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Abstract
Background  Mycoplasma genitalium (MG) is an emerging sexually transmitted infection, often harboring resistance-asso-
ciated mutations to azithromycin (AZM). Global surveillance has been mandated to tackle the burden caused by MG, yet 
no data are available for Austria. Thus, we aimed to investigate the prevalence of MG, disease characteristics, and treatment 
outcomes at the largest Austrian HIV—and STI clinic.
Methods  All MG test results at the Medical University of Vienna from 02/2019 to 03/2022 were evaluated. Azithromycin 
resistance testing was implemented in 03/2021.
Results  Among 2671 MG tests, 199 distinct and mostly asymptomatic (68%; 135/199) MG infections were identified, affect-
ing 10% (178/1775) of all individuals. This study included 83% (1479/1775) men, 53% (940/1775) men who have sex with 
men (MSM), 31% (540/1754) HIV+, and 15% (267/1775) who were using HIV pre-exposure prophylaxis (PrEP). In logistic 
regression analysis, ‘MSM’ (aOR 2.55 (95% CI 1.65–3.92)), ‘use of PrEP’ (aOR 2.29 (95% CI 1.58–3.32)), and ‘history 
of syphilis’ (aOR 1.57 (95% CI 1.01–2.24) were independent predictors for MG infections. Eighty-nine percent (178/199) 
received treatment: 11% (21/178) doxycycline (2 weeks), 52% (92/178) AZM (5 days), and 37% ( 65/178) moxifloxacin 
(7–10 days) and 60% (106/178) had follow-up data available showing negative tests in 63% (5/8), 76% (44/58) and 85% 
(34/40), respectively. AZM resistance analysis was available for 57% (114/199)) and detected in 68% (78/114). Resistance-
guided therapy achieved a cure in 87% (53/61), yet, empiric AZM-treatment (prior to 03/2021) cleared 68% (26/38).
Conclusions  Mycoplasma genitalium was readily detected in this Austrian observational study, affected predominantly MSM 
and often presented as asymptomatic disease. We observed a worryingly high prevalence of AZM resistance mutations; 
however, empiric AZM treatment cleared twice as many MG infections as expected.
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Introduction

Mycoplasma genitalium (MG) is an exceptionally small 
bacterium without a cell wall that can manifest as sexu-
ally transmitted infection (STI) [1]. It typically causes non-
gonococcal urethritis or cervicitis in women and has also 
been associated with complications like pelvic inflammatory 
disease or preterm delivery [2]. Proctitis in men who have 
sex with men (MSM) caused by MG has also been described 
[3]. Nonetheless, a substantial proportion of MG infections 

remain entirely asymptomatic [4, 5] and it has been esti-
mated that up to 3% of the general population are carriers 
of MG [6, 7]. The prevalence of MG increases to 6–17% for 
individuals seeking an STI clinic and for MSM using HIV 
pre-exposure prophylaxis (PrEP) [8–11], and a recent report 
described a MG prevalence of 20% in Swiss MSM living 
with HIV [12].

Management of MG infections can be challenging for 
several reasons. Culturing of MG requires an exception-
ally high effort is time consuming, and thus, culture is not 
realizable for clinical diagnostics or phenotypic resistance 
analysis [13]. The gold standard to diagnose MG infections 
is currently a nucleic acid amplification test (NAAT) and a Extended author information available on the last page of the article
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linked genotypic resistance analysis. There is, however, only 
a very limited number of commercially available kits for MG 
analysis hampering the access to sufficient MG diagnostics 
globally [14]. Furthermore, MG is intrinsically resistant to 
various antibiotics, limiting the current therapeutic arma-
mentarium to tetracyclines, macrolides, and fluoroquinolo-
nes [13, 14]. Doxycycline is significantly less efficacious in 
clearing MG than azithromycin [14] and, therefore, can only 
be considered an alternative treatment option [14]. However, 
using azithromycin or moxifloxacin for MG management is 
also increasingly problematic due to antimicrobial resist-
ance development [15]. Several studies have reported mac-
rolide and fluoroquinolone resistance of 78–95% and 3–36%, 
respectively, in selected groups of MSM [12, 16–19]. For 
that reason, the latest MG treatment guidelines by the Center 
for Disease Control and Prevention (CDC) [20], the latest 
revision of the British Association for Sexual Health and 
HIV (BASHH) guidelines [21], as well as the European STI 
treatment guidelines [14] have incorporated a recommenda-
tion for antimicrobial resistance testing prior to MG treat-
ment. However, the limited availability of MG resistance 
testing is acknowledged [14, 20].

