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Abstract
Background  Mycoplasma pneumoniae (M. pneumoniae) is a common pathogen of community-acquired pneumonia 
(CAP). Epidemics occur every 3–7 years especially in pediatric patients. We collected data from a large laboratory 
network in Germany to define the epidemiological dynamics in the pre- and post-COVID-19 pandemic period.

Methods  In this retrospective cohort study we included all patients that obtained targeted or multiplex PCR for M. 
pneumoniae from nasopharyngeal swabs, sputum or bronchoalveolar fluids from 2015 to 2024. Demographic data 
(age, sex, place of residence, in- or outpatient status) were compared between M. pneumoniae positive and negative 
patients and co-infections with bacterial or viral pathogens analyzed.

Results  We screened 38,204 patients for M. pneumoniae. We identified 1448 cases (3.8%) of M. pneumoniae (48.8% 
females). Pediatric patients ≤ 18 years represented 75.7% of M. pneumoniae patients and 2.3% were ≥ 60 years. 
Incidence of M. pneumoniae increased in fourth quartile 2015 (16.2%), second quartile 2018 (14.8%) and fourth 
quartile 2023 (13.4%). No cases were detected during COVID-19 pandemic 2021. Young age (aOR 0.98 95%-CI 
0.97–0.98), outpatient status (aOR 0.56 95%-CI 0.43–0.71) and year of testing (OR dependent on year of testing) 
were predictors of M. pneumoniae detection in multivariate analysis (p < 0.001). We observed a significant increase in 
outpatients with M. pneumoniae after COVID-19 pandemic (86.7 vs. 96.5%, p = < 0.001, aOR 0.25, 95% CI 0.15–0.4).

Conclusions  Empirical treatment of CAP patients often does not include coverage of M. pneumoniae. A more 
thorough implementation of available surveillance data into clinical routine, respective therapies could be adapted 
more quickly during epidemic outbreaks of M. pneumoniae infections.
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Background
Mycoplasma pneumoniae (M. pneumoniae) is one of 
the most common bacterial pathogens of community-
acquired pneumonia (CAP). Studies from North America 
and Europe estimate that M. pneumoniae are account-
able for 10–40% of CAP in children and 4–8% in adults 
during endemic periods [1, 2]. M. pneumoniae is most 
frequently detected during winter months. Incidences 
can rise to 40% in adults during epidemics which occur 
every 3–7 years [3]. M. pneumoniae can cause asymp-
tomatic infection, mild, self-limiting disease or severe 
CAP [1, 4]. Co-infections with respiratory viruses are 
common in children [1]. Approximately 25% of patients 
have extrapulmonary manifestations including pericar-
ditis, endocarditis, hepatitis, arthritis, encephalitis, asep-
tic meningitis, otitis and thrombosis [5]. Furthermore, 
M. pneumoniae is commonly linked to mucocutane-
ous disease including erythema multiforme, erythema 
nodosum, Stevens-Johnson syndrome and mucositis. 
Infections with M. pneumoniae increase the risk of child-
hood asthma and exacerbation of chronic lung disease 
and are a common cause of severe CAP in adults [4].

M. pneumoniae cannot be detected in routine micro-
biological diagnostics but special media for bacterial 
growth or testing by polymerase chain reaction (PCR) 
are needed. Furthermore, serology can identify M. pneu-
moniae infection if a 4-fold increase in titer or sero-
conversion is detected. Therefore M. pneumoniae is 
presumably underdiagnosed. No reporting obligation 
exists for M. pneumoniae in Germany. During COVID-
19 pandemic few cases of M. pneumoniae were reported 
from 2020 to 2022. Few data have been reported so far on 
rates of M. pneumoniae after the pandemic: Recent data 
show an increase of M. pneumoniae cases since 2023 in 
the Europe and China [6–10]. We aimed to characterize 
M. pneumoniae detection before and after COVID-19 
pandemic in Germany.

Methods
We conducted a retrospective cohort study including 
all patients which were identified in the laboratory data 
base to be tested for M. pneumoniae from respiratory 
samples from January 2015– May 2024. Samples were 
sent to and collected at two large microbiology laborato-
ries of the LADR Laboratory group Dr. Kramer & Col-
leagues that perform diagnostics for > 20,000 physicians 
and > 400 inpatient clinics especially from the North 
Western region of Germany. There were no exclusion 
criteria. If more than one sample per patient was sent 
to the laboratory within 72 h, one sample was randomly 
selected and included in the analysis. Respiratory mate-
rial included nasopharyngeal swabs, sputum and bron-
choalveolar lavage fluids. Baseline characteristics of 
patients were date of sampling, age, sex, postal code and 

data on outpatient or inpatient sampling. Detected co-
infection with other respiratory viruses and bacteria on 
multiplex PCR were analyzed. The study was approved by 
the ethics committee of the university of Luebeck accord-
ing to the declaration of Helsinki (number 2024-897167). 
Anonymous data was used, no consent to participate was 
required. COVID-19 pandemic was dated to 11.03.2020–
5.5.2023 according to the world health organization`s 
definition as a pandemic.

