Folia Medica 64(3):422-429
DOI: 10.3897/folmed.64.e63624

tha medica

Azithromycin Treatment Failure and Macrolide
Resistance in Mycoplasma genitalium Infections
in Sofia, Bulgaria

Ivva Philipova!, Viktoryia Levteroval, Ivan Simeonovski', Todor Kantardjiev!
! National Center of Infectious and Parasitic Diseases, Department of Microbiology, Sofia, Bulgaria

Corresponding author: Ivva Philipova, National Center of Infectious and Parasitic Diseases, Department of Microbiology, 26 Yanko Sakazov Blvd.,
1504 Sofia, Bulgaria; Email: ivva.philipova@ncipd.org; Tel.: +359 884 347 612

Received: 26 Jan 2021 ¢ Accepted: 18 May 2021 ¢ Published: 30 June 2022

Citation: Philipova I, Levterova V, Simeonovski I, Kantardjiev T. Azithromycin treatment failure and macrolide resistance in Myco-
plasma genitalium infections in Sofia, Bulgaria. Folia Med (Plovdiv) 2022;64(3):422-429. doi: 10.3897/folmed.64.663624.

Abstract

Introduction: Mycoplasma genitalium is an established cause of sexually transmitted infections in men and women. Current guidelines
recommend azithromycin and moxifloxacin as first- and second-line treatment, respectively. However, azithromycin treatment failure
has been increasingly reported. The aim of this study was to determine the efficacy of azithromycin and alternative antibiotic regimens
in a prospective cohort of M. genitalium-positive patients, and macrolide resistance mutations associated with azithromycin failure.

Materials and methods: Consecutive eligible M. genitalium-positive patients attending the National Center of Infectious and
Parasitic Diseases in Sofia, Bulgaria between 1 January 2018 and 31 December 2020 were treated with azithromycin and retested by
polymerase chain reaction 21-28 days after completion of the treatment. Cure was defined as M. genitalium-negative result on the test
of cure. Cases failing azithromycin were treated with moxifloxacin and retested another 21-28 days after treatment. Pre- and post-
treatment samples were assessed for macrolide resistance mutations by conventional DNA sequencing.

Results: Of 21 patients treated with azithromycin, 11 (52.4%) were cured. Pre- and post-treatment macrolide resistance mutations
were detected in 10 (47.6%) patients, and all of them failed azithromycin. Moxifloxacin was effective in all cases failing azithromycin;
and all were M. genitalium-negative at the test of cure after moxifloxacin treatment.

Conclusions: In this study a high azithromycin failure rate (47.6%) in an M. genitalium-positive cohort in association with high levels
of pretreatment macrolide resistance was reported. Moxifloxacin was highly effective in treating macrolide-resistant infections. These
findings necessitate implementation of new diagnostic and therapeutic strategies such as sequential antimicrobial therapy for M. geni-
talium guided by a macrolide-resistance assay.
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INTRODUCTION

Mpycoplasma genitalium was first isolated in 1980 in sam-
ples from patients with urogenital infections.!!l Because
of the fastidious growth of the bacterium in culture, its
etiological role as pathogen was in discussion for many
years. Meanwhile, M. genitalium is an established agent

of sexually transmitted infections such as nongonocco-
cal urethritis (NGU) and cervicitis, and it is implicated
in pelvic inflammatory disease/>3 and increases trans-
mission of human immunodeficiency virus!l. Like other
mycoplasma species, M. genitalium possesses a highly re-
duced genome and lacks a peptidoglycan-containing cell
wall, so fewer classes of available antimicrobial agents are
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effective including tetracyclines, macrolides and fluoro-
quinolones.

Although in vitro studies suggest that M. genitalium is
highly susceptible against doxycycline, this drug has a poor
clinical efficacy with microbiological cure rates between
22% and 45%.5) Doxycycline is therefore not recommend-
ed for first-line treatment by European, US, and UK guide-
lines. (68!

