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ABSTRACT

Objective Limited macrolide and fluoroquinolone
resistance data are available in France for Mycoplasma
genitalium. \We performed a multicentre cross-sectional
study to investigate the prevalence of macrolide and
fluoroquinolone resistance-associated mutations in

M. genitalium-positive patients in metropolitan France
between 2018 and 2020 and in overseas France in 2018
and 2019.

Methods Each year, a 1-month prospective collection

of M. genitalium-positive specimens was proposed to
metropolitan French microbiology diagnostic laboratories,
and a similar 3-month collection was proposed to overseas
French laboratories. Resistance-associated mutations were
detected using commercial kits and sequencing.

Results A total of 1630 M. genitalium-positive specimens
were analysed. In metropolitan France, the prevalence of
macrolide resistance-associated mutations ranged between
34.7% (95% Cl 29.4% to 40.4%) and 42.9% (95%
C137.1% to 49.0%) between 2018 and 2020 and was
significantly higher in men (95% Cl 52.4% to 60.2%)
than in women (95% Cl 15.9% to 22.2%) (p<0.001).
These prevalences were significantly higher than those

of 6.1% (95% Cl 3.7% to 10.3%) and 14.7% (95% Cl
10.9% to 19.6%) observed in overseas France in 2018 and
2019 (p<0.001), where no difference between genders
was noted. The prevalence of fluoroquinolone resistance-
associated mutations was also significantly higher in
metropolitan France (14.9% (95% Cl 11.2% to 19.5%) to
16.1% (95% Cl 12.1% to 21.2%)) than in overseas France
(1.3% (95% C1 0.4% to 3.7%) and 2.6% (95% Cl 1.3%
10 5.3%) in 2018 and 2019, respectively) (p<0.001), with
no difference between men and women regardless of the
location.

Conclusion This study reports the high prevalence of
macrolide and fluoroquinolone resistance-associated
mutations in M. genitalium in metropolitan France and
highlights the contrast with low prevalence in overseas
France. In metropolitan France, macrolide resistance-
associated mutation prevalence was three times higher in
men than in women, which was likely to be driven by the
proportion of men who have sex with men. This suggests
that gender and sexual practice should also be taken into
account for the management of M. genitalium infections.
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Month Year]. doi:10.1136/
sextrans-2022-055466

INTRODUCTION

Mycoplasma genitalium is a recognised STI bacte-
rium, for which the macrolide azithromycin and
the fluoroquinolone moxifloxacin are the first-line

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Antimicrobial resistance has been increasing
worldwide in Mycoplasma genitalium, but
limited data are available in France.

WHAT THIS STUDY ADDS

= This study reports high prevalence of both
macrolide and fluoroquinolone resistance-
associated mutations in metropolitan France,
which reached 42% and 16% in M. genitalium,
respectively.

= First French overseas resistance prevalence data
showed significant lower resistance-associated
mutation prevalence than in metropolitan
France, especially fluoroquinolone resistance-
associated mutation prevalence, which was
below 3%.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Careful monitoring of the macrolide resistance-
associated mutation prevalence is necessary
in metropolitan France, as well as in overseas
France because a significant increase may have
occurred between 2018 and 2019 (6.1% and
14.7%, respectively).

and second-line treatments in most available guide-
lines, as part of sequential treatments or not.'™
The prevalence of macrolide and fluoroquinolone
resistance-associated mutations has been increasing
in Europe and worldwide for the last 10 years,*’
but limited resistance data are available in France,
where there is no national antimicrobial resistance
monitoring system for M. genitalium. A previous
study conducted in Bordeaux, southwestern France,
on 344 M. genitalium-positive patients reported
a prevalence of macrolide and fluoroquinolone
resistance-associated mutations of only 17% and
6% in 2013-2014, respectively.® Additionally, no
resistance data are available in overseas France,
where M. genitalium has also been reported.” To fill
this gap, we performed a multicentre cross-sectional
study to investigate the prevalence of macrolide and
fluoroquinolone resistance-associated mutations in
M. genitalium-positive men and women in metro-
politan France between 2018 and 2020 and in over-
seas France in 2018 and 2019.
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MATERIALS AND METHODS

Patients, specimens and data collection

A 1-month systematic prospective collection of remnants of
M. genitalium-positive specimens was proposed between 15
September and 15 October 2018, 2019 and 2020 to public and
private microbiology diagnostic laboratories performing M. geni-
talium detection throughout the metropolitan French territory.
A similar 3-month collection between 1 August and 31 October
2018 and 2019 was proposed to overseas French microbiology
diagnostic laboratories located on La Réunion Island and in
Mayotte in the Indian Ocean region, in French Guyana on the
northeastern coast of South America, and in New Caledonia and
French Polynesia in the South Pacific region. Remnants of M.
genitalium-positive patient specimens from metropolitan and
overseas France were sent to the French National Reference
Centre for Bacterial STI in Bordeaux at +4°C and at —20°C,
respectively. Patient age, gender, type of samples and sample
collection sites were anonymously collated by the microbiologist
of each laboratory at the time the specimen was detected as M.
genitalium-positive.

Specimen processing

DNA extraction was performed using the MagNA Pure 96
DNA and viral NA small-volume kit and the MagNA Pure 96
instrument (Roche Diagnostics). Macrolide resistance-associated
mutations® were detected using the ResistancePlus MG assay
(SpeeDx, Australia). Specimens harbouring mutated M. geni-
talium were submitted to 23S rRNA sequencing to determine
the type of mutation.® Mutations in the quinolone resistance-
determining region (QRDR) of the parC gene were searched as
previously reported.®

Statistical analysis

Categorical data are presented as numbers and frequen-
cies (percentages), and 95% CIs of antimicrobial resistance-
associated mutation prevalence were calculated using the exact
binomial distribution. The frequencies were compared by the y*
test or Fisher’s exact test, as appropriate. P values below 0.05

were considered significant. Statistical analyses were performed
using the biostaTGV website (https://biostatgv.sentiweb.fr/).