To overcome these challenges in managing MG, global 
surveillance and thorough assessment of regional antimicro-
bial resistance dynamics have been suggested [5]. Yet, no 
epidemiologic data on MG, including antimicrobial resist-
ance, are available for Austria. We thus aimed to investigate 
the prevalence of MG among all individuals tested for STIs 
at the HIV/STI outpatient clinic of the Medical University 
of Vienna, analyze predictors for testing positive for MG, 
and assess details of antimicrobial resistance and the treat-
ment responses.

Patients and methods

Study design and population

For this observational single-center study, all MG tests col-
lected at the HIV and STI outpatient clinic at the Vienna 
General Hospital were systematically analyzed. The Vienna 
General Hospital works in conjunction with the Medical 
University of Vienna and is Austria´s largest tertiary care 
facility. Notably, it is also one of the few providers of HIV 
and PrEP services in Austria and open for STI testing with-
out a referral—comparable to a ‘walk-in-clinic’ design. MG 
NAAT first became available at our clinic in 02/2019. Since 
then, all individuals screened for STIs were also tested for 
MG until 03/2022—at this time, the latest revision of the 
European guidelines on the management of MG had been 
published advising against screening for MG [14]. Accord-
ingly, the study population comprised people living with 
HIV (PLWH; usually tested annually and/or if symptomatic), 

PrEP users (usually tested every 3 months and/or if sympto-
matic), symptomatic individuals presenting for STI workup, 
and asymptomatic individuals presenting for STI screening. 
Results on MG tests were systematically retrieved, whereas 
clinical data were collected from the medical history.

Definitions

Each test for MG included a unique time point at which a 
single individual was tested for MG at one or more loca-
tions. The tested locations were defined at the discretion of 
the physician based on the reported sex practices: typically, 
an STI workup for MSM includes pharyngeal, urethral, and 
anal sampling, for all women pharyngeal, urethral, and cer-
vical sampling and for heterosexual men urethral sampling. 
An individual was defined as a single person, whereas an 
‘episode’ was defined as at least one positive MG test for 
an individual. If more than one sample tested positive from 
a single individual at a given time (i.e., multiple sites were 
infected), this was also considered a single episode. If more 
than one positive MG test was available for a single indi-
vidual at different time points and the individuals had tested 
negative at the affected location in between, it was consid-
ered a new episode/reinfection.

Individuals using ‘daily’ or ‘on-demand’ PrEP at the time 
of sample collection were considered as PrEP users. ‘His-
tory’ of HIV post-exposure prophylaxis (PEP) was defined 
by previous use of antiretroviral therapy (ART) other than 
PrEP in the absence of HIV infection. ‘History of syphi-
lis’ was considered in individuals with positive Treponema 
pallidum specific test plus documented previous treatment 
for syphilis, whereas ongoing coinfection with syphilis 
was based on positive serology including a non-specific 
Treponema pallidum test plus clinical documentation. Coin-
fection with Neisseria gonorrhoeae or Chlamydia trachoma-
tis was defined by a positive result obtained via NAAT at the 
time of MG infection.

Mycoplasma genitalium test

A physician or trained nursing personnel performed phar-
yngeal, anal, and cervical sampling using the FLOQSwabs® 
and UTM-RT mini transport medium (Copan, Italy). For ure-
thral sampling, neat urine was collected. The DNA extrac-
tion was performed using the BD MAX™ EXK™ DNA-1 
kit (Becton Dickinson, Heidelberg, Germany) followed by 
a multiplex PCR utilizing the BioGX Mycoplasma-Urea-
plasma—OSR for BD MAX kit (BioGX, Birmingham, AL, 
USA) on a BD MAX system (Becton Dickinson). Azithro-
mycin resistance analysis became available in 03/2021 and 
was performed using a ResistancePlus® Mycoplasma geni-
talium FleXible kit (SpeeDx, London, UK) in conjunction 
with the GeneXpert system (Cepheid, Sunnyvale, CA, USA).
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Treatment

Treatment was based on European guidelines applicable at 
the respective time of infection [22]: doxycycline 100 mg 
twice daily for 2 weeks, azithromycin 500 mg day one fol-
lowed by 250 mg for four consecutive days, or moxifloxacin 
400 mg once daily for 7–10 days. A test of cure was usually 
performed 3–4 weeks after therapy had been completed. If 
no negative test had been available following treatment or a 
positive test that had been collected less than 3 weeks after 
completion of therapy (i.e., false positivity cannot be ruled 
out), data on treatment outcome were considered missing.

