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Objectives: The cell-wall-less Mollicutes species Mycoplasma genitalium is a sexually transmitted micro-
organism that causes different male and female genital tract infections. In recent years, resistance of the
pathogen to macrolides and fluoroquinolones has been increasingly reported worldwide and is more
frequent in risk groups.
Methods: To determine the rates of antimicrobial resistance, M. genitalium strains in 195 specimens from
154 outpatients (154 first and 41 follow-up samples) treated in two specialised practices between
September 2017 and December 2018 in Berlin, Germany, were analysed.
Results: The included patients were predominantly men who have sex with men (MSM) (91.6%) and were
HIV-positive in many cases (49.4%). Only 27.3% of M. genitalium-positive patients reported symptoms.
Among the first samples (mainly rectal swabs) (57.8%), mutations associated with macrolide (23S rRNA)
and quinolone (parC gene) resistance were detected in 79.9% and 13.0% of strains, respectively. Resistance
to both classes of antibiotics was found in 11.7% of specimens. Changes of A — G at position 2072 of 23S
rRNA and of serine at position 83 of ParC were the most frequent alterations.
Conclusion: Although azithromycin is recommended as a first-line antibiotic to treat infections with M.
genitalium in MSM, according to these data its use must be highly limited in Berlin. Besides the need for
resistance studies regarding strains circulating in other locations and among different patient groups in
Germany, the results emphasise the importance of intensified antibiotic resistance testing of M.
genitalium to avoid a further increase in treatment failures in infections with this emerging human
pathogen.

© 2019 International Society for Antimicrobial Chemotherapy. Published by Elsevier Ltd. All rights

reserved.
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1. Introduction

Mycoplasma genitalium is a sexually transmitted cell-wall-less
bacterium first isolated from urethritis patients in 1980. The micro-
organism was identified as a cause of non-gonococcal urethritis in
men and of cervicitis in women and is associated with female
reproductive tract and pelvic inflammatory disease [1,2]. The
prevalence of M. genitalium in the general population has been
found to vary between 1-3% and is increasing among risk patients
(men who have sex with men (MSM), sex workers, human
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immunodeficiency virus (HIV)-positive patients [3]). Epidemio-
logical investigations are hampered by the frequently asymptom-
atic infections and the difficulty of cultivating M. genitalium [1].
Furthermore, treatment of infected patients is challenging as
members of the Mollicutes group are intrinsically resistant to -
lactam antibiotics. Tetracyclines show excellent in vitro activity but
limited in vivo effectiveness (approximately 30-35%). Azithromy-
cin treatment is widely recommended as first-line therapy and
leads to cure rates of 80-88% [4,5]. In recent years, treatment
failures have increased greatly in many countries. Molecular
characterisation of isolates from these patients shows mutations in
region V of the single copy of 23S rRNA of M. genitalium (position
2071 or 2072, corresponding to positions 2058 and 2059 in
Escherichia coli). Both transitions cause high-level resistance to
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azithromycin. Quinolones (moxifloxacin) have been successfully
used as second-line antibiotics in cases of treatment failure.
Unfortunately, the number of patients without response to
treatment is also rising (up to 30% [5]) and analysis of strains
showed mutations in the quinolone resistance-determining region
(QRDR) of the parC gene of M. genitalium. In addition, alterations in
the gyrase A (gyrA) gene have been detected but their role in
resistance remains unclear [6]. Descriptions of multidrug-resistant
strains (combined macrolide and quinolone resistance) and the
limited repertoire of well-tested, effective and approved therapy
alternatives increase concern regarding untreatable M. genitalium
infections [1].

Apart from one report that characterised a small number of
samples [7], there is no information about the resistance pattern of
M. genitalium strains circulating in Germany. This is especially the
case for risk populations. As in many other countries, testing for M.
genitalium is not usually recommended in routine screening
procedures for sexually transmitted infections (STIs). This study
aimed to assess the resistance pattern of M. genitalium strains
among outpatients in two practices in Berlin, Germany.