RESULTS

Specimens and patients included

A total of 339, 391 and 315 M. genitalium-positive specimens
were collected in metropolitan France in 2018, 2019 and 2020
from 20, 19 and 21 laboratories, respectively, and 287 and 344
specimens were collected in overseas France in 2018 and 2019
from 5 and 3 overseas territories, respectively (tables 1 and 2 and
online supplemental figure S1). Specimens were mainly cervico-
vaginal swabs in women and first-void urines in men (table 1).
The percentage of rectal swabs ranged between 29.2% and
39.9% in metropolitan France and between 4.1% and 5.1% in
overseas France.

A total of 1630 M. genitalium-positive patients were included
in the study. The proportion of men and women included in
metropolitan France was similar, whereas the proportion of
women was significantly higher than the proportion of men
in overseas France (p<0.001) (table 2). The mean age of the
patients ranged between 27.7 years and 31.6 years (table 2). The
percentage of patients for whom an amplification of 23S rRNA
and parC gene was achieved was 78.6% (1281/1630) and 77.1%
(1256/1630), respectively.

Prevalence of macrolide resistance-associated mutations in
metropolitan and overseas France

The prevalence of macrolide resistance-associated mutations
in M. genitalium ranged between 34.7% (95% CI 29.4% to
40.49%) and 42.9% (95% CI 37.1% to 49.0%) over 2018-2020
in metropolitan France (table 3). The resistance was stable
throughout the 3 years because the percentages of macrolide
resistance-associated mutations calculated among the 13 centres
that participated in the 3 years of the study were 33.1% (56/169)
in 2018, 34.8% (81/233) in 2019 and 36.4% (60/165) in 2020
(p=0.82). A significant prevalence difference was noted between
men and women, ranging between 52.4% and 60.2% in men vs

Table 1 Characteristics of the studied specimens
Metropolitan France Overseas France
15 September—15 October 1 August—31 October
2018 2019 2020 2018 2019
Total number of specimens 339 391 315* 287t 344%
Specimens from women 141 189 145 188 218
Cervicovaginal swabs 128 (90.8) 166 (87.8) 127 (87.6) 133 (70.7) 167 (76.6)
First-void urines 12 (8.5) 16 (8.5) 17 (11.7) 29 (15.4) 49 (22.5)
Rectal swabs 1(0.7) 4(2.1) 1(0.7) 3(1.6) 2(0.9)
Throat swabs 0 1(0.5) 0 2(1.1) 0
Unknown origin 2(1.1) 0 21 (11.1) 0
Specimens from men 198 202 160 99 122
First-void urines 98 (49.5) 119 (59.1) 91 (56.9) 56 (56.6) 108 (88.5)
Rectal swabs 79 (39.9) 59 (29.2) 57 (35.6) 5(5.1) 5(4.1)
Throat swabs 14 (7.1) 7 (3.5) 5@3.1) 2 (2.0 0
Urethral swabs 7 (3.5) 17 (8.4) 7 (4.4) 4 (4.0) 4(3.3)
Semen 0 0 0 3 (3.0 5(3.3)
Unknown origin 0 0 0 29 (29.3) 0

Data are presented as numbers with percentages in parentheses.
*Nine patients of unknown gender and one transgender patient.

tA total of 207 specimens from La Réunion, 50 from Mayotte, 14 from French Guyana, 15 from French Polynesia and 1 from New Caledonia.
tFour patients with unknown gender. A total of 259 specimens from La Réunion, 73 from French Guyana, and 12 from French Polynesia.
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Table 2 Characteristics of the studied population

Metropolitan France

Overseas France

Sept 15-0Oct 15 Aug 1-Oct 31
Year 2018 2019 2020 2018 2019
Number of patients 329 379 302 278 342
Number of participant centres or overseas territories 20 19 21 5% 3t
Gender
Male 189 (57.4) 194 (51.2) 150 (49.7) 96 (34.5) 122 (33.5)
Female 140 (42.6) 185 (48.8) 142 (47.0) 182 (65.5) 216 (63.2)
Transgender 0 0 1(0.3) 0 0
Unknown 0 0 9 (3.0 0 4(1.1)
Age
Mean age (years) 31.3 30.1 31.6 27.7 29.5
Median age (years) 29 215 29.2 26.0 27
Range (years) 15-68 16-76 15-67 13-65 14-63
Sample collection sites
Infectious disease department 58 (17.6) 36 (9.5) 49 (16.2) - -
Gynaecology department 57 (17.3) 67 (17.7) 54 (17.9) - -
STI clinic 43 (13.1) 132 (34.8) 80 (26.5) - -
General practitioner 50 (15.2) 41 (10.8) 9 (3.0) - -
French Red Cross 0 0 0 - -
Emergency department 3(0.9) 18 (4.7) 14 (4.6) - -
Penitentiary centre 12 (3.7) 10(2.7) 13 (4.3) - -
Obstetrics department 4(1.2) 5(1.3) 3(1.0) - -
Abortion centre 17 (5.2) 13 (3.4) 4(1.3) - -
Family planning centre 10 (3.0) 1(0.3) 18 (6.0) - -
Otherst 17 (5.2) 6(1.6) 21 (6.9) - -
Unknown 58 (17.6) 50 (13.2) 37(12.3) - -

Data are presented as numbers with percentages in parentheses.

In overseas France, in 2018 and 2019, nine and two patients had infection at two different sites, respectively.

— denotes information not available.
*La Réunion, Mayotte, French Guyana, New Caledonia and French Polynesia.
tLa Réunion, French Guyana and French Polynesia.

+Other includes dermatology, reproductive medicine, forensic medicine, gastroenterology, rheumatology, and urology departments.
§In metropolitan France, in 2018 and 2019, two and three patients had specimens at two different dates and eight and nine patients had Mycoplasma genitalium infection in
two different anatomical sites, respectively. In 2020, in metropolitan France, nine patients had infection at two different sites and two patients had infection at three different

sites.