Azithromycin given as an extended regimen is recom-
mended as the primary choice for treatment of M. genitali-
um infections with a cure rate of approximately 85%.0%)
However, the emergence of macrolide resistance is drastical-
ly decreasing the overall cure rate over the past decade with
pooled cure rates in studies prior to 2009 of 85% compared
to 67% in studies since 2009.!1% Macrolide resistance rates
vary significantly geographically, but where azithromycin
has been widely utilized, it is usually found in 30%-45% of
samples.[11-1%]

Moxifloxacin is the most commonly recommended
agent as second-line antimicrobial treatment.[*¥! It is bac-
tericidal and has a cure rate approaching 100% in infec-
tions with susceptible strains.!'! Unfortunately, resistance
has developed with treatment failures in up to 12%, pri-
marily in the Asia-Pacific region.[!”)

AIM

This observational study has the aim to determine the M.
genitalium microbial cure rate of azithromycin and to eval-
uate the contribution of macrolide resistance mutations to
azithromycin failure. Effectiveness of moxifloxacin is deter-
mined in cases failing azithromycin.

MATERIALS AND METHODS

Recruitment and patient management

This observational study was conducted between 1 Janu-
ary 2018 and 31 December 2020 at the National Center of
Infectious and Parasitic Diseases in Sofia, Bulgaria. Rou-
tine testing for M. genitalium was performed in patients
with nongonoccocal urethritis (NGU), cervicitis and/or
pelvic inflammatory disease, and sexual contacts of in-
fected partners. Eligible participants were patients aged 18
years and older, diagnosed with M. genitalium and treated
with azithromycin as first-line therapy. Participants were
asked to abstain from sexual activity for the duration of
study and to return for a test of cure (TOC) 21 days after
completing treatment with azithromycin. Cases return-
ing a TOC within 56 days of treatment completion were
included in analyses to allow for delay in re-attendance
for TOC. Along with the TOC, key data were collected to
evaluate patient compliance and reinfection risk, includ-
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ing persistence of symptoms, adherence to antibiotic dos-
ing regimen, adverse events and post-treatment sexual ex-
posure to new or continuing partners. Where reinfection
was suspected, index patients and contactable partners
were recalled and retreated simultaneously with azithro-
mycin. Only data following retreatment were included in
analyses. Patients who remained M. genitalium-positive at
the TOC following azithromycin, and who had no rein-
fection risk, were given moxifloxacin, and retested 21 days
after completing treatment. All eligible participants were
treated with antimicrobial therapeutic regimens recom-
mended by the IUSTI 2016 European guideline on Myco-
plasma genitalium infections.”)

Azithromycin efficacy was measured as M. genitalium
microbial cure following treatment with azithromycin. Mi-
crobial cure was calculated as follows: numerator = number
of participants treated by azithromycin who were micro-
biologically cured of M. genitalium (defined as a TOC M.
genitalium-negative at follow-up); denominator = all those
treated with azithromycin for M. genitalium and tested at
follow-up. For both the denominator and numerator, only
those who were followed up were included.

Azithromycin failure was defined as M. genitalium-posi-
tive at TOC (with or without persistent symptoms) with no
reinfection risk.

Laboratory methods

All examined specimens were sampled and stored as part
of the routine STIs diagnostics (standard care) at National
Center of Infectious and Parasitic Diseases as follows: for-
ty millilitres of first-void urine specimen were centrifuged
for 15 minutes at 2500 g and the pellet was resuspended in
200 L of Tris-EDTA buffer solution (TE Buffer). Genital
swabs were rotated 10 times in 400 uL of TE Buffer. Two
hundred microliters of TE Buffer containing urine pellet
or swab cells were then extracted using AmpliSens® MAG-
NO-sorb-URO nucleic acid extraction kit (Ecoli s.r.o., Slo-
vak Republic) as per manufacturer instructions. Detection
of M. genitalium DNA was performed by AmpliSens® My-
coplasma genitalium-FRT.['819] All M. genitalium molecu-
lar diagnostics were performed on fresh samples during the
study period 2018-2020. Immediately after M. genitalium
diagnostics, the samples were stored at =79°C.

