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Mycoplasma pneumoniae is a major pathogen as-
sociated with community-acquired respiratory 

infections in school-age children. Cyclic epidemics 
occur every few years (1). As the COVID-19 pan-
demic waned, M. pneumoniae reemerged in a patient 
population in Ohio, USA, in September 2023. Activity 
peaked in summer 2024. This elevated activity per-
sisted through winter 2024–25 and declined in the 
spring 2025, resulting in the largest M. pneumoniae 
outbreak in central Ohio in a decade. 

Macrolides are the first-line treatment for M. 
pneumoniae infections (2). We previously reported 
an average of 2.4% macrolide-resistant M. pneu-
moniae (MRMp) rate during September 2023–Sep-
tember 2024, which showed resistance increasing 
over time (3). Here, we describe an overview of the 
entire outbreak and changes in MRMp rates during 
that period.

During September 1, 2023–May 27, 2025, we 
identified patients <21 years of age who had positive 
M. pneumoniae tests by multiplex respiratory molecu-
lar panel (RP2.1; BioFire Diagnostics, https://www.
biofiredx.com) or laboratory-developed PCR (MPN-
PCR). We tested a subset of remnant specimens for 
macrolide resistance (3). We extracted demographic 
information, laboratory findings, testing location, 
and hospitalization status from electronic medi-
cal charts. We obtained azithromycin prescription 
data from records of patients seen at Nationwide  

Children’s Hospital urgent care centers. We con-
ducted data analyses by using GraphPad Software 
(https://www.graphpad.com). 

During the study period, 45,320 M. pneumoniae  
tests were performed. We identified 7,969 (17.6%) 
positive results from 7,649 unique patients during 
7,740 medical encounters (Table; Appendix Figure, 
https://wwwnc.cdc.gov/EID/article/31/12/25-
1008-App.pdf). Positive test percentages began in-
creasing in June 2024, peaked at 31% in July, and re-
mained >20% until January 2025. The median age of 
patients with positive tests was 8.9 years (interquar-
tile range [IQR] 5.8–12.0 years); 4,037 (52.8%) were 
male and 3,612 (47.2%) female. A total of 657 (8.5%) 
patients were hospitalized; 153 (2.0%) required in-
tensive care unit (ICU) admission. Among the 795 
patients with positive M. pneumoniae tests who had 
RP2.1 testing, 340 (42.8%) had co-detection of other 
respiratory viruses on the panel. We conducted an 
age-stratified analysis of resistance rates, testing lo-
cation, hospitalization, ICU admission, and co-de-
tection (Appendix Table 1).

Among positive M. pneumoniae tests, we success-
fully sequenced 2,014 (25.0%) samples (Appendix 
Table 2). Resistance mutations occurred in 90 (4.5%) 
samples; 84 were A2063G, 5 were A2064G, and 1 
was A2064T. Monthly resistance rates increased 
over time, peaking in October (8.7%) (Table; Fig-
ure). We detected no resistance mutations among 26 
(36.1%) samples collected during March–May 2025. 
The resistance rate of the entire outbreak was high-
er than we previously reported (4.5% vs. 2.4%; p = 
0.0152) (3). The median age of the 90 patients with 
MRMp was 9.1 years (IQR 6.3–12.3 years); 57 (63.3%) 
were male and 33 (36.7%) female (Appendix Table 
1). Among 88 patients whose charts we reviewed, 27 
(36.7%) had previous azithromycin exposure. Eigh-
teen (20.0%) patients were hospitalized, and 4 (4.4%) 
received ICU care. Hospitalization, ICU admission, 
and co-detection rates were higher in patients with 
MRMp, although only hospitalization rates were 
significantly different between the 2 groups (Appen-
dix Table 2).

Azithromycin prescribing rates from urgent care 
centers rose alongside MRMp rates and M. pneumoni-
ae–positive rates (Table; Figure). As M. pneumoniae 
activity declined, azithromycin prescribing also de-
creased. Although azithromycin data were not avail-
able for all patients, testing at urgent care centers con-
stituted 24.6% of M. pneumoniae testing and 44.5% of 
positive results for the whole study period (Table).

This study revealed a substantial M. pneumoniae 
infection prevalence in central Ohio as the COVID-19 

As the COVID-19 pandemic waned, Mycoplasma pneu-
moniae reemerged in the pediatric population in Ohio, 
USA. The rate of macrolide-resistant M. pneumoniae 
fluctuated by month, ranging from 0 to 8.7%, and mir-
rored the azithromycin prescribing rate. Real-time sur-
veillance for macrolide-resistant M. pneumoniae pro-
vides accurate information for management of children 
with these infections.
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pandemic waned. More than 7,000 pediatric cases 
were identified in 21 months. Our findings confirmed 
a rising MRMp rate during the outbreak, peaking 
in October 2024 and returning to baseline after M. 
pneumoniae activity subsided. No MRMp was de-
tected after March 2025. Prior macrolide exposure is 
a known risk factor for macrolide resistance (4), and 
rapid emergence of resistance during treatment has 
been reported (5,6). In this study, the rate of macro-
lide resistance correlated with changes in macrolides 
use, represented by azithromycin prescribing data 
(Figure). We postulate that increasing macrolide 

use in the community contributed to the emergence 
of MRMp, unlike MRMp epidemics in eastern Asia, 
where resistance was primarily driven by spread of 
resistant strains (7–9). As macrolide prescribing de-
clined, the MRMp rate subsequently returned to base-
line levels. Future research will include molecular 
characterization of the M. pneumoniae strains in this 
outbreak through genomic sequencing to support or 
refute our hypothesis.