15.9% and 22.2% in women (p<0.001). When the prevalence
of macrolide resistance-associated mutations was examined in
rectal swabs from men, the percentages of macrolide resistance-
associated mutations were 70.6% (48/68) in 2018, 65.8%
(25/38) in 2019 and 75.8% (25/33) in 2020, whereas the preva-
lence of macrolide resistance-associated mutations in other male
sample types was lower, 51.1% (48/92, p<0.05) in 2018, 49.6%
(56/113, p=0.08) in 2019, and 54.1% (46/85, p<0.05) in 2020
(data not shown).

In overseas France, the prevalence of macrolide resistance-
associated mutations was significantly lower than that in metro-
politan France, with a prevalence of only 6.1% (95% CI 3.7%
to 10.3%) in 2018 (p<0.001) and 14.7% (95% CI 10.9% to
19.6%) in 2019 (p<0.001) (table 3). In contrast to metropolitan
France, there was no difference in the percentage of macrolide
resistance-associated mutations between men and women
(table 3). A significant increase in the proportion of macrolide
resistance-associated mutations was noted between 2018 and
2019, 6.1% vs 14.7% (p=0.002), respectively, and the differ-
ence was observed in both men and women.

Among the 279 mutated M. genitalium strains of the study for
which 23S rRNA sequencing was successful, the most frequent
mutation was A2059G (53.0%, 148/279) (Escherichia coli
numbering), followed by A2058G (25.8%, 72/279), A2058T

(16.8%, 47/279), a mix of A2058G and A2059G (2.5%,
7/279), A2058C (0.7%, 2/279), A2062T (0.7%) and A2059T
(0.4%, 1/279), with no significant difference between years and
geographical locations.

Prevalence of fluoroquinolone resistance-associated
mutations in metropolitan and overseas France

The prevalence of amino acid changes in the QRDR of the
ParC protein is presented in table 3. The Ser83Ile, Ser83Arg,
Asp87Tyr, and Asp87Asn changes were considered likely of clin-
ical significance because increased Minimum Inhibitory concen-
trations (MICs) have been observed in mutated isolates’ '° or
because moxifloxacin treatment failures were reported in the
presence of these mutations."'™* The Gly81Cys mutation was
also considered significant because increased moxifloxacin MIC
were reported.” In contrast, the ParC Ser83Asn alteration,
which did not significantly increase fluoroquinolone MICs, '’
was not included in the ParC alterations likely to have clinical
significance.

ParC amino acid changes likely of clinical significance ranged
between 14.9% (95% CI 11.2% to 19.5%) and 16.1% (95% CI
12.19% to 21.2%) in metropolitan France over 2018-2020, with
no significant difference between years (table 3). In overseas
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Table 3  Prevalence of macrolide and fluoroquinolone resistance-associated mutations in metropolitan and overseas France. Data are presented as
the percentage of patients harbouring mutated isolates with 95% Cl in brackets

Metropolitan France

Overseas France

Total Men Women P value Total Men Women P value
Macrolide resistance-associated mutations
2018 42.9* 59.6 18.7 <0.001 6.1t 6.5 6.0 1.0
(37.1 10 49.0) (51.7 t0 66.9) (12.4 10 27.1) (3.7t0 10.3) (2.8t014.3) (3.210 10.9)
2019 34.7* 52.4 15.9 <0.001 14.7t 13.5 15.6 0.7
(29.4 t0 40.4) (44.3 10 60.3) (10.7 t0 22.9) (10.9 t0 19.6) (8.1t021.8) (10.8 t0 22.1)
2020 42.1* 60.2 22.2 <0.001 ND ND ND ND
(36.1 to 48.4) (51.2 to 68.6) (15.6 t0 30.5)
ParC amino acid changes in QRDR
2018 18.1 19.8 16.0 0.5 3.9 5.8 2.7 0.3
(13.9t023.3) (14.2 t0 27.1) (10.3 t0 24.2) (2.11t07.2) (2.5t012.9) (1.1t06.8)
2019 17.6 19.8 15.4 0.3 6.3 3.1 8.3 0.09
(13.7 t0 22.6) (14.2 t0 27.1) (10.7 to 24.2) (4.0t09.9) (1.110 8.8) (3.1t0 8.6)
2020 19.2 20.4 19.2 0.8 ND ND ND ND
(14.4 10 25.2) (13.6 t0 29.4) (12.6 t0 28.0)
xParC amino acid changes likely of clinical significancef
2018 16.18 18.2 13.2 0.2 13 2.3 0.7 0.5
(12.1t021.2) (12.81025.2) (8.0 t0 20.9) (0.4t03.7) (0.6 t0 8.1) (0.1t0 3.7)
2019 14.98 171 12.5 0.3 2.6 3.1 2.4 0.7
(11.2t019.5) (11.9t0 24.1) (7.9t0 19.1) (1.3105.3) (1.1t0 8.8) (0.9t05.9)
2020 15.88 173 15.2 0.7 ND ND ND ND
(1.4 t0 21.4) (11.1 t0 26.0) (11.41021.4)
Dual macrolide resistance-associated mutations and ParC amino acid changes likely of clinical significance
2018 10.79] 15.0 4.7 <0.05 0 0 0 ND
(7.3t0 15.6) (9.81022.2) (1.810 11.6)
2019 9.29 12.7 53 <0.05 0.9 1.3 0.7 1
(6.2t0 13.5) (7.9t0 19.6) (2.5t0 11.1) (0.2t03.3) (0.2 t0 7.0) (0.1 t0 4.0)
2020 12.89 17.6 8.8 0.08 ND ND ND ND
(8.71018.5) (11.1t027.2) (4.6 t0 16.6)

P values compare prevalence between men and women.