Microbiology
All analyses were performed at LADR. Three different 
PCRs were used to detect M. pneumoniae according to 
manufacturer’s specification (supplementary Table 1): 
two multiplex PCRs (Allplex™ PneumoBacter Assay/
Allplex™ RV Essential Assay by Seegene; Panel 1 and 
NxTAG® Respiratory Pathogen Panel Test by Luminex; 
Panel 2) including several bacterial and viral pathogens 
and a M. pneumoniae targeted PCR (ModularDx Kit M. 
pneumoniae, TibMolBiol). PCRs were performed accord-
ing to the respective technical instructions in the dif-
ferent LADR laboratories upon request of the sending 
physician. Both multiplex PCR panels included Myco-
plasma pneumoniae, adenovirus, influenza virus A/B, 
human metapneumovirus, parainfluenza virus 1–4, 
respiratory syncytial virus, Chlamydophila pneumoniae 
and Legionella pneumophila. Panel 1 further included 
human rhinovirus A/B/C, Bordetella pertussis / par-
apertussis, Haemophilus influenzae and Streptococcus 
pneumoniae. Panel 2 also included human bocavirus, 
coronavirus (229E, HKU1, NL63, OC43) and rhino-/
enterovirus. SARS-Cov-2 was included in panel 2 since 
2022.

Statistics
Statistical analysis was performed using Jamovi (ver-
sion 2.3.28.0) and R (version 4.2.2.). Statistical tests 
were performed without imputation of missing values. 
P-value < 0.05 was considered statistically significant. 
Normal distribution was analyzed using Shapiro-Wilk 
test and q-q analysis. P-value was calculated using Mann-
Whitney U-test and Wilcoxon test for nonparametric 
data where appropriate. Logistic regression using a gen-
eralized linear binomial model including age, gender, in/
out-patient status and the year of testing as co-variables 
was used to obtain odds ratio associated to M. pneu-
moniae positivity using the package epiDisplay. Collin-
earity was tested using Variance Inflation Factor (VIF) 
and all included variables were independent (VIF range: 
1.00-1.14).
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Results
We included 38,204 samples into the analysis. A total 
of 1448 cases (3.8%) were tested positive for M. pneu-
moniae (48.8% females). Baseline characteristics of M. 
pneumoniae patients are shown in Table  1. Pediatric 
patients (age ≤ 18 years) represented 75.7% of M. pneu-
moniae cases and 2.3% of patients were ≥ 60 years of 
age. M. pneumoniae positive cases were taken in 95.0% 
from outpatients compared to 78.4% in M. pneumoniae 
negative cases (MPN) (p < 0.001, aOR 0.56 95%-confi-
dence interval (CI): 0.43–0.71) as illustrated in Fig.  1A. 
M. pneumoniae cases were significantly younger than 
MPN (median age 11 years (interquartile range (IQR) 
8–17) vs. 42 years (IQR 9–65), p < 0.001, OR 0.98, 95%-
CI 0.97–0.98). Hospitalized patients with M. pneumoniae 
were significantly older than outpatients (mean age 17 
(IQR 11–40) vs. 11 years (IQR 7–16) in in- vs. outpa-
tients respectively, p < 0.001, OR 1.03, 95% CI 1.01–1.04). 
We observed significant differences in age (p < 0.001, 
aOR 0.89 95%-CI 0.79–0.99) and sex (p = 0.029, aOR 0.98 
(0.97,0.98)) in M. pneumoniae cases from 2015 to 2024 
(Fig. 1B). Outpatient status (OR 0.56 95%-CI 0.43–0.71) 
and year of testing (OR dependent on year of testing, sTa-
ble 2) were further predictors of M. pneumoniae detec-
tion in multivariate analysis (p < 0.001). The regional 
distribution of M. pneumoniae cases over time shows a 
focus on the North and/or Western region of Germany 
(Fig. 2).

Distribution of M. pneumoniae cases showed 225 
(15.5%) of detected cased before and 1175 (81.1%) after 
COVID-19 pandemic (Table  2). In total, only 48 cases 
were detected during COVID-19 pandemic. While no 
difference in age and sex before and after COVID-19 
pandemic were seen, we observed a significant increase 
in outpatients after COVID-19 pandemic (86.7 vs. 96.5%, 
p = < 0.001, aOR 0.25, 95% CI 0.15–0.4).

