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Abstract
Background The emergence of multidrug-resistant (MDR) strains of genital pathogens, notably Mycoplasma 
genitalium and Ureaplasma spp., constitutes a significant global threat today. The present study aimed to evaluate the 
prevalence and trend of changes in MDR mycoplasma and ureaplasma strains.

Methods An exhaustive search was performed across the ISI Web of Science, PubMed, Scopus, ScienceDirect, and 
Google Scholar databases to accumulate relevant studies without restrictions until April 2023. We used event rate and 
corresponding 95% confidence intervals to determine the frequency of resistance-related mutations and examine the 
trend of antibiotic resistance changes.

Results The data from 27 studies, including 24,662 patients across 14 countries, were evaluated. Out of the total 
studies, 20 focused on M. genitalium infections, and five on Ureaplasma spp. The frequency of resistance-associated 
mutations to macrolides, tetracyclines, and fluoroquinolones in clinical strains of M. genitalium was 43.5%, 13.1%, 
and 18.6%, respectively. The prevalence of M. genitalium strains with double resistance and MDR was 11.0% and 
17.4%, respectively. The incidence of both double-drug-resistant and MDR strains was higher in the World Health 
Organization (WHO) Western Pacific Region than in European and American populations. For Ureaplasma strains, 
resistance-associated mutations to macrolides, tetracyclines, and fluoroquinolones were 40.8%, 25.7%, and 90.3%, 
respectively. The rate of antibiotic resistance was higher in the African population compared to the European and 
WHO Western Pacific Regions. The rate of MDR Ureaplasma infections was 13.2%, with a higher incidence in the 
African population compared to the WHO Western Pacific and European regions.

Conclusion The proliferation and spread of MDR Mycoplasma and Ureaplasma strains present a significant public 
health challenge. The situation is indeed alarming, and the rising trend of MDR M. genitalium and MDR Ureaplasma 
infections suggests that therapies involving macrolides and fluoroquinolones may become less effective.
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Background
In response to the escalating issue of antibiotic resis-
tance among infectious agents, a high-priority health 
crisis concern, the World Health Organization (WHO) 
recently initiated a project entitled “Global health sec-
tor strategies on HIV, viral hepatitis, and sexually trans-
mitted infections (STIs) for the period 2022–2023” [1]. 
Especially troublesome are microorganisms like myco-
plasmas and ureaplasmas, which are STIs associated with 
the Mollicutes class and the Mycoplasmataceae family. 
These pathogens quickly develop resistance to antimi-
crobial agents, propagating antibiotic resistance within 
their populations [2]. Mycoplasma genitalium was first 
isolated from the urethral swabs of two males exhibiting 
non-gonococcal urethritis (NGU) symptoms in 1980 [3]. 
Due to the bacterium’s fastidious nature and cultivation 
difficulties, its pathogenic role remained ambiguous for 
several years. Now, M. genitalium is recognized as a cru-
cial sexually transmitted pathogen, infecting or coloniz-
ing over 3% of the global population [4]. This particular 
pathogen is associated with NGU in men and conditions 
such as endometritis, salpingitis, cervicitis, pelvic inflam-
matory disease, and preterm birth in women [5, 6].

Given M. genitalium’s lack of peptidoglycan in its cell 
wall, it exhibits resistance to β-lactam antibiotics. Anti-
biotics that disrupt protein synthesis and DNA synthesis 
inhibitors are the most effective treatment options cur-
rently available for M. genitalium infections [4]. Until 
early 2016, when the status of macrolide resistance was 
still undefined, the International Union against STI 
(IUSTI) European guidelines recommended doxycy-
cline 100 mg twice daily or 200 mg once daily orally for 
seven days [7]. However, early randomized controlled 
clinical trials indicated that azithromycin was superior 
to doxycycline [8]. Consequently, most regional and 
international guidelines now consider azithromycin (as 
a one-time dose of 1 g) as the primary treatment for M. 
genitalium infections, and moxifloxacin (400  mg daily 
for seven days) as the secondary treatment [9]. Nonethe-
less, numerous studies reveal a rising resistance to mac-
rolides and fluoroquinolones in M. genitalium isolates, 
with macrolide resistance exceeding 50% in some regions 
[10]. Fluoroquinolone resistance can reach 20% in the 
Asia-Pacific region, increasing treatment failure rates to 
more than 30% of cases [11–15]. The emergence of multi-
drug-resistant (MDR) M. genitalium strains and cases of 
co-infection with Chlamydia trachomatis further com-
plicate treatment [4, 16].