*The percentages of macrolide resistance-associated mutations calculated among the 13 centres that participated in the 3 years of the study were 33.1% (56/169) in 2018,

34.8% (81/233) in 2019 and 36.4% (60/165) in 2020 (p=0.82).

tSignificant increase in the prevalence of macrolide resistance-associated mutations between 2018 and 2019. The percentages of macrolide resistance-associated mutations
calculated among the three overseas territories that participated both years of the study were 7.3% (14/191) in 2018 and 14.7% (38/258) in 2019 (p=0.01).

$0nly parC Asp87Tyr, Asp87Asn, Ser83lle, Ser83Arg and Gly81Cys alterations, which are likely to have clinical significance, were counted.®'>%

§The percentages of ParC amino acid changes calculated among the 13 centres that participated in the 3 years of the study were 15.4% (27/175) in 2018, 15.3% (40/262) in

2019 and 17.9% (24/134) in 2020 (p=0.77).

9IThe percentage of dual macrolide resistance-associated mutations and ParC amino acid changes likely of clinical significance calculated among the 13 centres that participated
in the 3 years of the study were 9.7% (14/145) in 2018, 10.6% (20/189) in 2019 and 13.1% (16/122) in 2020 (p=0.65).

QRDR, quinolone resistance-determining region; ND, not determined.

France, the prevalence of fluoroquinolone resistance-associated
mutations was significantly lower than that in metropolitan
France, with prevalence of only 1.3% (95% CI 0.4% to 3.7%)
in 2018 (p<0.001) and 2.6% (95% CI 1.3% to 5.3%) in 2019
(p<0.001) (table 3). There was no significant difference in the
prevalence of fluoroquinolone resistance-associated mutations
in overseas France in 2018 and 2019 (p=0.35). In addition,
no significant difference in the prevalence of fluoroquinolone
resistance-associated mutations was observed between men and
women either in metropolitan France or in overseas territories.
ParC alterations are described in table 4. The Ser83Ile muta-
tion was the most frequent change in metropolitan France,
representing approximately 70% of ParC mutations, with a
stable proportion between 2018 and 2020. In contrast, Ser831le
was less frequent in overseas French territories, representing
only 33.3% and 11.8% of ParC alterations in 2018 and 2019,
respectively. Overall, mutations likely of clinical significance
in ParC were detected in 82.0% (32/39) to 89.1% (41/46) of
patients harbouring ParC alterations in metropolitan France but

in only 33.3% (3/9) to 41.2% (7/17) of patients from overseas
France (table 4).

Prevalence of dual resistance-associated mutations in
metropolitan and overseas France

The prevalence of dual resistance-associated mutations ranged
between 9.2% (95% CI 6.2% to 13.5%) and 12.8% (95% CI
8.7% to 18.5%) between 2018 and 2020 in metropolitan France,
with no significant difference between years (table 3). Dual
resistance-associated mutation prevalence was significantly more
frequent in men than in women in 2018 and 2019 (p<0.05). In
overseas France, no dual resistance-associated mutations were
noted in 2018, and prevalence was only 0.9% (95% CI 0.2% to
3.3%) in 2019, with no significant difference between men and
women.

DISCUSSION
It is important to monitor the prevalence of macrolide and
fluoroquinolone resistance-associated mutations in countries

4
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Table 4 Number and proportion of patients with alterations in the QRDR of parC in metropolitan and overseas France. Data are presented as the
number of patients harbouring an isolate mutated in ParC with the percentage of total in parentheses.

Metropolitan France

Overseas France

2018 2019 2020 2018 2019
Alterations in the QRDR of ParC likely of clinical significance*
Ser83(80)lle 34 (73.9) 34 (68.0) 28 (71.8) 3(33.3) 2(11.8)
Ser83(80)Arg 0 3 (6.0) 0 0 0
Asp87(84)Asn 4(8.7) 2 (4.0) 2(5.1) 0 2(11.8)
Asp87(84)Tyr 2(4.3) 3 (6.0) 2(5.1) 0 2(11.8)
Gly81(78)Cys 1(2.2) 0 0 0 1(5.8)
Total 41 (89.1) 42 (84.0) 32 (82.0) 3(33.3) 7(41.2)
Alterations in the QRDR of ParC unlikely of clinical significance*
His80(77)Arg 0 0 1(2.6) 0 0
His80(77)Asp 0 0 1(2.6) 0 0
Ser83(80)Asn 3(6.5) 2 (4.0) 3(7.7) 0 2(11.8)
Asp87(84)Gly 1(.2) 0 0 0 0
Arg91(88)Lys 0 0 0 0 5(29.5)
Arg91(88)Trp 0 0 0 0 1(5.8)
Ser95(92)Asn 0 1(2.0) 1(2.6) 2(22.2) 0
Ser95(92)Cys 0 1(2.0) 0 0 0
Ser104(101)Phe 0 0 0 0 1(5.8)
1le105(102)Phe 0 0 0 0 1(5.8)
His106(103)Tyr 1(2.2) 0 0 2(22.2) 0
His106(103)GIn 0 1(2.0) 0 0 0
His106(103)Arg 0 0 0 1(11.1) 0
Gly107(104)Asp 0 0 1(2.6) 0 0
Ser111(108)Leu 0 1(2.0) 0 0 0
Asn116(114)Asp 0 2 (4.0) 0 0 0
Ala119(117)Ser 0 0 0 1(11.1) 0
Total 5(10.9) 8(16.0) 7(18.0) 6 (66.7) 10 (58.8)
Total 46 (100) 50 (100) 39 (100) 9 (100) 17 (100)

*Mycoplasma genitalium numbering with Echerichia coli numbering in parentheses. Only ParC Asp87Tyr, Asp87Asn, Ser83lle, Ser83Arg and Gly81Cys alterations, which are likely

to have clinical significance, were counted.” "%

QRDR, quinolone resistance-determining region.

