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ABSTRACT

Introduction: The COVID-19 pandemic and
associated non-pharmaceutical interventions
(NPIs) markedly reduced the circulation of res-
piratory pathogens. In late 2023, a resurgence
of Mycoplasma pneumoniae (MP) infections,
including macrolide-resistant strains (MRMP),
was documented worldwide. This study aimed
to determine MRMP prevalence and epidemio-
logical characteristics in Southern Italy during
the post-pandemic period.

Methods: Between January 2023 and
May 2025, 5362 respiratory specimens were
tested for M. pneumoniae and other respiratory
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pathogens using multiplex real-time polymer-
ase chain reaction (PCR). Macrolide resistance-
associated mutations in the 23S rRNA gene were
identified through PCR amplification and Sanger
sequencing. Data were stratified by age group
and clinical setting.

Results: MP prevalence peaked at 15.8% in
May 2025. Of 305 positive cases, the median
age was 10 years, 52.1% were male, and 86.9%
were hospitalized. Coinfections occurred in
23.3% of cases, particularly among children
<5 years. Macrolide resistance was detected in
7.5% of MP-positive samples, predominantly
the A2063G mutation (96%), with the highest
prevalence in patients aged 10-14 years (12.6%).
No resistance was identified in ICU patients.
Conclusion: The post-pandemic resurgence of
M. pneumoniae in Southern Italy, coupled with
sustained macrolide resistance, underscores the
need for continuous molecular surveillance and
targeted antimicrobial stewardship to optimize
therapy and prevent further resistance spread.
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Why carry out this study?

In the post-COVID19 period a pronounced
resurgence of Mycoplasma pneumoniae (MP) infec-
tions has been reported internationally, with
limited epidemiological data from Italy.

This is the first post-pandemic (2023-2025)
report on the prevalence of MP infections
and associated macrolide resistance (MRMP)
in Southern Italy, with detailed age-stratified
analysis.

What was learned from this study?

Overall MRMP rate of 7.5%, peaking in
preadolescents (12.6%, aged 10-14 years) and
predominantly associated with the A2063G
mutation.

Coinfections more frequent among younger
patients, highlighting potential clinical com-
plications and the need for thorough differ-
ential diagnosis.

Continued molecular surveillance, integra-
tion into routine diagnostics, and targeted
antimicrobial stewardship are needed to limit
the spread of MRMP and to optimize clinical
management and antimicrobial stewardship.

INTRODUCTION

Mycoplasma pneumoniae (MP) is a leading cause
of community-acquired respiratory tract infec-
tions, especially in children, adolescents, and
young adults [1]. Globally, it accounts for a
significant proportion of community-acquired
pneumonia (CAP) cases and is characterized by
cyclical epidemic peaks every 3-7 years [2]. Mac-
rolides are the first-line treatment, particularly
in pediatric populations, due to their efficacy
and safety profile. However, the emergence of
macrolide-resistant M. pneumoniae (MRMP) has
become a substantial clinical and public health
concern [2].

The COVID-19 pandemic and the widespread
adoption of NPIs, including school closures,
mask use, social distancing, and enhanced
hygiene, disrupted the transmission dynamics
of respiratory pathogens, resulting in a marked
global decline in M. pneumoniae incidence, par-
ticularly in children [3]. Since late 2023, a pro-
nounced resurgence of MP infections has been
reported internationally, attributed to altered
population immunity, behavioral changes, and
the pathogen’s long incubation period [4, S].

In Italy, MRMP strains have been reported
over the past decade, with prevalence rates vary-
ing according to geographic region and patient
population. Pediatric outbreaks in Southern
Italy have shown resistance rates up to 26% [6],
whereas reported rates of adult CAP cases in the
same region were around 7% [7]. Such variability
highlights the importance of regional surveil-
lance to inform empirical treatment and opti-
mize clinical outcomes.

This study aimed to provide an updated
assessment of MRMP prevalence in South-
ern Italy following the COVID-19 pandemic,
describing molecular resistance patterns, and
demographic distribution.

METHODS

Study Design and Population

We conducted a retrospective observational study
including all respiratory specimens processed at
the Molecular Epidemiology and Public Health
Laboratory, AOUC Polyclinic of Bari, between Jan-
uary 2023 and May 2025. Eligible patients were
both hospitalized and outpatient individuals with
acute respiratory tract infection symptoms who
underwent etiological testing. If multiple samples
were received from the same patient during the
same respiratory tract infection episode, only the
first sample was included. Demographic data were
retrieved from laboratory records.

