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ABSTRACT The rising rates of antimicrobial resistance (AMR) in Mycoplasma genitalium
globally and the association of this sexually transmitted infection (STI) with cervicitis,
urethritis, and HIV are potentially of great public health concern. Data on the epidemi-
ology of M. genitalium in men in sub-Saharan Africa are limited. We sought to determine
the prevalence of M. genitalium and macrolide resistance in men with urethritis in Kampala,
Uganda. Self-collected penile-meatal swabs and/or urine samples from men with sympto-
matic urethritis (n = 250) were retrospectively analyzed for the presence of M. genitalium
and macrolide resistance markers with the Aptima M. genitalium and ResistancePlus M. geni-
talium assays. Additionally, demographic and STI coinfection data were used to investigate
associations with M. genitalium infection. M. genitalium was detected in 12.8% (32/250) of
individuals; 40.6% (n = 13) had M. genitalium monoinfection. Mutations associated
with macrolide resistance were detected in 10.7% (3/28) of participants. Coinfection with
Neisseria gonorrhoeae was common (41.0%), but M. genitalium was more prevalent in par-
ticipants without N. gonorrhoeae coinfection (P = 0.001). M. genitalium is common
in Ugandan men with urethritis both as a monoinfection and as a coinfection with
other curable STIs. Macrolide resistance was present and warrants further research
on treatment outcomes and the association between untreated M. genitalium and subse-
quent morbidity.

IMPORTANCE Mycoplasma genitalium is a common sexually transmitted infection associated
with urethritis in men. Little is known about M. genitalium infection in men with urethritis
in Uganda. We report that 12% of participants in this study were positive for M. genitalium
and that resistance to azithromycin, a macrolide antibiotic, is present. Furthermore, we
show that either self-collected penile-meatal swabs or urine can be used for detection of
M. genitalium.

KEYWORDS Mycoplasma genitalium, NAAT, sexually transmitted infections,
antimicrobial resistance

M ycoplasma genitalium is a common, yet often underdiagnosed, sexually transmitted
infection (STI) associated with nongonococcal urethritis (NGU) in men and poor sexual

and reproductive health outcomes in women, including cervicitis, pelvic inflammatory dis-
ease (1), and increased risk of HIV acquisition (2, 3). The prevalence of M. genitalium in the
general population in high-income countries is approximately 1.3% but higher (3.2%) in
community-based men who have sex with men (MSM) and commercial sex workers (CSWs)
(15.9%) in lower-income settings (4). In comparison to other STIs, there are limited data
regarding M. genitalium infections from sub-Saharan Africa (SSA), especially in men. Previous
studies from SSA including symptomatic men in South Africa, a circumcision trial in Kenya,
symptomatic STI clinic attendees in Zimbabwe, and Nigerian MSM have reported urogenital
M. genitalium prevalence of 17.3%, 9.9%, 3.5%, and 12.4%, respectively (5–8). In Uganda,
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studies regarding the prevalence of M. genitalium have been limited to women and female
CSWs (3, 9–12). The only study involving Ugandan men was conducted as part of a random-
ized trial of male circumcision and found that male circumcision did not affect M. genitalium
infection in female partners, but the study did not report on the prevalence of M. genitalium
in men (13).

The increasing frequency (14–16) and specter (17) of macrolide resistance have decreased
the value of macrolides as a first-line treatment for M. genitalium. Azithromycin is no longer
recommended in first-line treatment of urethritis and cervicitis syndromes but remains one of
the first-line regimens for the treatment of M. genitalium if macrolide sensitivity is determined
using antimicrobial resistance (AMR) testing. A meta-analysis on the prevalence of mutations
associated with M. genitalium macrolide resistance using data from 21 countries found an
overall prevalence of 35.5%, increasing from less than 10% before 2010 to 51.4% in 2016 to
2017 (16). Macrolide resistance is mediated by mutations in the 23S rRNA gene (A2058 and
A2059 [Escherichia coli numbering]), which prevent binding of the antibiotic to the 23S rRNA
(1). The use of sequential treatment with doxycycline and azithromycin or moxifloxacin has
been demonstrated to increase cure rates using a resistance-guided approach (18). It is recom-
mended in several national guidelines including in Australia (19) and the United Kingdom (20).
In 2021, the Centers for Disease Control and Prevention (CDC) recommended the use of se-
quential treatment (doxycycline and azithromycin) for macrolide-susceptible M. genitalium or
doxycycline-moxifloxacin when macrolide resistance is confirmed or if macrolide resistance
testing is not available (21). Data pertaining to AMR inM. genitalium from Africa are beginning
to emerge but have been largely limited to South Africa, where low levels (0 to 1.1%) of azi-
thromycin resistance have been reported (22–24). Considering the high levels of antimicrobial-
resistant gonorrhea in Uganda (25, 26), understanding the epidemiology and AMR profile of
M. genitalium infections is critical to help shape treatment guidelines, which have not been
defined forM. genitalium infections in Uganda (27).

We retrospectively evaluated the prevalence of M. genitalium and macrolide resist-
ance-associated mutations (MRMs) in urogenital samples collected from Ugandan men
with urethritis in Kampala, Uganda. We performed a small comparison to evaluate the per-
formance of the Aptima and the ResistancePlus assays for detection ofM. genitalium utilizing
male urine samples. Additionally, we sought to determine the association between M. geni-
talium and participants’ demographics, HIV status, and coinfection with other STIs.

RESULTS
Participants’ characteristics, sexual behaviors, and STI coinfections. The charac-

teristics of the 250 participants included in the study are shown in Table 1. The majority,
regardless of M. genitalium positivity, were under the age of 24 (52.4%), were men who have
sex with women (MSW) (95.2%), and were HIV negative (80%) and syphilis negative (90%). M.
genitaliumwas detected in 12.8% (32/250) of participants by Aptima nucleic acid amplification
test (NAAT). There were no significant differences in age, sexual orientation, and HIV and syph-
ilis positivity by M. genitalium status. Compared to participants with a negative M. genitalium
test, those with M. genitalium were significantly less likely to be coinfected with other curable
STIs (P = 0.008).

