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The sexually transmitted bacterial pathogen Mycoplasma genitalium has proved a complex organism to 
work with in the laboratory setting. Exhibiting an extremely fastidious nature, successful in vitro propagation 
of M. genitalium has remained elusive for many researchers. Antimicrobial resistance to both first- and se
cond-line recommended therapies (macrolides and fluoroquinolones, respectively) is commonly reported. 
However, phenotypic susceptibility testing is not routinely performed, due to the difficulties of in vitro growth. 
Instead, molecular detection of known resistance determinants is used to infer susceptibility/resistance. 
However, associations between determinant detection and clinical treatment failure are not always clear. 
Furthermore, molecular assays have limited use for detection of emerging resistance mechanisms. The present 
review collates and discusses the development of successful culture systems for initial isolation of this organism 
and current methodologies employed for phenotypic susceptibility testing to aid researchers in this field. As with 
Neisseria gonorrhoeae, future treatment options are extremely limited for M. genitalium and, if this sexually 
transmitted infection is to remain treatable, phenotypic susceptibility testing will play an invaluable role in 
evaluation of potential therapeutics. As such, retainment of these techniques is imperative.

© Crown copyright 2022.
This Open Access article contains public sector information licensed under the Open Government Licence v3.0 
(https://www. nationalarchives.gov.uk/doc/open-government-licence/version/3/).

Introduction
First isolated in 1981 from urethral specimens from men with 
non-gonococcal urethritis (NGU),1 Mycoplasma genitalium is a re
cognized cause of NGU in men and cervicitis in women.2 In addition, 
infection with M. genitalium has been associated with pelvic inflam
matory disease, spontaneous abortion and preterm birth.3

However, data suggest that the majority of infections are asymp
tomatic.4,5 True prevalence data are difficult to ascertain, due to dis
parities in diagnostic testing and reporting for this organism, but 
studies have demonstrated prevalence rates of up to 17% in pa
tients seeking sexual health care6,7 and 1%–3% in the general 
population in high-income countries.8,9 Similarly to Chlamydia tra
chomatis, risk factors for infection with M. genitalium include in
creased number of sexual partners, non-white ethnicity and 
younger age (≤24 years old).10 However, the peak age for infection 
is later than that for C. trachomatis.8,11 After its initial isolation in the 
1980s syndromic management was used until the advent of mo
lecular assays. This is because whilst it is possible to culture M. gen
italium in vitro it is not a suitable method for primary diagnostic 
testing as it is laborious, lacks sensitivity and is not timely as the or
ganism grows exceptionally slowly. This is converse to other, less 
fastidious, Mycoplasma species, such as Mycoplasma hominis, which 
are readily isolated in the primary diagnostic laboratory. As such, in 
the modern laboratory, detection of M. genitalium is performed via 
sensitive and specific nucleic acid amplification tests (NAATs) only.12

By nature, M. genitalium is susceptible to few classes of anti
microbial and, thus, treatment options are limited. Current guide
lines recommend use of the macrolide azithromycin as first-line 

therapy and the fluoroquinolone moxifloxacin as second-line 
therapy.12 Antimicrobial resistance to these treatment options 
has been increasingly reported. Phenotypic investigation of anti
microbial resistance has been hampered by the lack of clinical 
isolates, due to the extremely fastidious nature of this organism, 
the lack of standardized methodology for performing susceptibil
ity assays and the absence of clinical breakpoint criteria for 
interpretation of results. For practical purposes, antimicrobial re
sistance has been inferred by detection of mutations in genes as
sociated with resistance. Macrolide resistance mutations (MRMs) 
are common with 30%–100%13 of infections reported as resist
ant and, as such, it is recommended that a molecular macrolide- 
susceptibility assay is carried out as part of the diagnostic 
process, prior to treatment.12,14 Resistance to fluoroquinolone 
antimicrobials caused by quinolone resistance-associated muta
tions (QRAMs) is less often reported; however, a recent review es
timated prevalence in European countries of 5%,15 with higher 
rates of 8% detected at the national reference laboratory in 
England10 and one study from China reported 89% of specimens 
with QRAMs and 88% with dual resistance.16

The following report aims to discuss the different methods 
available for culture and susceptibility testing of M. genitalium 
and the challenges that working with this organism pose.

Biology
M. genitalium is a curious organism with a distinct flask-shaped
morphology belonging to the Mollicutes (meaning soft skin) class.
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It lacks a cell wall and, as such, cannot be visualized using trad
itional staining methods, such as Gram staining. M. genitalium is 
exceptionally fastidious and has evolved through genomic reduc
tion from a Gram-positive ancestor common to Clostridia to its 
current state.2 The genome consists of just 580 kb, encoding ap
proximately 480 genes.17 Measuring 0.6–0.7 μM in length, it is 
one of the smallest known self-replicating organisms and is con
sidered the best example of a natural minimal cell.2,17 M. genita
lium replicates by binary fission in both intracellular and 
extracellular environments after adhesion to many cell types, in
cluding the mucosal epithelia and spermatozoa.2,18 In fact, stud
ies have shown that M. genitalium become intracellular in only 
10% of Vero cells in vitro.19 Even compared with other fastidious 
Mycoplasma species, M. genitalium grows exceptionally slowly, 
requiring weeks to months for primary isolation. This is thought, 
in part, related to the complete reliance of the organism on its 
host as a source of amino acids, as M. genitalium has no genes 
encoding amino acids.20

In vitro propagation of M. genitalium
The original strains of M. genitalium isolated in 1981 [named G37, 
which became the type-strain (G37T), and M30] were cultured 
after direct inoculation into the complex SP4 mycoplasma me
dium with incubation for approximately 50 days;1 relying on ob
served colour change of a phenol-red indicator as confirmation of 
growth. This technique, however, proved unsuccessful for other 
researchers using urogenital specimens21,22 and, whilst the exact 
reason behind this is unclear, it has been suggested that the 
composition of the media used in those initial experiments was 
somehow unique and subsequently unreproducible.2 As such, 
there have been limited reports of in vitro isolation of clinical 
strains of M. genitalium from urethral,23,24 cervical/endocervical24

and urine25–27 specimens since, none using the original 
method/media. However, four M. genitalium isolates were de
scribed as being recovered from respiratory tract isolates of 
Mycoplasma pneumoniae28 and one from an M. pneumoniae isolate 
from synovial fluid.29 These isolates have been deposited in the 
ATCC strain collection together with the initial M. genitalium G37T 

and M30 strains from the original isolations. By WGS, however, these 
strains have been shown to be identical to the G37 strain,30 whereas 
an earlier M30 isolate obtained from the Mollicutes Collection 
(Gainesville, FL, USA) is genetically distinct.30 Thus, researchers 
should be aware that the ATCC strains do not reflect any genetic di
versity. It also stresses the need for laboratories attempting isola
tions to do strain typing from the primary specimen as well as 
from the resulting isolate to document lack of cross-contamination 
with the laboratory-adapted and rapidly growing G37T strain.