In January 2019, January 2020, and December 2020 cur-
rently available M. genitalium-positive samples were sub-
jected to further molecular analysis. Firstly, positive sam-
ples were confirmed by PCR detecting the MgPa adhesion
genel®), then resistance-associated mutations in the 23S
ribosomal RNA (rRNA) gene were identified using con-
ventional Sanger DNA sequencing of the 147 bp amplicon
produced with primers Mg23S-1992F and Mg23S-2138R,
as described previously.?!] Sequence editing and multiple
sequence alignments were performed using the software
CLC Main Workbench, version 20.0.4 (https://digitalin-
sights.qiagen.com).
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Ethics and informed consent

Written informed consents were obtained from eligible
patients for personal data collection and microbiological
sample testing as required by national law and the Ethics
Committee at the National Center for Infectious and Para-
sitic Diseases, Sofia, Bulgaria.

RESULTS

Twenty-five patients were diagnosed with M. genitalium
during the study period (Fig. 1). Three patients were ineli-
gible as they did not receive azithromycin as first-line ther-
apy. Of the 22 enrolled participants, 21 (95.5%) completed
all aspects of the study. One participant did not provide
follow-up samples within 56 days, although lab technicians

made at least two attempts to contact those who failed to
attend. None of the eligible participants was previously
tested positive for M. genitalium.

Of the enrolled participants, 18 (85.7%) patients were
men and 3 (14.3%) were women (Table 1). Fifteen (83.3%)

Table 1. Characteristics of participants

Male (n=18) Female (n=3)
n (%) n (%)
Median age (range) 32 (22-49) 28 (23-33)
Presentation
Symptomatic 15 (83.3) 1(33.3)
Asymptomatic contact 3 (16.7) 2 (66.7)
Specimen
First-void urine 14 (77.8) 0(0)
Genital swab 4(22.2) 3 (100)

M.genitalium
positive patients
(n=25)

\

Ineligible
(n=3)

Received azithromycin as
first-line therapy
(n=22)

Lost to follow up
(n=1)

v

TOC M. genitalium negative
Azithromycin cure
(n=11)

Figure 1. Recruitment and participation. TOC: test of cure.

v

TOC M. genitalium positive
Azithromycin failure
(n=10)

v

Received moxifloxacin as
second-line therapy
(n=10)

v

TOC M. genitalium negative
Moxifloxacin cure
(n=10)

424

Folia Medica | 2022 | Vol. 64 | No. 3



M. genitalium-positive males had symptomatic NGU and
3 (5%) were asymptomatic contacts, whereas the 2 of M.
genitalium-positive females presented as asymptomatic
contacts of males and the remaining 1 symptomatic female
reported vaginal symptoms.

Azithromycin treatment outcomes

Eleven cases had a M. genitalium-negative TOC, yield-
ing an azithromycin cure rate of 52.4% (95% CI, 29.8%
- 74.3%). Ten patients failed azithromycin (47.6% [95%
CI, 25.7%-70.2%]) as they were M. genitalium-positive at
TOC with no reinfection risk and received moxifloxacin as
second-line therapy. Following treatment, one participant
reported post-treatment sexual activity with an untreated
partner. The index patient and the untreated partner were
successfully recalled, retreated simultaneously with azith-
romycin, and recommenced participation, with only data
following retreatment included in analyses.

Macrolide resistance mutations in
pre- and post-treatment M. genitalium-
positive samples

Opverall, 23S rRNA gene sequences spanning positions 2071
and 2072 (2058 and 2059, Escherichia coli numbering) were
obtained for the 21 pre-treatment M. genitalium samples in
this study (Fig. 2).

Additionally, 10 post-treatment samples from individ-
uals with azithromycin treatment failure were tested for
macrolide resistance mutations. On the pre-treatment
samples, 11 (52.4%) cases had a wild type 23S rRNA gene
sequence and had M. genitalium-negative TOC and azith-
romycin cure, respectively. All of the 10 participants with
azithromycin treatment failure were shown to possess 23S
rRNA gene mutations in pre- and post-treatment samples,
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consisting of A2072G (A2059G), A2071G (A2058G), and
A2071T (A2058T). Amino acids substitutions in E. coli,
to which those in M. genitalium respectively correspond,
are given in the parentheses. In all of the resistant cases,
mutational changes of the same type were detected in both
the pre- and post-treatment samples indicating transmit-
ted resistance (Table 2). The most common mutation was
A2072G (70%), followed by A2071G (20%) and A2071T
(10%). No selected resistant M. genitalium strains were
identified (wild type 23S rRNA gene sequence on the
pre-treatment sample and macrolide resistant mutation
detected on post-treatment samples).