Ureaplasmas, free-living pathogens like Ureaplasma 
parvum (UPA) and Ureaplasma urealyticum (UUA), 
invade the lower urogenital tract in approximately 
20–29% of healthy women [17]. Infections with these 
agents increase the risk of adverse pregnancy outcomes 
such as miscarriage, stillbirth, chorioamnionitis, and 

preterm labor [18, 19]. Clinical samples from patients 
with urethritis, endometritis, chronic prostatitis, and 
bacterial vaginosis often isolate genital ureaplasmas. 
These infections elevate the risk of infertility in couples 
[20]. Moreover, these pathogens can cause severe ill-
nesses in infants, including pneumonia, bacteremia, men-
ingitis, and chronic lung disease [21]. Ureaplasmas, like 
mycoplasmas, lack a cell-wall structure, making β-lactam 
antibiotics and glycopeptides ineffective against these 
pathogens; unfortunately, these organisms are intrinsi-
cally resistant to lincosamides such as clindamycin [22]. 
Consequently, the treatment of Ureaplasma infections is 
restricted to bacteriostatic agents like protein synthesis 
inhibitors (e.g., tetracyclines and macrolides) and DNA 
replication inhibitors (e.g., fluoroquinolones). However, 
resistance to these antibiotics is rising due to the cre-
ation of single nucleotide polymorphisms (SNPs) and the 
spread of resistance genes [23, 24]. Although antibiotic 
resistance in ureaplasmas has been observed globally, 
the resistance burden varies geographically due to differ-
ences in antibiotic consumption and histories of previous 
antimicrobial exposure. However, data on the antibiotic 
resistance pattern of ureaplasmas remain sparse in many 
parts of the world, especially in economically disadvan-
taged nations. Developing appropriate treatment strate-
gies necessitates understanding and evaluating current 
antibiotic resistance trends [25].

The decline in the efficacy of antibiotic regimens 
against mycoplasmas and ureaplasmas signifies an 
emerging public health crisis. Surveillance and analy-
sis of resistance rates are critical steps towards optimiz-
ing guidelines for treating these infections effectively. In 
this study, we assess the rate and trend of dual resistance 
and MDR in mycoplasma and ureaplasma infections and 
measure primary treatment failure in cases of infection 
with these strains.

Methods
Throughout the course of this research, all the steps 
encompassing literature search in databases, selection 
criteria establishment, data extraction, and statistical 
analysis were rigorously conducted in line with the guide-
lines proposed by the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) standard 
[26].

Literature search
A systematic search was executed across various data-
bases such as ISI Web of Science, PubMed, Scopus, Sci-
ence Direct, and Google Scholar to gather publications 
appraising the resistance of mycoplasmas and ureaplas-
mas to macrolides, tetracycline, and fluoroquinolones. 
Until April 2023, our search methodology utilized MeSH 
keywords such as “Mycoplasma”, “M. genitalium”, “M. 
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pneumonia”, “M. hominis”, “M. salivarium”, “Ureaplasma”, 
“U. parvum”, “U. urealyticum”, “Drug resistant”, “Multi-
drug resistant”, “MDR”, “Macrolides”, “Tetracyclines,“ 
and “Fluoroquinolones”. This phase was completed by 
two separate authors, disregarding language or publica-
tion date limitations. In order to ensure comprehensive 
coverage, we manually verified the bibliographies of the 
included studies to gather all pertinent articles.

Selection criteria
To examine studies that assessed multiple antibiotic 
resistances of mycoplasmas and ureaplasmas in clini-
cal samples, two independent authors participated; dis-
agreements were resolved through deliberation between 
these authors. All gathered papers were imported into 
Endnote software. The titles, abstracts, and full texts of 
all articles were scrutinized, and those meeting our pre-
defined criteria were deemed eligible. Our inclusion 
criteria included: (1) Articles that evaluated antibiotic 
resistance mutations in clinical isolates of mycoplasmas 
and ureaplasmas, including 2058 and 2059 mutations in 
the 23 S rRNA, S83L, S83R, D87N, and D87Y mutations 
in parC, and all mutations in gyrA, gyrB, and parE genes, 
(2) Publications discussing antibiotic resistance in myco-
plasmas and ureaplasmas, (3) Original studies adopting 
cross-sectional, case-control, and longitudinal designs, 
(4) Research articles based on human clinical samples 
containing clinical DNA samples and/or culture-based 
DNA samples, (5) Studies utilizing standard consensus 
microbiological methodologies. Conversely, in vitro or 
animal model publications, duplicate studies, articles 
with incomplete results, and non-original articles were 
excluded.