With the failure of direct inoculation in mycoplasma broth 
media for in vitro isolation, researchers23 turned to cell culture 
methods based on the recognized ability of other Mycoplasma 
species (e.g. Mycoplasma hyorhinis, Mycoplasma orale and 
Mycoplasma fermentans) to infect almost any cell line31 and evi
dence that M. genitalium could attach to and invade Vero African 
green monkey kidney cells.19,32 Co-culture in cells proved an im
portant development for initial propagation of M. genitalium and 
is now the accepted standard method.33 The specifics of cell lines 
and media used vary between laboratories, however, and isola
tion remains labour intensive and slow, with very long incubation 

periods.26 No attempts have been made to systematically com
pare different cell lines and culture media, but probably there will 
be strains preferring one method, whereas others will grow better 
using an alternative method.

Vero African green monkey kidney cells adapted to grow in 
serum-free media [supplemented with a serum substitute, such 
as Ultroser™ G (Sartorious)]23 and Hep-2 human heteroploidy cells 
supplemented with FCS25 have produced good results for isolation 
of clinical strains of M. genitalium. Different base media, including 
Eagle’s modified essential medium (MEM)23,25,26 and 199 
medium,24 have all been used with success in cell culture models. 
Irrespective of the base media, supplements are included, such as 
sodium bicarbonate26 and yeast extract,25 to enrich and balance 
pH and antimicrobials are included to limit contamination of cul
tures from commensal bacteria (e.g. penicillin G or vancomycin 
and polymyxin B) and to suppress yeast in the clinical specimens 
(e.g. amphotericin B or nystatin). Although, high concentrations 
of antimicrobials in the culture media can inhibit the isolation of 
M. genitalium even when the organism itself is impervious to 
that antimicrobial.26 As such, maximal concentrations should be 
200 IU/mL penicillin G and 500 μg/mL polymyxin B.26,33

Depending on the clinical specimen type, pre-processing prior 
to infection of the cell line may be required. For swab specimens 
(e.g. urethral or cervical) an aliquot of swab transport medium 
may be directly inoculated into the cell culture system. 
However, urine specimens have been found to be cytotoxic to 
cell lines when added directly.26,33 As such, a series of washing 
steps was developed by researchers, whereby the urine specimen 
was centrifuged and resuspended in tissue culture media prior to 
inoculation of the cell lines.25,26 This process not only removed 
cytotoxic components of the urine but also concentrated any 
M. genitalium present. Low bacterial load in clinical specimens, 
characteristic of the slow-growing nature of M. genitalium, is a 
further hindrance of in vitro isolation. It follows that the lower 
the initial load the longer the incubation period would be until iso
lation is detectable and the more likely for loss during passage or 
due to contaminants would be. It has been reported that ap
proximately 60% of isolates could grow in Vero cells in a month 
when bacterial load >1000 copies per 100 μL clinical specimen 
(swab or urine).27 In addition, storage of clinical specimens, par
ticularly urine, prior to culture negatively impacts on the success 
of isolation of M. genitalium, with reported viability loss after 
2 days of storage of urine specimens at room temperature.33

As such, specimens should be inoculated into tissue culture as 
soon as is practicable.

Detection of growth of M. genitalium in SP4 relied on observa
tion of a colour change instigated by acidification of a phenol-red 
pH indicator in the medium, as mentioned previously. However, 
this method is subjective and not specific to M. genitalium and 
can only be used in axenic culture (i.e. culture systems free of 
all other living cells) because cultured cells acidify the medium.33

With the advent of widespread use of first PCR and then real-time 
PCR, observational interpretation has been superseded by quan
titative M. genitalium-specific molecular assays.34–36

Axenic culture and cloning
Following initial isolation in cells lines, adaptation to axenic 
growth can be attempted. There is an enormous variation in 
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the ability of different isolates to grow in mycoplasma broth me
dium. Some will adapt to axenic growth after high-titre growth 
has been obtained in cell culture, whereas other isolates appear 
to be unable to adapt to broth culture. Plating on mycoplasma 
agar usually requires several passages in broth and some isolates 
do not grow on solid medium at all. Growth on solid medium is, 
however, a requirement in order to ensure clonality of the isolate 
and to obtain strain status. Classical methods require three 
rounds of filtration-cloning, where 0.45 μM filters are used to en
sure single cells,32 but the filtration step has proven impossible to 
perform for a high proportion of isolates, so limiting dilution or 
colony picks after disruption of clumps by passing the culture 
though a narrow gauge cannula has been used.23 Initially, fre
quent loss of isolates during the cloning process was de
scribed,23,26 so keeping a back-up for each step in liquid 
nitrogen or at −80°C is strongly advised. These additional steps 
further lengthen the culture timeline of M. genitalium, with one 
group reporting that from initial inoculation of the cell lines to 
completion of cloning took about one calendar year.26

Adaptation of the isolates to axenic culture produces strains 
that require less complex culture methods, but comparability of 
laboratory-adapted strains that have been in culture for long per
iods of time with recent clinical isolates must be considered.

Antimicrobial susceptibility, testing 
and resistance
As stated previously, M. genitalium is susceptible to few classes of 
antimicrobial, namely tetracyclines, macrolides and fluoroquino
lones; however, the degree of susceptibility varies.2 As with other 
members of the Mollicutes class, β-lactam antimicrobials are 
ineffective, due to the lack of a cell wall,37 hence their 
inclusion in cell culture media to limit contamination. In vitro 
data suggest that most M. genitalium isolates are susceptible 
to doxycycline38 when MICs are interpreted using the closely re
lated M. pneumoniae breakpoints39 as no such breakpoints cur
rently exist for M. genitalium specifically. In reality, these 
breakpoints may not be appropriate as clinical trial data indicate 
poor efficacy at eradicating infections, with only a 30%–40% cure 
rate.40 As such, monotherapy with doxycycline is not recom
mended; however, there is evidence that pretreating with doxy
cycline prior to use of a recommended first-line (macrolide) or 
second-line (fluoroquinolone) therapy increases the chance of 
treatment success.4,41 This is thought likely because although 
doxycycline may not cure the infection it reduces the bacterial 
load, in turn reducing the likelihood of the presence of 
resistance-associated mutations.12 The mechanism by which 
M. genitalium ‘resists’ doxycycline therapy is at present unknown 
and currently no correlation between doxycycline MIC in vitro and 
treatment failure or success has been reported.40 Pretreatment 
with doxycycline is recommended as standard of care in the UK 
national guidelines for treatment of M. genitalium infection.12

Due to the inherent issues with performing culture of 
M. genitalium, phenotypic antimicrobial susceptibility testing 
(AST) is performed rarely and by only a few specialist laboratories. 
Consequently, molecular assays (both commercial42–44 and/or 
in-house) are widely used to infer susceptibility of isolates in clin
ical specimens, through the presence or absence of the detection 

of mutations known to be associated with antimicrobial resist
ance in the target genes. Macrolide resistance is well character
ized in M. genitalium and is caused by mutations in region V of 
the 23S rRNA gene, which forms a component of the 50S riboso
mal subunit. Mutations are primarily reported at loci 2058 
and 2059 (Escherichia coli numbering) and isolates harbouring 
these mutations have demonstrated high MICs of azithromycin 
in in vitro susceptibility assays.45 These mutations are also 
commonly reported in patients who have failed treatment with 
azithromycin.46–59