Pathogen Detection

Respiratory specimens (nasopharyngeal swabs,
bronchoalveolar lavage fluid, or tracheal
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aspirates) were obtained from patients with a
diagnosis of upper and lower respiratory tract
infections. Specimens were collected using
standardized procedures and promptly trans-
ported to the laboratory. Nucleic acids were
extracted using the STARMag Universal Car-
tridge kit on the Nimbus IV platform (Seegene,
Seoul, Korea). M. pneumoniae DNA and other
respiratory pathogens, such as influenza virus
types A and B, adenovirus, human parainfluenza
virus types 1, 2, 3 and 4, rhinovirus, respiratory
syncytial virus types A and B, metapneumovi-
rus, human coronavirus 229E, NL63, and OC43,
human bocavirus, enterovirus, and SARS-CoV-2.
Bacteria including Staphylococcus aureus, Haemo-
philus influenzae, Moraxella catarrhalis, Streptococ-
cus pneumoniae, Legionella spp. and Legionella
pneumophila, Chlamydia pneumoniae, Pneumo-
cystis jirovecii, Bordetella pertussis, and Bordetella
parapertussis were detected using the Allplex™
Respiratory Panel Assays (Seegene, Seoul, Korea).

Macrolide Resistance Detection

All MP-positive samples were subjected to
molecular analysis for macrolide resistance.
Specifically, domain V of the 23S rRNA gene
was amplified and sequenced to identify muta-
tions associated with macrolide resistance
(A2063G, A2064G). Polymerase chain reaction
(PCR) amplification was performed using prim-
ers targeting the domain V region, followed
by Sanger sequencing as previously described
[7]. Sequences were analyzed using BioEdit
and MEGA software, aligned with reference
sequences to confirm point mutations.

Statistical Analysis

Positivity and resistance rates were calculated for
the overall study period and stratified by age,
clinical setting, and months of testing. Categori-
cal variables were compared using chi-square or
Fisher’s exact tests. Statistical significance was
set at p<0.05. Analyses were performed using
STATA v12 (StataCorp LLC, College Station, TX,
USA).

Ethical Approval

Ethical approval for this retrospective study was
waived because it was part of the legislated man-
date of the Health Promotion and Public Health
Department of the Apulia region, Italy (Prot. r_
puglia/AOO_005/PROT/22/09/2022/0006271).
All study procedures conformed to institutional
and national ethical standards and the 2013
revision of the Declaration of Helsinki.

RESULTS

A total of 5362 respiratory specimens were
tested, with 305 (5.7%) positive for MP. Monthly
positivity rates increased sharply from negligi-
ble levels in early 2023 to a peak of 15.8% in
May 2025 (Fig. 1).

The median patient age was 9 years (inter-
quartile range 6-12, range 0-78 years), and
52.1% were male. The characteristics of MP-pos-
itive patients by age group are shown in Table 1.
Most cases (86.9%) were hospitalized, and 2.0%
required ICU admission. Hospitalization rates
were similar across age groups, though ICU
admissions were more frequent in older patients
(>14 years).

Coinfections with other respiratory pathogens
(Haemophilus influenzae, Chlamydia pneumoniae,
Streptococcus pneumoniae, bocavirus, enterovi-
rus, influenza virus B, parainfluenza virus 3,
and rhinovirus) occurred in 23.3% of MP-pos-
itive cases, 84% of which were hospitalized. No
other pathogens were detected. The proportion
of coinfections varied significantly among age
groups (p<0.001), with the highest rate observed
in children under S years (44.1%).

Macrolide resistance was identified in 23
cases (7.5%). No MRMP was detected in 2023,
12 (52.2%) in 2024, and 11 (47.8%) in the first
5 months of 2025. The distribution of MRMP
cases did not increase in parallel with the
increasing number of MP isolates. The preva-
lence of macrolide resistance varied by age
group: 12.6% in children aged 10-14 years,
7.0% in 5-9 years, 4.4% in children older than
14 years, and 3.4% in the under S years group
(Fig. 2). Among the MRMP strains, 22 (95.7%)
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Fig. 1 Temporal trend in the total number of tests and positivity rates for Mycoplasma pneumoniae (MP) (January 2023~

May 2025)

harbored the A2063G mutation whereas only 1
(4.3%) showed the A2064G mutation.

When analyzed by clinical setting, MRMP
cases were identified in both hospitalized and
outpatient populations, with 69.6% and 30.4%
of resistant strains, respectively. No MRMP
strains were detected among ICU patients.