Highest positivity rates of M. pneumoniae were 
observed in November and December 2015 (16.2%), 
April to June 2016 (12.5%) and April to June 2018 (14.8%) 
and October to December 2023 (13.4%), while no cases 
of M. pneumoniae were detected in 2021 (Fig.  1C). 
An increase in overall cases was also detected in Janu-
ary to March 2024. Test ordering capacity significantly 
increased over time (p < 0.001).

Co-infections of M. pneumoniae with bacterial or viral 
pathogens were frequently detected (21.3%) from 2015 to 
2024. Most common co-infections were influenza virus 
A/B, rhinovirus, metapneumovirus and respiratory syn-
cytial virus (supplementary Table 1). We did not detect 
co-infections with common pathogens of CAP like Strep-
tococcus pneumoniae and SARS-Cov-2 after introduction 
in PCR panel after 2022.
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Discussion
Our study highlights the epidemic spread of M. pneu-
moniae during the winter season 2015 and spring / sum-
mer 2016 and 2018 in Germany. Re-emergence of M. 
pneumoniae after COVID-19 pandemic was detected 
starting in October 2023 until the first quarter of 2024. M. 
pneumoniae cases showed a steep increase in comparison 
with the pre-pandemic number of cases in Germany. The 
positivity rate stayed the same even though testing capac-
ity dramatically increased. Cases in the second quar-
tile 2024 were decreasing. In contrast to other bacterial 
pathogens like Streptococcus pyogene [11], which showed 
increased clinical severity or Streptococcus pneumoniae 
which caused outbreaks after the COVID-19 pandemic, 

current spread of M. pneumoniae has exceeded the his-
torical number of cases but this was mainly driven by 
outpatients suggesting mild clinical cases. Interestingly, 
most M. pneumoniae cases were young and not hospital-
ized, but hospitalized M. pneumoniae patients were sig-
nificantly older. Similar characteristics were reported by 
a large scale outbreak in Marseille, France [12]. This con-
trasts current data from the Netherlands and Denmark 
[6, 7] who frequently observed hospitalization and 11% 
had severe M. pneumoniae CAP which needed treatment 
in the intensive-care unit. Severe M. pneumoniae CAP 
was reported by other European countries especially in 
adult patients since 2023 including Switzerland [13] and 
North-Western France [14].

Fig. 1  A) Age chart illustrating the different distribution of age and number of outpatients in Mycoplasma pneumoniae positive and negative cases. B) 
Distribution of age and sex in Mycoplasma pneumoniae positive cases from 2015–2024. C) Distribution of positive Mycoplasma pneumoniae tests and 
positivity rate in Germany from 2015–2024. Y-axis on the left-hand side showing overall number of positive Mycoplasma pneumoniae cases and on the 
right-hand side the percentage of positive Mycoplasma pneumoniae cases in comparison to all test for Mycoplasma pneumoniae performed. QI = January 
to March, QII = April to June, QIII = July to September, QIV = October to December
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Current empirical antibiotic treatment of CAP with 
beta-lactam with or without beta-lactamase-inhibitor is 
not active for M. pneumoniae. Treatment options include 
tetracycline, quinolones and macrolides. Addition of a 
macrolide to empirical treatment of CAP is currently lim-
ited by guidelines to severely ill hospitalized patients with 
CAP. Current treatment algorithms will withhold active 
antibiotic treatment in most cases as shown by our data 
as patients were mainly observed in the outpatient set-
ting. Unfortunately, proportions of macrolide-resistant 
M. pneumoniae are constantly rising and have increased 
especially in the Western Pacific Area from 18.2% in 
2000 to 76.5% in 2019 [15]. Current outbreak in China is 
reported to be dominated by a macrolide resistant clone 
[16]. Macrolide resistance is less pronounced in Europe 
with 5% resistant isolates. On the basis of this data we 
advise for the introduction of a reporting obligation in 

Germany to early detect epidemics and adjust of empiri-
cal antimicrobial treatment for in- and outpatients dur-
ing epidemics of M. pneumoniae and early detect the 
development of antimicrobial resistance.