Table 2 describes the age, sexual behavior, STI coinfections, 23S rRNA MRMs, antimi-
crobial treatments, and symptom resolution outcomes for participants withM. genitalium. In
40.6% (n = 13) of M. genitalium-positive participants, M. genitalium was the only curable STI
detected by the Aptima NAAT. However, the majority (59.4% [19/32]) of participants withM.
genitaliumwere coinfected with at least one additional curable STI. Coinfections ofM. genita-
liumwith Neisseria gonorrhoeae, Chlamydia trachomatis, or Trichomonas vaginaliswere found
in 28.1% (n = 9/32), 12.5% (n = 4/32), and 6.3% (n = 2/32), respectively. M. genitalium, C. tra-
chomatis, and N. gonorrhoeae coinfection was found in 12.5% (n = 4/32).

Comparison of urine Aptima and ResistancePlus results. There was a 90.6% (29/32)
agreement between the Aptima assay and the ResistancePlus assay for detection of M. geni-
talium. The urine samples of 28 participants tested positive by both assays, and one urine
sample tested negative by both assays despite the corresponding penile swab testing
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positive by Aptima assay. Three urine samples tested positive for M. genitalium with the
Aptima assay butM. genitalium negative with the ResistancePlus assay.

Detection of 23S rRNA MRMs using the ResistancePlus assay. Of the 32 urine
samples from Aptima M. genitalium-positive participants, 87.5% (n = 28) had sufficient
DNA and provided conclusive 23S rRNA genotyping results. The presence of 23S rRNA
MRMs was confirmed in 10.7% (3/28) of samples by Sanger sequencing; of these, 66%
(2/3) were from participants who self-identified as MSM (Table 2). Sanger sequencing
revealed that two samples harbored the 23S rRNA A2059G mutation and one sample
had the A2058G mutation. Two of these samples were classified as 23S rRNA mutants
by the ResistancePlus M. genitalium assay, and the third sample was indeterminate. The
ResistancePlus M. genitalium assay identified wild-type 23S rRNA sequences, suggestive
of macrolide susceptibility, in 25 of the samples from M. genitalium-positive partici-
pants. The macrolide susceptibility profile (23S rRNA genotype) of four M. genitalium-
positive participants could not be determined by either the ResistancePlus M. genita-
lium assay or Sanger sequencing.

Antimicrobial treatment and resolution of UDS symptoms. Table 2 describes the
antimicrobial treatment and self-reported urethral discharge syndrome (UDS) symp-
tom resolution for M. genitalium-positive participants. The majority (87.5% [n = 28]) of
participants with M. genitalium were empirically treated for UDS on the day of their
clinic visit with a single dose of cefixime plus doxycycline (7 days) as recommended by
the 2016 Ugandan STI treatment guidelines (27). Azithromycin was empirically pre-
scribed to 6.3% (2/32) of those who subsequently tested positive for M. genitalium. The
majority (86.7% [26/30]) of participants with M. genitalium, including 92.3% (12/13) of

TABLE 1 Demographic characteristics of study participants, STIs, and association withM.
genitaliuma

Characteristic
M. genitalium positive
(N = 32), n (%)

M. genitalium negative
(N = 218), n (%)

P value
overall

Age, median, yr [IQR] 24.0 [21.0; 32.2] 24.0 [22.0; 32.0] 0.619

Age group (yr) 0.951
16–20 4 (12.5) 30 (13.8)
21–24 13 (40.6) 84 (38.5)
25–34 10 (31.2) 60 (27.5)
$35 5 (15.6) 44 (20.2)

Sexual orientation 0.187
MSW 29 (90.6) 209 (95.9)
MSM/MSMW 3 (9.4) 9 (4.1)

HIV 0.962
Negative 25 (78.1) 175 (80.3)
Positive 7 (21.9) 43 (19.7)

Syphilis 0.338
Negative 27 (84.4) 198 (90.8)
Positive 5 (15.6) 20 (9.2)

Neisseria gonorrhoeae 13 (40.6) 154 (70.6) 0.001b

Chlamydia trachomatis 8 (25.0) 49 (22.6) 0.937b

Trichomonas vaginalis 2 (6.2) 4 (1.8) 0.172

UDS-associated coinfections 0.008
At least one other STI 19 (59.4) 178 (81.7)
No other STIs 13 (40.6) 40 (18.3)

aN, number; IQR, interquartile range; UDS, urethral discharge syndrome; MSW, men who have sex with women;
MSM, men who have sex with men; MSMW, men who have sex with men and women.

bThe number of samples (N. gonorrhoeae [n = 249], C. trachomatis [n = 249]) included in the analysis was less
than 250 because of invalid Aptima results.M. genitalium prevalence is based on Aptima results.M. genitalium
was detected in 93.8% (30/32) of paired penile-meatal swabs and urine; two participants had discordant results
(urine positive but negative in the swab sample and vice versa). Bold indicates statistical significance.
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participants with M. genitalium monoinfection, reported resolution of UDS symptoms
within 21 days of treatment; three participants reported symptoms during the last follow-up
phone call visit (21 days posttreatment). All three participants with macrolide-resistant (mutant
23S rRNA) M. genitalium reported resolution of symptoms by the third (day 21) follow-up
phone call or earlier; in two of these participants, M. genitalium was the only STI detected by
Aptima NAAT.

DISCUSSION

The data presented here describe the prevalence of M. genitalium in men with UDS,
which is similar to that found in traditional high-risk groups, CSWs and MSM (4). Among
participants who tested positive forM. genitalium, 40% were monoinfected. Taken together,
these findings suggest that M. genitalium is an important pathogen in the etiology of male
UDS (28).