Statistical analysis

GraphPad Prism 9 (GraphPad Software, La Jolla, CA, USA) 
and IBM SPSS Statistics 28 (IBM, Armonk, NY, USA) were 
used to perform the statistical analyses. Continuous vari-
ables are presented as mean ± standard deviation and group 
comparisons were performed with independent sample 
Student´s t-test. Nominal variables are plotted as number 
and percentage of individuals with a specific feature and 
group comparison was done by Pearson’s Chi-squared test 
or Fisher’s exact test. Binary logistic regression models were 
applied to investigate risk factors to test positive for MG. 
A sub-analysis for PrEP users with consecutive follow-up 
was computed using a survival analysis and presented as 
Kaplan–Meier curves. The level of significance for the sta-
tistical analyses was set at 0.05.

Ethics

The present study complies with the ethical standards of 
the 1964 Declaration of Helsinki and its later amendments. 
The ethical approval was provided by the respective local 
ethics committees, i.e., the Medical University of Vienna 
(2175/2020). Due to the retrospective design, the need for 
an informed consent had been waived.

Results

Prevalence of Mycoplasma genitalium

Throughout the observational period of 3 years, 2671 tests 
for MG were performed in 1775 individuals. The mean age 
of the study population was 35.6 ± 10.7 years, the major-
ity were male (83%, 1479/1775), and 53% (940/1775) were 
MSM. A substantial number of tested individuals were 
PLWH (30%, 540/1775) or PrEP users (15%, 267/1775) and 
had previously been infected with syphilis (27%, 486/1775). 
The overall MG prevalence was 7% (199/2671); however, 
10% (178/1775) of all individuals were tested at least once 

positive for MG (Fig. 1). Within the first 2 years in which 
no azithromycin resistance testing was available, 43% 
(85/199) of all episodes were documented. Notably, limited 
STI testing access and non-availability of MG NAATs led 
to a marked decline in MG tests from 03/2020 to 09/2020. 
Yet, the positivity rate remained relatively stable through-
out the observational period (Fig. 2A). Sixty-eight percent 
(135/199) of MG infections were asymptomatic, whereas 
22% (43/199), 8% (15/199), 1% (1/199), and 3% (5/199) 
presented with urethritis, proctitis, pharyngitis, and cervi-
citis, respectively (Table 1). Since coinfections with gonor-
rhea (13%, 26/199), chlamydia (19%, 37/199), and syphilis 
(14%, 28/199) were common, we performed a sub-analysis 
assuming that symptoms in individuals with a coinfection 
were solely due to chlamydia or gonorrhea and not caused by 
MG (Table S1). In that ‘over-corrected’ scenario, up to 77% 
of MG episodes would have been considered asymptomatic.

Furthermore, we analyzed predictors for testing posi-
tive for MG. By deploying a binary logistic regression 
model (Table 2), we identified male (odds ratio 2.51, 95% 
confidence interval 1.43–4.40), MSM (OR 3.67, 95% CI 
2.53–5.32), use of PrEP (OR 3.52, 95% CI 2.50–4.96), 
and previous syphilis (OR 2.21, 95% CI 1.61–3.04) as risk 
factors for acquiring MG. In multivariate analysis, MSM, 
use of PrEP, and previous syphilis remained independent 
predictors for testing positive for MG at an adjusted OR of 
2.55 (1.65–3.92), 2.29 (1.58–3.32), and 1.57 (1.01–2.24), 
respectively.