Our data is in line with previously reported epidemics 
of M. pneumoniae occurring every 3–7 years. The most 
plausible explanation is that in contrast to many other 
bacterial infections the adaptive immune system plays 
a central role for protections. Pre-existing high titers of 
Mycoplasma-specific IgG have been shown to be pro-
tective of M. pneumoniae infection in non-smokers [17, 
18], but titers of IgG antibodies decline over time. In con-
trast, during the COVID-19 pandemic low numbers of 
M. pneumoniae cases have been reported [8, 19]. Non-
pharmaceutical interventions (NPI) have been shown to 
be protective of SARS-Cov-2 infection and infection with 
other respiratory viruses [20] and have also been also 

Table 2  Mycoplasma pneumoniae positive patients pre- and post-COVID-19 pandemic. M. pneumoniae = Mycoplasma pneumoniae. 
AOR = adjusted odd`s ratio, N = number of cases, IQR = interquartile range
Characteristics M. pneumoniae pre-

COVID-19 pandemic
M. pneumoniae post-
COVID-19 pandemic

p-value (univariate 
analysis)

p-value (multivari-
ate analysis)

aOR
(95% CI)

Age Median (IQR) 11
(7–24)

11
(8–16)

0.66 0.06 0.99
(0.98–1.0)

Age groups 0.30 - -
0–18 years N (%) 157 (69.8) 905 (77.0)
19–59 years N (%) 48 (21.3) 243 (20.7)
> 59 years N (%) 16 (7.1) 23 (2.0)
Female sex N (%) 111 (49.3) 561 (47.7) 0.66 0.73 1.05

(0.79–1.41)
Outpatients N (%) 195 (86.7) 1134 (96.5) < 0.001 < 0.001 0.25

(0.15–0.40)
Total N (%) 225 (15.5) 1175 (81.1) - - -

Fig. 2  Geographical distribution of Mycoplasma pneumoniae cases from 2015–2024
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protective for M. pneumoniae [19]. Since infections with 
M. pneumoniae are distributed by droplets like other 
respiratory viruses and SARS-Cov-2 NPI must have had 
an effect on M. pneumoniae distribution in the popula-
tion during COVID-19 pandemic. This might have led to 
declining antibody titers in the population, increased sus-
ceptibility and current M. pneumoniae epidemic in Ger-
many [8].

Furthermore, co-infection was observed in every fifth 
patient with influenza virus A/B and rhinovirus being 
most prevalent. Rhinovirus was the most prevalent co-
infection in a M. pneumoniae outbreak in France in 2024, 
especially in children < 5 years [12]. Data from China 
showed an adenovirus epidemic coinciding with the M. 
pneumoniae outbreak, which ended in the first quarter 
of 2024 [9]. Co-infections with influenza virus was also 
common after COVID-19 pandemic [21]. However, the 
data did not allow us to analyze the influence of possible 
co-infections systematically. This cohort is characterized 
by a high number of pediatric outpatients which confirms 
clinical data on M. pneumoniae CAP to be less severe. 
Adult patients were the minority of M. pneumoniae cases 
in most seasons in our cohort. This contrasts recent 
data from Denmark where 7% of children, 19% of adult 
patients aged 19–74 years and 48% >75 years were hos-
pitalized over several seasons [6]. M. pneumoniae was 
reported to be among the five most common pathogens 
of severe CAP [4]. Current German guidelines on CAP 
advise against routine testing for M. pneumoniae in 
adults and children. Therefore, the following hypothesis 
can be raised which should be targeted by future studies: 
(I) Pediatricians are more aware of M. pneumoniae CAP. 
(II) Adult CAP patients are highly underdiagnosed with 
M. pneumoniae in Germany.

Our study has some limitations: No information on 
clinical disease and course of infections was available. 
Long-term colonization and asymptomatic carriers with 
M. pneumoniae have been reported [22], but should 
then also have been detected during the Covid-19 pan-
demic. Since PCR diagnostics are expensive we assume 
that treating physicians only initiate diagnostics in symp-
tomatic patients. Also, higher bacterial load has been 
reported in symptomatic patients. The majority of sam-
ples were taken from outpatient children, which suggests 
the benign nature of the clinical pictures encountered. 
We cannot measure the rate of secondary hospitaliza-
tions of patients which might have led to an overesti-
mation of outpatients in our cohort. Furthermore, we 
cannot estimate incidence of M. pneumoniae in all areas 
of Germany since most patients were localized in the 
North and/or West of Germany (Fig.  2). An epidemic 
situation of M. pneumoniae infections has been reported 
by adjacent countries in 2023/2024 which suggests gen-
eralizability of our results [6, 7]. Detection of pathogens 

tested outside of the panels described was not included 
into the analysis. Therefore, the rate of coinfection could 
be higher, especially with SARS-Cov-2.

In conclusion, empirical treatment of CAP patients 
often does not include coverage of M. pneumoniae. Based 
on a more thorough implementation of available sur-
veillance data into clinical routine, respective therapies 
could be adapted more quickly during epidemic out-
breaks of M. pneumoniae infections. As hospitalization 
is increased in adult patients and severe courses of dis-
ease have been frequently reported, physicians should be 
aware and test for M. pneumoniae in CAP.
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