In our study of men attending community health centers, gonorrhea was the most
prevalent STI; in those infected with N. gonorrhoeae, the overall prevalence of M. genitalium
was 7.8%, which is similar to the prevalence (7.6%) reported in men attending a sexual
health clinic in Sydney, Australia (29). Although, N. gonorrhoeae infection was very com-
mon, we found that N. gonorrhoeae was more prevalent in men who were not infected

TABLE 2 Demographics, STIs, treatment, and outcome ofM. genitalium-positive participantsa

PID Age (yr)
Sexual
orientation Urethritis-associated STI(s)

AZM resistance
23S rRNA

Empiric treatment
receivedb

Resolution
of symptoms

1 STI
MN-021 24 MSM M. genitalium Mutant 1, 2, 4 F-U-3
MN-023 25 MSMW M. genitalium Mutant 1, 2, 5 F-U-2
MN-034 19 MSW M. genitalium Wild type 1, 2, 5 F-U-1
MN-156 38 MSW M. genitalium Wild type 6, 2 F-U-1
MN-198 21 MSW M. genitalium Wild type 1, 2, 5 F-U-1
MN-207 27 MSW M. genitalium Wild type 1, 2, 5 F-U-1
MN-227 42 MSW M. genitalium Wild type 1, 2, 5 F-U-2
MN-197 21 MSW M. genitalium Wild type 1, 2, 5 F-U-2
MN-236 24 MSW M. genitalium Wild type 1, 2, 5 F-U-2
MN-120 22 MSW M. genitalium Wild type 1, 2, 5 F-U-3
MN-248 27 MSW M. genitalium Wild type 1, 2, 5 F-U-3
MN-086 28 MSW M. genitalium Wild type 3, 2, 7 NR-F-U-3
MN-039 34 MSW M. genitalium No data 1, 2, 5 F-U-2

2 STIs
MN-018 33 MSW M. genitalium and C. trachomatis Wild type 1, 2, 5 F-U-1
MN-077 21 MSW M. genitalium and C. trachomatis Wild type 1, 2, 5 F-U-3
MN-121 17 MSW M. genitalium and C. trachomatis Wild type 1, 2, 5 LTFU
MN-069 22 MSW M. genitalium and C. trachomatis Wild type 1, 2 NR-F-U-3
MN-027 32 MSW M. genitalium and N. gonorrhoeae Wild type 1, 2, 5 F-U-1
MN-049 22 MSW M. genitalium and N. gonorrhoeae Wild type 1, 2 F-U-1
MN-051 28 MSW M. genitalium and N. gonorrhoeae Wild type 1, 2 F-U-1
MN-052 36 MSW M. genitalium and N. gonorrhoeae Wild type 1, 2, 4 F-U-1
MN-167 34 MSW M. genitalium and N. gonorrhoeae Wild type 3, 2 F-U-1
MN-231 38 MSW M. genitalium and N. gonorrhoeae Wild type 1, 2, 5 F-U-3
MN-043 21 MSW M. genitalium and N. gonorrhoeae Wild type 1, 2 F-U-3*
MN-030 20 MSM M. genitalium and N. gonorrhoeae No data 1, 2, 5 F-U-1
MN-153 24 MSW M. genitalium and N. gonorrhoeae No data 1, 2, 5 F-U-1
MN-188 23 MSW M. genitalium and T. vaginalis Wild type 1, 2, 5 NR-F-U-3
MN-229 40 MSW M. genitalium and T. vaginalis No data 1, 2, 5 F-U-2

3 STIs
MN-058 20 MSW M. genitalium, C. trachomatis, and N. gonorrhoeae Mutant 1, 2, 5 F-U-1
MN-063 23 MSW M. genitalium, C. trachomatis, and N. gonorrhoeae Wild type 1, 2, 5 F-U-1
MN-139 21 MSW M. genitalium, C. trachomatis, and N. gonorrhoeae Wild type 1, 2, 5 F-U-1
MN-050 29 MSW M. genitalium, C. trachomatis, and N. gonorrhoeae Wild type 6, 2 LTFU
aPID, patient identifier; MSW, menwho have sex with women; MSMW, men who have sex with men and women; MSM, menwho have sex with men; AZM, azithromycin; No
data: The 23S rRNA genotype could not be determined by either the ResistancePlus assay or Sanger sequencing. F-U-1, follow-up 1 (7 days posttreatment); F-U-2, follow-up 2
(14 days posttreatment); F-U-3, follow-up 3 (21 days posttreatment); NR-F-U-3, symptoms not resolved as of follow-up visit 3; LTFU, lost to follow-up; *, no follow-up 2 visit.

bTreatment key: 1, cefixime; 2, doxycycline; 3, ceftriaxone; 4, azithromycin; 5, metronidazole; 6, other (cefuroxime, cefotaxime); 7, gentamicin.
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with M. genitalium (70.6%) than in men who were coinfected with M. genitalium (40.6%).
This difference may reflect differential exposure to sexual networks with different N. gonor-
rhoeae prevalence, behavioral factors such as frequency of condom use, prior antimicrobial
exposure, or as-yet-unidentified M. genitalium-associated inhibition of N. gonorrhoeae. Larger
studies are required to explore this association. Despite a 20% HIV positivity rate in our study,
we did not find an association between HIV infection andM. genitalium as has been previously
reported in other African studies (30, 31). The small number of HIV- andM. genitalium-positive
participants in our study limits the exploration of associations. However, the association of
M. genitalium and HIV acquisition in Ugandan women (3, 9) implies that case-control or pro-
spective studies with a larger sample of participants withM. genitalium are warranted to estab-
lish relationships with potential risk factors, such as living with HIV.

The reported prevalence of macrolide-resistant M. genitalium strains has increased
in many parts of the world over the last decade (16), but recent studies from Africa
have reported various levels of resistance ranging from no resistance (22, 23) to ,1.5%
(24). Our study identified 10.7% of samples with macrolide resistance, which is compa-
rable to that seen in high-risk women in Kenya (32). In comparison to the prevalence
of macrolide resistance in other countries, which can be as high as 80% (33–35), our
data suggest that macrolide resistance is emerging in Uganda, which is not surprising
considering the lack of antimicrobial stewardship and high rates of antimicrobial-resistant
gonorrhea (25). Although the number of macrolide-resistant M. genitalium infections in our
study was small (n = 3), they were more common in MSM than in MSW, which is consistent
with previous reports (36, 37).

Globally, management and control ofM. genitalium are challenging for a variety of reasons,
including the role of asymptomatic infection in disease processes, undertesting, and AMR. In
Uganda, where M. genitalium is not addressed in current STI management guidelines, treat-
ment ofM. genitalium with doxycycline-based UDS treatment is inadequate. The high propor-
tion of individuals with multiple UDS-associated STIs might confound posttreatment symptom
resolution of thoseM. genitalium infections. In our study, however, the majority of participants
with M. genitalium, including those with other STI coinfections, reported resolution of symp-
toms after receiving treatment for UDS in accordance with the Ugandan treatment guidelines.
All of the participants with an M. genitalium monoinfection received doxycycline treatment,
which could have helped to alleviate symptoms by reducing bacterial burden (38). The lon-
ger-term durability of clinical cure and whether the M. genitalium infection was eradicated are
not known. A controlled clinical trial showed that only 33% of M. genitalium-positive patients
eradicated the M. genitalium infection following treatment with doxycycline (39). Therefore,
the high rate of clinical cure, based on symptom resolution, in our study is at odds with previ-
ous studies on the effectiveness of doxycycline for the treatment ofM. genitalium.