Quality assessment and data extraction
The Joanna Briggs Institute’s (JBI) critical appraisal 
checklist was employed to evaluate the quality of the 
studies. This checklist assesses indicators such as popula-
tion size, research objectives, sample collection method, 
and statistical analysis approach, assigning scores to 
each element. Any study achieving at least six points was 
included in the analysis. As indicated in Table  1, data 
concerning the first author, study location, study year, 
gender distribution of patients, type of infections, patient 
symptoms, antibiotic resistance detection method, infec-
tion rate, resistance rate to macrolide, tetracycline, and 
fluoroquinolones, MDR rate, and primary treatment fail-
ure rate were extracted from eligible studies.

Statistical analysis
We utilized the Comprehensive Meta-Analysis (CMA) 
software version 2.2 (Biostat, Englewood, NJ, USA) 
to compile data and evaluate the global burden of 
MDR infections in mycoplasmas and ureaplasmas. 

Furthermore, the incidence of dual resistance to mac-
rolides and fluoroquinolones in human infections was 
investigated. In cases of significant heterogeneity (I2 
index greater than 50, Cochrane p-value greater than 
0.05), a random-effects meta-analysis was employed to 
generate overall estimates. The data was further divided 
into subgroups according to WHO geographical regions, 
time periods (2003–2015, 2016–2019, 2020–2023), and 
men who have sex with men (MSM). Sensitivity analy-
ses were performed using the leave-one-out approach 
to minimize heterogeneity. Primary treatment failure in 
MDR infections, along with instances of dual macrolide 
and fluoroquinolone resistance, were also evaluated. The 
funnel plot’s asymmetry was examined to assess potential 
publication bias.“

Results
Literature search and study characteristics
As illustrated in Fig.  1, a database search yielded 631 
articles. Upon review of titles and abstracts, 456 studies 
were deemed irrelevant to our criteria and thus excluded. 
The full text of the remaining 79 articles was examined, 
and coupled with studies included from reference list 
reviews, a total of 27 studies were determined to be eli-
gible for inclusion [20, 27–51].

Table  1 presents the salient features of these selected 
studies. A total of 27 studies involving 24,662 patients 
from 14 disparate countries were analyzed. Patients 
exhibiting symptoms such as NGU, cervicitis, pelvic 
inflammatory disease, chronic urogenital inflammatory 
diseases, invasive infections, and infertility, along with 
asymptomatic partners, were evaluated for mycoplasma 
and ureaplasma infections. Of the total participants, 
86.94% were male, while the remaining 13.06% were 
female. Furthermore, four additional studies assessed 
M. genitalium infection and antibiotic resistance among 
HIV-positive MSM. Among the included studies, nine 
were conducted in European countries, three in the 
WHO Western Pacific region, and one each in the WHO 
Americas and African regions. Twenty investigations 
focused on M. genitalium infections, five on Ureaplasma 
spp., one on M. hominis, and one on M. salivarium.

To diagnose mycoplasma and ureaplasma infections, 
the studies employed various methods, including culture, 
serology, and molecular techniques. Antibiotic resis-
tance in mycoplasmas and ureaplasmas was ascertained 
using broth microdilution, Sanger sequencing, Reverse 
transcription polymerase chain reaction (RT-PCR), real-
time PCR, and real-time probe simultaneous amplifica-
tion and testing. Potential sources of bias for the included 
studies could include lack of random selection, low and 
diverse population sizes in some studies, variety in clini-
cal samples, and differences in methods used to diagnose 
mycoplasma and ureaplasma infections. Some studies 
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also evaluated infections among stored banks of samples. 
Despite these potential biases, the infection rate for M. 
genitalium and Ureaplasma spp. in the included studies 
was estimated to be 21.0% (95% CI: 10-38.9) and 28.9% 
(95% CI: 13.0-52.4), respectively. Moreover, the rate of M. 
genitalium infection in MSM individuals was estimated 
to be around 11.5% (95% CI: 5.3–23.1).

Characteristics of mycoplasmas antibiotic resistance
We conducted a comprehensive analysis of data from 
20 trials encompassing 9058 patients spanning 12 coun-
tries between the years 2013 and 2023. The prevalence of 
mutations linked to M. genitalium resistance to macro-
lides, tetracyclines, and fluoroquinolones was found to be 
43.5% (95% CI: 33.1–54.5), 13.1% (95% CI: 3.8–36.8), and 
18.6% (95% CI: 13.2–25.5), respectively, as demonstrated 
in Fig. 2.