Fluoroquinolone resistance is less well understood, but is 
mediated by mutations in the QRDR of the parC gene, which 
encodes topoisomerase IV, an enzyme essential in DNA replica
tion. Whilst many mutations have been reported in this 
gene46,48,50,51,53,54,56,60–75 those at amino acid positions S83 
and D87 (M. genitalium numbering) are most frequently de
tected and associated with resistance. Indeed, even at these 
positions there is evidence to suggest certain mutations 
(S83I, S83R, D87N and D87Y)76 are more often associated 
with treatment failure and/or increased MICs than others 
(e.g. S83N). Whilst mutations have been reported in the gyrA 
QRDR, the association between these and antimicrobial resist
ance is even less clear than for the parC mutations. Where mu
tations are apparent in gyrA, those that contribute to treatment 
failure seem to occur concurrently with parC mutations (e.g. 
G248T/S83I).76 It has been reported that treatment failure 
(and decreased phenotypic susceptibility) with moxifloxacin 
was more likely to occur if gyrA mutation M95I or D99N was 
present as well as the parC mutation S83I, suggesting an addi
tive effect of these mutations.76,77

Phenotypic AST
Common to C. trachomatis, no standardized methodology exists 
for phenotypic AST of M. genitalium. Whilst published methods 
are available, all are reliant on successful isolation of the organ
ism in the first instance and, as already discussed, culture of 
M. genitalium is not straightforward and this is itself the limiting 
factor. As such, any methods used are for research purposes 
only and cannot be used to guide patient therapy.

Methods employed for AST of M. genitalium vary based on the 
ability of the isolates to grow in axenic culture. Where axenic 
strains are used, methods follow those recommended for other 
Mycoplasma species, i.e. broth dilution or agar dilution,78,79 and 
should follow the CLSI guideline for human mycoplasmas.80

For M. genitalium the broth dilution method employs serial 
2-fold dilutions of the antimicrobials titrated in SP4 medium in 
microtitre plates containing known concentrations of M. genitalium 
isolates.81–83 Plates are incubated at 37°C and MICs assigned to 
the lowest concentration of antimicrobial that inhibits colour 
change of the medium at the time where the control wells with
out antimicrobial compound change colour. As clinical isolates 
grow at different rates each susceptibility assay should be 
analysed independently and only in relation to itself. The agar di
lution method is not commonly used for M. genitalium84 as it is 
better suited to larger series of strains and involves inoculation 
of dilutions of M. genitalium isolates onto agar plates containing 
serial dilutions of antimicrobial, which are then incubated at 37°C. 
There has been some debate over the interpretation of these 

2903

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/77/11/2901/6671005 by guest on 29 July 2026



Review

plates;78 however, to standardize criteria, MICs should be as
signed to the lowest antimicrobial concentration that inhibits col
ony formation at the time where colonies are formed on the 
growth control plate and for the dilution that produces a colony 
count of 30–300 colonies.80

As the majority of M. genitalium isolates have not been adapted 
for axenic culture, a method was developed,27 whereby serial 
2-fold dilutions of antimicrobials were titrated into Vero cell 
cultures containing known concentrations of M. genitalium 
isolates.64,81,85,86 Culture plates are sealed and incubated at 
37°C/5% CO2 for 3 weeks and supernatant is harvested from 
each well for DNA extraction and qPCR.35 MICs are defined as 
the lowest antibiotic concentration resulting in >99% inhibition 
of growth in comparison with the antibiotic-free control. 
Researchers have demonstrated comparability of results obtained 
using this method with those from the broth dilution method.27,87

Future directions and research needs
With increasing reports of antimicrobial resistance to both first- 
and second-line antimicrobials worldwide, the importance of 
successful culture and phenotypic AST of M. genitalium cannot 
be overstated. Only through phenotypic testing can novel antimi
crobials be assayed to establish their efficacy in inhibiting this 
clinically important pathogen. Establishment of an M. genitalium 
bio-bank, or further submission to a bio-bank repository already 
established (e.g. ATCC or NCTC), of cultured clinical isolates with 
differing genotypic susceptibilities would enable researchers to 
access representative strains. These strains would be essential 
in determining the wild-type distribution of M. genitalium for dif
ferent antimicrobials, which in turn would allow establishment of 
breakpoints for interpretation of AST results.

Culture of this organism is recommended primarily to enhance 
our understanding and it is not the suggestion of this review that 
it should be used as a primary diagnostic technique. Provision of uni
versal access to sensitive and specific primary diagnostic NAATs 
is crucial and should be a priority where these assays are not 
currently available. In the research laboratory, improvements to 
the success of primary isolation methodologies are urgently re
quired. Establishing the most appropriate specimen type and addi
tives (e.g. transport buffer) for longer-term preservation of viability 
of the organism in clinical specimens is required if wider expansion 
of culture is to be achieved. Due to the length of incubation, com
plexities of culture methods and associated costs, any in vitro isola
tion should be attempted on NAAT-confirmed M. genitalium-positive 
clinical specimens only. Further to this, as has already been dis
cussed, isolation success is greatly dependent on the initial bacterial 
load in the clinical specimen. Therefore, it is recommended that bac
terial load is quantified prior to inoculation of any cell culture system, 
but even surprisingly low-load specimens may occasionally lead to 
an isolate.

Surveillance of antimicrobial resistance in M. genitalium is of 
great importance to facilitate appropriate interventions, promote 
antimicrobial stewardship and inform treatment guidelines. 
Currently, surveillance of this organism is in its infancy. Two suc
cessful pilot surveillance programmes have been performed in 
England.10,88 However, these utilized genotypic methods to infer 
antimicrobial resistance only. Where resistance mechanisms are 
well characterized, e.g. for macrolides, using genotypic detection 

of mutations may be appropriate. However, where mechanisms 
are less clear, e.g. for fluoroquinolones, application of phenotypic 
testing may play an important role. However, in reality, culture is 
likely to play a limited role in surveillance programmes, due to the 
issues described in this report.

Conclusions
M. genitalium is a clinically relevant pathogen and infection with 
this organism can result in significant clinical sequelae. The un
usual biology and exceptional fastidiousness of this organism 
present unique challenges to scientists in the laboratory where 
traditional methods of culture and susceptibility testing are not 
appropriate.

Whilst cell culture methods have proven successful for isolat
ing M. genitalium, the length of incubation time required for this 
means that it has no practical use in the diagnostic laboratory. 
The advent of sensitive and specific NAATs for the detection of 
M. genitalium-specific material has revolutionized diagnosis of in
fection with this organism.