Our study found excellent concordance between self-collected penile-meatal swabs
and urine for the detection of M. genitalium. Laboratory diagnostics are not used in the
syndromic case management of UDS in Uganda; however, the ability to collect either
urine or self-collected penile swabs could expand sample choices for the implementa-
tion of future surveillance programs for M. genitalium and AMR, similar to the N. gonor-
rhoeae surveillance programs.

The limitations of our study include the lack of asymptomatic participants to allow for char-
acterization of symptomatic and asymptomatic M. genitalium infections. Our study included a
small number of M. genitalium-positive samples. Larger studies are warranted to better define
the epidemiology ofM. genitalium and AMR in Uganda. Data on resolution of symptoms were
based on self-report, and test-of-cure sampling was not performed on any of the participants.
Patients with UDS attending community clinics in Kampala are treated empirically, and reliable
M. genitalium coverage is not included in UDS treatment. We were unable to perform a com-
parison between self-collected and clinician-collected penile swabs for detection ofM. gen-
italium. However, urine has been shown to be a suitable specimen type for detection of
STIs, especially in symptomatic men. Testing with the ResistancePlus M. genitalium assay
was performed using a modified extraction protocol, which could have affected assay sen-
sitivity. However, over 90% of Aptima M. genitalium-positive samples also tested positive
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with the ResistancePlus assay, suggesting that modifications to the extraction protocol did
not significantly affect assay performance. Lastly, all of the samples were collected in
Kampala, Uganda, albeit from 6 different clinics, from primarily self-reported MSW,
thus limiting the generalizability of these results.

In conclusion, the results of this study add to our knowledge of M. genitalium in
Africa by providing baseline data on the prevalence of M. genitalium and macrolide resist-
ance in symptomatic men with urethritis in Kampala, Uganda. M. genitalium was prevalent
as monoinfection and as a coinfection. Macrolide resistance may be more common in MSM
than MSW. Self-collected penile-meatal swabs are a suitable specimen type forM. genitalium
testing and AMR analysis and may be useful in research studies and surveillance programs
where facilities for collection and transportation of urine are limited. M. genitalium, which
appears to be an important causative agent of UDS, is probably not currently adequately
covered by syndromic management guidelines in Uganda. This observation is at odds with
the clinical cure, based on self-report symptom resolution, observed in our study even in
those with 23S rRNA MRMs; this observation requires further exploration in prospective
studies. Additional studies are warranted to better define the epidemiology of M. genitalium
and the relationship between community macrolide use and AMR and longitudinal associa-
tions between incidentM. genitalium, AMR, and subsequent morbidity.

MATERIALS ANDMETHODS
Participants were recruited, through the Enhanced Gonococcal Antimicrobial Surveillance Program

(EGASP), at six government health centers in Kampala, Uganda, to participate in a study evaluating the
analytical performance of a new diagnostic platform for gonorrhea (40). Men with urethritis were recruited
between October 2019 and November 2020 (recruitment was suspended between March and July 2020 due
to COVID lockdown), their consent was obtained, and they were asked to self-collect penile-meatal swabs and
urine. Blood was collected by a research nurse as well as demographic and behavioral data, which were col-
lected via questionnaire. Prior to study enrollment, participants were treated or prescribed treatment empiri-
cally by clinic staff in accordance with Ugandan treatment guidelines (27), which indicate dual treatment with
oral cefixime and doxycycline for UDS. Follow-up phone calls were made to participants on days 7, 14, and 21
after the enrollment visit.

Laboratory testing in Kampala. HIV testing was performed using sequential point-of-care (POC)
HIV antibody tests, including the Determine (Alere, Waltham, MA), and Stat-Pak (Chembio, NY) assays,
with SD-Bioline (Standard Diagnostics, Giheung-gu, Republic of Korea) as a tie breaker. Syphilis testing
was performed using the Laborex treponemal antibody test (Zheijing Orient Gene Biotech Co. Ltd.,
China). All tests were performed according to manufacturer’s instructions.

Detection of M. genitalium by Aptima nucleic acid amplification test. The self-collected penile-
meatal swabs were eluted in phosphate-buffered saline (PBS), frozen, and together with paired, frozen, urine
samples sent to the Johns Hopkins University for additional testing. Two hundred microliters of the swab elu-
tion was placed in the multitest swab transport medium (STM). Urine samples (�2 mL) were transferred to urine
specimen transport tubes per manufacturer’s instructions. Swab and urine samples were tested forM. genitalium
as well as Neisseria gonorrhoeae, Chlamydia trachomatis, and Trichomonas vaginalis using the Aptima (Hologic,
San Diego, CA, USA) M. genitalium transcription-mediated amplification-based Research Use Only, Combo 2 C.
trachomatis/N. gonorrhoeae, and T. vaginalis assays, respectively. Samples with invalid Aptima C. trachomatis,
N. gonorrhoeae, T. vaginalis, or M. genitalium results were retested; samples with repeated (tested twice) in-
valid Aptima results were excluded from the analysis.

ResistancePlus testing for M. genitalium and macrolide resistance. For ResistancePlus testing,
urine samples were selected for the analysis because (i) the majority of previous studies have used urine,
(ii) sample availability was high, and (iii) utilizing urine allowed for repeat testing, if necessary. Urine
samples from participants who tested positive for M. genitalium with the Aptima NAAT underwent test-
ing with the ResistancePlus M. genitalium assay (SpeeDx, Sydney, Australia) to assess concordance with
the Aptima M. genitalium assay and to determine if any of the M. genitalium-positive samples contained
23S rRNA MRMs. Due to supply limitations caused by the COVID-19 pandemic, the DNA extraction step
for ResistancePlus M. genitalium testing was modified as described below and DNA was extracted utiliz-
ing the MagNA Pure LC V 1.0 instrument (Roche Diagnostics, Indianapolis, IN). In accordance with manu-
facturer instructions, ResistancePlus amplification reactions were performed on the ABI 7500 Fast DX
real-time PCR instrument (Applied Biosystems, Foster City, CA), and sample validity and assay results
were determined through FastFinder RUO v3.5.8 (UgenTec, Hasselt, Belgium) analysis.