Table 2. 23S rRNA gene sequence in pre- and post-treatment

samples
Pretreatment Posttreatment
23S rRNA samples sample
(n=21), No. (%) (n=10), No. (%)
WT 11 (52.4) 0(0)
A2071G (A2058G*) 2(9.5) 2 (20)
A2071T (A2058T*) 1(4.8) 1(10)
A2072G (A2059G*)  7(33.3) 7 (70)

*E. coli numbering

Effectiveness of alternative agents
for M. genitalium-infections failing
azithromycin

All 10 participants who failed azithromycin were given
moxifloxacin and were M. genitalium-negative at TOC
after the second-line therapy, yielding a moxifloxacin cure
rate of 100%.

Figure 2. Comparison of partial sequences of 23S rRNA gene for M. genitalium-positive specimens detected in this study to the wild-

type sequence (NCBI Reference Sequence: NR_077054.1) and macrolide resistant strains previously characterized at Statens Serum
Institute (Copenhagen, Denmark) (Accession numbers M6321, M50367 and W68551).(22]
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DISCUSSION

In this study, we report a high failure rate (47.6%) of azi-
thromycin first-line therapy and high levels of macrolide
resistance in M. genitalium-positive patients from Sofia,
Bulgaria. Azithromycin failure was attributable to trans-
mitted resistance and no selected resistance was detected
after receiving azithromycin. Moxifloxacin was effective
in all cases failing azithromycin.

Azithromycin remains the recommended first-line treat-
ment for M. genitalium infection!®®), although international
data reveal that azithromycin is becoming less effective and
macrolide resistance is increasing!?*2#). Data from Bulgari-
an studies remain very scarce, reporting M. genitalium sole-
ly prevalence with rates ranging from 0.29% to 2.45%.29-31]
To the knowledge of the authors, this is the first observation-
al study for azithromycin failure and macrolide resistance in
M. genitalium-positive patients from Bulgaria. The obtained
in this study azithromycin cure rate of 52.4% is alarmingly
low and raises concerns over the continued use of azithro-
mycin in Bulgarian population, making the investigation of
new diagnostic and therapeutic strategies a priority.

Failure of azithromycin is strongly associated with
macrolide resistance mutations in the 23S rRNA mole-
cule within the 50S subunit of the bacterial ribosome.
These single-nucleotide polymorphisms in position 2071
and 2072 (2058 and 2059, E. coli numbering) in region
V of the 23S rRNA gene confer high-level resistance to
azithromycin.?23234 According to recent scientific pub-
lications, differences in sexually transmitted infections
management and treatment may distinctly influence an-
timicrobial resistance in M. genitalium among European
regions.*! For example, in countries like Swedenl®® where
doxycycline is the preferred first-line treatment for NGU
and C. trachomatis, the reported macrolide resistance is
among the lowest in Europe (12.1%). On the contrary, high
rates of macrolide resistance have been reported by coun-
tries using azithromycin as empirical treatment for NGU
and C. trachomatis, including Spain (35%), France (58%),
Netherlands (44.4%), Norway (41.4 %), Denmark (38%),
and the United Kingdom (41%).1131>37-3] Presumably, the
wide azithromycin use may account for the high preva-
lence of macrolide resistance in M. genitalium reported in
this study. Additionally, Horner et al. registered recently
moderate but convincing evidence that the extended azi-
thromycin regimen for M. genitalium may be more effec-
tive than a single dose and is less likely to cause selection
of macrolide resistance.*”! This could explain that no se-
lected resistance was found in the present study as all of
the eligible participants have received extended dosing of
azithromycin.

