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Background. Mycoplasma genitalium (MG) infection is a public health concern due to antimicrobial resistance (AMR). Data 
are limited on repeat MG infection and AMR among US Air Force service members with HIV.

Methods. US Air Force service members seeking HIV care were screened for MG infection during the surveillance period (16 
May 2016–16 March 2020). Baseline and repeat MG prevalence rates were estimated. An extended Cox proportional hazards 
regression model evaluated characteristics associated with repeat MG infection. MG-positive rectal samples were tested for 
macrolide or fluoroquinolone resistance.

Results. Among 299 male patients from a total of 308 patients followed during the surveillance period, baseline prevalence of 
MG infection was 19.7% (n = 59); among the 101 patients who screened positive for MG at any time during the surveillance period, 
repeat MG was 35% (n = 36). Characteristics independently associated with increased risk of repeat infection were sexually 
transmitted infection history vs none (adjusted hazard ratio [aHR], 2.33; 95% CI, 1.26–4.31), a sexually transmitted infection 
coinfection vs no positive test result in the medical records (aHR, 5.13; 95% CI, 2.78–9.49), and a new HIV diagnosis (<1 vs 
≥1 year; aHR, 2.63; 95% CI, 1.45–3.73). AMR in MG-positive rectal specimens was 88% (43/49) indicating macrolide resistance, 
18% (10/56) quinolone resistance, and 18% (10/56) both.

Conclusions. Macrolide and fluoroquinolone resistance mutations were common. Testing for co-occurring MG infection and 
AMR mutations may be warranted in guiding treatment for sexually transmitted infections such as chlamydia or gonorrhea detected 
at HIV diagnosis.

Keywords. antimicrobial resistance; human immunodeficiency virus; repeat infection; epidemiology; Mycoplasma genitalium.

Received 18 June 2024; editorial decision 21 June 2024; accepted 11 July 2024; 
published online 15 July 2024

Correspondence: Shilpa Hakre, DrPH, MPH, Emerging Infectious Diseases Branch, Center for 
Infectious Disease Research, Walter Reed Army Institute of Research, 6720-A Rockledge Dr, 
Suite 400, Bethesda, MD 20817 (shakre@eidresearch.org).

Open Forum Infectious Diseases® 

© The Author(s) 2024. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons. 
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of 
the work, in any medium, provided the original work is not altered or transformed in any 
way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.-
com for reprints and translation rights for reprints. All other permissions can be obtained 
through our RightsLink service via the Permissions link on the article page on our site—for fur-
ther information please contact journals.permissions@oup.com. 
https://doi.org/10.1093/ofid/ofae407

BACKGROUND

Mycoplasma genitalium (MG) is a sexually transmitted infection 
(STI) that has been linked to nongonococcal urethritis, cervicitis, 
pelvic inflammatory disease, infertility, and preterm birth [1–4]. 
The prevalence of MG infection varies by country and by the 

population studied. In the United States and Britain, the preva-
lence among men and women in the general population has 
been low, ranging from 1.0% to 1.7%, whereas in less developed 
countries the summary prevalence was 3.9% [5–8]. In clinic- 
based studies, the prevalence ranged from 28.7% among men 
with urethritis in the United States, 20.8% among asymptomatic 
women with bacterial vaginosis enrolled from 10 US cities, 
16.6% among attendees of sexual health clinics in 6 US cities, 
and 16.7% among users of HIV preexposure prophylaxis in 
high-income countries [9–12]. HIV infection can increase sus-
ceptibility to STIs and potentially complicate treatment due to 
compromised immune function. As compared with uninfected 
men, men with HIV bear a reportedly 6-fold higher overall bur-
den of MG, although this association was not observed for 
Chlamydia trachomatis and Neisseria gonorrhoeae [13].