Antimicrobial resistance analysis

All positive MG tests since 03/2021 were subjected to anti-
microbial resistance analysis, comprising 57% (114/199) of 
all isolates. Of those, 68% (78/114) harbored an azithromy-
cin-resistant variant and the monthly proportion of resist-
ant samples ranged from 50 to 82% during the observed 
period (Fig. 2B). By comparing azithromycin-resistant MG 
infections against all other MG episodes, we observed a sig-
nificantly higher proportion of MSM (94%, 73/78 vs. 73%, 
88/121; p < 0.001) among those resistant to azithromycin 
(Table 1). Furthermore, those with azithromycin resistance 
showed a higher percentage of anal infections (59%, 46/78 
vs. 28%, 34/121; p < 0.001). In order to assess whether het-
erogeneity occurred between the first (without) and second 
(with azithromycin resistance test) half of the observational 
period within the study population, we compared patient 
characteristics of the two timespans (Table S2). MSM were 
more frequent (90%, 102/114 vs. 69%, 59/85) among those 
testing positive for MG in the second period (azithromycin 
resistance test available). Notably, MSM were also more 
often sampled in the more recent timespan (74%, 1041/1408 
vs. 56%, 710/1263) and their positivity rate increased from 
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8% (59/710) to 10% (102/1041) while, for all non-MSM, it 
declined from 5% (26/553) to 3% (12/367).

Treatment and outcomes

Eighty-nine percent (178/199) of all MG episodes received 
treatment. Doxycycline, azithromycin, and moxifloxacin 
were used in 11% (21/178), 52% (92/178), and 37% (65/178) 
of patients. While the proportion of individuals treated with 
doxycycline did not change significantly throughout the 
study period, azithromycin was the primary choice (80%, 
60/75) before antimicrobial resistance analysis became avail-
able. Moxifloxacin was almost exclusively used if resistance 
to azithromycin was detected: 89% (62/70) of those patients 
were treated with moxifloxacin.

Cure rates, defined by a negative follow-up test, were 
available for 60% (106/178) of all treated individuals and 
were more often available for PrEP users (aOR 2.14, 95% 
CI 1.09–4.19) (Table S3). Overall, doxycycline achieved 
clearance of MG in 63% (5/8), azithromycin in 76% (44/58), 

and moxifloxacin in 85% (34/40), whereas empiric treat-
ment with azithromycin during non-availability of resistance 
analysis cleared 68% (26/38). Eighteen patients failing initial 
treatment had information on a consecutive therapy avail-
able: two had failed on doxycycline, eleven on azithromycin, 
and five on moxifloxacin. Both doxycycline patients plus one 
after azithromycin received another course of azithromycin, 
whereas all others were re-treated with moxifloxacin. A test 
of cure was available for twelve individuals, with 42% (5/12) 
testing again positive for MG. Since all five were asympto-
matic males, no further treatment was pursued.

Discussion

Our study comprehensively evaluated 199 MG infections 
detected among 2671 tests taken from a representative sam-
ple of HIV/STI clinic attendees over 3 years. As the very first 
comprehensive epidemiologic data on MG in Austria, these 
results provide important insights into regional prevalence 

Fig. 1   Flow chart. AZM, azithromycin; DXY, doxycycline; HIV, human immunodeficiency virus; MOX, moxifloxacin; STI, sexually transmitted 
infection
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and antimicrobial resistance and fill a data gap in European 
MG surveillance. In our study, MG prevalence was stable 
at just below 10% and genotypic resistance to azithromycin 
was found in 68% of all tested isolates, predominantly affect-
ing MSM. Surprisingly, we also observed high cure rates of 
68% for empirically chosen treatment with azithromycin.

The prevalence of MG among individuals seeking an 
HIV/STI clinic observed in our study is comparable to other 
countries. A 2020 single-center study from an STI clinic in 
the UK found a MG prevalence of 11% [10] and another 
2020 study conducted at a point-of-care STI testing facility 
in Spain observed a prevalence of 7% [23]. Of note, in both 
studies MSM were predominantly affected. A recently pub-
lished systematic review analyzing MG in MSM reported a 
prevalence of 5% for the urethra and anal mucosa; however, 
the prevalence increased to 7% and 16%, respectively, in 
symptomatic individuals [24]. Accordingly, an increased 
prevalence of MG had been described for patients pre-
senting with non-gonococcal urethritis: Pond M.J. and co-
workers reported MG as the potential cause for urethritis in 
men in 17% [8]. Nonetheless, most MG infections remain 
silent without any symptom development. Up to 77% of the 

episodes of MG observed in our study were asymptomatic, 
corresponding to a German study that reported 71% of MG 
positive PrEP users as asymptomatic [11]. Due to this high 
number of asymptomatic MG carriers, it remained subject 
to debate whether screening for MG should be performed 
[7, 14, 24]. In particular, the increasing availability of 
PrEP and the consecutive surge in STI screening of highly 
exposed populations fueled this discussion—more tests will 
undoubtedly be accompanied by more diagnoses [9, 19]. 
In our sub-analysis of PrEP users, 28% tested positive for 
MG within 1 year. Ultimately, numerous STI guidelines have 
now recommended not to screen for MG in asymptomatic 
individuals [14, 20].