2. Patients and methods

The specimens investigated in this study were collected
between September 2017 and December 2018 as part of extended
monitoring of STIs in patients belonging to risk populations in two
practices specialised in the treatment of these diseases. Duplicate
samples from the same patient were excluded. DNA from the
samples was isolated using an EZ1 DNA Tissue Kit and EZ1
Advanced XL automated extraction system (QIAGEN, Hilden,

Table 1

Characteristics of patients testing positive for Mycoplasma genitalium (n=154).
Characteristic %
Age (years) [mean (range)] 36.3 (20-61)
Male 98.1
MSM 91.6
HIV-positive 494
Urethral symptoms 19.5
Anorectal symptoms 7.8

MSM, men who have sex with men; HIV, human immunodeficiency virus.
¢ Data are percentage unless otherwise stated.

Table 2

Germany) according to the manufacturer’s instructions. M.
genitalium was detected by real-time PCR with a commercial
Anyplex™ STI-5 Detection Assay (Seegene, Seoul, South Korea) on
a CFX96™ Cycler (Bio-Rad, Hercules, CA) and the data were
analysed by end point-catcher melting temperature analysis using
the Seegene Viewer program following the manufacturer’s guide-
lines. DNA of positive samples was stored frozen until molecular
analysis of resistance (within 4 weeks after sampling).

During the investigation period, 154 first samples (89 rectal
swabs, 60 first-void urines, 3 vaginal swabs, 1 urethral swab and 1
pharyngeal swab) tested positive for M. genitalium. Resistance-
associated mutations (RAMs) in 23S rRNA, parC and gyrA of these
strains were detected as previously described [7]. Briefly, parts of
genes in which RAMs are located were amplified using the primers
summarised in Supplementary Table S1 and the amplicons were
sequenced. The obtained sequences were aligned against corre-
sponding parts of the M. genitalium reference strain G37 (GenBank
accession no. NC_000908.2). In 26.6% of patients (41/154) who
tested M. genitalium-positive in the first specimen, the follow-up
sample (mean interval between both samples, 50 days; range,
3-324 days) was positive. Strains in these specimens were
analysed for mutations and were compared with the strain in
the first sample.

3. Results

Table 1 summarises the main characteristics of the patients
included in the study. M. genitalium was detected in first samples
from 151 men (98.1%) and 3 women (1.9%). Among these patients,
91.6% of men identified themselves as MSM and 49.4% are HIV-
positive. Urogenital and/or anorectal symptoms (pain, pruritus,
discharge) were reported in only 19.5% and 7.8% of cases. Genetic
resistance data were available for all 154 first M. genitalium-
positive specimens (Table 2). Macrolide RAMs were found in 123
samples (79.9% of all strains tested). Among them, the A— G
transition at position 2072 was most frequent [78.0% (96/123) of
macrolide-resistant strains], followed by A— G mutation at
position 2071 (15.4%; 19/123). In 6.5% (8/123) of samples a change
from A— T at position 2071 was detected. The QRDR of the parC
gene of 20 strains (13.0%) contained mutations resulting in amino
acid changes in topoisomerase IV that are suspected to cause
fluoroquinolone resistance. In 80.0% (16/20) of quinolone-resistant

Macrolide resistance-associated mutations (RAMs) in 23S rRNA and fluoroquinolone RAMs in parC with the corresponding amino acid changes in Mycoplasma genitalium

strains (n=154).

Resistance Gene(s) Mutation (amino acid change)® No. (%) of samples
Macrolides 23S rRNA A2072G 96 (62.3)
A2071G 19 (12.3)
A2071T 8(5.2)
Total 123 (79.9)
Fluoroquinolones parC G248T (S83I) 12 (7.8)
G248A (S83N) 4 (2.6)
G259T (D87Y) 2(1.3)
A260G (D87G) 1(0.6)
G259A (D87N) 1(0.6)
Total 20 (13.0)
Macrolides and fluoroquinolones 23S rRNA +parC A2071G +G248T (S83I) 5(3.2)
A2072G +G248T (S83I) 4(2.6)
A2072 G +G248A (S83N) 2(1.3)
A2071T +G248T (S831) 2(1.3)
A2071G +G259T (D87Y) 1(0.6)
A2072G +G259T (D87Y) 1(0.6)
A2072G+G259A (D87N) 1(0.6)
A2072G +A260G (D87G) 1(0.6)
A2071G +G248A (S83N) 1(0.6)
Total 18 (11.7)

2 Positions are given according to the M. genitalium G37 genome (GenBank accession no. NC_000908.2).
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Table 3

Characterisation of the resistance pattern of Mycoplasma genitalium-positive follow-up samples (n=41).