The emergence of macrolide- and fluoroquinolone-resistant 
MG strains in the United States posed a challenge to the estab-
lished treatment regimen utilizing azithromycin (first line) and 
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moxifloxacin (second line). Consequently, the national treatment 
guidelines were revised in 2021 [14, 15]. Macrolide resistance 
leading to treatment failure has been associated with 5 single- 
nucleotide mutations within the V region of the 23S rRNA 
gene at positions 2058 and 2059 (Escherichia coli numbering) 
[16]. Resistance to fluoroquinolones has been linked to amino 
acid substitutions in the quinolone resistance-determining 
region of the gyrA and parC genes. A decline in moxifloxacin 
efficacy from 100% to 89% has been reported due to resistance 
associated with mutations found in gyrA/B and parC/E 
genes [17].

Historically, STI has posed a significant infectious disease 
threat to US military personnel, potentially amplifying the 
problem of MG infection [18]. While some studies have inves-
tigated the prevalence of MG among US military personnel 
with and without HIV, reports focusing on antimicrobial resis-
tance, repeat infection, and risk factors are absent [19–22]. 
Treatment failure due to antimicrobial-resistant MG and sub-
sequent reinfection, especially in an immunocompromised 
population, could present a problem in patient management 
and disease control that deserves attention. This study sought 
to describe the prevalence of repeat MG infection among US 
Air Force service members with HIV, identify associated fac-
tors, and evaluate the prevalence of macrolide- and 
quinolone-associated resistance exhibited by MG isolates 
from follow-up of those who sought specialty care for HIV 
while in service.

METHODS

Patient Population

This study analyzed prospectively collected data from biannual/ 
annual mandatory medical assessments of US Air Force active 
duty personnel with HIV who traveled for specialty care at a 
infectious disease clinic in San Antonio, Texas (May 2016– 
March 2020). During these evaluations, for patients undergoing 
routine testing for C trachomatis and N gonorrhoeae and urinal-
ysis, a nurse practitioner collected a urine specimen aliquot and 
additional extragenital swabs (pharyngeal and rectal) for MG 
and Trichomonas vaginalis testing and completed a standard-
ized risk assessment for demographic, STI, and sexual risk his-
tory. Collection of specimens and risk information has been 
previously detailed [21]. The extra pharyngeal and rectal swabs 
and urine specimen aliquot were placed in transport tubes 
(Hologic) shipped for nucleic acid amplification testing 
(Aptima MG analyte-specific reagents [research use only] and 
Aptima T vaginalis; Hologic) to the HIV Diagnostics and 
Reference Laboratory (Walter Reed Institute of Research).

Patient Consent Statement

The Division of Human Subject Protection of the Walter Reed 
Army Institute of Research and the Public Health Review Board 

of the Defense Centers of Public Health–Aberdeen (formerly, 
Army Public Health Center) determined that the project was 
a public health activity not requiring informed consent.

Antimicrobial Resistance Sequencing

Sample aliquots remaining from urine and extragenital speci-
mens, which were shipped in transport tubes and tested for 
MG and T vaginalis, were frozen at −80 °C until 10 December 
2020, when all available aliquots were transferred to the 
Viral Sequencing Core laboratory (Walter Reed Institute of 
Research) for sequencing. The transport tube contained buffer 
that lysed target cells and released target ribosomal RNA, thus 
preventing degradation during storage. Due to the higher pro-
portion of positive rectal samples, these were prioritized for se-
quencing. While methods for urine and pharyngeal samples 
were established, resource limitations necessitated focusing 
on rectal samples for this study. Consequently, correspond-
ing methods and results presented here pertain solely to 
rectal samples.

The main gene targets for macrolide (23S) and fluoroquino-
lone (parC and gyrA) were selected for investigation, with other 
targets around the L4 and L22 proteins of the ribosomal com-
plex known to confer macrolide resistance in other Mollucites, 
such as Mycoplasma pneumoniae [16, 23, 24].