Using a modified DNA extraction protocol, we performed three sample analyses with the ResistancePlus
M. genitalium assay, a primary analysis and two subset analyses. The primary analysis utilized 200mL of sample
(193mL of urine1 7mL of internal control [IC] [SpeeDx, Sydney, Australia]) from AptimaM. genitalium-positive
participants. The second set of analyses involved a large-volume (980mL urine1 20mL of IC) analysis of a sub-
set of samples (n = 12) that were performed to determine if an increase in sample volume would resolve
ResistancePlus M. genitalium-negative, Aptima M. genitalium-positive results (n = 8) and to confirm detection of
23S rRNA mutations (n = 2). Two additional samples were used as controls in the second set of analyses to
ensure assay reproducibility when the sample volume increased from 200 mL to 1,000 mL. The third analysis
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was a further attempt to resolve any remaining ResistancePlus M. genitalium-negative, Aptima M. genitalium-
positive results (n = 2) by analyzing 1,000mL of sample (980mL of urine in Aptima transport buffer1 20mL of
IC) that produced the initial Aptima M. genitalium-positive result. Three samples were also included as controls
to ensure ResistancePlus M. genitalium result reproducibility when switching the sample matrix from urine to
Aptima transport buffer.

23S rRNA Sanger sequencing. The ResistancePlus M. genitalium assay has been shown to have
excellent sensitivity and specificity for detection of 23S rRNA MRMs (41); therefore, Sanger sequencing
was performed only on a subset of 25% (8/32) of Aptima M. genitalium-positive urine samples. Samples
were chosen as wild-type controls (n = 3); to identify the 23S rRNA MRMs detected by the ResistancePlus
assay (n = 2); or to resolve persistent ResistancePlus-negative, Aptima M. genitalium-positive results (n = 3). 23S
rRNA PCR was performed in 30-mL reaction mixtures as previously described (42) with the following modifica-
tions: 15 mL of PowerUp SYBR green master mix (Applied Biosystems, Foster City, CA), 2 mL of each 10 mM
primer, 1 mL of distilled water (dH2O), and 10mL of sample extract. Amplifications were performed on the ABI
Quant Studio 12K Flex using the following cycling conditions: 95°C for 20 s, 40 cycles of 95°C for 1 s and 60°C
for 20 s, and melt curve analysis to confirm the presence of PCR product. Sanger sequencing was performed
by the Johns Hopkins University School of Medicine Genetic Resources and Core Facility (GRCF) (RRID SCR-
018669) in accordance with GRCF protocols. Samples that did not produce sequencing results, or were of poor
sequencing quality, were resequenced using the same amplification and sequencing protocol with an alternate
set of sequencing primers, which produced a longer PCR amplicon (785 bp): 23S-785F 59AGTGAACGAGTGATC
AAGTAGC39 and 23S-785R 59TCTAAATACGATTTCCAACCG39.

Ethical approval. This study was approved by the Johns Hopkins University School of Medicine
Institutional Review Board (IRB approval no. 00215298) and in Uganda by the Joint Clinical Research
Center (protocol reference number JC0919) and the Ugandan National Council for Science and
Technology (study number HS455ES). Written informed consent was obtained from all participants prior
to the commencement of study procedures and data collection.

Data analysis. Continuous ages by M. genitalium positivity were compared using the Kruskal-Wallis
test. Differences in other categorical variables (age group, sexual orientation, infection with HIV, syphilis,
and coinfection with other STIs) byM. genitalium result were compared using the chi-square test if frequencies
in all cells were greater than 5 and Fisher’s exact test if frequency in any cell was less than 5. Differences were
considered statistically significant at 0.05. Analyses were conducted in R (43).

ACKNOWLEDGMENTS
The Aptima M. genitalium testing kits were supplied by Hologic. The ResistancePlus

M. genitalium testing kits were supplied by SpeeDx, which also provided technical assistance
with the modified extraction protocol. We acknowledge Emmanuel Mande and Richard
Kwezira of the translational laboratory at the Infectious Diseases Institute (IDI) as well as
research nurses and staff at the IDI.

Research presented in this publication was supported by the National Institute of
Biomedical Imaging and Bioengineering (U54EB007958) and National Institute of Allergy and
Infectious Diseases (K01AI153546) of the National Institutes of Health.

The content is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health.

We have no conflict of interest.

REFERENCES
1. Unemo M, Jensen JS. 2017. Antimicrobial-resistant sexually transmitted

infections: gonorrhoea and Mycoplasma genitalium. Nat Rev Urol 14:
139–152. https://doi.org/10.1038/nrurol.2016.268.

2. Mavedzenge SN, Van Der Pol B, Weiss HA, Kwok C, Mambo F, Chipato T,
Van der Straten A, Salata R, Morrison C. 2012. The association between
Mycoplasma genitalium and HIV-1 acquisition in African women. AIDS 26:
617–624. https://doi.org/10.1097/QAD.0b013e32834ff690.

3. Vandepitte J, Weiss HA, Bukenya J, Kyakuwa N, Muller E, Buvé A, Van der
Stuyft P, Hayes RJ, Grosskurth H. 2014. Association between Mycoplasma
genitalium infection and HIV acquisition among female sex workers in
Uganda: evidence from a nested case-control study. Sex Transm Infect 90:
545–549. https://doi.org/10.1136/sextrans-2013-051467.

4. Baumann L, Cina M, Egli-Gany D, Goutaki M, Halbeisen FS, Lohrer GR, Ali
H, Scott P, Low N. 2018. Prevalence of Mycoplasma genitalium in different
population groups: systematic review and meta-analysis. Sex Transm
Infect 94:255–262. https://doi.org/10.1136/sextrans-2017-053384.

5. Le Roux MC, Ramoncha MR, Adam A, Hoosen AA. 2010. Aetiological agents of
urethritis in symptomatic South African men attending a family practice. Int J
STD AIDS 21:477–481. https://doi.org/10.1258/ijsa.2010.010066.