Nevertheless, the detected high rate of transmitted
macrolide resistance in this study hinders the effective
treatment in a significant proportion of individuals. To
address this issue, a combined diagnostic-resistance assay
has been employed in clinical practice of most European
countries.*!! The use of these combined tests allows im-

plementation of so called resistance guided therapy, as
M. genitalium-positive patients can then be prescribed
azithromycin if macrolide susceptible or moxifloxacin if
macrolide resistant. Resistance guided therapy is clinical-
ly demonstrated to improve patient cure rate and overall
patient management, including reduction of time to cure
and prevention of ongoing transmission.*>#3 This diag-
nostic strategy should maintain antimicrobial steward-
ship, until data on combination therapy and new classes of
antimicrobials are available.

Fortunately, in the present study the efficacy of sec-
ond-line treatment for M. genitalium infection was 100%
and microbiological cure was achieved in all azithromycin
failures. Moxifloxacin still has excellent efficacy in Eu-
ropel*! although resistance is increasing in Asia-Pacific
region with sporadic cases of moxifloxacin failure occur-
ring in Europel*’). Using moxifloxacin as first-line therapy
in all cases of M. genitalium is not recommended because
future therapeutic options for multidrug-resistant strains
are limited.*®) These options include only doxycycline
with poor clinical efficacy and pristinamycin, which is not
available in all European countries.

The impending loss of macrolides, and the emergence
and inevitable spread of resistance to fluoroquinolones,
first- and second-line recommended agents for M. geni-
talium in international guidelines(®®, clearly necessitates
new treatment approaches. While new classes of antimi-
crobials are urgently needed, antimicrobial combinations
for M. genitalium to delay further emergence and spread of
antimicrobial resistance, arealso beinginvestigated. Recent
study demonstrates that >92% of M. genitalium infections
can be cured in a population where two-thirds of cases are
macrolide resistant and 20% of macrolide-resistant cases
are fluoroquinolone resistant.*?l This was achieved with
sequential therapy by pretreating with doxycycline and
selecting a second antimicrobial with a macrolide-resis-
tance assay. Replacing azithromycin with doxycycline for
initial treatment of M. genitalium had the dual advantage of
reducing overall use of azithromycin and reducing M. gen-
italium load.

The integration of combined molecular-based assays
that detect M. genitalium, as well as resistance genes will
greatly assist in the delivery of individualized therapy.
This diagnostic approach, coupled with use of sequential
therapy, is needed to halt the inevitable progression to a
multidrug-resistant untreatable M. genitalium.

This study had several strengths including high re-
cruitment and adherence rates and that all samples were
successfully sequenced for macrolide resistance muta-
tions. The main advantages were data availability from Bul-
garia and resistance detected in both pre- and post-treat-
ment samples indicating the strong selection induced by
extensive antibiotic use. The main limitation was that there
were more males in studied cohort and fewer females. This
reflects the usually higher male attendance rates to labora-
tory service and limits evaluation of the contribution of the
sex to azithromycin failure.
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CONCLUSIONS

We report in the present study a high azithromycin failure
rate (47.6%) in M. genitalium-infected patients from Bul-
garia in association with high levels of pretreatment mac-
rolide resistance. Despite emerging fluoroquinolone resis-
tance in certain regions of the world, during the present
investigation moxifloxacin was highly effective in treating
azithromycin failures. These findings encourage the use of
combined assays for simultaneous detection of M. genitali-
um and macrolide resistance mutations in order to opti-
mize antimicrobial stewardship and control the selection
and spread of resistances. Additionally, this study supports
the need to perform antimicrobial resistance surveillance
in M. genitalium at local level. In this situation, further
investigations on new diagnostic and therapeutic strategies
are required to fight against M. genitalium that may soon
become untreatable with the appearance of multidrug-
resistant strains.
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Pe3lome