For available volume from all rectal swab samples, DNA iso-
lation was performed with the NucleoSpin DNA Stool Mini Kit 
for DNA (Macherey-Nagel Inc) with an additional wash with 
ST4 buffer as recommended by the supplier. Nucleic acids 
were amplified via a nested polymerase chain reaction (PCR) 
strategy with Titanium Taq (Takara Bio USA Inc) for each re-
gion. The amplification primers were as shown in Table 1. The 
primer sequences were obtained from the literature for regions 
23S, L4 and L22, parC, and gyr or designed for MG strain 75956 
(GenBank: CP145105) as a template for alternative amplifica-
tion primer sites proximal to target regions [16, 23, 25]. 
Candidate primers were further subjected to a BLASTn search 
to maximize specificity to MG by excluding primers that had 
any similarity to other pathogens or human genes matched in 
the BLASTn search.

PCR cycling conditions for the various amplifications in-
cluded standard denaturation of 95 °C for 30 seconds and 
68 °C for a 2-minute extension for 30 cycles. The annealing 
conditions varied per each region as follows for 30 seconds: 
23S region, 60 °C for first round, 63 °C for second round; 
parC, 55 °C for first round, 58 °C for second round; L4, 63 °C 
for first round, 55 °C for second round. Gyrase and L22 anneal-
ing conditions were 60 °C for both rounds of PCR. Samples that 
failed to amplify were then subjected to a postextraction genome 
amplification with Genomiphi (Cytiva) prior to PCR. PCR 
cycling conditions for the various amplifications include stan-
dard denaturation of 95 °C for 30 seconds and 68 °C for a 2- 
minute extension for 30 cycles. The annealing conditions varied 
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per each region as follows for 30 seconds: 23S region, 60 °C for 
first round, 63 °C for second round; parC, 55 °C for first round, 
58 °C for second round; L4, 63 °C for first round, 55 °C for sec-
ond round. Gyrase and L22 annealing conditions were 60 °C 
for both rounds of PCR.

Sanger sequencing was performed on the amplicon of the 
targeted regions directly on both strands with Big Dye termina-
tor reaction kits and an ABI_3730xl genetic analyzer (Thermo 
Fisher). DNA sequences were assembled with Sequencher soft-
ware version 3.1 (Genecodes Inc). The obtained sequences were 
aligned to reference sequence for MG strain M2321 (GenBank: 
CP003770.1).

For macrolide resistance, nucleic acid changes were evaluat-
ed at position 2058 or 2059 for the 23S gene [16]. For fluoro-
quinolone resistance, mutations at amino acid positions 
AA 84, 87, or 97 Y of the parC gene (topoisomerase) were ex-
amined [23].

Statistical Analysis

The proportion of patients with baseline prevalence, incident, 
repeat, and macrolide/fluoroquinolone-resistant MG was de-
scribed during follow-up in the surveillance period. Baseline 
prevalence was assessed at the first visit in the surveillance pe-
riod. Patients who initially tested negative (baseline) or during 
follow-up visits but subsequently tested positive were consid-
ered to have acquired an incident infection. Repeat infection 
was classified as a positive test result followed by another 

positive test result for the same patient at 1 or more subsequent 
visits within the surveillance period. To be considered a repeat 
infection, the positive test result had to occur >30 days after 
treatment for the previous infection. Only 1 positive test result 
per patient per visit was counted as an infection, irrespective of 
the collection site. During the surveillance period, patients were 
evaluated for MG at every biannual/annual visit and, if diag-
nosed, received appropriate treatment.