6. Mehta SD, Gaydos C, Maclean I, Odoyo-June E, Moses S, Agunda L, Quinn
N, Bailey RC. 2012. The effect of medical male circumcision on urogenital

Mycoplasma genitalium among men in Kisumu, Kenya. Sex Transm Dis 39:
276–280. https://doi.org/10.1097/OLQ.0b013e318240189c.

7. Rietmeijer CA, Mungati M, Machiha A, Mugurungi O, Kupara V, Rodgers L,
Kilmarx PH, Roloff AH, Gonese E, Tippett-Barr BA, Shambira G, Lewis DA,
Handsfield HH, Tshimanga M. 2018. The etiology of male urethral discharge in
Zimbabwe: results from the Zimbabwe STI Etiology Study. Sex Transm Dis 45:
56–60. https://doi.org/10.1097/OLQ.0000000000000696.

8. Crowell TA, Lawlor J, Lombardi K, Nowak RG, Hardick J, Odeyemi S, Kokogho
A, Malia J, Stewart C, Robb ML, Baral SD, Adebajo S, Charurat ME, Ake JA, Peel
SA, Gaydos CA, TRUST/RV368 Study Group. 2020. Anorectal and urogenital
Mycoplasma genitalium in Nigerian men who have sex with men and trans-
gender women: prevalence, incidence, and association with HIV. Sex Transm
Dis 47:202–206. https://doi.org/10.1097/OLQ.0000000000001105.

9. Vandepitte J, Muller E, Bukenya J, Nakubulwa S, Kyakuwa N, Buvé A, Weiss
H, Hayes R, Grosskurth H. 2012. Prevalence and correlates of Mycoplasma
genitalium infection among female sex workers in Kampala, Uganda. J
Infect Dis 205:289–296. https://doi.org/10.1093/infdis/jir733.

10. Vandepitte J, Bukenya J, Hughes P, Muller E, Buvé A, Hayes R, Weiss HA,
Grosskurth H. 2012. Clinical characteristics associated withMycoplasma genita-
lium infection among women at high risk of HIV and other STI in Uganda. Sex
TransmDis 39:487–491. https://doi.org/10.1097/OLQ.0b013e31824b1cf3.

Mycoplasma genitalium and Urethritis in Ugandan Men Microbiology Spectrum

March/April 2022 Volume 10 Issue 2 10.1128/spectrum.02304-21 7

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

11
 A

pr
il 

20
25

 b
y 

10
2.

21
9.

10
1.

11
3.

https://doi.org/10.1038/nrurol.2016.268
https://doi.org/10.1097/QAD.0b013e32834ff690
https://doi.org/10.1136/sextrans-2013-051467
https://doi.org/10.1136/sextrans-2017-053384
https://doi.org/10.1258/ijsa.2010.010066
https://doi.org/10.1097/OLQ.0b013e318240189c
https://doi.org/10.1097/OLQ.0000000000000696
https://doi.org/10.1097/OLQ.0000000000001105
https://doi.org/10.1093/infdis/jir733
https://doi.org/10.1097/OLQ.0b013e31824b1cf3
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02304-21


11. Vandepitte J, Weiss HA, Kyakuwa N, Nakubulwa S, Muller E, Buvé A, Van
der Stuyft P, Hayes R, Grosskurth H. 2013. Natural history ofMycoplasma geni-
talium infection in a cohort of female sex workers in Kampala, Uganda. Sex
TransmDis 40:422–427. https://doi.org/10.1097/OLQ.0b013e31828bfccf.

12. Vandepitte J, Weiss HA, Bukenya J, Nakubulwa S, Mayanja Y, Matovu G,
Kyakuwa N, Hughes P, Hayes R, Grosskurth H. 2013. Alcohol use, Myco-
plasma genitalium, and other STIs associated with HIV incidence among
women at high risk in Kampala, Uganda. J Acquir Immune Defic Syndr 62:
119–126. https://doi.org/10.1097/QAI.0b013e3182777167.

13. Tobian AA, Gaydos C, Gray RH, Kigozi G, Serwadda D, Quinn N, Grabowski
MK, Musoke R, Ndyanabo A, Nalugoda F, Wawer MJ, Quinn TC. 2014. Male
circumcision and Mycoplasma genitalium infection in female partners: a
randomised trial in Rakai, Uganda. Sex Transm Infect 90:150–154. https://
doi.org/10.1136/sextrans-2013-051293.

14. Bissessor M, Tabrizi SN, Twin J, Abdo H, Fairley CK, Chen MY, Vodstrcil LA,
Jensen JS, Hocking JS, Garland SM, Bradshaw CS. 2015. Macrolide resist-
ance and azithromycin failure in aMycoplasma genitalium-infected cohort
and response of azithromycin failures to alternative antibiotic regimens.
Clin Infect Dis 60:1228–1236. https://doi.org/10.1093/cid/ciu1162.

15. Jensen JS, Bradshaw C. 2015. Management of Mycoplasma genitalium
infections - can we hit a moving target? BMC Infect Dis 15:343. https://doi
.org/10.1186/s12879-015-1041-6.

16. Machalek DA, Tao Y, Shilling H, Jensen JS, UnemoM, Murray G, Chow EPF, Low
N, Garland SM, Vodstrcil LA, Fairley CK, Hocking JS, Zhang L, Bradshaw CS. 2020.
Prevalence ofmutations associatedwith resistance tomacrolides and fluoroqui-
nolones inMycoplasma genitalium: a systematic review and meta-analysis. Lan-
cet Infect Dis 20:1302–1314. https://doi.org/10.1016/S1473-3099(20)30154-7.

17. Tien V, Punjabi C, Holubar MK. 2020. Antimicrobial resistance in sexually trans-
mitted infections. J Travel Med 27:taz101. https://doi.org/10.1093/jtm/taz101.

18. Read TRH, Fairley CK, Murray GL, Jensen JS, Danielewski J, Worthington K,
Doyle M, Mokany E, Tan L, Chow EPF, Garland SM, Bradshaw CS. 2019.
Outcomes of resistance-guided sequential treatment of Mycoplasma gen-
italium infections: a prospective evaluation. Clin Infect Dis 68:554–560.
https://doi.org/10.1093/cid/ciy477.