The incidence of mutations linked to M. genitalium 
resistance to macrolides in European countries was 
47.1% (95% CI: 32.7–61.9), 30.3% (95% CI: 17.2–47.6) 
in the WHO Western Pacific region, and 65.2% (95% 
CI: 58.3–71.5) in the WHO Americas region. More-
over, mutations associated with macrolide resistance 
were discerned in 70.9% of MSM individuals (95% CI: 
66.2–75.1). The overall estimates corroborate both the 
regional and temporal trends. Our findings indicate that 
the prevalence of mutations tied to macrolide resistance 
has surged in recent years, manifesting in 25.6% (95% CI: 
13.3–43.6) during 2003–2015, 41.5% (95% CI: 62.2–23.4) 
during 2016–2019, and 56.6% (95% CI: 43.5–68.9) dur-
ing 2020–2023. During the subgroup analysis focused on 
mutations related to tetracycline resistance, the preva-
lence of mutations linked to M. genitalium resistance to 
tetracyclines in European regions and the WHO West-
ern Pacific region was recorded as 6.8% (95% CI: 3.2–
13.7) and 22.5% (95% CI: 15.4–31.7), respectively. Based 
on the statistical analysis, the prevalence of mutations 
associated with resistance was 13.1% (95% CI: 3.8–36.8) 
between 2020 and 2023. Unfortunately, due to data insuf-
ficiency, we were unable to discern trends in the muta-
tions associated with tetracycline resistance in previous 
periods.

In terms of mutations connected with fluoroquinolone 
resistance, the prevalence in European countries, the 
WHO Western Pacific region, and the United States was 
13.6% (95% CI: 8.3–21.3), 28.4% (95% CI: 16.9–43.7), and 
19.0% (95% CI: 6.7–43.5), respectively. Globally, the trend 
of mutations associated with fluoroquinolone resistance 
decreased from 23.2% (95% CI: 11.2–42.0) in 2003–2015 
to 17.6% (95% CI: 11.9–25.4) in 2016–2019, with 18.3% 
(95% CI: 7.6–37.7) remaining relatively stable until 
2020–2023. M. salivarium antibiotic resistance muta-
tions for macrolides, tetracyclines, and fluoroquinolones 
were reported to be 100%, 14.3%, and 25.7%, respectively. Fi
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Recent observations of dual resistance to macrolides 
and fluoroquinolones in clinical isolates of M. genita-
lium have amplified concerns regarding treatment fail-
ure with both options. The incidence of mutations linked 
to resistance to two drugs in the WHO Western Pacific 
region was found to be about 14.6% (95% CI: 8.7–23.6), 
which exceeded that in European regions (10.0%; 95% CI: 
4.7–20.0) and America (4.1; 95% CI: 0.4–32.3). Accord-
ing to our trend analysis, the frequency of resistance has 
tapered off in recent years, with a non-significant decline 
from 17.1% (95% CI: 10.1–27.4) in 2003–2015 to 7.2% 

(95% CI: 3.2–15.1) in 2016–2019, and 11.1% (95% CI: 
4.1–26.7) in 2020–2023.

Regrettably, the prevalence of mutations linked to MDR 
M. genitalium strain infection escalated from 18.5% (95% 
CI: 10.9–29.6) in 2016–2019 to 32.6% (95% CI: 26.0–40.0) 
in 2020–2023, a trend that is disconcerting. The global 
rate of MDR M. genitalium infection was estimated 
to be 17.4% (95% CI: 9.2–30.5); the rate of MDR strain 
infection in the WHO Western Pacific region exceeded 
that in the European region (29.1% (95% CI: 10.7–58.4) 
vs. 12.2% (95% CI: 5.3–25.5), respectively). Sensitivity 

Fig. 2 Meta-analysis on the prevalence of mutations associated with M. genitalium resistance to antibiotics; (A) macrolides, (B) fluoroquinolones

 

Fig. 1 The flowchart of included studies
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analyses, performed subsequent to the identification of 
the source of variability, revealed no significant changes 
in pooled values. For M. salivarium and M. hominis, the 
rates of infection with MDR strains were determined to 
be 14.3% and 33.78%, respectively. Unfortunately, only a 
single study evaluated the multiple resistances of these 
two pathogens, thereby precluding the calculation of the 
infection rate and trend.