Descriptive statistical analyses were used to explore differ-
ences in demographic, behavioral, and laboratory characteris-
tics at entry for patients with single vs repeat infection via the 
chi-square, Fisher exact, or Kruskal-Wallis test. All 95% CIs 
were 2-tailed, and statistical significance was assessed at a 
P < .05. The Andersen-Gill extension of the Cox proportional 
hazards regression model was fit to the data to evaluate baseline 
and time-varying patient characteristics associated with repeat 
MG. While the Cox model analyzes the hazard of an event 
occurring, the counting process approach introduced by 
Andersen and Gill can handle recurrent or multiple events 
within a subject. This allows for the inclusion of those who ex-
perience multiple or repeated events over time (eg, multiple 
MG infections in the same patient) [26]. We investigated the re-
lationship between individual characteristics and repeat infec-
tion via univariate Andersen and Gill models and estimated 
unadjusted hazard ratios (HRs). Characteristics significantly 
associated with repeat infection (P < .05) were then incorporat-
ed into a multivariate model to account for the potential 

Table 1. Primers Used for Sequencing of Mycoplasma genitalium in the Study

Primer Sequence (5’ → 3’) Citation

MG 23S-1stF GAAGGTTAAAGAAGGAGGTTAGCAAT In house

MG 23S-1stR TATAACGGCTCTTACTTTCCTTTAACAG In house

MG 23S-2682r CGGTCCTCTCGTACTAGAAGCAAAG Jensen 2008 [16]

MG 23S-1986f GTGTAACCATCTCTTGACTGTCTCGG Jensen 2008 [16]

MG_L4_1st F CCCAAAAATTGAAGAAGAGAAAACT In house

MG_L4_1st R ACCCCATAGATAATTTCAAACGCTAG In house

MG L4-4f AAGTAATGGCTAAACTTAAAGTAATCC Jensen 2008 [16]

MG L4+1r TTTAAGAGTATGTTGGTTACATCCATAG Jensen 2008 [16]

MG L22+55f_1st F CCTTCAGTGTGCATAACGGTA In house

MG L22+55f_1st R AGGTTACGGATCTTCTCATCTTG In house

MG L22+55f ATGGTAGGTCATAAGTTGGGTGAGTTT Jensen 2008 [16]

MG L22+55r AGTTCTTATTAATGCCAAACCTTAAGCC Jensen 2008 [16]

MG-PARC-A_1st GGCAATTGAAGAAGTCTTTGCAG In house

MG-PARC-B_1st GCTATCCCACTCGCACCATT In house

MG-PARC-A TGGGCTTAAAACCCACCACT Shimada 2010 [23]

MG-PARC-B ATGCGTTACACAGAAACCCG Shimada 2010 [23]

ParC_2nd RD_FWD GCTTTACCTGATCTAAGAGATGGG In house

ParC_2nd RD_R CATACAAGCTTAAGCGGGTTTC In house

MG gyrBA_F_1st GGTTAGAACATTGTTAAAAGTTACTGTTGA In house

MG gyrBA_R_1st AGCTGCTGGTAGAACAGTTGGTT In house

MG-GYRA-A CGTCGTGTTCTTTATGGTGC Shimada 2010 [23]

MG-GYRA-B ATAACGYYGTGCAGCAGGTC Shimada 2010 [23]

gyrktF GCTCGTGCTTTACCTGATGCTAGA Tagg 2013 [25]

gyrktR AACGTTGTGCAGCAGGTCT Tagg 2013 [25]
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confounding effects of other factors and to estimate adjusted 
HRs. All patient characteristics were self-reported except for 
STI coinfection status, which was extracted from electronic 
medical records. All data management and analyses were per-
formed with SAS version 9.2 (SAS Institute).

RESULTS

Over a nearly 4-year period (16 May 2016–16 March 2020), 
2417 specimens were collected and tested from 308 patients 
with HIV who were receiving infectious disease specialty 
care. Analysis in this report was restricted to male patients 
(n = 299, 97%), since only 9 patients were female. Among fe-
males who were excluded, 1 patient’s rectal MG specimen 
was identified with macrolide resistance (23S A2059G, L22 
bp81G>R). T vaginalis infections were excluded from analysis 
since only 8 infections were identified among men in the sur-
veillance period.