where M. genitalium infections are widespread. In France,
we reported the prevalence of macrolide and fluoroquino-
lone resistance-associated mutations in a similar sampling
frame restricted to southwestern France in 2013-2014, with
percentages of 17% and 6%, respectively.® As a comparison,
the present study including approximately 20 French microbi-
ology laboratories throughout the territory each year suggests a
significant increase in the prevalence of both macrolide and fluo-
roquinolone resistance-associated mutations, with prevalence
up to 42.9% and 16.1% in 2018, respectively. The macrolide
resistance-associated mutation prevalence appears higher than
that recently reviewed in several European non-Nordic coun-
tries,* but the studies included in both reviews were based on
data collected until 2017. Indeed, the prevalence of macrolide
resistance-associated mutations above 40% is now in accor-
dance with the French macrolide consumption level of 1600
defined daily doses/1000 persons/year, as analysed by Kenyon
and Manoharan-Basil in the association drawn between preva-
lence of macrolide resistance-associated mutations and macro-
lide consumption.'® However, compared with a similar study
performed in 2017-2018 by the UK National Reference Labo-
ratory, the French prevalence of macrolide resistance-associated
mutations was significantly lower than the 70.7% UK prevalence
(p<0.001)."” On the other hand, the French prevalence of moxi-
floxacin resistance-associated mutations was significantly higher

than the prevalence of 8.0% reported by the UK National Refer-
ence Laboratory (p<0.01)" and by other previous European
studies’® but was in the range of 10.5%-28.7% reported in the
Western Pacific regions.* Of note, the French prevalence of dual
resistance-associated mutations was similar to the prevalence of
fluoroquinolone resistance-associated mutations. Indeed, clini-
cally relevant fluoroquinolone resistance-associated mutations
were often associated with macrolide resistance-associated muta-
tions, likely as a consequence of macrolide treatment failure or
pre-existing macrolide resistance-associated mutation prior to
the use of moxifloxacin, as recommended in the European M.
genitalium infection guidelines.’

One noticeable point of this study is the significant difference
observed in macrolide but not in the fluoroquinolone resistance-
associated mutation prevalence between men and women in
metropolitan France. This finding was previously reported in
Australia’® and was also retrieved in a recent meta-analysis.”
In the present study, patient sexual orientation could not be
collated. Because rectal swabs are almost always collected from
men who have sex with men (MSM) and very rarely collected
from heterosexual men in France, rectal swabs may serve as
a proxy of samples from MSM. The percentage of macrolide
resistance-associated mutations up to 75.8% found in rectal
swabs from men is consistent with previous resistance studies
focusing on MSM.* 2! Thus, the difference in macrolide
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resistance-associated mutation prevalence between genders in
metropolitan France is likely to be driven by MSM status, with
higher levels of screening for STIs, higher levels of macrolide
consumption in the subgroup of MSM likely to carry and
exchange macrolide-resistant strains in sexual networks.* '
This finding has some implications for clinical care. If macrolide
treatment may be conceivable without previous detection of
resistance-associated mutations in women, resistance-guided
therapy is highly required in men, especially in MSM. Regarding
fluoroquinolones, with resistance-associated mutation prev-
alence ranging between 14.9% and 16.1% with no difference
between genders, detection of fluoroquinolone resistance-
associated mutations prior to moxifloxacin treatment may be
considered but is debatable. To date, the ParC Ser83Ile muta-
tion has been shown to be more common among patients with
moxifloxacin treatment failure'? and is associated with increased
MICs.’ Some moxifloxacin treatment failures were also reported
in patients infected by M. genitalium harbouring Ser83Arg,!
Asp87Asn and Asp87Tyr,” along with increased MICs of the
isolates harbouring these mutations.'” > However, a few patients
infected by M. genitalium strains harbouring ParC mutations
likely of clinical significance were reported to clear the infec-
tion with moxifloxacin treatment,** > even if this fact might also
be attributed to spontaneous clearance of the bacterium.?® ¥’
In addition, from a technical point of view, amplification and
sequencing of fluoroquinolone targets are time-consuming and
hardly usable in a routine strategy. Very few commercial kits
have been developed to detect mutations in the parC gene.*® %
Kits usually detect groups of mutations at positions Ser83 and
Asp87, with no distinction between the ParC alterations likely to
be associated with treatment failure, which reduces the clinical
interest of their results.

This study reports the first resistance data in overseas France,
where the prevalence of M. genitalium infection was recently
reported to be up to 4.88% in an STI clinic on La Réunion
Island.” In overseas France, prevalence of macrolide and fluo-
roquinolone resistance-associated mutations was dramatically
lower than that in metropolitan France, with no difference
between men and women. The difference in prevalence between
metropolitan and overseas France may be attributable to differ-
ences in the enrolled population. Whereas the population mean
age was similar, women represented 64.2% of enrolled patients
in overseas France vs 46.2% (p<0.001) of patients enrolled in
metropolitan France (table 2). Because in 2019, the prevalence
of macrolide resistance-associated mutations was identical in
women from metropolitan and overseas France (15.9% vs 15.6%,
respectively, table 3), the difference in prevalence was more
likely attributable to overseas men who appeared less affected
by resistant strains than metropolitan men (52.4% vs 13.5% in
2019, p<0.001). A difference in the proportion of MSM may be
a parameter as only a few rectal swabs were collected in over-
seas territories (table 1), reflecting a small number of MSM.
Although the guideline for the management of M. genitalium
infections are the same in metropolitan and overseas France
(2016 guideline, updated in 2021), the reduced prevalence of
resistance-associated mutations in overseas territories may also
be associated with a lower antibiotic selection pressure because
of lower accessibility to STI treatments of populations living in
remote areas. Interestingly, ParC mutation types were different
in metropolitan France and in overseas France. In metropolitan
France, 82.0%-89.1% of the ParC mutations were likely of clin-
ical significance, whereas in overseas France, this proportion was
only 33.3%-41.2% (table 4). Although these results need to be
confirmed in a higher number of patients, this suggests that ParC

mutations may be associated with a higher antibiotic selection
pressure in metropolitan France, whereas in overseas territo-
ries, ParC alterations may more accurately reflect the diversity
of single-nucleotide polymorphisms in the parC gene. Overall,
because of low resistance-associated mutation prevalence and in
contrast to the situation in metropolitan France, non-resistance-
guided treatment of M. genitalium infections may still be used
at low risk in overseas France where resistance tests are hardly
available. However, it should be noted that a significant increase
in the prevalence of macrolide resistance-associated mutations
may have occurred between 2018 and 2019 (6.1% vs 14.7%,
p=0.002). This increasing trend will need to be confirmed and
carefully monitored in the future because the potential increased
use of azithromycin in STT treatments as well as imported resist-
ance cases may impact prevalence.