Our findings highlighted that the prevalence of MDR 
M. genitalium in the MSM population was approxi-
mately 19.2% (95% CI: 8.7–37.2). Furthermore, the rate of 
primary treatment failure in MDR M. genitalium infec-
tions was measured at 12.8% (95% CI: 6.9–22.6). Thus, 
the rate of primary treatment failure in MDR M. genita-
lium isolates among WHO western Pacific patients was 
about 18.1% (95% CI: 7.1–38.9), consistent with the rate 
observed in the European population (13.2% (95% CI: 
6.3–25.7)). Gratifyingly, the global trend of MDR M. geni-
talium infection between 2016 and 2019 was in the same 
range as 2020–2023 (19.7% (95% CI: 11.2–32.2) vs. 18.1 
(95% CI: 13.3–24.2)).

Characteristics of ureaplasmas antibiotic resistance
This comprehensive quantitative analysis incorporates 
data from five articles, which include 7826 clinical sam-
ples sourced from four different countries, spanning the 
years 2003 to 2021. The pooled prevalence of mutations 
associated with resistance to three antibiotics—mac-
rolides, tetracyclines, and fluoroquinolones—was cal-
culated as 40.8% (95% CI: 23.6–60.7), 25.7% (95% CI: 
15.4–39.6), and 90.3% (95% CI: 43.1–99.1), respectively 
(Fig. 3).

In the African region, the rate of mutations connected 
with macrolide resistance in clinical isolates of ureaplas-
mas was near total at 99.5% (95% CI: 92.6–100). Com-
paratively, in European countries and the WHO Western 
Pacific region, this rate was considerably lower at 30.8% 

(95% CI: 17.3–48.6) and 33.0% (95% CI: 24.5–42.7), 
respectively. Between 2020 and 2023, mutations associ-
ated with macrolide resistance were prevalent in 52.9% 
of cases (95% CI: 27.3–77.1). A notable rise in mutations 
tied to tetracycline resistance was observed in recent 
years, surging from 19.5% (95% CI: 12.9–28.4) in 2003 
to 32.8% (95% CI: 18.5–51.1) in 2023. The rate of muta-
tions resistant to this antibiotic was estimated at 31.6% 
(95% CI: 11.7–61.7) in Europe, 17.4% (95% CI: 11.2–26.1) 
in the WHO Western Pacific, and 37.6% (95% CI: 28.7–
47.5) in African regions. The prevalence of fluoroqui-
nolone resistance is particularly concerning. In Europe, 
this was measured at 96.4% (95% CI: 90.3–98.7), in the 
Western Pacific it was 89.9% (95% CI: 82.3–94.5), and in 
Africa, it reached 99.5% (95% CI: 92.6–100). In the period 
from 2020 to 2023, the resistance rate of ureaplasmas 
was 95.6% (95% CI: 85.8–98.8), suggesting that fluoro-
quinolones have become ineffective for treating human 
Ureaplasma infections worldwide. The data insufficiently 
cover temporal trends in other regions or time periods. 
Notwithstanding the substantial heterogeneity, sensitiv-
ity analyses indicated that summary values were stable.

The global rate of MDR Ureaplasma infection was 
assessed to be 13.2% (95% CI: 5.4–28.7). The prevalence 
of MDR Ureaplasma strains was approximately 9.4% 
(95% CI: 0.3–76.6) in WHO European regions, 4.9% (95% 
CI: 0.3–43.7) in the WHO Western Pacific regions, and 
37.6% (95% CI: 28.7–47.5) in African regions. Alarm-
ingly, the trend of MDR Ureaplasma infection has esca-
lated sharply from 1.6% (95% CI: 0.3–7.2) in 2003–2015 
to 28.6% (95% CI: 16.8–44.3), signaling a serious concern 
for health authorities. Regrettably, due to insufficient 
information, we could not calculate the rate of primary 
treatment failure among MDR Ureaplasma infections.

Publication bias
Our study’s funnel plots exhibited asymmetry in certain 
instances, suggesting a notable bias in some overall esti-
mates. Nevertheless, the instances of significant asym-
metry were assessed using the trim-and-fill method. This 
method, applied across all cases, revealed no substantial 
or meaningful alterations to the summary estimates (as 
depicted in Fig. 4).

Discussion
Presently, the ongoing emergence and steady prolifera-
tion of antibiotic resistance in bacterial agents implicated 
in both simple and complex forms of urogenital infec-
tions, notably mycoplasmas and ureaplasmas, has trig-
gered a persistent decline in the efficacy of treatments for 
these infections, thereby posing a global challenge. This 
has been underscored by two extensive epidemiological 
studies that have sounded the alarm about the escalating Fig. 3 Meta-analysis on the prevalence of clinical isolates of MDR-Urea-

plasma spp. Infections
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prevalence of antibiotic resistance in M. genitalium, 
especially within European territories [52, 53].

