 days) as the second line. Doxycycline (100 mg
twice daily for 14 days) or pristinamycin (1g four times daily for 10 days) are recommended if initial and secondary
treatments fail, while complicated cases suggest moxifloxacin (400 mg daily for 14 days).” The US CDC recommends
doxycycline (100 mg twice daily for 7 days) followed by azithromycin (1g for the first day, then 250 mg daily for the
next 4 days). Moxifloxacin (400 mg once daily for 7 days) as an alternative for macrolide-resistant cases.>” British
guidelines propose a sequential regimen involving doxycycline (100 mg twice daily for a week) followed by azithro-
mycin (1g, 500 mg, and 500 mg orally on the first, second and third days, respectively).* For resistant or complicated
cases, the regimen aligns with European guidelines. A recent Melbourne study on MG urethritis highlighted its
prevalence among MSM (39%).?” Notably, MSM displayed nearly double the macrolide resistance compared to
women or heterosexual men (76% in MSM versus 39% in women and heterosexual men combined).?” This discrepancy
may arise from concurrent treatment of other STIs in MSM, inadvertently exposing MG to azithromycin, escalating
macrolide resistance, and hindering subsequent treatments. Despite doxycycline’s limited efficacy and low microbial cure
rates, sequential therapy with it reduces bacterial load, potentially enhancing success rates with moxifloxacin.*®
A domestic study assessing doxycycline-moxifloxacin sequential therapy revealed an overall efficacy of 83.3%.%® The
16.7% failure rate is potentially linked to antibiotic misuse. Therefore, clinicians should prioritize sensitive antibacterial
drugs to curb MG’s drug resistance development and enhance treatment effectiveness. All of the MG-positive partici-
pants (21/21) received a 14-day doxycycline regimen. Only 19.0% (4/21) of participants returned for the test of cure
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(TOC) 2 weeks after treatment and all 4 participants were cured. No significant correlates of MG infection were
identified. This absence of MG in the reexamined patients prompts a crucial need for further validation, particularly
regarding the suitability of doxycycline in treating MG infection among MSM. Studies have found that the micro-
biological cure rate of minocycline, a tetracycline antibiotic, in patients with macrolide resistance is approximately 68%—
71%.%%%° Microbial cure was defined as a negative TOC 14-90 days after therapy in an Australian study.*' However, it is
possible that TOC was performed too soon to generate false-negative results. Few data exist to inform the optimal time to
conduct TOC?. Current limited evidence suggests that performing a TOC sooner than three weeks after treatment may
generate false-negative results because of the initial fall but then rise in organism load following the development of
macrolide resistance mutations.”> Our study has several limitations that should be noted. First, the inclusion and exclusion
criteria were not fully comprehensive. For instance, HIV infection and co-infections with other sexually transmitted
pathogens, which may increase susceptibility to MG among MSM, were not accounted for, potentially influencing our
results. Additionally, a history of STD treatment within the 3—6 months before sample collection could have been
included as an exclusion criterion, as recent treatment may affect the study’s findings. Our study did not identify
significant associations of MG infection, possibly due to the relatively small sample size.

Conclusion

Our study of MSM in Shenzhen revealed a high MG infection rate and resistance rates to macrolides and fluoroquino-
lones, highlighting the need for intensified interventions. We also observed anatomical variations in infection, with
a notably high prevalence of pharyngeal infection, pointing to the need for targeted prevention efforts. Remarkably,
doxycycline treatment in macrolide-resistant cases led to undetectable MG upon follow-up. This suggests doxycycline’s
potential effectiveness against MG in MSM, underscoring the need for larger studies to confirm these results.
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