As far as we know, whether MG screening plus consecu-
tive treatment could reduce the MG prevalence in selected 
populations (e.g., PrEP users) remains unclear. For chla-
mydia and gonorrhea, however, it has been calculated that 
in a scenario of 40% PrEP coverage for MSM at risk for HIV 
acquisition, quarterly STI checks could reduce both infec-
tions by 40% and 42%, respectively, within one decade [25]. 
Notably, this study did not include pharyngeal infection. 
In contrast, a study by Buyze J. and co-workers included 

Fig. 2   Mycoplasma genitalium 
test results per month. Each 
column denotes the absolute 
number of performed tests for 
Mycoplasma genitalium positiv-
ity (A) and Mycoplasma geni-
talium azithromycin resistance 
analysis (B), respectively. The 
line in A provides details on 
the proportion of positive tests 
per month. Notably, limited 
access to sexually transmitted 
infection screening followed 
by temporary non-availability 
of Mycoplasma genitalium 
PCR test kits led to a dramatic 
decrease in diagnosed infections 
from 02/2020 to 09/2020
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pharyngeal infections and found only a negligible impact of 
frequent screening for gonorrhea on its prevalence among 
MSM [26]. This is in line with a systematic review from 
2018 that reported no prevalence reduction of chlamydia and 
gonorrhea among MSM following screening implementa-
tion [27]. These results, however, cannot be directly applied 
to MG transmission dynamics since MG follows different 
epidemiologic characteristics [6, 13]. The increased pro-
portion of asymptomatic carriers of MG would necessitate 
even higher screening efforts to reduce MG prevalence. In 
our study, positivity rates remained unchanged throughout 
3 years of observation even though 89% of all MG episodes 
received treatment. Our work is clearly underpowered to 
demonstrate a longitudinal impact; still, we consider our 

work as a potential component for future modeling studies 
analyzing a ‘test and treat’ approach.

An important consideration regarding screening and 
treating MG is antimicrobial resistance emergence. MG is 
intrinsically susceptible to a very limited number of anti-
biotics and phenotypic resistance analysis is restricted to 
highly advanced research settings [13]. For the last decade, 
the empiric first-line treatment of MG was azithromycin; 
however, azithromycin was also used to treat chlamydia 
infections and gonorrhea [11]. The surge in STIs among 
MSM—to some extent facilitated by the upscale in STI 
screening—caused a high exposure to azithromycin and 
other antibiotics for this population [28], which, in turn, is 
associated with antimicrobial resistance development [29]. 

Table 1   Patient characteristics 
and comparison of 
azithromycin-resistant 
Mycoplasma genitalium 
episodes vs. all other episodes

HIV human immunodeficiency virus, MSM men who have sex with men, PEP post-exposure prophylaxis, 
PrEP pre-exposure prophylaxis
a  17 individuals were tested positive at more than one location: all seventeen tested positive at the urethra 
plus 12 and 5 at the anal mucosa and cervix, respectively. For the purpose of this analysis, these 17 cases 
were assigned to the non-urethral (i.e., anal or cervical) site only

All episodes
N = 199

Azithromycin resistance nega-
tive or non-available episodes
N = 121

Azithromycin-
resistant episodes
N = 78

p value

Age 35.6 ± 10.7 34.9 ± 11.7 36.9 ± 9.0 0.203
Male 93% (185/199) 89% (108/121) 99% (77/78) 0.011
MSM 81% (161/199) 73% (88/121) 94% (73/78) <0.001
On HIV PrEP 39% (78/199) 35% (42/121) 46% (36/78) 0.106
HIV 33% (65/199) 30% (36/121) 37% (29/78) 0.275
History of HIV PEP 12% (23/199) 10% (12/121) 14% (11/78) 0.367
History of syphilis 44% (87/199) 42% (51/121) 46% (36/78) 0.578
Leading symptom
 Asymptomatic 68% (135/199) 65% (79/121) 72% (56/78) 0.004
 Urethritis 22% (43/199) 27% (33/121) 13% (10/78)
 Proctitis 8% (15/199) 3% (4/121) 14% (11/78)
 Pharyngitis 1% (1/199) 1% (1/121) 0% (0/78)
 Cervicitis 3% (5/199) 3% (4/121) 1% (1/78)