Based on these studies, macrolide resistance in M. 
genitalium, with a particular focus on azithromycin resis-
tance, is attributed to point mutations occurring in the V 
region of the 23s rRNA gene at positions 2058 and 2059, 
as per Escherichia coli numbering [54, 55]. Additionally, 
amino acid modifications in parC, namely S83L, S83R, 
D87N, or D87Y, are frequently correlated with failed 
ciprofloxacin therapy [32, 56]. Within the scope of this 
systematic review and meta-analysis, we examined the 
prevalence of antibiotic resistance mutations in clini-
cal isolates of M. genitalium and ureaplasmas, making a 
novel contribution to the field by quantifying the MDR 
burden and tracking its geographical variations for the 
first time. As per our analysis, the collective prevalence of 
mutations associated with resistance to macrolides, tet-
racyclines, and fluoroquinolones was estimated at 43.5%, 
13.1%, and 18.6% respectively. Our analysis of resistance 
to tetracyclines in M. genitalium is based on only two 
reports, which may not reflect the true prevalence and 
diversity of resistance mechanisms in such bacterium. 
Therefore, we caution that more studies are needed to 
confirm and expand our findings. Our scrutiny of the 
temporal trajectory of macrolide resistance revealed a 
marked surge in resistance, increasing from 25.6% in the 
period 2003–2015 to 56.6% in 2020–2023. Given that 
single-dose azithromycin has been commonly adopted as 
the primary treatment for STIs in various global regions 
since the early 1990s, it is anticipated that the escalat-
ing trend of mutations related to macrolide resistance 
in M. genitalium will precipitate a continual decline in 
the annual success rate of treatments [57–59]. Support-
ing this conjecture, a meta-analysis by Lau et al. found 
a steady rise over time in the treatment failure rates of 
M. genitalium infections administered with azithromy-
cin, mirroring the trend identified in our analysis [60]. 
This annual increase in macrolide resistance can largely 
be attributed to the absence of drug sensitivity tests for 
M. genitalium, the implementation of inappropriate 

treatment protocols, and the dearth of large-scale surveil-
lance to gauge the antibiotic resistance of M. genitalium.

Our study indicates that the prevalence of mutations 
linked to macrolide resistance is more pronounced in the 
American and European regions compared to the WHO 
Western Pacific region. The discrepancy in resistance 
levels across various geographical areas can primarily 
be traced back to the differences in antimicrobial usage, 
treatment guidelines, and the diversity of local antimi-
crobial stewardship programs implemented in these 
areas. For instance, doxycycline is typically designated 
as the frontline treatment in countries with low macro-
lide resistance, while azithromycin tends to be the first 
choice in nations that demonstrate substantial resistance 
to this class of antibiotics [33, 61]. Further analysis of our 
data revealed that the incidence of mutations related to 
macrolide resistance in clinical strains of M. genitalium 
isolated from MSM significantly surpasses that found 
in heterosexual men, at a rate of 70.9%. This upswing 
in macrolide resistance within this demographic can be 
ascribed to asymptomatic infections of this pathogen 
and the recurrent use of azithromycin to treat frequent 
instances of chlamydia and Neisseria gonorrhoeae infec-
tions [62]. This notion is substantiated by numerous 
studies conducted within the MSM community, which 
have identified a high prevalence of macrolide resistance 
in syphilis and gonorrhea infections [63, 64]. Interest-
ingly, our results showed a higher rate of tetracycline 
resistance in the WHO Western Pacific countries than 
in European regions. Current research suggests that tet-
racycline is extensively utilized in Asian regions, result-
ing in a considerable resistance burden to tetracyclines 
in Southeast Asian territories [65, 66]. With significant 
Asian populations migrating to Australia and the WHO 
Western Pacific regions, the resistance burden in these 
areas is further exacerbated. Consequently, the emer-
gence of tetracycline resistance should be anticipated in 
clinical isolates from the WHO Western Pacific region.

Our analysis demonstrates that the occurrence of 
mutations linked to fluoroquinolone resistance in M. 

Fig. 4 Funnel plots of meta-analysis of eligible studies centered at corresponding 95% confidence intervals
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genitalium samples from the WHO Western Pacific pop-
ulation is approximately twice to thrice the resistance 
burden found in European and American regions. This 
area also exhibits the highest rate of gonorrhea resistance 
to fluoroquinolones [67, 68]. Most of the studies incor-
porated in our analysis originated from Japan, where 
fluoroquinolones such as levofloxacin, gatifloxacin, and 
moxifloxacin are commonly employed in treating NGU 
and M. genitalium infections [32]. Also other studies 
demonstrated that sitafloxacin could be an alternative 
to moxifloxacin as an antimicrobial agent for a second-
line treatment of M. genitalium infections unsuccess-
fully treated with azithromycin regimens [69, 70]. As a 
consequence, the frequency of mutations connected to 
fluoroquinolones is anticipated to be higher in the WHO 
Western Pacific region than in the European region.