AST, an increasingly important aspect of the diagnostic path
way for M. genitalium, is reliant on molecular detection of muta
tions known to be associated with antimicrobial resistance in 
other organisms because of the difficulties faced when attempt
ing in vitro isolation. Whilst molecular methods are useful for 
antimicrobials where resistance mechanisms are well character
ized, e.g. macrolides, there is limited use where the significance 
of mutations is less well understood, e.g. parC and gyrA. In add
ition, molecular techniques do not allow for understanding clinic
al treatment failures, for monitoring of emerging resistance or for 
investigation of susceptibility to new antimicrobial agents. As 
such, it is imperative that methods for performing phenotypic 
AST of M. genitalium are not lost, albeit in the confines of special
ist and research laboratories only. Currently there are less than 10 
specialist laboratories worldwide performing M. genitalium cul
ture. Ideally, it would be possible to improve and standardize 
both culture and AST methodologies to allow wider application 
outside of these specialist laboratories. However, due to the in
herent complexities of working with this organism and asso
ciated financial burden, application may be limited. This is of 
particular concern in low-income countries. Of greater import
ance is providing universal access to primary diagnostic NAATs 
and molecular AST methodologies.

What is clear is that working with M. genitalium in vitro is not 
straightforward. Cell culture methods are laborious, time- 
consuming and expensive, with variable success rates; however, 
if we are to maintain M. genitalium as a treatable infection, these 
hurdles must be overcome.

Acknowledgements
We would like to acknowledge Dr Helen Fifer, Dr John Saunders and 
Dr Paddy Horner for their contribution to this work.

Funding
This work was supported by funding from the National Institute for Health 
Research, HPRU in Blood Borne and Sexually Transmitted Infections at 
University College London, HPRU Competition 2019.

2904

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/77/11/2901/6671005 by guest on 29 July 2026



Review                                                                                                                                                              

Transparency declarations
J.S.J. serves on scientific advisory boards for Roche, Abbott, Cepheid, 
Nabriva and GSK, and has received speaker’s honoraria from Hologic, 
Cepheid and SpeeDx, all outside the submitted work. All other authors: 
none to declare.

References
1 Tully JG, Taylor-Robinson D, Cole RM et al. A newly discovered myco
plasma in the human urogenital tract. Lancet 1981; 1: 1288–91. https:// 
doi.org/10.1016/S0140-6736(81)92461-2
2 Taylor-Robinson D, Jensen JS. Mycoplasma genitalium: from chrysalis 
to multicolored butterfly. Clin Microbiol Rev 2011; 24: 498–514. https:// 
doi.org/10.1128/CMR.00006-11
3 Lis R, Rowhani-Rahbar A, Manhart LE. Mycoplasma genitalium infection 
and female reproductive tract disease: a meta-analysis. Clin Infect Dis 
2015; 61: 418–26. https://doi.org/10.1093/cid/civ312
4 Horner PJ, Martin DH. Mycoplasma genitalium infection in men. J Infect 
Dis 2017; 216 Suppl 2: S396–405. https://doi.org/10.1093/infdis/jix145
5 Oakeshott P, Aghaizu A, Hay P et al. Is Mycoplasma genitalium in wo
men the “new chlamydia?” A community-based prospective cohort 
study. Clin Infect Dis 2010; 51: 1160–6. https://doi.org/10.1086/656739
6 Getman D, Jiang A, O’Donnell M et al. Mycoplasma genitalium preva
lence, co-infection, and macrolide antibiotic resistance frequency in a 
multicenter US clinical study cohort. J Clin Microbiol 2016; 54: 2278–83. 
https://doi.org/10.1128/JCM.01053-16
7 le Roux MC, Hoosen AA. Quantitative real-time polymerase chain reac
tion for the diagnosis of Mycoplasma genitalium infection in South African 
men with and without symptoms of urethritis. Sex Transm Dis 2017; 44: 
17–20. https://doi.org/10.1097/OLQ.0000000000000540
8 Sonnenberg P, Ison CA, Clifton S et al. Epidemiology of Mycoplasma 
genitalium in British men and women aged 16-44 years: evidence from 
the third National Survey of Sexual Attitudes and Lifestyles (Natsal-3). 
Int J Epidemiol 2015; 44: 1982–94. https://doi.org/10.1093/ije/dyv194
9 Baumann L, Cina M, Egli-Gany D et al. Prevalence of Mycoplasma geni
talium in different population groups: systematic review and 
meta-analysis. Sex Transm Infect 2018; 94: 255–62. https://doi.org/10. 
1136/sextrans-2017-053384
10 Fifer H, Merrick R, Pitt R et al. Frequency and correlates of Mycoplasma 
genitalium antimicrobial resistance mutations and their association with 
treatment outcomes: findings from a national sentinel surveillance pilot 
in England. Sex Transm Dis 2021; 48: 951–4. https://doi.org/10.1097/ 
OLQ.0000000000001493
11 Jensen JS, Bjornelius E, Dohn B et al. Comparison of first void urine and 
urogenital swab specimens for detection of Mycoplasma genitalium and 
Chlamydia trachomatis by polymerase chain reaction in patients attend
ing a sexually transmitted disease clinic. Sex Transm Dis 2004; 31: 
499–507. https://doi.org/10.1097/01.olq.0000135992.98883.e4
12 Soni S, Horner P, Rayment M et al. British Association for Sexual Health 
and HIV national guideline for the management of infection with 
Mycoplasma genitalium (2018). Int J STD AIDS 2019; 30: 938–50. 
https://doi.org/10.1177/0956462419825948
13 Lau A, Bradshaw CS, Lewis D et al. The efficacy of azithromycin for the 
treatment of genital Mycoplasma genitalium: a systematic review and 
meta-analysis. Clin Infect Dis 2015; 61: 1389–99. https://doi.org/10. 
1093/cid/civ644
14 Jensen JS, Cusini M, Gomberg M et al. 2016 European guideline on 
Mycoplasma genitalium infections. J Eur Acad Dermatol Venereol 2016; 
30: 1650–6. https://doi.org/10.1111/jdv.13849