Male patients were followed a median 1.8 years (IQR, 0.5– 
2.8) and tested a median 9 times (IQR, 6–12), accounting for 
each specimen type. Most patients (n = 198, 66%) had no diag-
nosis of MG infection in the surveillance period, whereas al-
most a quarter (n = 65, 22%) were diagnosed with infection 
only once (Figure 1). The follow-up time for patients with 1 in-
fection (median, 2.0 years; IQR, 0.6–2.7) was similar to that of 
patients with multiple infections (median, 2.1 years; IQR, 1.1– 
3.0). The difference was not statistically significant (P > .05). 
Baseline prevalence of MG was 19.7% (59/299; 95% CI, 

15.5%–24.5%) and was highest for rectal specimens (13.9%, 
41/294), followed by urine (6.7%, 18/268) and pharyngeal 
(1.7%, 5/296) specimens. Out of 240 patients initially testing 
negative for MG, 193 had a follow-up visit, during which 42 
were diagnosed with MG infection, resulting in an incidence 
rate of 10.8 per 100 person-years (95% CI, 7.8–14.7). Among 
an overall 101 (33.8%) patients diagnosed with MG infection 
at any time during the surveillance period, 36 (35%) were de-
tected with MG repeatedly up to 5 times, for a repeat diagnosis 
rate of 47 events per 100 person-years (95% CI, 33.7–64.8). 
Repeat infections were identified a median 11.9 months apart 
(IQR, 6.9–12.6). Figure 2 depicts the pattern of repeat infection 
observed during the 46-month surveillance time frame.

Most male patients were 19 to 39 years of age (90%), enlisted 
(84%), and single (57%; Table 2). A higher proportion (25%) of 
patients with repeat infections reported prior STI symptoms at 
entry as compared with those with a single infection (12%; 
Table 2). In univariate analysis, 3 characteristics were signifi-
cantly associated (P < .05) with an increased risk of repeat in-
fection (Table 3): self-report of prior STI (vs none; HR, 4.00; 
95% CI, 1.87–8.56), having an STI coinfection (vs no docu-
mented positive test result; HR, 5.58; 95% CI, 2.41–12.9), and 
a recent diagnosis of HIV (<1 vs ≥1 year; HR, 3.56; 95% CI, 
1.72–7.37). Although the risk decreased after adjustment in 
multivariate analysis, the 3 characteristics remained indepen-
dently associated with an increased risk of repeat infection: 
STI history vs none (adjusted HR [aHR], 2.33; 95% CI 1.45– 
3.73), presence of STI coinfection vs no documented positive 

Figure 1. Distribution of Mycoplasma genitalium infections, overall and by specimen source, among airmen with HIV, 16 May 2016 through 16 March 2020.
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test result (aHR, 5.13; 95% CI, 2.78–9.49), and <1 year since 
HIV diagnosis vs ≥1 year (aHR, 2.33; 95% CI, 1.45–3.73).

Out of 109 rectal swab specimens from 77 patients with rectal 
infections, sequencing for antimicrobial resistance failed on 16 
swabs from 13 patients. Among the sequenced specimens (56 
from 43 patients), 88% (43/49) indicated markers for macro-
lide resistance, 18% (10/56) for quinolone resistance, 
and 18% (10/56) for resistance to both. The most common 
macrolide-associated mutations that were detected were 
A2058G (n = 21) and A2059G (n = 18; Table 4). Other uncom-
mon mutations were A2058R, A2058T, A2059C (n = 2), and 
A2059R (n = 1). Quinolone-associated mutations detected for 
parC were AA84 S to I (n = 6) and S to R (n = 1) and AA87 
D to N (n = 3). Among 43 patients whose samples were sequenced, 
more than half (58%) had repeat infections. A higher pro-
portion of samples with resistance were from repeat infections, 

especially for macrolides (repeat vs single infection, 79% vs 
67%). Patient characteristics did not differ significantly by 
age, grade, marital status, and education for those whose sam-
ples were tested for resistance as compared with patients who 
were MG positive but not tested (P ≥ .05).