Our study also discovered that the rate of fluoroqui-
nolone-related mutations has remained relatively stable 
over the past 16 years, indicating no significant shifts in 
resistance. These findings align with those reported by 
Machalek and colleagues [15]. Additionally, our study 
shows a higher rate of dual resistance and MDR M. geni-
talium in the WHO Western Pacific populations com-
pared to the WHO European populations. This rise in 
resistance mirrors the rate of antibiotic misuse, history of 
antimicrobial exposure, and treatment guidelines for STIs 
in the WHO Western Pacific region, particularly in Japan 
and China. It also contributes to an increase in MDR in 
clinical isolates of M. genitalium [4, 16]. It is intriguing 
to note that the rates of MDR M. genitalium are higher in 
the MSM community than in other patient demograph-
ics. We infer that MSM patients bear a higher MDR bur-
den than heterosexual men, primarily due to the frequent 
exposure to azithromycin because of co-infection of M. 
genitalium with chlamydia or N. gonorrhea. Regrettably, 
the trend of MDR M. genitalium infection has been on 
the rise in recent years, and if the current scenario per-
sists, the efficacy of these antibiotic classes in treating M. 
genitalium infection will be lost. Consequently, utiliz-
ing innovative technologies for simultaneous pathogen 
detection and resistance biomarker identification could 
lead to more precise resistance status evaluations and the 
selection of the most effective initial treatment for these 
infections [71, 72]. Also with considering only a single 
study, we concluded that the rate of infection with MDR 
M. hominis was determined to be 33.78%. in another 
study, midrange resistance rates for M. hominis to tetra-
cycline, doxycycline and minocycline were 50.0%, 9.0% 
and 16.7%, respectively [73]. Because of the relationship 
of M. hominin with genital infections and the importance 
of the issue, more investigations must be conducted to 
determine antibiotic resistance status more precisely 
[74]. In our study, we have discerned that the preva-
lence of infection involving MDR M. salivarium stands 

at 14.3%. Despite the long-held assumption regarding 
the non-pathogenic nature of M. salivarium, it has been 
found that this bacterium is a common inhabitant of den-
tal plaque and gingival sulci [75, 76]. Moreover, while 
extra-oropharyngeal infections involving M. salivarium 
are considered rare, M. salivarium has also been identi-
fied in infections at other body sites [77–79]. Despite 
these findings, the understanding of the antibiotic resis-
tance characteristics of M. salivarium remains limited, 
with only a single study having evaluated its multidrug 
resistance profile to date. Therefore, there is a pressing 
need for additional research that focuses on exploring the 
antibiotic resistance of this bacterium.

Likewise, ureaplasma resistance has become wide-
spread in many global regions due to the overuse of anti-
biotics and the implementation of empirical therapies 
without drug susceptibility testing [80]. Ureaplasma spp. 
are divided into 14 different serovars across two spe-
cies, UUA and UPA. Current studies show that the trend 
towards increasing minimum inhibitory concentration 
(MIC) is greater in UUA than in UPA [81, 82]. Accord-
ing to our research, the rate of mutations connected to 
resistance to macrolides and fluoroquinolones was 52.8% 
(95% CI: 22.8–81.0) and 97.2% (95% CI: 92.8–98.9), 
respectively. However, the prevalence of resistance-
related mutations in Ureaplasma spp. was 40.8% for 
macrolides, 25.7% for tetracyclines, and 90.3% for fluoro-
quinolones. Hence, our findings align with prior research 
demonstrating that the antibiotic resistance status in 
UUA is more severe than in other pathogens in this fam-
ily (UPA) [83, 84]. Also, Ahmadi MH, operating a meta-
analysis study, calculated the midrange resistance rates 
for UUA/UPA to tetracycline, doxycycline, and minocy-
cline as 43.3%, 28.6%, and 9.0%, respectively. The related 
maximum resistance rates were 86.5, 57.1, and 16.2, 
respectively [73]. Our research revealed a high preva-
lence of macrolide resistance burden in clinical isolates of 
ureaplasmas isolated from African patients. Due to wide-
spread antibiotic misuse in African populations and the 
absence of a comprehensive surveillance system to moni-
tor antibiotic resistance status in this region, the antibi-
otic resistance status in these regions is typically more 
severe than in other parts of the world [85, 86].