Difference(s) between strains in first and follow-up sample

No. (%) of isolates

None (both wild-type)

None (both macrolide-resistant)

None (both macrolide- and fluoroquinolone-resistant)

Change from wild-type to macrolide-resistant

Change of macrolide RAM

Change of macrolide RAM and occurrence of fluoroquinolone resistance
Change of macrolide RAM and loss of fluoroquinolone resistance

M. genitalium, changes of serine at position 83 to isoleucine or
asparagine were found. In the remaining four samples, three
different transitions of aspartic acid at position 87 of ParC were
detected. Two strains (1.3% of all M. genitalium-positive samples)
showed a quinolone RAM without changes in the resistance-
relevant part of 23S rRNA. In 18 strains (11.7%), resistance to
macrolides and fluoroquinolones can be assumed. These strains
demonstrate a broad spectrum of combinations of specific
mutations both in 23S rRNA and parC without a clear predomi-
nance of a particular genotype. Furthermore, sequencing of the
QRDR in the gyrA gene yielded wild-type sequences in all strains.
Outside of the QRDR, mutations of G332A (resulting in a change
from arginine to lysine at position 111 of GyrA) or G356A (glycine to
asparagine at position 119) were found in one sample each.

In 83.8% of patients with a M. genitalium-positive test result, a
follow-up sample was obtained (in most cases to test for cure after
antibiotic treatment). After comparing the M. genitalium-positive
follow-up specimens (n=41) (Table 3) with the first samples, most
strains (78.0%; 32/41) showed identical RAMs or wild-type
sequences both in 23S rRNA and parC. These were mainly
mutations of 23S rRNA (56%). Seven patients carried a strain with
double resistance. Failure of macrolide treatment in susceptible M.
genitalium can be excluded as azithromycin was not administered
between samplings to either of the patients with strains showing
wild-type-specific sequences in the first and follow-up specimen.
In contrast, development of macrolide resistance during antibiotic
treatment is probable in two patients. This hypothesis is supported
by the fact that samples from the same location (urethra) were
investigated in both cases and the corresponding strains showed
the same genotype according to the variable number of tandem
repeats (VNTR) in MG_309 and single nucleotide polymorphisms
(SNPs) in MG_191 genes (data not shown [7]). Between samplings
(time between treatment and sampling, 18 days and 31 days,
respectively), these two patients were treated with a 5-day
regimen of azithromycin. In seven samples (17.1%), the pattern of
RAMs in comparison with the first sample suggested re-infection
with a different strain during the interval between samplings or
colonisation with two genotypes of M. genitalium. The
sample location was identical in five of these patients (two
urethra and three rectum) but differed in the remaining two men.
No induction of quinolone resistance after treatment with
moxifloxacin (400mg for 10 days) was observed. However, in
one of these three patients, ongoing colonisation with a
quinolone-susceptible strain could not be excluded (time between
moxifloxacin treatment and sampling, 97 days, both were urine
samples, same genotype according to partial sequence of MG_309
and MG_191, respectively).

4. Discussion

This retrospective study analysed macrolide and quinolone
RAMs of M. genitalium strains from 154 outpatients in Berlin. In
agreement with previous reports, the results confirmed a high
percentage of asymptomatic carriers [8] as the majority of M.

genitalium-positive patients (approximately 73%) reported a lack of
urogenital or anorectal disorders. Most patients included in the
study belong to risk groups for acquiring M. genitalium infections
(MSM and/or HIV-positive). In a systematic review, prevalence
rates between 2% and 6% in MSM were noted [3], but significantly
higher rates up to 17% have been calculated in more recent reports
[9]. Because of the high proportion of MSM (91.6%), >50% of
specimens tested in this study were rectal swabs. In strains of the
small number of samples from patients who probably do not
belong to the MSM group and are not HIV-positive (n=11),
macrolide, quinolone or combined resistance was found in only
one sample each, indicating differences in the prevalence of
resistance between patient groups.