15 Fernández-Huerta M, Barberá MJ, Serra-Pladevall J et al. Mycoplasma 
genitalium and antimicrobial resistance in Europe: a comprehensive re
view. Int J STD AIDS 2020; 31: 190–7. https://doi.org/10.1177/ 
0956462419890737
16 Li Y, Su X, Le W et al. Mycoplasma genitalium in symptomatic male ur
ethritis: macrolide use is associated with increased resistance. Clin Infect 
Dis 2020; 70: 805–10. https://doi.org/10.1093/cid/ciz294
17 Blanchard A, Bebear C. The evolution of Mycoplasma genitalium. Ann 
N Y Acad Sci 2011; 1230: E61–4. https://doi.org/10.1111/j.1749-6632. 
2011.06418.x
18 Svenstrup HF, Fedder J, Abraham-Peskir J et al. Mycoplasma genita
lium attaches to human spermatozoa. Hum Reprod 2003; 18: 2103–9. 
https://doi.org/10.1093/humrep/deg392
19 Jensen JS, Blom J, Lind K. Intracellular location of Mycoplasma geni
talium in cultured Vero cells as demonstrated by electron microscopy. 
Int J Exp Pathol 1994; 75: 91–8.
20 Fraser CM, Gocayne JD, White O et al. The minimal gene complement 
of Mycoplasma genitalium. Science 1995; 270: 397–403. https://doi.org/ 
10.1126/science.270.5235.397
21 Samra Z, Borin M, Bukowsky Y et al. Non-occurrence of Mycoplasma 
genitalium in clinical specimens. Eur J Clin Microbiol Infect Dis 1988; 7: 
49–51. https://doi.org/10.1007/BF01962172
22 Taylor-Robinson D, Furr PM, Hanna NF. Microbiological and serological 
study of non-gonococcal urethritis with special reference to Mycoplasma 
genitalium. Genitourin Med 1985; 61: 319–24.
23 Jensen JS, Hansen HT, Lind K. Isolation of Mycoplasma genitalium 
strains from the male urethra. J Clin Microbiol 1996; 34: 286–91. https:// 
doi.org/10.1128/jcm.34.2.286-291.1996
24 Mondeja BA, Jensen JS, Rodriguez I et al. Isolation of Mycoplasma 
genitalium from patients with urogenital infections: first report from the 
Latin-American region. New Microbes New Infect 2013; 1: 22–6. https:// 
doi.org/10.1002/2052-2975.20
25 Totten PA, Schwartz MA, Sjostrom KE et al. Association of Mycoplasma 
genitalium with nongonococcal urethritis in heterosexual men. J Infect 
Dis 2001; 183: 269–76. https://doi.org/10.1086/317942
26 Hamasuna R, Osada Y, Jensen JS. Isolation of Mycoplasma genitalium 
from first-void urine specimens by coculture with Vero cells. J Clin 
Microbiol 2007; 45: 847–50. https://doi.org/10.1128/JCM.02056-06
27 Hamasuna R, Osada Y, Jensen JS. Antibiotic susceptibility testing of 
Mycoplasma genitalium by TaqMan 5’ nuclease real-time PCR. 
Antimicrob Agents Chemother 2005; 49: 4993–8. https://doi.org/10. 
1128/AAC.49.12.4993-4998.2005
28 Baseman JB, Dallo SF, Tully JG et al. Isolation and characterization of 
Mycoplasma genitalium strains from the human respiratory tract. J Clin 
Microbiol 1988; 26: 2266–9. https://doi.org/10.1128/jcm.26.11.2266- 
2269.1988
29 Tully JG, Rose DL, Baseman JB et al. Mycoplasma pneumoniae and 
Mycoplasma genitalium mixture in synovial fluid isolate. J Clin Microbiol 
1995; 33: 1851–5. https://doi.org/10.1128/jcm.33.7.1851-1855.1995
30 Fookes MC, Hadfield J, Harris S et al. Mycoplasma genitalium: whole 
genome sequence analysis, recombination and population structure. 
BMC Genomics 2017; 18: 993. https://doi.org/10.1186/s12864-017- 
4399-6
31 Rottem S, Barile MF. Beware of mycoplasmas. Tibtech 1993; 11: 
143–51. https://doi.org/10.1016/0167-7799(93)90089-R
32 Tully JG. Mycoplasma genitalium, a new species from the human uro
genital tract. Int J Syst Bacteriol 1983; 33: 387–96. https://doi.org/10. 
1099/00207713-33-2-387
33 Hamasuna R. Identification of treatment strategies for Mycoplasma 
genitalium-related urethritis in male patients by culturing and 

2905

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/77/11/2901/6671005 by guest on 29 July 2026

https://doi.org/10.1016/S0140-6736(81)92461-2
https://doi.org/10.1016/S0140-6736(81)92461-2
https://doi.org/10.1128/CMR.00006-11
https://doi.org/10.1128/CMR.00006-11
https://doi.org/10.1093/cid/civ312
https://doi.org/10.1093/infdis/jix145
https://doi.org/10.1086/656739
https://doi.org/10.1128/JCM.01053-16
https://doi.org/10.1097/OLQ.0000000000000540
https://doi.org/10.1093/ije/dyv194
https://doi.org/10.1136/sextrans-2017-053384
https://doi.org/10.1136/sextrans-2017-053384
https://doi.org/10.1097/OLQ.0000000000001493
https://doi.org/10.1097/OLQ.0000000000001493
https://doi.org/10.1097/01.olq.0000135992.98883.e4
https://doi.org/10.1177/0956462419825948
https://doi.org/10.1093/cid/civ644
https://doi.org/10.1093/cid/civ644
https://doi.org/10.1111/jdv.13849
https://doi.org/10.1177/0956462419890737
https://doi.org/10.1177/0956462419890737
https://doi.org/10.1093/cid/ciz294
https://doi.org/10.1111/j.1749-6632.2011.06418.x
https://doi.org/10.1111/j.1749-6632.2011.06418.x
https://doi.org/10.1093/humrep/deg392
https://doi.org/10.1126/science.270.5235.397
https://doi.org/10.1126/science.270.5235.397
https://doi.org/10.1007/BF01962172
https://doi.org/10.1128/jcm.34.2.286-291.1996
https://doi.org/10.1128/jcm.34.2.286-291.1996
https://doi.org/10.1002/2052-2975.20
https://doi.org/10.1002/2052-2975.20
https://doi.org/10.1086/317942
https://doi.org/10.1128/JCM.02056-06
https://doi.org/10.1128/AAC.49.12.4993-4998.2005
https://doi.org/10.1128/AAC.49.12.4993-4998.2005
https://doi.org/10.1128/jcm.26.11.2266-2269.1988
https://doi.org/10.1128/jcm.26.11.2266-2269.1988
https://doi.org/10.1128/jcm.33.7.1851-1855.1995
https://doi.org/10.1186/s12864-017-4399-6
https://doi.org/10.1186/s12864-017-4399-6
https://doi.org/10.1016/0167-7799(93)90089-R
https://doi.org/10.1099/00207713-33-2-387
https://doi.org/10.1099/00207713-33-2-387