The strength of this study is the analysis of 1676 M. genitalium-
positive samples collected in multiple centres in France and in
overseas territories where no national antimicrobial resistance
monitoring system exists for M. genitalium. The main limitation
is the lack of information regarding the sexual orientation of
patients. Additionally, all centres did not equally contribute to
the number of specimens (online supplemental figure S1) and,
in overseas France, La Réunion Island contributed four times
as many samples as French Guyana. Mutations in the gyrA gene
were not searched in this study, but they have been reported at
low frequency, have almost never been detected in the absence
of ParC mutations, and have not been correlated alone with M.
genitalium MIC increase or treatment failure.'' 121830

In conclusion, this study reports the high prevalence of
macrolide and fluoroquinolone resistance-associated mutations
in M. genitalium in metropolitan France and highlights that
the prevalence of macrolide resistance-associated mutations
differs between genders in link with the proportion of MSM
in the male population. The prevalence of resistance-associated
mutations is low in overseas France, especially fluoroquinolone
resistance-associated mutation prevalence, which is below 3%,
but careful monitoring of this mutation prevalence is necessary.
Whereas it remains conceivable to treat M. genitalium infections
with macrolides without prior detection of macrolide resistance-
associated mutations in overseas France, resistance-guided treat-
ment is required in metropolitan France, especially in men.

Handling editor Nigel Field

Acknowledgements We thank Laura Albucher for technical assistance and Dr
Rodolphe Manaquin, Dr Marie-Pierre Moiton and Dr Roland Rodet from La Réunion
Island for helpful discussions.

Collaborators The following are members of the investigator group: Corentine
Alauzet (Nancy), Gabriel Auger (Rennes), Julien Bador (Dijon), Guiléne Barnaud
(Colombes), Agneés Beby-Defaux (Poitiers), Emmanuel Beillard (Cayenne, Guyane),
Béatrice Bercot (Paris), Patrick Blanco (Nouméa New Caledonia), Lucas Bonzon
(Montpellier), Nadege Bourgeois (Clamart), Sylvie Charachon (Nimes), Louis
Collet (Mamoudzou, Mayotte), Marie Coude (Le Mans), Julien Delmas (Clermont-
Ferrand), Caroline Domergue (Toulouse), Stéphane Elaerts (Saint-Denis), Pauline
Floch (Toulouse), Anne Grob (Marseille), Sébastien Hantz (Limoges), Philippe
Lanotte (Tours), Stéphane Lastere (Tahiti, French Polynesia), Julien Loubinoux
(Paris), Léa Luciani (Marseille), Marie Mari (Nice), Stéphanie Marque-Juillet
(Versailles), Grégoire Potiron (La Roche sur Yon), Anais Potron (Besancon),
Anne-Laure Roux (Boulogne-Billancourt), Héléne Salord (Lyon), Cécile Schanen
(Caen), Nathan Tetart (Ste Clotilde, La Réunion), Anne-Lise Toyer (Toulon), Nicolas
Traversier (St Denis de la Réunion), Anne Trens (Strasbourg) and Sabine Trombert
(St Ouen L'Aumone).

Contributors SP and CB conceived and designed the study. All authors and
members of the investigator group collected the specimens. CLR, JG, AD, NH and
MG performed the research. SP, CL-N, JG and MG analysed the data. SP wrote the
manuscript. CB critically revised the manuscript and is the guarantor.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

6

Pereyre S, et al. Sex Transm Infect 2022;0:1-7. doi:10.1136/sextrans-2022-055466

1ybuAdoo Aq
pa193101d ‘Xneapiog ap 3NSISAIUN 18 2202 ‘9 Joquiaidas uo jwod fwg ns//:dny woly papeojumod ‘Zz0z 1oquiaidas G Uo 9975G0-2202-SURIIXaS/9ETT 0T Se paysiignd 1sii :199ju| Wisuel] XS


https://dx.doi.org/10.1136/sextrans-2022-055466
http://sti.bmj.com/

Original research

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval Remnants of specimens were preserved at the Centre de
Ressource Biologique-Bordeaux Biotheque Santé of Bordeaux University Hospital
under collection number BB-0033-00094 and authorisation AC-2014-2166 from
the French Ministry of Higher Education and Research with no information regarding
patient identity. All patient data were anonymously reported.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iD
Sabine Pereyre http://orcid.org/0000-0003-1757-4206

REFERENCES

1 Soni S, Horner PJ. Launch of the BASHH guideline for the management of M.
genitalium in adults. Sex Transm Infect 2019;95:237.

2 Workowski KA, Bachmann LH, Chan PA, et al. Sexually transmitted infections
treatment guidelines, 2021. MMWR Recomm Rep 2021;70:1-187.

3 Jensen JS, Cusini M, Gomberg M, et al. 2021 European guideline on the management
of Mycoplasma genitalium infections. J Eur Acad Dermatol Venereol 2022;36:641-50.

4 Machalek DA, Tao Y, Shilling H, et al. Prevalence of mutations associated with
resistance to macrolides and fluoroguinolones in Mycoplasma genitalium: a
systematic review and meta-analysis. Lancet Infect Dis 2020;20:1302—14.

5 Fernandez-Huerta M, Barbera M), Serra-Pladevall J, et al. Mycoplasma genitalium
and antimicrobial resistance in Europe: a comprehensive review. Int J STD AIDS
2020;31:190-7.