The clinical effect of MRMp remains inconclu-
sive. Prepandemic data from our center showed that 
MRMp was associated with longer hospital stays and 

 
Table. Mycoplasma pneumoniae testing volume, number of positive tests, sequencing volume, resistance detection, and azithromycin 
prescriptions, by month, Ohio, USA, September 2023–May 2025* 

Month 

Total cohort 

 

Urgent care center cohort 
No. 

samples 
tested 

No. (%) 
positive  

No. (%) 
sequenced 

No. (%) 
resistant 

No. 
samples 
tested 

No. (%) 
positive 

No. (%) 
sequenced 

No. (%) 
resistant 

Azithromycin 
prescription 

rate† 
2023           
 Sep  818 5 (0.6) 0 NA  38 0 0 NA 4 
 Oct 1,001 29 (2.9) 0 NA  55 6 (10.9) 0 NA 6 
 Nov 1,348 59 (4.4) 0 NA  102 7 (6.9) 0 NA 8 
 Dec 1,697 62(3.7) 0 NA  160 13 (8.1) 0 NA 9 
2024           
 Jan 1,388 57 (4.1) 6 (10.5) 0  79 13 (16.5) 5 (38.5) 0 6 
 Feb 1,303 29 (2.3) 6 (20.7) 0  76 4 (5.3) 2 (50.0) 0 5 
 Mar 1,085 45 (4.2) 1 (2.2) 0  62 12 (19.4) 1 (8.3) 0 5 
 Apr 965 56 (5.8) 27 (48.2) 0  73 14 (19.2) 10 (71.4) 0 6 
 May 1,045 106 (10.1) 47 (44.3) 0  130 36 (27.7) 21 (58.3) 0 8 
 Jun 1,020 266 (28.1) 145 (54.1) 1 (0.7)  251 126 (50.2) 82 (65.1) 1 (1.2) 25 
 Jul 1,318 407 (30.9) 226 (55.5) 2 (0.9)  396 194 (48.7) 124 (64.3) 2 (1.6) 35 
 Aug 2,009 642 (32.0) 285 (44.4) 10 (3.9)  761 343 (45.1) 180 (52.5) 4 (2.2) 51 
 Sep 3,067 860 (28.0) 252 (29.3) 11 (4.4)  1,253 479 (38.2) 133 (27.8) 3 (3.0) 69 
 Oct 5,657 1,831 (32.4) 299 (16.3) 26 (8.7)  2,084 826 (39.6) 108 (13.1) 6 (5.6) 109 
 Nov 6,943 1,649 (23.8) 276 (16.7) 13 (4.7)  2,322 693 (29.8) 117 (16.9) 3 (2.6) 131 
 Dec 6,210 1,288 (20.7) 270 (21.0) 17 (6.3)  1,976 572 (29.0) 120 (21.0) 6 (5.0) 109 
2025           
 Jan 2,779 388 (14.0) 121 (31.2) 8 (6.6)  587 146 (24.9) 56 (38.4) 2 (3.5) 37 
 Feb 2,032 118 (5.8) 27 (22.9) 2 (7.4)  300 36 (12.0) 3 (8.3) 1 (33.3) 13 
 Mar 1,452 38 (2.6) 14 (36.8) 0  174 20 (11.5) 9 (45.0) 0 6 
 Apr 1,257 26 (2.1) 8 (30.8) 0  132 2 (1.5) 2 (100) 0 6 
 May 926 8 (0.9) 4 (50.0) 0  131 4 (3.1) 2 (50.0) 0 7 
Total 45,320 7,969 (17.6) 2,014 (25.3) 90 (4.5)  11,142 3,545 (31.8) 975 (27.5) 28 (2.9)  
*NA, not available. 
†Per 1,000 patients. 

 

Figure. Monthly azithromycin 
prescriptions per 1,000 patients 
at Nationwide Children’s 
Hospital urgent care centers, 
Mycoplasma pneumoniae 
positive rates, and MRMp rates, 
Ohio, USA, September 2023–
May 2025. Macrolide resistance 
was determined in a subset of 
samples. MRMp rates were not 
available during September 
2023–December 2023. 
MRMp, macrolide-resistant M. 
pneumoniae.
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increased ICU admissions. Conversely, a national 
surveillance study in the United States showed no 
significant difference (10). In our study, MRMp was 
linked to increased hospitalization. Those discrepan-
cies might reflect variations in testing algorithms and 
study design. Further in-depth clinical characteriza-
tion is needed to understand the underlying factors 
contributing to these outcomes.