According to our findings, the rate of mutations associ-
ated with tetracycline resistance in Ureaplasma spp. iso-
lates from African regions was higher than in the WHO 
European and Western Pacific regions. Tetracyclines are 
commonly used as the first line of treatment for Urea-
plasma infections in African regions, and thus it is logi-
cal to presume that the tetracycline resistance burden 
in these regions is higher than the global average [87]. 
Unfortunately, the number of mutations linked to tetra-
cycline resistance has been steadily increasing, primarily 
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due to empirical therapy without assessing the antibiotic 
resistance pattern of Ureaplasma spp. isolates.

Our analysis also revealed a high level of fluoroquino-
lone resistance across the globe, with the pooled preva-
lence of mutations linked to fluoroquinolone resistance 
in Europe, the WHO Western Pacific, and Africa being 
96.4%, 89.9%, and 99.5%, respectively. The widespread 
use of fluoroquinolones to treat various infectious dis-
eases can lead to high fluoroquinolone resistance [23]. 
MDR Ureaplasma infection was found in 13.2% of the 
population, and the prevalence of MDR Ureaplasma spp. 
strains in the African population is much higher than in 
the European and WHO Western Pacific populations. 
Prior research supports our findings, indicating that 
Ureaplasma antibiotic resistance is higher in developing 
countries than in developed ones [88]. Regrettably, the 
global trend of MDR Ureaplasma has risen from 1.6% 
to 2013 to 28.6% in 2023. The excessive use of antibiotics 
and a lack of local antimicrobial resistance surveillance 
contribute to an uncontrollable increase in antibiotic 
resistance.

As a result, the present study assists clinicians in refin-
ing treatment guidelines to circumvent and manage the 
emergence of antibiotic-resistant strains by illuminating 
the epidemiological traits of MDR M. genitalium and 
Ureaplasma strains. Despite this, our study has certain 
limitations; (1) Our investigation assessed the prevalence 
of antibiotic resistance mutations in samples from symp-
tomatic patients, hence, our findings have implications 
for STI clinics, but cannot be generalized to the wider 
population, (2) Despite our utilization of a random-
effects model, high heterogeneity was observed. Various 
factors such as clinical, methodological, and statistical 
can contribute to this heterogeneity in pooled estimates. 
Clinical heterogeneity can arise due to characteristics 
such as participant characteristics, socioeconomic sta-
tus, body mass index, gender, age, symptoms, HIV status, 
infection site, and mutation identification methods. Sta-
tistical heterogeneity may lead to inconsistent results in 
subgroup analyses; sensitivity analysis might not signifi-
cantly reduce the heterogeneity, (3) The WHO American 
and African regions have been underrepresented in the 
research, with no studies conducted in Southeast Asian 
or Eastern Mediterranean nations, (4) Our research 
only identified a few mutations for resistance to macro-
lides and fluoroquinolones, hence, we did not investigate 
mutations outside these regions associated with resis-
tance and treatment failure, (5) Despite the inclusion of 
research focusing on various Mycoplasma species in our 
investigative analysis, only two studies pertaining to M. 
hominis and M. salivarium met the eligibility criteria. 
Consequently, to apply these findings more broadly to 
other Mycoplasma species, additional research must be 
conducted to validate and support these interpretations. 

Lastly, despite our re-evaluation and adjustment of the 
pooled estimates of bias instances using the trim-and-fill 
method, significant publication bias was observed in our 
selected research.

Conclusion
The increasing prevalence of antibiotic resistance in 
Mycoplasma and Ureaplasma infections is a significant 
yet underappreciated challenge; if unchecked, it may 
escalate into a global problem. Current treatment guide-
lines for Mycoplasma and Ureaplasma largely rely on 
anecdotal evidence rather than drug susceptibility test-
ing. Our results underscore the need to reevaluate the use 
of empirical antibiotic therapy with single-dose azithro-
mycin for the treatment of these infections. Minimizing 
the use of macrolides and fluoroquinolones, employing 
resistance-guided treatment guidelines, adopting combi-
nation therapy with new classes of antimicrobial agents, 
implementing simultaneous detection methods for infec-
tion and antibiotic resistance mutations, and carrying out 
epidemiological surveillance of antibiotic resistance can 
aid clinicians not only in effectively treating Mycoplasma 
and Ureaplasma treatment-resistant infections but also 
in mitigating the rise in antibiotic resistance.
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