DISCUSSION

The prevalence of MG infection was 18.6% among the first 102 
US Air Force service members with HIV in a prior analysis of 
this enhanced surveillance project. In this follow-up analysis, 
which included an additional 197 male service members with 
HIV, a similar baseline prevalence of MG was identified 
(19.7%). The incidence rate was 10.8 cases per 100 person-years 
among service members who tested negative at baseline. 
Macrolide or quinolone resistance was commonly identified 

Figure 2. Mycoplasma genitalium (MG) infections among airmen with HIV, 16 May 2016 through 16 March 2020. This chart visualizes the progression of MG test results 
over time for each patient who tested positive during the study period.
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Table 2. Sociodemographic, Clinical, and Sexual Behavior Characteristics of 299 Male Air Force Service Members With HIV, Overall and by Mycoplasma 
genitalium Positivity, 2016–2020

Overall (n = 299) Single Infection (n = 65) Repeat Infection (n = 36)

Characteristic at Entry No. % No. % No. % P Value

Age

Median, IQR 30 25–35 29 26–35 27 24–33

19–29 144 48 33 51 20 56 .5196

30–39 126 42 29 45 13 36

40–49 25 8 3 5 2 6

50–59 3 1 … … 1 3

≥60 1 0 … … … …

Grade .4791

E1–E4 93 31 19 29 14 39

E5–E9 157 53 36 55 13 36

Officer 26 9 5 8 7 19

Not indicated 23 8 5 8 2 6

Education level attained .4099

Some high school/high school 35 12 9 14 5 14

Some college/technical school 108 36 21 32 11 31

College degree 58 19 13 20 10 28

Undergraduate degree 38 13 10 15 4 11

Graduate degree 31 10 7 11 5 14

Not indicated 29 9 5 8 1 3

Marital status .0354

Single 169 57 46 71 23 64

Live-in partner 6 2 1 2 2 6

Married 60 20 8 12 5 14

Separated 13 4 1 2 2 6

Divorced 20 7 4 6 3 8

Not indicated 31 10 5 8 1 3

Race .4792

Black 136 46 30 46 17 47

White 95 32 21 32 14 39

Other 68 22 14 22 5 14

Prior symptoms .0103

Yes 46 15 8 12 9 25

No 173 58 28 43 19 53

Not indicated 80 27 29 45 8 22

Symptoms at visit .0002

Yes 5 2 3 5 … …

No 58 19 25 38 7 19

Not indicated 236 79 37 57 29 81

Prior STI .507

Yes 39 13 8 12 6 17

No 231 78 51 78 29 81

Not indicated/not applicable 29 10 6 9 1 3

STI coinfection <.0001

No positive result in medical records 280 94 52 80 30 83

Yes 19 6 13 20 6 17

Chlamydia trachomatis 9 47 7 54 2 33

Neisseria gonorrhoea 6 32 3 23 3 50

Syphilis 3 16 2 15 1 17

Chlamydia trachomatis/syphilis 1 5 1 8 0 0

Type of sexual contact, last visit .4589

Men only 153 51 36 55 23 64

Women only 37 12 8 12 1 3

Both men and women 4 1 1 2 … …

No sexual contact 34 11 8 12 1 3

6 • OFID • Hakre et al



(88% and 18%, respectively) among almost half the patients 
with MG-positive specimens that were sequenced.

Although studies of MG infection among men with HIV are 
limited, estimates in this analysis are comparable to those from 
other developed countries. The prevalence and incidence of 
MG were 20.3% and 19.5 cases per 100 person-years, respec-
tively, among 148 men who have sex with men (MSM) with pri-
mary HIV screened in a prospective study in Zurich, 
Switzerland, and 21% among 48 MSM with HIV who sought 
care at STI or HIV clinics for proctitis in Melbourne, 
Australia; incidence was not assessed in the latter study [27, 28].