Site of manifestationa

 Urethral 55% (110/199) 67% (81/121) 37% (29/78) <0.001
 Anal 40% (80/199) 28% (34/121) 59% (46/78)
 Pharyngeal 2% (4/199) 2% (2/121) 3% (2/78)
 Cervical 3% (5/199) 3% (4/121) 1% (1/78)

Treatment 89% (178/199) 89% (108/121) 90% (70/78) 0.913
 Doxycycline 11% (21/178) 13% (14/108) 10% (7/70) 0.580
  Negative follow-up test 63% (5/8) 57% (4/7) 100% (1/1) –

 Azithromycin 52% (92/178) 84% (91/108) 1% (1/70) <0.001
  Negative follow-up test 76% (44/58) 76% (44/58) – –

 Moxifloxacin 37% (65/178) 3% (3/108) 89% (62/70) <0.001
  Negative follow-up test 85% (34/40) N/A 85% (34/40) –

Concomitant infection
 Gonorrhea 13% (26/199) 13% (16/121) 13% (10/78) 1
 Chlamydia 19% (37/199) 22% (27/121) 13% (10/78) 0.093
 Syphilis 14% (28/199) 11% (13/121) 19% (15/78) 0.093
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At the same time, numerous studies report increasing mac-
rolide resistance rates of MG [4, 5, 12, 17, 18, 30, 31] and 
68% of the MG isolates in our study harbored an azithro-
mycin resistance mutation. Likewise, a recent report indi-
cated that azithromycin-resistant N. gonorrhoeae in Europe 
rose from 2% in 2015 to 11% in 2019 among males [32]. 
However, the paradigm for the broad use of azithromycin 
in STI management is currently subject to change since 
doxycycline has shown a better efficacy for chlamydia in 
most settings [33, 34] and ceftriaxone monotherapy (i.e., not 
combined with azithromycin) for gonorrhea is now recom-
mended by international guidelines [20, 35]. Of note, cef-
triaxone monotherapy for gonorrhea was implemented at 
our clinic in 2013 and has been used exclusively since 2020 
[36]. Whether these strategies combined with the recom-
mendation to not screen for MG will lead to a reduction in 
azithromycin exposure and thus have a favorable impact on 
MG´s resistome will be subject to future studies. Until then, 
management of MG requires more differentiated strategies.

The American and European STI treatment guidelines 
now recommend a resistance-guided treatment of MG [14, 
20]. Yet, they also appreciate the limited availability of reli-
able and commercially available kits for antimicrobial resist-
ance analysis. Our clinic—a Central European tertiary care 

center—did not gain access to MG NAAT until 2019 and to 
azithromycin resistance testing until 2021; as of today, we 
have not implemented fluoroquinolone resistance analysis 
due to reliability concerns regarding the phenotypic/geno-
typic association of these tests [13] as well as limited avail-
ability of commercial kits.

The correlation of genotypic markers for phenotypic 
macrolide resistance is better established. Jensen J.S. and 
co-workers demonstrated increased minimum inhibitory 
concentrations for macrolides in 7 MG isolates after fail-
ing treatment with azithromycin and, correspondingly, 
detected mutations in the region V of the 23S rRNA gene 
[37]. Numerous other studies have either reported on the 
occurrence of these mutations or demonstrated a signifi-
cantly higher prevalence of the genotypic markers among 
treatment failures [5, 8, 16, 18, 23, 30, 38, 39]. While these 
data imply a consistent sensitivity of 23S rRNA genotyp-
ing for macrolide treatment failure, it does not automati-
cally suggest a reliable specificity of these markers. Tri-
als assessing pretreatment genotypic macrolide resistance 
and not utilizing these results for treatment selection, thus 
providing a setting to determine specificity, typically used 
single-shot azithromycin [30, 37]. We observed relatively 
high cure rates of 68% following empiric treatment of a 

Table 2   Risk factors to have at least one positive Mycoplasma genitalium test result