Review

antimicrobial susceptibility testing. J Infect Chemother 2013; 19: 1–11. 
https://doi.org/10.1007/s10156-012-0487-3
34 Jensen JS, Uldum SA, Sondergard-Andersen J et al. Polymerase chain 
reaction for detection of Mycoplasma genitalium in clinical samples. J Clin 
Microbiol 1991; 29: 46–50. https://doi.org/10.1128/jcm.29.1.46-50.1991
35 Jensen JS, Bjornelius E, Dohn B et al. Use of TaqMan 5 ‘nuclease real- 
time PCR for quantitative detection of Mycoplasma genitalium DNA in 
males with and without urethritis who were attendees at a sexually 
transmitted disease clinic. J Clin Microbiol 2004; 42: 683–92. https://doi. 
org/10.1128/JCM.42.2.683-692.2004
36 Day MJ, Cole MJ, Fifer H et al. Detection of markers predictive of 
macrolide and fluoroquinolone resistance in Mycoplasma genitalium 
from patients attending sexual health services. Sex Transm Infect 2022; 
98: 215–8. https://doi.org/10.1136/sextrans-2020-054897
37 Taylor-Robinson D, Gilroy CB, Jensen JS. The biology of Mycoplasma 
genitalium. Venereology 2000; 13: 119–27.
38 Jensen JS, Fernandes P, Unemo M. In vitro activity of the new fluoro
ketolide solithromycin (CEM-101) against macrolide-resistant and 
-susceptible Mycoplasma genitalium strains. Antimicrob Agents 
Chemother 2014; 58: 3151–6. https://doi.org/10.1128/AAC.02411-14
39 Waites KB, Duffy LB, Bebear CM et al. Standardized methods and qual
ity control limits for agar and broth microdilution susceptibility testing of 
Mycoplasma pneumoniae, Mycoplasma hominis, and Ureaplasma urealy
ticum. J Clin Microbiol 2012; 50: 3542–7. https://doi.org/10.1128/JCM. 
01439-12
40 Unemo M, Jensen JS. Antimicrobial-resistant sexually transmitted in
fections: gonorrhoea and Mycoplasma genitalium. Nat Rev Urol 2017; 14: 
139–52. https://doi.org/10.1038/nrurol.2016.268
41 Read TRH, Fairley CK, Murray GL et al. Outcomes of resistance-guided 
sequential treatment of Mycoplasma genitalium infections: a prospective 
evaluation. Clin Infect Dis 2019; 68: 554–60. https://doi.org/10.1093/cid/ 
ciy477
42 Pitt R, Cole MJ, Fifer H et al. Evaluation of the Mycoplasma genitalium 
Resistance Plus kit for the detection of M. genitalium and mutations asso
ciated with macrolide resistance. Sex Transm Infect 2018; 94: 565–7. 
https://doi.org/10.1136/sextrans-2017-053366
43 Le Roy C, Bébéar C, Pereyre S. Performance of three commercial mo
lecular diagnostic assays for the simultaneous detection of Mycoplasma 
genitalium and macrolide resistance. J Clin Microbiol 2021; 59: 
e00020-21. https://doi.org/10.1128/JCM.00020-21
44 Conway RJH, Cook S, Malone C et al. Clearance of Mycoplasma genita
lium infection with moxifloxacin in the presence of quinolone 
resistance-associated mutations. Sex Transm Dis 2020; 47: 197–8. 
https://doi.org/10.1097/OLQ.0000000000001095
45 Jensen JS, Bradshaw CS, Tabrizi SN et al. Azithromycin treatment fail
ure in Mycoplasma genitalium-positive patients with nongonococcal ur
ethritis is associated with induced macrolide resistance. Clin Infect Dis 
2008; 47: 1546–53. https://doi.org/10.1086/593188
46 Braam JF, van Dommelen L, Henquet CJM et al. Multidrug-resistant 
Mycoplasma genitalium infections in Europe. Eur J Clin Microbiol Infect 
Dis 2017; 36: 1565–7. https://doi.org/10.1007/s10096-017-2969-9
47 Braam JF, Slotboom B, Van Marm S et al. High prevalence of the 
A2058T macrolide resistance-associated mutation in Mycoplasma geni
talium strains from the Netherlands. J Antimicrob Chemother 2017; 72: 
1529–30. https://doi.org/10.1093/jac/dkw584
48 Couldwell DL, Tagg KA, Jeoffreys NJ et al. Failure of moxifloxacin treat
ment in Mycoplasma genitalium infections due to macrolide and fluoro
quinolone resistance. Int J STD AIDS 2013; 24: 822–8. https://doi.org/10. 
1177/0956462413502008
49 Couldwell DL, Jalocon D, Power M et al. Mycoplasma genitalium: high 
prevalence of resistance to macrolides and frequent anorectal infection 

in men who have sex with men in western Sydney. Sex Transm Infect 
2018; 94: 406–10. https://doi.org/10.1136/sextrans-2017-053480
50 Tagg KA, Jeoffreys NJ, Couldwell DL et al. Fluoroquinolone and macro
lide resistance-associated mutations in Mycoplasma genitalium. J Clin 
Microbiol 2013; 51: 2245–9. https://doi.org/10.1128/JCM.00495-13
51 Murray GL, Bradshaw CS, Bissessor M et al. Increasing macrolide and 
fluoroquinolone resistance in Mycoplasma genitalium. Emerg Infect Dis 
2017; 23: 809–12. https://doi.org/10.3201/eid2305.161745
52 Allan-Blitz LT, Mokany E, Campeau S et al. Prevalence of Mycoplasma 
genitalium and azithromycin-resistant infections among remnant clinical 
specimens, Los Angeles. Sex Transm Dis 2018; 45: 632–5. https://doi.org/ 
10.1097/OLQ.0000000000000829
53 Anderson T, Coughlan E, Werno A. Mycoplasma genitalium macrolide 
and fluoroquinolone resistance detection and clinical implications in a se
lected cohort in New Zealand. J Clin Microbiol 2017; 55: 3242–8. https:// 
doi.org/10.1128/JCM.01087-17
54 Barbera MJ, Fernandez-Huerta M, Jensen JS et al. Mycoplasma genita
lium macrolide and fluoroquinolone resistance: prevalence and risk factors 
among a 2013-2014 cohort of patients in Barcelona, Spain. Sex Transm Dis 
2017; 44: 457–62. https://doi.org/10.1097/OLQ.0000000000000631
55 Basu I, Roberts SA, Bower JE et al. High macrolide resistance in 
Mycoplasma genitalium strains causing infection in Auckland, New 
Zealand. J Clin Microbiol 2017; 55: 2280–2. https://doi.org/10.1128/JCM. 
00370-17
56 Bissessor M, Tabrizi SN, Twin J et al. Macrolide resistance and azithro
mycin failure in a Mycoplasma genitalium-infected cohort and response 
of azithromycin failures to alternative antibiotic regimens. Clin Infect Dis 
2015; 60: 1228–36. https://doi.org/10.1093/cid/ciu1162
57 Coorevits L, Traen A, Binge L et al. Macrolide resistance in Mycoplasma 
genitalium from female sex workers in Belgium. J Glob Antimicrob Resist 
2018; 12: 149–52. https://doi.org/10.1016/j.jgar.2017.09.018
58 Deguchi T, Kikuchi M, Yasuda M et al. Multidrug-resistant Mycoplasma 
genitalium is increasing. Clin Infect Dis 2016; 62: 405–6. https://doi.org/10. 
1093/cid/civ898
59 Dumke R, Thurmer A, Jacobs E. Emergence of Mycoplasma genitalium 
strains showing mutations associated with macrolide and fluoroquino
lone resistance in the region Dresden, Germany. Diagn Microbiol Infect 
Dis 2016; 86: 221–3. https://doi.org/10.1016/j.diagmicrobio.2016.07.005
60 Hadad R, Golparian D, Lagos AC et al. Macrolide and fluoroquinolone 
resistance in Mycoplasma genitalium in two Swedish counties, 
2011-2015. APMIS 2018; 126: 123–7. https://doi.org/10.1111/apm.12792
61 Dionne-Odom J, Geisler WM, Aaron KJ et al. High prevalence of 
multidrug-resistant Mycoplasma genitalium in human immunodeficiency 
virus-infected men who have sex with men in Alabama. Clin Infect Dis 
2018; 66: 796–8. https://doi.org/10.1093/cid/cix853
62 Le Roy C, Henin N, Pereyre S et al. Fluoroquinolone-resistant 
Mycoplasma genitalium, Southwestern France. Emerg Infect Dis 2016; 
22: 1677–9. https://doi.org/10.3201/eid2209.160446
63 Unemo M, Salado-Rasmussen K, Hansen M et al. Clinical and analyt
ical evaluation of the new Aptima Mycoplasma genitalium assay, with 
data on M. genitalium prevalence and antimicrobial resistance in M. gen
italium in Denmark, Norway and Sweden in 2016. Clin Microbiol Infect 
2018; 24: 533–9. https://doi.org/10.1016/j.cmi.2017.09.006
64 Damiao Gouveia AC, Unemo M, Jensen JS. In vitro activity of zolifloda
cin (ETX0914) against macrolide-resistant, fluoroquinolone-resistant and 
antimicrobial-susceptible Mycoplasma genitalium strains. J Antimicrob 
Chemother 2018; 73: 1291–4. https://doi.org/10.1093/jac/dky022
65 Gratrix J, Plitt S, Turnbull L et al. Prevalence and antibiotic resistance of 
Mycoplasma genitalium among STI clinic attendees in Western Canada: a 
cross-sectional analysis. BMJ Open 2017; 7: e016300. https://doi.org/10. 
1136/bmjopen-2017-016300