19. Australasian Society for HIV, Viral Hepatitis and Sexual Health Medicine.
2021. Australian STI management guidelines. Mycoplasma genitalium.
Australasian Society for HIV, Viral Hepatitis and Sexual Health Medicine,
Sydney, Australia. http://www.sti.guidelines.org.au/sexually-transmissible
-infections/mycoplasma-genitalium. Accessed September 20, 2021.

20. Soni S, Horner P, Rayment M, Pinto-Sander N, Naous N, Parkhouse A,
Bancroft D, Patterson C, Fifer H. 2019. British Association for Sexual Health
and HIV national guideline for the management of infection with Myco-
plasma genitalium (2018). Int J STD AIDS 30:938–950. https://doi.org/10
.1177/0956462419825948.

21. Workowski KA, Bachmann LH, Chan PA, Johnston CM, Muzny CA, Park I,
Reno H, Zenilman JM, Bolan GA. 2021. Sexually transmitted infections
treatment guidelines, 2021. MMWR Recomm Rep 70:1–187. https://doi
.org/10.15585/mmwr.rr7004a1.

22. Muller EE, Mahlangu MP, Lewis DA, Kularatne RS. 2019. Macrolide and flu-
oroquinolone resistance-associated mutations in Mycoplasma genitalium
in Johannesburg, South Africa, 2007–2014. BMC Infect Dis 19:148. https://
doi.org/10.1186/s12879-019-3797-6.

23. Ong JJ, Magooa MP, Chikandiwa A, Kelly H, Didelot MN, Muller EE, Maseko V,
Segondy M, Delany-Moretlwe S, Kularatne R, Mayaud P, HIV in Africa Research
Partnership Study Group. 2019. Prevalence and antimicrobial resistance of
Mycoplasma genitalium infection amongwomen living with human immuno-
deficiency virus in South Africa: a prospective cohort study. Clin Infect Dis 69:
873–876. https://doi.org/10.1093/cid/ciz045.

24. Laumen JGE, van Alphen LB, Maduna LD, Hoffman CM, Klausner JD,
Medina-Marino A, Kock MM, Peters RPH. 2021. Molecular epidemiological
analysis of Mycoplasma genitalium shows low prevalence of azithromycin
resistance and a well-established epidemic in South Africa. Sex Transm
Infect 97:152–156. https://doi.org/10.1136/sextrans-2019-054371.

25. WorknehM, Hamill MM, Kakooza F, Mande E, Wagner J, Mbabazi O, Mugasha R,
Kajumbula H, Walwema R, Zenilman J, Musinguzi P, Kyambadde P, Lamorde M,
Manabe YC. 2020. Antimicrobial resistance of Neisseria gonorrhoeae in a newly
implemented surveillance program in Uganda: surveillance report. JMIR Public
Health Surveill 6:e17009. https://doi.org/10.2196/17009.

26. Kakooza F, Musinguzi P, Workneh M, Walwema R, Kyambadde P, Mande
E, Lubega C, Nakasi JM, Kiggundu R, Hamill MM, Bagaya BS, Lamorde M,
Unemo M, Manabe YC. 2021. Implementation of a standardised and

quality-assured enhanced gonococcal antimicrobial surveillance pro-
gramme in accordance with WHO protocols in Kampala, Uganda. Sex
Transm Infect 97:312–316. https://doi.org/10.1136/sextrans-2020-054581.

27. Ministry of Health Uganda. 2016. Uganda clinical guidelines 2016: national
guidelines for management of common conditions. Ministry of Health Uganda,
Kampala, Uganda. http://www.health.go.ug/sites/default/files/Uganda%
20Clinical%20Guidelines%202016_FINAL.pdf.

28. Peel J, Aung E, Bond S, Bradshaw C. 2020. Recent advances in understand-
ing and combatting Mycoplasma genitalium. Fac Rev 9:3. https://doi.org/
10.12703/b/9-3.

29. Richardson D, Lewis DA, Jeoffreys NJ, Couldwell DL. 2021.Mycoplasma genita-
lium coinfection in men with symptomatic gonococcal urethritis. Sex Transm
Infect 97:363–367. https://doi.org/10.1136/sextrans-2020-054529.

30. Mahlangu MP, Müller EE, Venter JME, Maseko DV, Kularatne RS. 2019. The
prevalence ofMycoplasma genitalium and association with human immu-
nodeficiency virus infection in symptomatic patients, Johannesburg,
South Africa, 2007–2014. Sex Transm Dis 46:395–399. https://doi.org/10
.1097/OLQ.0000000000000984.

31. Kharsany ABM, McKinnon LR, Lewis L, Cawood C, Khanyile D, Maseko DV,
Goodman TC, Beckett S, Govender K, George G, Ayalew KA, Toledo C. 2020.
Population prevalence of sexually transmitted infections in a high HIV burden
district in KwaZulu-Natal, South Africa: implications for HIV epidemic control.
Int J Infect Dis 98:130–137. https://doi.org/10.1016/j.ijid.2020.06.046.

32. Balkus JE, Manhart LE, Jensen JS, Anzala O, Kimani J, Schwebke J, Shafi J,
Rivers C, Kabare E, McClelland RS. 2018. Mycoplasma genitalium infection
in Kenyan and US women. Sex Transm Dis 45:514–521. https://doi.org/10
.1097/OLQ.0000000000000799.

33. Pitt R, Fifer H, Woodford N, Alexander S. 2018. Detection of markers pre-
dictive of macrolide and fluoroquinolone resistance in Mycoplasma geni-
talium from patients attending sexual health services in England. Sex
Transm Infect 94:9–13. https://doi.org/10.1136/sextrans-2017-053164.

34. Day MJ, Cole MJ, Fifer H, Woodford N, Pitt R. 2021. Detection of markers
predictive of macrolide and fluoroquinolone resistance in Mycoplasma
genitalium from patients attending sexual health services. Sex Transm
Infect. https://doi.org/10.1136/sextrans-2020-054897.

35. Trembizki E, Buckley C, Bletchly C, Nimmo GR, Whiley DM. 2017. High levels of
macrolide-resistant Mycoplasma genitalium in Queensland, Australia. J Med
Microbiol 66:1451–1453. https://doi.org/10.1099/jmm.0.000584.