BeepeHue: Mycoplasma genitalium sBNsAeTCA yCTAHOBICHHO IPMYMHOI MHPEKINIL, epealoIXCA IOOBBIM IIyTeM, Y MY>KUVH 1
KeHIVH. TeKyIe pyKoBOACTBa PeKOMEHYIOT a3UTPOMULIVH I MOKCUQIOKCAIlH B Ka4eCTBe IPeNapaToB NepBoll ¥ BTOPOIT TIMHUI
COOTBeTCTBeHHO. OfTHAKO BCE Yalle coobmaeTcs 0 HeadeKTMBHOCTY TeYeHN A a3UTPOMULIMHOM. 1]e/Ib 3TOro MCCIej0BaHNA COCTOSAIA
B TOM, 4TOOBI OIpefeNuTh 3PPEKTUBHOCTh a3SUTPOMUIMHA ¥ aJbTEPHATHBHBIX CXeM aHTMOMOTUKOTEPAIMU B IIPeIIONaraeMoi
koropre M. genitalium-T03UTVBHBIX TALIMEHTOB, @ TAKOKEe My T/ Pe3VCTEHTHOCTY K MaKPO/IMIaM, CBA3aHHbIE ¢ Hea()eKTMBHOCTBIO
A3UTPOMMIIVHA.

Matepuanbl n metoabl: Tlopxopsamue M. genitalium-1nonoxure/npbHble MalMeHTB], HOCTEN0BaTeNIbHO NMocemase HanyoHanbHbli
IeHTp NH(EKIMOHHBIX i TapasuTapHbIx 6omesHeit B Codut, bonrapus, ¢ 1 stuBapst 2018 .10 31 gexabpsi 2020 T., oIy danu asuTpOMULIVH
1 TIOBTOPHO TeCTMPOBAINCH C TIOMOILBIO NO/IMMEPA3HOI LIeHOM peakuuy depe3 21-28 mHelt mocie 3aBeplleHNA MCCIEOBAaHNUA.
VsneueHne OIpene/sUIN KaK OTPUIATEIbHbIIL pe3y/IbTaT TecTa Ha M3/ledeHne, BbI3BaHHbI M. genitalium. Crydan HeappeKTUBHOCTH
A3UTPOMMIMHA IEYN/IN MOKCU(IOKCAL[THOM M TIOBTOPHO TECTUPOBaK elié yepes 21-28 nueit mocre neverns. O6pasipl 10 U Mocie
Jie4eHNsA OLeHUBA/IM HA HaJIM4YyMe MyTalyuil pe3UCTEHTHOCTY K MaKPOIUIaM C IIOMOILbIO obsrynoro cexkBenuponanus JHK.

Pesynbtatbl: V3 21 manyeHTa, NONMYYaBIINX a3UTPOMMLMH, BbUledmnmnuch 11 (52.4%). MyTanum pe3suCTEHTHOCTM K MaKpOJIIAaM
[0 M Tocie fedeHus 6pUm obHapy>keHbl y 10 (47.6%) IAIMeHTOB, M y BCeX M3 HMUX asUTPOMMIMH OKa3ancs HedPPeKTUBHBIM.
MokcngrokcanyH 6611 3pPeKTUBEH BO BCEX CIydasx, KOrja asuTpoMuuinH 6611 HeaddexTrBeH; u Bce 6sutn M. genitalium-otpuna-
Te/IbHBIMU B TeCTe Ha U3J/IeYeHIe IIOC/Ie TedeHNsA MOKCH(IOKCALITHOM.

3aKknioyeHue: B sToM mcciefoBaHMY COOOIIAZIOCh O BBICOKON 4YacToTe Hed(P(PeKTMBHOCTY asuTpoMunmHa (47.6%) B Koropre
M. genitalium B co4eTaHMM C BBICOKMM YPOBHEM PE3VCTEHTHOCTM K MaKpOIumpaM [0 aedeHus. MoKCu(IOKcalyH oKasascs
BBICOKO9((PEKTUBHBIM IIPY JIEYEHNI PE3UCTEHTHBIX K MaKpoimupaM MHGeKumit. OTu pe3ynbrarbl TPeOYIOT BHELPEHUS HOBBIX
AMATHOCTIYECKUX U TEPAIEBTUIECKIX CTPATETNil, TAKMX KaK HOC/IefOBaTe/IbHAs aHTUMIKPOOHas Tepamms st M. genitalium top

KOHTPOJIEM aHA/IN3a yCTOI‘/JILII/IBOCTI/I K Makponupam.
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