6 Le Roy C, Hénin N, Pereyre S, et al. Fluoroquinolone-Resistant Mycoplasma genitalium,
southwestern France. Emerg Infect Dis 2016;22:1677-9.

7 Begnis R, Bouscaren N, Raffray L, et al. Prevalence and risk factors of Mycoplasma
genitalium infection in patients attending a sexually transmitted infection clinic in
Reunion Island: a cross-sectional study (2017-2018). BMC Infect Dis 2021;21:482.

8 Chrisment D, Charron A, Cazanave C, et al. Detection of macrolide resistance in
Mycoplasma genitalium in France. J Antimicrob Chemother 2012;67:2598-601.

9 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.

10 Hamasuna R, Hanzawa H, Moritomo A, et al. Analysis of fluoroquinolone-resistance
using MIC determination and homology modelling of ParC of contemporary
Mycoplasma genitalium strains. J Infect Chemother 2022,28:377-383.

11 Murray GL, Bradshaw CS, Bissessor M, et al. Increasing macrolide and fluoroquinolone
resistance in Mycoplasma genitalium. Emerg Infect Dis 2017;23:809-12.

12 Murray GL, Bodiyabadu K, Danielewski J, et al. Moxifloxacin and Sitafloxacin
treatment failure in Mycoplasma genitalium infection: association with parC mutation
(G248T (S83l) and concurrent gyrA mutations. / Infect Dis 2020;221:1017-24.

13

20

21

22

23

2

25

26

27

28

29

30

Dequchi T, Maeda S, 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.

Couldwell DL, Tagg KA, Jeoffreys NJ, et al. Failure of moxifloxacin treatment in
Mycoplasma genitalium infections due to macrolide and fluoroquinolone resistance.
Int J STD AIDS 2013;24:822-8.

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.

Kenyon C, Manoharan-Basil SS. Macrolide consumption and resistance in Mycoplasma
genitalium. Lancet Infect Dis 2020;20:1235-6.

Day MJ, Cole M), 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.

Sweeney EL, Trembizki E, Bletchly C, et al. Levels of Mycoplasma genitalium
Antimicrobial Resistance Differ by Both Region and Gender in the State of
Queensland, Australia: Implications for Treatment Guidelines. J Clin Microbiol
2019;57:e01555-18.

Deborde M, Pereyre S, Puges M, et al. High prevalence of Mycoplasma genitalium
infection and macrolide resistance in patients enrolled in HIV pre-exposure
prophylaxis program. Med Mal Infect 2019;49:347-9.

Ducours M, Alleman L, Puges M, et al. Incidence of sexually transmitted infections
during pre-exposure prophylaxis for HIV: a worrying outcome at 2 years! Sex Transm
Infect 2019;95:552.

Read TRH, Murray GL, Danielewski JA, et al. Symptoms, sites, and significance

of Mycoplasma genitalium in men who have sex with men. Emerg Infect Dis
2019;25:719-27.

Guiraud J, Lounnas M, Boissiére A, et al. Lower mgpB diversity in macrolide-resistant
Mycoplasma genitalium infecting men visiting two sexually transmitted infection
clinics in Montpellier, France. J Antimicrob Chemother 2021,76:43-7.

Jensen S. Management of Mycoplasma genitalium infection in the era of emerging
resistance. 28th European Congress of Clinical Microbiology and Infectious Disease,
Madrid, Spain, 2018.

Conway RJH, Cook S, Malone C, et al. Clearance of Mycoplasma genitalium infection
with moxifloxacin in the presence of quinolone resistance-associated mutations. Sex
Transm Dis 2020;47:197-8.

Chambers LC, Jensen JS, Morgan JL, et al. Lack of association between the $83I ParC
mutation in Mycoplasma genitalium and treatment outcomes among men who have
sex with men with nongonococcal urethritis. Sex Transm Dis 2019;46:805-9.

Cina M, Baumann L, Egli-Gany D, et al. Mycoplasma genitalium incidence, persistence,
concordance between partners and progression: systematic review and meta-analysis.
Sex Transm Infect 2019;95:328-35.

Sefia AC, Lee JY, Schwebke J, et al. A Silent Epidemic: the prevalence, incidence and
persistence of Mycoplasma genitalium among young, asymptomatic high-risk women
in the United States. Clin Infect Dis 2018;67:73-9.

Nijhuis RHT, Duinsbergen RG, Pol A, et al. Prevalence of Chlamydia trachomatis,
Neisseria gonorrhoeae, Mycoplasma genitalium and Trichomonas vaginalis including
relevant resistance-associated mutations in a single center in the Netherlands. Eur J
Clin Microbiol Infect Dis 2021;40:591-5.

Bodiyabadu K, Danielewski J, Garland SM, et al. Detection of parC gene mutations
associated with quinolone resistance in Mycoplasma genitalium: evaluation of a
multiplex real-time PCR assay. J Med Microbiol 2021;70:001257.

Vesty A, McAuliffe G, Roberts S, et al. Mycoplasma genitalium antimicrobial resistance
in community and sexual health clinic patients, Auckland, New Zealand. Emerg Infect
Dis 2020;26:332-5.

Pereyre S, et al. Sex Transm Infect 2022;0:1-7. doi:10.1136/sextrans-2022-055466

1ybuAdoo Aq
pa193101d ‘Xneapiog ap 3NSISAIUN 18 2202 ‘9 Joquiaidas uo jwod fwg ns//:dny woly papeojumod ‘Zz0z 1oquiaidas G Uo 9975G0-2202-SURIIXaS/9ETT 0T Se paysiignd 1sii :199ju| Wisuel] XS