2906

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/77/11/2901/6671005 by guest on 29 July 2026

https://doi.org/10.1007/s10156-012-0487-3
https://doi.org/10.1128/jcm.29.1.46-50.1991
https://doi.org/10.1128/JCM.42.2.683-692.2004
https://doi.org/10.1128/JCM.42.2.683-692.2004
https://doi.org/10.1136/sextrans-2020-054897
https://doi.org/10.1128/AAC.02411-14
https://doi.org/10.1128/JCM.01439-12
https://doi.org/10.1128/JCM.01439-12
https://doi.org/10.1038/nrurol.2016.268
https://doi.org/10.1093/cid/ciy477
https://doi.org/10.1093/cid/ciy477
https://doi.org/10.1136/sextrans-2017-053366
https://doi.org/10.1128/JCM.00020-21
https://doi.org/10.1097/OLQ.0000000000001095
https://doi.org/10.1086/593188
https://doi.org/10.1007/s10096-017-2969-9
https://doi.org/10.1093/jac/dkw584
https://doi.org/10.1177/0956462413502008
https://doi.org/10.1177/0956462413502008
https://doi.org/10.1136/sextrans-2017-053480
https://doi.org/10.1128/JCM.00495-13
https://doi.org/10.3201/eid2305.161745
https://doi.org/10.1097/OLQ.0000000000000829
https://doi.org/10.1097/OLQ.0000000000000829
https://doi.org/10.1128/JCM.01087-17
https://doi.org/10.1128/JCM.01087-17
https://doi.org/10.1097/OLQ.0000000000000631
https://doi.org/10.1128/JCM.00370-17
https://doi.org/10.1128/JCM.00370-17
https://doi.org/10.1093/cid/ciu1162
https://doi.org/10.1016/j.jgar.2017.09.018
https://doi.org/10.1093/cid/civ898
https://doi.org/10.1093/cid/civ898
https://doi.org/10.1016/j.diagmicrobio.2016.07.005
https://doi.org/10.1111/apm.12792
https://doi.org/10.1093/cid/cix853
https://doi.org/10.3201/eid2209.160446
https://doi.org/10.1016/j.cmi.2017.09.006
https://doi.org/10.1093/jac/dky022
https://doi.org/10.1136/bmjopen-2017-016300
https://doi.org/10.1136/bmjopen-2017-016300


Review                                                                                                                                                              

66 Soni S, Parkhouse A, Dean G. Macrolide and quinolone-resistant 
Mycoplasma genitalium in a man with persistent urethritis: the tip of 
the British iceberg? Sex Transm Infect 2017; 93: 556–7. https://doi.org/ 
10.1136/sextrans-2016-053077
67 Kikuchi M, Ito S, Yasuda M et al. Remarkable increase in 
fluoroquinolone-resistant Mycoplasma genitalium in Japan. J Antimicrob 
Chemother 2014; 69: 2376–82. https://doi.org/10.1093/jac/dku164
68 Shipitsyna E, Rumyantseva T, Golparian D et al. Prevalence of macro
lide and fluoroquinolone resistance-mediating mutations in Mycoplasma 
genitalium in five cities in Russia and Estonia. PLoS One 2017; 12: 
e0175763. https://doi.org/10.1371/journal.pone.0175763
69 O’Donnell M, Jiang A, Getman D. Prevalence of Mycoplasma genita
lium macrolide and fluoroquinolone antibiotic resistance markers in wo
men enrolled in a multi-center clinical study. Sex Transm Dis 2016; 43 
Suppl 2: S197. https://www.webofscience.com/wos/woscc/full-record/ 
WOS:000390695900257? SID=EUW1ED0D0C8za5cw6FB7iQCg3YI2p.
70 Xiao L, Waites KB, Wang H et al. Evaluation of a real-time PCR assay for 
detection of Mycoplasma genitalium and macrolide resistance-mediating 
mutations from clinical specimens. Diagn Microbiol Infect Dis 2018; 91: 
123–5. https://doi.org/10.1016/j.diagmicrobio.2018.02.002
71 Deguchi T, Ito S, Yasuda M et al. Emergence of Mycoplasma genitalium 
with clinically significant fluoroquinolone resistance conferred by amino 
acid changes both in GyrA and ParC in Japan. J Infect Chemother 2017; 
23: 648–50. https://doi.org/10.1016/j.jiac.2017.03.008
72 Gesink D, Racey CS, Seah C et al. Mycoplasma genitalium in Toronto, 
Ont: estimates of prevalence and macrolide resistance. Can Fam 
Physician 2016; 62: e96–101.
73 Deguchi T, Yasuda M, Horie K et al. Drug resistance-associated muta
tions in Mycoplasma genitalium in female sex workers, Japan. Emerg 
Infect Dis 2015; 21: 1062–4. https://doi.org/10.3201/eid2106.142013
74 Shimada Y, Deguchi T, Nakane K et al. Emergence of clinical strains of 
Mycoplasma genitalium harbouring alterations in ParC associated with 
fluoroquinolone resistance. Int J Antimicrob Agents 2010; 36: 255–8. 
https://doi.org/10.1016/j.ijantimicag.2010.05.011
75 Deguchi T, Maeda SI, Tamaki M et al. Analysis of the gyrA and parC genes 
of Mycoplasma genitalium detected in first-pass urine of men with non- 
gonococcal urethritis before and after fluoroquinolone treatment. J 
Antimicrob Chemother 2001; 48: 742–4. https://doi.org/10.1093/jac/48.5.742
76 Murray GL, Bodiyabadu K, Danielewski J et al. Moxifloxacin and sita
floxacin treatment failure in Mycoplasma genitalium infection: associ
ation with parC mutation G248T (S83I) and concurrent gyrA mutations. 
J Infect Dis 2020; 221: 1017–24. https://doi.org/10.1093/infdis/jiz550
77 Hamasuna R, Matsumoto M, Fujimoto N et al. Antimicrobial suscepti
bility data of Mycoplasma genitalium strains isolated in Japan. P 612. 