CI confidence interval, MG mycoplasma genitalium, MSM men who have sex with men

All individuals
N = 1775

Individuals without 
at least one MG 
positive test
N = 1597

Individuals with at 
least one MG posi-
tive test
N = 178

Odds ratio (95% CI) p value Adjusted odds 
ratio (95% CI)

p value

Age
 ≤24 years 13% (230/1775) 13% (205/1597) 14% (25/178) 1.00
 25–34 years 35% (617/1775) 35% (554/1597) 35% (63/178) 0.93 (0.57–1.5) 0.780
 ≥35 years 52% (928/1775) 52% (838/1597) 51% (90/178) 0.88 (0.55–1.41) 0.595

Sex
 Female 17% (296/1775) 18% (282/1597) 8% (14/178) 1.00
 Male 83% (1479/1775) 82% (1315/1597) 92% (164/178) 2.51 (1.43–4.40) 0.001 1.08 (0.57–2.06) 0.819

Transmission
 Heterosexual 

transmission or 
unknown

47% (835/1775) 50% 797(/1597) 21% (38/178) 1.00

 MSM 53% (940/1775) 50% (800/1597) 79% (140/178) 3.67 (2.53–5.32) <0.001 2.55 (1.65–3.92) <0.001
HIV Status
 No 70% (1214/1775) 77% (1214/1597) 65% (116/178) 1
 Yes 30% (540/1775) 23% (362/1597) 35% (62/178) 0.81 (0.58–1.12) 0.198

Use of pre-exposure prophylaxis for HIV
 No 85% (1508/1775) 87% (1391/1597) 66% (117/178) 1
 Yes 15% (267/1775) 13% (206/1597) 34% (61/178) 3.52 (2.50–4.96) <0.001 2.29 (1.58–3.32) <0.001

History of syphilis
 No 73% (1289/1775) 74% (1188/1597) 57% (101/178) 1.00
 Yes 27% (486/1775) 26% (409/1597) 43% (77/178) 2.21 (1.61–3.04) <0.001 1.57 (1.01–2.24) 0.013
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5-day course of azithromycin from 02/2019 to 03/2021, 
although a worryingly high prevalence of 68% azithromy-
cin resistance mutation was shown once testing became 
available. We did not see substantial changes in the patient 
population—at least no changes accounting for an effective 
doubling of the expected resistance—and we consider it 
unlikely that this high number of azithromycin resistance 
emerged within the last third of our 3-year observational 
period. Thus, we may speculate that 23S rRNA genotyping 
has limited specificity for treatment failure in a prolonged 
treatment course with azithromycin. Unfortunately, sam-
ples before 03/2021 were not stored and, thus, are unavail-
able to subject empirically treated MG isolates to resist-
ance analysis to resolve this question.

We consider the high number of sampled individuals as 
the first strong aspect of this work. Secondly, we report the 
first data on the Austrian MG epidemiology. Furthermore, 
this study provides a comprehensive analysis of treatment 
and outcomes. While targeted therapy was not possible dur-
ing the first half of the observational period due to the non-
availability of resistance testing, it enabled us to investigate 
empiric treatment. The most important limitation of this 
study is its retrospective design, potentially introducing a 
variety of biases. It is the cause for incomplete outcome data 
(were available for 60%) which may have led to an over- 
or underestimation of treatment efficacy. Notably, treat-
ment outcomes were more often available for PrEP users, 
while other patient characteristics were evenly distributed. 
Accordingly, in our study, individuals with missing treat-
ment outcomes are more likely to belong to a population 
with a generally lower risk for harboring an azithromycin or 
fluoroquinolone-resistant MG strain. Therefore, we believe 
that the treatment efficacy in our dataset is more likely to 
be underestimated due to missing values. Finally, the retro-
spective design is also the reason why we cannot provide a 
post hoc resistance analysis of the isolates of the first study 
period.

In conclusion, the emergence of antimicrobial resistance 
in MG has necessitated epidemiologic surveillance and our 
work comprehensively fills a Central European gap by pro-
viding Austrian data. While most of our observations were in 
line with previous reports, we did see a discrepancy between 
empiric treatment outcomes following azithromycin and the 
results of the resistance analysis. Currently, a positive geno-
typic resistance test is obligatorily considered to cause treat-
ment failure, yet our data suggest that future studies should 
further investigate the prevalence of 23S rRNA mutations 
among individuals successfully treated with macrolides.
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