Whereas rates of macrolide resistance among M. genitalium
circulating in the general population are usually <50% [5], the
measured rate of macrolide-resistant strains in the present report
(79.9%) is typical for risk groups in urban regions. Recent studies
measured rates between 70.6% and 84.2% among MSM in the USA,
Ireland, Spain and Australia [9-13]. Azithromycin therapy of
confirmed M. genitalium infection for an extended period of 5 days
is recommended in the current European guideline [8] and was
used to treat most of the patients in the present study. In the
presence of susceptible strains, the mean efficacy of this
therapeutic regimen has been calculated to be 88% [4]. Because
of the high rate of macrolide-resistant strains in the first specimen,
estimation of treatment failures is difficult. For two strains
demonstrating wild-type sequences of 23S rRNA in the first
specimen, follow-up samples showed macrolide resistance fol-
lowing azithromycin treatment. Regarding one strain, sequencing
results clearly demonstrated a mixture of wild-type and mutated
genotype, which is also reported in a few cases in other studies
[14]. According to the data from the current study, azithromycin
can no longer be recommended for the treatment of M. genitalium
infections among MSM in Berlin without resistance testing of
strains. As significant differences between location, sex and patient
groups are described [15], further studies are strongly recom-
mended in other regions of Germany and within different
populations to get a more comprehensive overview of the
resistance situation.

Despite their cost and current discussions about adverse effects
[16], the importance of fluoroquinolones as a treatment option in
M. genitalium infections is increasing. Owing to the high rate of
macrolide-resistant strains, this is especially the case among risk
populations. The detected rate of quinolone resistance of 13.0% is
relatively high in comparison with data from the general
population in other European countries [1] but is not surprising
for strains among MSM. In this group, quinolone resistance rates
up to 30% were found [10,11]. Consistent with other reports, amino
acid changes concerned mainly aspartic acid at position 87 and
serine at position 83 of ParC. In a recent study, the latter transition
was linked with a significant increase in minimum inhibitory
concentrations (MICs) to different quinolones [6]. Interestingly,
mutations in the QRDR of gyrase A of M. genitalium were not
detected in any of the 195 positive samples. This is in contrast to
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other studies [6,15]. Irrespective of the discussion as to whether
these transitions influence susceptibility to quinolones [6],
alterations of GyrA can be assumed not to contribute to resistance
within the investigated population, which is consistent with a
recent report from England [14]. It should further be noted that all
strains showing mutations associated with quinolone resistance
were found in the first sample or in follow-up samples in which the
resistance pattern makes re-infection probable.

These results indicate that there is an urgent need for molecular
antimicrobial testing of M. genitalium strains prior to antibiotic
therapy. Regarding follow-up samples, the current European
guideline recommends use of an assay detecting macrolide
resistance [8]. Whereas different commercial and in-house tests
for combined detection of M. genitalium and macrolide RAMs are
available [17,18], quinolone resistance currently has to be
confirmed by amplification and sequencing of the QRDR of parC.
A recent report from Japan described different mutations in the
parC gene of M. genitalium strains sampled between 2007 and 2017
that cause changes of 11 amino acids in the region from positions
62-119 of the QRDR of ParC [6]. Further studies will have to
elucidate whether all of these transitions influence susceptibility
to quinolones. For example, amino acid change S83N appears not to
be associated with increased moxifloxacin MICs [19]. However,
increasing use of moxifloxacin will require laboratories that are
able to detect resistance in M. genitalium. This is important
especially for patients carrying strains with dual resistance to both
macrolides and quinolones. With 12% of samples in the present
study, the rate is at a level that demands attention. Therapeutic
alternatives (doxycycline or pristinamycin [8]) are of limited
clinical efficacy [4] or are not approved in all countries.

To our knowledge, this is the first study in Germany
reporting the prevalence of macrolide and fluoroquinolone
resistance of M. genitalium strains among patients belonging to
risk groups for acquiring and carrying this infection. In comparison
with the international situation, the rate of macrolide resistance is
relatively high and quinolone resistance is at a critical level.
Besides the efforts to develop more effective therapeutic regimens
and new antibiotic alternatives to treat infected patients,
current testing and guidelines should be modified to ensure
adequate treatment of infections in risk populations. This includes
the implementation of combined diagnostic and resistance
testing for more guided treatment of patients with confirmed
M. genitalium infection [20] in order to reduce the transmission of
this increasingly recognised pathogen. However, keeping in
mind the rates of macrolide and quinolone resistance, the
possibility of antibiotic treatment-induced resistance, the low
rates of symptomatic infections and the mostly mild clinical
manifestations, the uncritical screening of asymptomatic MSM
should be questioned.
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