2019. https://www.postersessiononline.eu/173580348_eu/congresos/ 
STIHIV2019/aula/-P_612_STIHIV2019.pdf.
78 Hannan PC. Guidelines and recommendations for antimicrobial min
imum inhibitory concentration (MIC) testing against veterinary myco
plasma species. International Research Programme on Comparative 
Mycoplasmology. Vet Res 2000; 31: 373–95. https://doi.org/10.1051/ 
vetres:2000100
79 Taylor-Robinson D, Bébéar C. Antibiotic susceptibilities of mycoplas
mas and treatment of mycoplasmal infections. J Antimicrob Chemother 
1997; 40: 622–30. https://doi.org/10.1093/jac/40.5.622
80 CLSI. Methods for Antimicrobial Susceptibility Testing for Human 
Mycoplasmas; Approved Guideline: M43-A. 2011.
81 Hamasuna R, Le PT, Kutsuna S et al. Mutations in ParC and GyrA of 
moxifloxacin-resistant and susceptible Mycoplasma genitalium strains. 
PLoS One 2018; 13: e0198355. https://doi.org/10.1371/journal.pone. 
0198355
82 Yamaguchi Y, Takei M, Kishii R et al. Contribution of topoisomerase IV 
mutation to quinolone resistance in Mycoplasma genitalium. Antimicrob 
Agents Chemother 2013; 57: 1772–6. https://doi.org/10.1128/AAC. 
01956-12
83 Hagiwara N, Yasuda M, Maeda S et al. In vitro activity of azithromycin 
against Mycoplasma genitalium and its efficacy in the treatment of male 
Mycoplasma genitalium-positive nongonococcal urethritis. J Infect 
Chemother 2011; 17: 821–4. https://doi.org/10.1007/s10156-011-0269-3
84 Renaudin H, Tully JG, Bebear C. In vitro susceptibilities of Mycoplasma 
genitalium to antibiotics. Antimicrob Agents Chemother 1992; 36: 870–2. 
https://doi.org/10.1128/AAC.36.4.870
85 Jensen JS, Norgaard C, Scangarella-Oman N et al. In vitro activity of 
the first-in-class triazaacenaphthylene gepotidacin alone and in combin
ation with doxycycline against drug-resistant and -susceptible 
Mycoplasma genitalium. Emerg Microbes Infect 2020; 9: 1388–92. 
https://doi.org/10.1080/22221751.2020.1775498
86 Mondeja BA, Rodríguez NM, Barroto B et al. Antimicrobial susceptibility 
patterns of recent Cuban Mycoplasma genitalium isolates determined by 
a modified cell-culture-based method. PLoS One 2016; 11: e0162924. 
https://doi.org/10.1371/journal.pone.0162924
87 Hamasuna R, Jensen JS, Osada Y. Antimicrobial susceptibilities of 
Mycoplasma genitalium strains examined by broth dilution and quantita
tive PCR. Antimicrob Agents Chemother 2009; 53: 4938–9. https://doi.org/ 
10.1128/AAC.00724-09
88 Enayat Q, Merrick R, Pitt R et al. Mycoplasma genitalium Antimicrobial 
Resistance Surveillance (MARS) Second Pilot Report. 2021. https://www. 
gov.uk/government/publications/mycoplasma-genitalium-antimicrobial- 
resistance-surveillance-mars.

2907

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/77/11/2901/6671005 by guest on 29 July 2026

https://doi.org/10.1136/sextrans-2016-053077
https://doi.org/10.1136/sextrans-2016-053077
https://doi.org/10.1093/jac/dku164
https://doi.org/10.1371/journal.pone.0175763
https://www.webofscience.com/wos/woscc/full-record/WOS:000390695900257?%20SID&equals;EUW1ED0D0C8za5cw6FB7iQCg3YI2p
https://www.webofscience.com/wos/woscc/full-record/WOS:000390695900257?%20SID&equals;EUW1ED0D0C8za5cw6FB7iQCg3YI2p
https://doi.org/10.1016/j.diagmicrobio.2018.02.002
https://doi.org/10.1016/j.jiac.2017.03.008
https://doi.org/10.3201/eid2106.142013
https://doi.org/10.1016/j.ijantimicag.2010.05.011
https://doi.org/10.1093/jac/48.5.742
https://doi.org/10.1093/infdis/jiz550
https://www.postersessiononline.eu/173580348_eu/congresos/STIHIV2019/aula/-P_612_STIHIV2019.pdf
https://www.postersessiononline.eu/173580348_eu/congresos/STIHIV2019/aula/-P_612_STIHIV2019.pdf
https://doi.org/10.1051/vetres:2000100
https://doi.org/10.1051/vetres:2000100
https://doi.org/10.1093/jac/40.5.622
https://doi.org/10.1371/journal.pone.0198355
https://doi.org/10.1371/journal.pone.0198355
https://doi.org/10.1128/AAC.01956-12
https://doi.org/10.1128/AAC.01956-12
https://doi.org/10.1007/s10156-011-0269-3
https://doi.org/10.1128/AAC.36.4.870
https://doi.org/10.1080/22221751.2020.1775498
https://doi.org/10.1371/journal.pone.0162924
https://doi.org/10.1128/AAC.00724-09
https://doi.org/10.1128/AAC.00724-09
https://www.gov.uk/government/publications/mycoplasma-genitalium-antimicrobial-resistance-surveillance-mars
https://www.gov.uk/government/publications/mycoplasma-genitalium-antimicrobial-resistance-surveillance-mars
https://www.gov.uk/government/publications/mycoplasma-genitalium-antimicrobial-resistance-surveillance-mars

	Introduction
	Biology
	In vitro propagation of M. genitalium
	Axenic culture and cloning
	Antimicrobial susceptibility, testing and resistance
	Phenotypic AST
	Future directions and research needs
	Conclusions
	Acknowledgements
	Funding
	Transparency declarations
	References