http://orcid.org/0000-0003-1757-4206
http://dx.doi.org/10.1136/sextrans-2018-053831
http://dx.doi.org/10.15585/mmwr.rr7004a1
http://dx.doi.org/10.1111/jdv.17972
http://dx.doi.org/10.1016/S1473-3099(20)30154-7
http://dx.doi.org/10.1177/0956462419890737
http://dx.doi.org/10.3201/eid2209.160446
http://dx.doi.org/10.1186/s12879-021-06193-6
http://dx.doi.org/10.1093/jac/dks263
http://dx.doi.org/10.1371/journal.pone.0198355
http://dx.doi.org/10.1016/j.jiac.2021.11.011
http://dx.doi.org/10.3201/eid2305.161745
http://dx.doi.org/10.1093/infdis/jiz550
http://dx.doi.org/10.1093/jac/48.5.742
http://dx.doi.org/10.1177/0956462413502008
http://dx.doi.org/10.1128/AAC.01956-12
http://dx.doi.org/10.1016/S1473-3099(20)30727-1
http://dx.doi.org/10.1136/sextrans-2020-054897
http://dx.doi.org/10.1128/JCM.01555-18
http://dx.doi.org/10.1016/j.medmal.2019.03.007
http://dx.doi.org/10.1136/sextrans-2019-054070
http://dx.doi.org/10.1136/sextrans-2019-054070
http://dx.doi.org/10.3201/eid2504.181258
http://dx.doi.org/10.1093/jac/dkaa410
http://dx.doi.org/10.1097/OLQ.0000000000001095
http://dx.doi.org/10.1097/OLQ.0000000000001095
http://dx.doi.org/10.1097/OLQ.0000000000001035
http://dx.doi.org/10.1136/sextrans-2018-053823
http://dx.doi.org/10.1093/cid/ciy025
http://dx.doi.org/10.1007/s10096-020-04061-w
http://dx.doi.org/10.1007/s10096-020-04061-w
http://dx.doi.org/10.1099/jmm.0.001257
http://dx.doi.org/10.3201/eid2602.190533
http://dx.doi.org/10.3201/eid2602.190533
http://sti.bmj.com/

Supplemental material

BMJ Publ|sr]a‘%§5rou

s Ssfetan e e

a% aﬁlll% and reﬁgloeggllltxeaghstiﬁgrgﬁ)m any reliance

Sex Transm I nfect

©

Lille 1/1/0 2018/20192/2020
Amiens .
S
Equeurdreville Le Havre 1/10 ngw
1/0 edan .
N 0
0/0/1 5= gf A . { 11/0
> Evreux
Brest 1/1/0 Gaen 7/8/17 0/0/1 /"""
- sbourg
. 5 arlslIDF 2/6/0
% Rennes Chartres . 124/154/93
t ef"s’l'g/"; + _ Orléans 1/0/0
& Dijon 2/3/0
Q . Tours
17/21/26
La R"I‘;:;’Y O - Poitiers
7TM1A15 Do 13119123 /m Rellerive sun Allier,
Saintes % 1. 0/0/4~"""
. Cognaf
" 1/0/ Clefmont-Ferrand 7/28/19
ontpon 8/10/20
0/1/0 Brive .
Bordeaux -« * 0/0
48/1 « Mende
Mt de Madrsan . 0/1/0 oulouseNimeS 0/0A15 . 0/1/1 _“ i
33/20/0 ellier ice
Bayon 4 2716/4 > 6/34/2
1/0/0 Béziers .~
.?:0/0 9/25/10 Toulon
2/0/15
Fo)
aunknown location of 19 specimens in 2019

Pereyre S, et al. Sex Transm Infect 2022;0:1—7. doi: 10.1136/sextrans-2022-055466



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Sex Transm I nfect

Abstract

Objectifs

Peu de données sur la résistance aux macrolides et aux fluoroquinolones sont disponibles pour
Mycoplasma genitalium en France. Nous avons réalisé une étude transversale multicentrique
pour déterminer la prévalence des mutations associées a la résistance aux macrolides et aux
fluoroquinolones chez des patients positifs a M. genitalium en France métropolitaine entre
2018 et 2020 et en Outre-mer entre 2018 et 2019.

Méthodes

Pour chaque année, une collecte prospective d’un mois des ¢échantillons positifs a
M. genitalium a été proposée aux laboratoires d’analyses en France métropolitaine. Une
collecte similaire de 3 mois a été proposée aux laboratoires d’Outre-Mer. Les mutations
associées a la résistance ont été détectées avec des trousses commerciales et par séquengage.
Résultats

Un total de 1630 échantillons positifs a M. genitalium a été analysé. En France
métropolitaine, la prévalence des mutations associées a la résistance aux macrolides était
comprise entre 34,7% (intervalle de confiance 95% (IC 95%), 29,4-40,4) et 42,9% (IC 95%,
37,1-49,0) entre 2018 et 2020 et était significativement plus élevée chez les hommes (52,4%
to 60,2%) que chez les femmes (15,9% to 22,2%), (p<0,001). Ces prévalences étaient
significativement plus élevées que celles observées en Outre-mer en 2018 (6,1%, IC 95%,
3,7-10,3) et 2019 (14,7%, 1C 95%, 10,9-19,6) (p<0,001), ot aucune différence entre les sexes
n’était observée. La prévalence des mutations associées a la résistance aux fluoroquinolones
était aussi significativement plus élevée en France métropolitaine (14,9% (IC 95%, 11,2-19,5)
a16,1% (IC 95%, 12,1-21,2)) qu’en Outre-mer (1,3% (IC 95%, 0,4-3,7) et 2,6% (IC 95%,
1,3-5,3) en 2018 et 2019, respectivement) (p<0,001), sans différence entre homme et femme

quelle que soit la localisation.
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Conclusion

Cette étude rapporte une prévalence élevée des mutations associées a la résistance aux
macrolides et aux fluoroquinolones chez M. genitalium en France métropolitaine et souligne
le contraste avec la faible prévalence de ces mutations observée en Outre-mer. En France
métropolitaine, la prévalence des mutations associées a la résistance aux macrolides est trois
plus élevée chez hommes que chez les femmes, en rapport avec la proportion d’hommes ayant
des relations sexuelles avec les hommes. Ces résultats suggerent que le genre et les pratiques

sexuelles doivent €tre prises en compte pour la prise en charge des infections a M. genitalium.
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