DISCUSSION

This study provides an updated and comprehen-
sive analysis of MRMP infections in Southern
Italy during the post-COVID-19 era, highlight-
ing substantial epidemiological changes. Our
surveillance detected a marked resurgence of
MP infections, with positivity rates in respira-
tory specimens rising from negligible levels in
early 2023 to an average monthly positivity rate
approaching 16% by May 2025. This upsurge,
which emerged in late 2023, coincided tempo-
rally with the relaxation of COVID-19-related

non-pharmaceutical interventions (NPIs), such
as social distancing and universal masking. Simi-
lar rebound patterns in MP circulation have been
reported in multiple European and Asian coun-
tries following NPI withdrawal [4, 5, 8, 9]. Dur-
ing the summer of 2025, persistent circulation
of MP was recorded, although a decrease in the
number of cases was observed after May 2025.
Although there has been a clear resurgence of
MP infections in the post-pandemic period, nei-
ther in our study nor in other countries around
the world has any seasonality been observed in
the occurrence of M. pneumoniae infection [4].
Further studies using data from a longer observa-
tion period are needed to explore seasonality of
MP infections in the post-COVID19 era.
Molecular characterization revealed a mac-
rolide resistance prevalence of 7.5%, predomi-
nantly linked to the A2063G point mutation
within domain V of the 23S rRNA gene, in
agreement with global surveillance reports [10,
11]. Resistance was predominantly observed in
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Fig.2 Distribution of MP and MRMP positive cases by age groups (January 2023-May 2025). Mycoplasma pneumoniae
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children, suggesting possible age-related differ-
ences in antimicrobial exposure, host immunity,
or transmission dynamics, although this find-
ing should be interpreted with caution because
of the small number of MRMP positive cases.
Further data are needed to better investigate the
predictive and risk factors for resistance. Detec-
tion of MRMP in both inpatients and outpa-
tients underscores its circulation in both com-
munity and hospital settings. Our prevalence
estimates are consistent with previous Italian
adult cohort data (about 7%) [7], but remain
markedly lower than the 26% reported during
earlier pediatric outbreaks in the same region
[6]. This relative stability contrasts with reports
from East Asia, where MRMP rates have risen
considerably, complicating empirical treatment
strategies [10, 12].

Internationally, our findings align with reports
of increased MP infections and the emergence of
MRMP during the post-pandemic period, includ-
ing outbreaks in the USA [13], Denmark [14],
and Germany [15]. Notably, the prevalence in
our Southern Italian cohort appears higher than
in these countries, where reported rates range
from below 2% to 2.61%. This discrepancy may
reflect variations in antimicrobial prescribing

practices, differences in surveillance intensity,
or distinct strain introduction and transmis-
sion dynamics. Furthermore, the prevalence of
macrolide resistance in MP found in this study
seems to differ significantly from that estimated
for Italy (approximately 3%) in a recent report
[11], given that no samples from Italian patients
were tested for macrolide resistance. This sug-
gests that more standardized and geographically
focused investigations should be conducted in
order to obtain more accurate data.

Clinically, the persistence of MRMP strains
poses significant therapeutic challenges, given
that macrolides remain the first-line empirical
treatment for MP, particularly in pediatric popu-
lations owing to their safety and efficacy profiles.
The presence of resistance increases the risk of
treatment failure, prolonged symptomatology,
and additional healthcare utilization. Addition-
ally, our data also demonstrated a high coinfec-
tion rate (23.3%), with the greatest burden in
children under 5 years of age. These coinfec-
tions, often involving viral or bacterial respira-
tory pathogens, can exacerbate disease severity,
complicate diagnosis, and guide inappropriate
antimicrobial use [2]. Most patients with coin-
fections were hospitalized. Unfortunately, no

A\ Adis



2740

Infect Dis Ther (2025) 14:2733-2741

information is available on the antibiotic treat-
ment received by patients, as this information
was not evident from the laboratory records and
therefore it was not possible to draw conclusions
on the possible use of antibiotics as a driver of
resistance development.

The drivers of this resurgence and sustained
resistance are likely multifactorial. Contributing
factors may include the temporary suppression
of transmission during NPIs, shifts in healthcare-
seeking behavior, changes in antibiotic prescrib-
ing patterns, and selective pressures favoring
resistant clones [3, 4, 16, 17]. Further investiga-
tions are warranted to elucidate these dynamics
and inform targeted public health interventions.

Strengths of this study include the integration
of molecular diagnostics with sequencing-based
resistance detection, enhancing the accuracy of
MRMP prevalence estimates. Limitations include
its retrospective single-center design, the small
sample size especially in the MRMP-positive group,
and limited availability of clinical and therapeu-
tical data. These may limit generalizability and
precluded a deeper analysis of disease severity and
treatment outcomes. Nevertheless, our findings
provide valuable epidemiological data for post-
COVID-19 MRMP surveillance in southern Europe.

CONCLUSIONS

The resurgence of M. pneumoniae infections in
Southern Italy, coupled with sustained mac-
rolide resistance, highlights the necessity for
continued molecular surveillance, integration
into routine diagnostics, and targeted antimi-
crobial stewardship. Further multicenter pro-
spective studies are essential to track resistance
trends, guide treatment strategies, and mitigate
public health impact.
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