Our study revealed a substantial M. pneumoni-
ae infection prevalence in our patient population, 
confirmed increasing macrolide resistance, and 
showed that the MRMp rates fluctuated, possibly 
in correlation with azithromycin prescribing rates. 
Our findings highlight the importance of vigilant, 
real-time surveillance for MRMp to provide accu-
rate information for management of children with 
M. pneumoniae infection.

This study was approved by the Nationwide Children’s 
Hospital Institutional Review Board (approval no. 
STUDY00004480).

A.L.L. received research funding from BioFire, Cepheid, 
and Luminex, and consulting fees from Medscape, BioRad, 
and QIAGEN. S.O. received research funding from  
Affinity Biosensors. H.W. received research funding from 
Clear Labs and Meridian Bioscience. The remaining  
authors have no conflicts of interest.

About the Author
Dr. Wang is the Director of Molecular Microbiology 
Laboratory at Nationwide Children’s Hospital and 
an Associated Professor of Pathology in the College 
of Medicine, The Ohio State University. Her primary 
research interest includes molecular assay development 
for pediatric infectious diseases and emerging pathogens, 
assessing test performance, and improving test utilization.

References
  1.	 Waites KB, Xiao L, Liu Y, Balish MF, Atkinson TP.  

Mycoplasma pneumoniae from the respiratory tract and be-
yond. Clin Microbiol Rev. 2017;30:747–809.  
https://doi.org/10.1128/CMR.00114-16

  2.	 Bradley JS, Byington CL, Shah SS, Alverson B, Carter ER, 
Harrison C, et al.; Pediatric Infectious Diseases Society and 

the Infectious Diseases Society of America. The management 
of community-acquired pneumonia in infants and children 
older than 3 months of age: clinical practice guidelines by 
the Pediatric Infectious Diseases Society and the Infectious 
Diseases Society of America. Clin Infect Dis. 2011;53:e25–76. 
https://doi.org/10.1093/cid/cir531

  3.	 Leber AL, Embry T, Everhart K, Taveras J, Oyeniran SJ, 
Wang H. Macrolide-resistant Mycoplasma pneumoniae  
infections among children after COVID-19 pandemic,  
Ohio, USA. Emerg Infect Dis. 2025;31:555–8.  
https://doi.org/10.3201/eid3103.241570

  4.	 Okada T, Morozumi M, Tajima T, Hasegawa M, Sakata H, 
Ohnari S, et al. Rapid effectiveness of minocycline or  
doxycycline against macrolide-resistant Mycoplasma  
pneumoniae infection in a 2011 outbreak among Japanese 
children. Clin Infect Dis. 2012;55:1642–9. https://doi.org/ 
10.1093/cid/cis784

  5.	 Hantz S, Garnier F, Peuchant O, Menetrey C, Charron A, 
Ploy MC, et al. Multilocus variable-number tandem-repeat 
analysis-confirmed emergence of a macrolide resistance-
associated mutation in Mycoplasma pneumoniae during  
macrolide therapy for interstitial pneumonia in an  
immunocompromised child. J Clin Microbiol. 2012;50:3402–5. 
https://doi.org/10.1128/JCM.01248-12

  6.	 Chironna M, Sallustio A, Esposito S, Perulli M, Chinellato I,  
Di Bari C, et al. Emergence of macrolide-resistant strains  
during an outbreak of Mycoplasma pneumoniae infections  
in children. J Antimicrob Chemother. 2011;66:734–7.  
https://doi.org/10.1093/jac/dkr003

  7.	 Li Y, Liang M, Shi Q, Liu C, Zha H, Lin H, et al. Molecular 
characteristics of macrolide-resistant Mycoplasma  
pneumoniae in children with community-acquired  
pneumonia in Urumqi, Xinjiang, China in autumn, winter, 
and spring 2023–2024. J Infect Public Health. 2025;18:102748. 
https://doi.org/10.1016/j.jiph.2025.102748

  8.	 Miyashita N, Ogata M, Fukuda N, Yamura A, Ito T.  
Macrolide-resistant Mycoplasma pneumoniae infection  
prevalence increases again in Osaka. Respir Investig. 
2025;63:517–20. https://doi.org/10.1016/j.resinv.2025.04.009

  9.	 Jiao W, Wang J, Li C, Wang P, Xu S, Bi J, et al. Genetic  
factors driving the Mycoplasma pneumoniae outbreak among 
children post–COVID-19 in China: a whole genome  
analysis. Lancet Reg Health West Pac. 2025;59:101578. 
https://doi.org/10.1016/j.lanwpc.2025.101578

10.	 Waites KB, Ratliff A, Crabb DM, Xiao L, Qin X,  
Selvarangan R, et al. Macrolide-resistant Mycoplasma  
pneumoniae in the United States as determined from a  
national surveillance program. J Clin Microbiol. 
2019;57:e00968-19. https://doi.org/10.1128/JCM.00968-19

Address for correspondence: Huanyu Wang, Department of 
Pathology and Laboratory Medicine, Nationwide Children’s 
Hospital, 700 Children’s Dr, Columbus, OH 43205, USA; email: 
huanyu.wang@nationwidechildrens.org