Recent diagnosis of HIV was associated with repeat MG infec-
tion in this analysis, suggesting a link to a weakened immune sys-
tem. In 1 review, MG prevalence was highest among patients with 
AIDS (43.7%), with a markedly lower burden among asymptom-
atic persons with HIV (27.3%) and uninfected individuals (11.3%) 
[29]. In other studies, MG infection has been bidirectionally asso-
ciated with HIV, found to increase shedding of HIV DNA, and 
thought to facilitate HIV transmission in women by compromis-
ing the epithelial lining of the urogenital tract and to increase sus-
ceptibility of peripheral blood mononuclear cells to HIV [29–32]. 
The role of MG infection in men is unclear, although it is postu-
lated that inflammation of the rectal mucosa due to MG infection 
may increase the presence of HIV-susceptible cells in men with-
out HIV and facilitate HIV acquisition [27].

In this analysis, self-reported STI history and STI coinfection 
were associated with repeat MG infection. Coinfection with 

other STIs or infection with a single STI increases the risk of 
a subsequent STI and the risk of HIV [30, 33, 34]. Furthermore, 
these and factors such as recent macrolide use and male- 
to-male sexual contact have been associated with macrolide/ 
fluoroquinolone-associated resistance mutations [34–37]. 
Moreover, MSM with recurrent STIs had a higher prevalence 
of MG infections and antibiotic resistance-associated muta-
tions. It has been suggested that the higher prevalence of muta-
tions may be due to an increased chance of antimicrobial 
selection pressure from treatment of co-occurring STIs, such 
as chlamydia or gonorrhea, in populations at high risk of 
STI, such as MSM [34]. Single-dose azithromycin was part of 
the recommended treatment for chlamydia or gonorrhea infec-
tion before a change in guidelines in 2021 to treating nonpreg-
nant individuals with doxycycline for 7 days [15, 38].

Resistance to macrolides or fluoroquinolones in this analysis 
were 88% and 18%, respectively, among 43% of patients with 
MG whose samples were sequenced. These estimates are com-
parable to the reported prevalence (68.4%–90.5%) among 
high-risk populations, such as clinic attendees seeking care 
for nongonococcal urethritis, cervicitis, or proctitis and MSM 
seeking STI testing [34, 39–41]. Globally, macrolide and fluoro-
quinolone resistance in MG increased at least 5-fold in a dec-
ade. The overall prevalence of macrolide resistance across 21 
countries increased from 2010 (10%) to 2016–2017 (51.4%), 
whereas the prevalence of resistance associated with fluoro-
quinolone (7.7%) did not vary markedly over time [42]. 

Table 2. Continued  

Overall (n = 299) Single Infection (n = 65) Repeat Infection (n = 36)

Characteristic at Entry No. % No. % No. % P Value

Not indicated 71 23 12 18 11 31

Sexual contact, past year .0207

Men only 184 62 45 69 30 83

Women only 50 17 9 14 3 8

Both men and women 14 5 2 3 1 3

No sexual contact 22 7 2 3 1 3

Not indicated 29 9 7 11 1 3

Positive MG result at entry <.0001

Yes 100 34 64 98 36 100

No/not applicable 199 67 1 2 … …

Years from HIV diagnosis .0182

Median, IQR 1.8 0.13–5.57 1.11 0.11–5.49 0.4 0.09–2.65

<1 129 43 32 49 21 58

≥1 163 55 33 51 15 42

Missing 7 2 … … … …

Years in service .0593

Median, IQR 8 5–14 9 5–14 5.5 3–11.5

<9 144 48 31 48 22 61

≥9 135 45 32 49 14 39

Missing 20 7 2 3 … …

Abbreviations: MG, Mycoplasma genitalium; STI, sexually transmitted infection.
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Comparatively, the prevalence of macrolide resistance in the 
Americas increased even more from 0% to 67.3% in the same 
period. Similarly, the prevalence of fluoroquinolone resistance 
in the Americas region of the World Health Organization was 
higher at 10.1% for the 2013–2017 period. These data empha-
size the alarming rise of macrolide and fluoroquinolone resis-
tance in MG, particularly among patients with MG, 
mirroring trends observed in high-risk populations.