36. McIver R, Jalocon D, McNulty A, Jeoffreys NJ, Chen SC, Power M, Couldwell DL.
2019. Men who have sex with men withMycoplasma genitalium-positive non-
gonococcal urethritis are more likely to have macrolide-resistant strains than
men with only female partners: a prospective study. Sex Transm Dis 46:
513–517. https://doi.org/10.1097/OLQ.0000000000001009.

37. Dumke R, Spornraft-Ragaller P. 2021. Antibiotic resistance and genotypes
of Mycoplasma genitalium during a resistance-guided treatment regime
in a German university hospital. Antibiotics (Basel) 10:962–973. https://
doi.org/10.3390/antibiotics10080962.

38. Gossé M, Nordbø SA, Pukstad B. 2021. Evaluation of treatment with two
weeks of doxycycline on macrolide-resistant strains of Mycoplasma geni-
talium: a retrospective observational study. BMC Infect Dis 21:1225.
https://doi.org/10.1186/s12879-021-06910-1.

39. Björnelius E, Anagrius C, Bojs G, Carlberg H, Johannisson G, Johansson E,
Moi H, Jensen JS, Lidbrink P. 2008. Antibiotic treatment of symptomatic
Mycoplasma genitalium infection in Scandinavia: a controlled clinical trial.
Sex Transm Infect 84:72–76. https://doi.org/10.1136/sti.2007.027375.

40. Trick AY, Melendez JH, Chen FE, Chen L, Onzia A, Zawedde A, Nakku-
Joloba E, Kyambadde P, Mande E, Matovu J, Atuheirwe M, Kwizera R,
Gilliams EA, Hsieh YH, Gaydos CA, Manabe YC, Hamill MM, Wang TH.
2021. A portable magnetofluidic platform for detecting sexually transmit-
ted infections and antimicrobial susceptibility. Sci Transl Med 13:
eabf6356. https://doi.org/10.1126/scitranslmed.abf6356.

41. Le Roy C, Bébéar C, Pereyre S. 2021. Performance of three commercial
molecular diagnostic assays for the simultaneous detection of Myco-
plasma genitalium and macrolide resistance. J Clin Microbiol 59:e00020-
21. https://doi.org/10.1128/JCM.00020-21.

42. Jensen JS, Bradshaw CS, Tabrizi SN, Fairley CK, Hamasuna R. 2008. Azithro-
mycin treatment failure in Mycoplasma genitalium-positive patients with
nongonococcal urethritis is associated with induced macrolide resistance.
Clin Infect Dis 47:1546–1553. https://doi.org/10.1086/593188.

43. R Core Team. 2021. Statistical computing. R foundation for statistical
computing, Vienna, Austria. https://www.R-project.org/.

Mycoplasma genitalium and Urethritis in Ugandan Men Microbiology Spectrum

March/April 2022 Volume 10 Issue 2 10.1128/spectrum.02304-21 8

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

11
 A

pr
il 

20
25

 b
y 

10
2.

21
9.

10
1.

11
3.

https://doi.org/10.1097/OLQ.0b013e31828bfccf
https://doi.org/10.1097/QAI.0b013e3182777167
https://doi.org/10.1136/sextrans-2013-051293
https://doi.org/10.1136/sextrans-2013-051293
https://doi.org/10.1093/cid/ciu1162
https://doi.org/10.1186/s12879-015-1041-6
https://doi.org/10.1186/s12879-015-1041-6
https://doi.org/10.1016/S1473-3099(20)30154-7
https://doi.org/10.1093/jtm/taz101
https://doi.org/10.1093/cid/ciy477
http://www.sti.guidelines.org.au/sexually-transmissible-infections/mycoplasma-genitalium
http://www.sti.guidelines.org.au/sexually-transmissible-infections/mycoplasma-genitalium
https://doi.org/10.1177/0956462419825948
https://doi.org/10.1177/0956462419825948
https://doi.org/10.15585/mmwr.rr7004a1
https://doi.org/10.15585/mmwr.rr7004a1
https://doi.org/10.1186/s12879-019-3797-6
https://doi.org/10.1186/s12879-019-3797-6
https://doi.org/10.1093/cid/ciz045
https://doi.org/10.1136/sextrans-2019-054371
https://doi.org/10.2196/17009
https://doi.org/10.1136/sextrans-2020-054581
http://www.health.go.ug/sites/default/files/Uganda&hx0025;20Clinical&hx0025;20Guidelines&hx0025;202016_FINAL.pdf
http://www.health.go.ug/sites/default/files/Uganda&hx0025;20Clinical&hx0025;20Guidelines&hx0025;202016_FINAL.pdf
https://doi.org/10.12703/b/9-3
https://doi.org/10.12703/b/9-3
https://doi.org/10.1136/sextrans-2020-054529
https://doi.org/10.1097/OLQ.0000000000000984
https://doi.org/10.1097/OLQ.0000000000000984
https://doi.org/10.1016/j.ijid.2020.06.046
https://doi.org/10.1097/OLQ.0000000000000799
https://doi.org/10.1097/OLQ.0000000000000799
https://doi.org/10.1136/sextrans-2017-053164
https://doi.org/10.1136/sextrans-2020-054897
https://doi.org/10.1099/jmm.0.000584
https://doi.org/10.1097/OLQ.0000000000001009
https://doi.org/10.3390/antibiotics10080962
https://doi.org/10.3390/antibiotics10080962
https://doi.org/10.1186/s12879-021-06910-1
https://doi.org/10.1136/sti.2007.027375
https://doi.org/10.1126/scitranslmed.abf6356
https://doi.org/10.1128/JCM.00020-21
https://doi.org/10.1086/593188
https://www.R-project.org/
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02304-21

	RESULTS
	Participants’ characteristics, sexual behaviors, and STI coinfections.
	Comparison of urine Aptima and ResistancePlus results.
	Detection of 23S rRNA MRMs using the ResistancePlus assay.
	Antimicrobial treatment and resolution of UDS symptoms.

	DISCUSSION
	MATERIALS AND METHODS
	Laboratory testing in Kampala.
	Detection of M. genitalium by Aptima nucleic acid amplification test.
	ResistancePlus testing for M. genitalium and macrolide resistance.
	23S rRNA Sanger sequencing.
	Ethical approval.
	Data analysis.

	ACKNOWLEDGMENTS
	REFERENCES