A limitation of this analysis was that samples from less than 
half of patients with detected MG were sequenced due to re-
source limitations or sample unavailability. However, the pre-
liminary finding—specifically, a higher proportion of repeat 
infection samples having resistance in combination with the 
association of STI history and coinfection with repeat MG— 
suggests that treatment of prior or concurrent bacterial STIs 

may play a role in development of resistance in MG strains. 
Alternatively, resistant MG strains may have been sexually 
transmitted from an infected sexual partner.

In this initial study evaluating resistant strains of MG among 
US military service members with HIV, prevalence of macro-
lide and/or fluoroquinolone resistance was commonly found 
in rectal specimens, especially for repeat positive samples. 
New diagnosis of HIV, STI history, and/or co-occurrence was 
associated with the detection of repeat MG. Further investiga-
tion is needed to fully understand the complex interplay of fac-
tors contributing to repeat MG diagnosis in men with HIV. 
This includes exploring the mechanisms by which STI coinfec-
tion may influence resistance development and the transmis-
sion dynamics of resistant MG strains. Determining the 
utility of testing for co-occurring MG and its resistance profile 

Table 3. Unadjusted and Adjusted Hazard Ratios for Male Air Force Service Members With HIV With Specimens Repeatedly Positive for Mycoplasma 
genitalium, 2016–2020

Unadjusted Adjusted

Characteristic: Comparison HR 95% CI P Value HR 95% CI P Value

Age: 19–29 vs ≥30 y

At entry 1.36 .65–2.86 .41

At sample collection 1.24 .60–2.57 .56

Race: White vs Black/other 1.98 1.00–3.91 .05

Pay grade vs E1–E4

E5–E9 0.52 .23–1.17 .11

Officer 1.23 .36–4.19 .75

Highest education attained vs high school or less

Some college/technical school 0.35 .11–1.07 .07

College degree 0.48 .15–1.56 .22

Undergraduate degree 0.37 .08–1.67 .20

Graduate degree 0.71 .20–2.52 .59

Marital status: single vs ever married 1.16 .51–2.65 .73

Sexually transmitted infection

Symptoms since last visit: yes vs no 1.86 .75–4.64 .18

History: yes vs no 4.00 1.87–8.56 .0004 2.33 1.26–4.31 .007

Coinfection: yes vs no positive result in medical records 5.58 2.41–12.9 <.0001 5.13 2.78–9.49 <.0001

Since the last visit

Type of sexual partner: men vs women/men and women/no sex 1.46 .61–3.53 .40

No. of sexual partners: ≥1 vs none

Male 1.87 .24–14.87 .55

New male 1.47 .67–3.22 .34

Female 0.16 .02–1.00 .05

In the past year

Type of sexual partner: men vs women/men and women/no sex 3.68 .75–18.03 .11

No. of new sexual partners: ≥1 vs none

Male 1.18 .55–2.52 .68

Female 0.22 .04–1.33 .10

Years since HIV diagnosis at study entry: <1 vs ≥1 3.56 1.72–7.37 .0006 2.33 1.45–3.73 .0004

Years in service: <9 vs ≥9

At study entry 1.69 .80–3.56 .17

At sample collection 1.59 .78–3.25 .20

Sensitivity: resistant vs sensitive

Macrolide 1.12 .30–4.17 .87

Quinolone 1.25 .42–3.70 .69
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alongside common STIs, such as chlamydia or gonorrhea, at 
HIV diagnosis may be valuable for guiding more effective treat-
ment strategies.
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