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Seroepidemiological survey of
Mycoplasma pneumoniae in
children aged 0-6 years in
Huzhou city (October-
December 2023): a seasonal
cross-sectional study

Yan Liu, Yuda Wang, Chao Zhang, Xiaofu Luo, Zizhe Zhang,
Xiaogiang Hu and Jianyong Shen*

Huzhou Center for Disease Control and Prevention (Institute of Health Supervision of Huzhou),
Huzhou, Zhejiang, China

Objective: The study aimed to investigate the seroprevalence and geometric
mean  concentrations (GMCs) of  Anti-Mycoplasma  pneumoniae
immunoglobulin G (Anti-MP-IgG) among children aged 0-6 years in
October-December 2023 in Huzhou City, China, and explore the influence of
age and gender on seropositivity.

Design: Anti-MP-1gG levels were categorized into negative (<24 AU/mL),
borderline (>24 AU/mL and <36 AU/mL), and positive (>36 AU/mL) groups.
The GMCs and prevalence rates were analyzed according to age and gender.
Linear regression and logistic regression analyses were performed to assess
trends and associations.

Results: A total of 526 participants were enrolled in the study. The overall GMC
of Anti-MP-IgG was 6.21 AU/mL (95% ClI: 5.39-7.15). While there was no
significant difference in GMCs between genders (P=0.862), a significant
increasing trend in GMCs was observed with age (F=16.649, P<0.001). The
proportion of positive Anti-MP-1gG levels increased significantly with age,
from 10.20% in O-year group to 32.50% in 6-years group (P < 0.001). Logistic
regression revealed that age was significantly associated with Anti-MP-IgG
positivity (OR: 1.37, 95% ClI: 1.21-1.56, P <0.001), while gender was not.
Conclusions: The seroprevalence and GMCs of Anti-MP-1gG showed a clear
age-related increasing trend, indicating age as a significant factor for
seropositivity in children aged 0-6 years. Further studies are needed to
explore underlying mechanisms and the implications for public
health strategies.
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1 Introduction

Mpycoplasma pneumoniae (M. pneumoniae) is one of the
(CAP)
worldwide, with particularly high incidence and hospitalization

leading cause of community-acquired pneumonia
rates among children (1, 2). Epidemiological studies estimate
that M. pneumoniae accounts for approximately 22% of
pediatric pneumonia hospitalizations globally, with the highest
burden observed in Asia (3). The implementation of non-
pharmaceutical interventions (NPIs) during the COVID-19
pandemic (2020-2022) dramatically reduced M. pneumoniae
transmission (4, 5). However, following the relaxation of NPIs
in 2023, a significant resurgence occurred (6, 7), particularly
affecting children (8, 9). Recent studies have documented a
2.9-fold increase in childhood infections in Denmark (10) and a
detection rate of 38.8% among hospitalized children in Shanghai
(11), accompanied by altered seasonal patterns and increased
mixed infections.

M. pneumoniae infections not only cause acute respiratory
illnesses, but may also result in complications such as chronic
cough (12), asthma (13), which can adversely affect a child’s
physical and mental well-being and pose a significant public
health concern (14). Immune responses to M. pneumoniae
exhibit age-dependent maturation, progressing from passive
maternal antibody protection in early infancy to the
development of robust adaptive immunity after two years of age
(15). Following infection, the host typically produces specific
IgG antibodies against major immunodominant antigens, and
the quantitative changes in these antibody levels serve as
important indicators of both infection history (exposure) and
host immune competence (protective status) (16). Measuring
IgG antibodies in asymptomatic children is particularly valuable
that
transmission, identifying population immunity gaps that may

for detecting subclinical infections contribute  to
predict outbreak risks, and revealing age-specific vulnerability
patterns through antibody dynamics. Currently, epidemiological
data on M. pneumoniae IgG antibody (Anti-MP-IgG) levels in
healthy children remain limited, as most studies had focused
exclusively on acutely infected populations (17). This gap is
particularly pronounced for age-stratified seroprevalence
patterns and gender-specific variations, despite their importance
for understanding population immunity dynamics. Therefore,
assessing the immunological status of M. pneumoniae infections
in children is critical for developing effective disease prevention
and control strategies. Foundational data on antibody levels in
healthy children, particularly across different age groups,
remain scarce.

This study collected serum samples from healthy children
aged 0-6 years between October and December 2023 to measure
Anti-MP-IgG levels. The aim was to elucidate the distribution
characteristics of antibody levels in this population and explore
potential influencing factors. Through this research, we seek to
bridge the gap in foundational data on Anti-MP-IgG levels in
children, providing a scientific basis for enhancing disease

surveillance and prevention strategies for children.
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2 Materials and methods
2.1 Survey subjects and Serum samples

Our cross-sectional study was conducted from October 1st to
December 31st 2023 in Huzhou City, China, which comprises
three counties and two districts. A multistage stratified random
sampling method was employed to select the participants.
Firstly, we randomly selected one county (Deqing County) and
one district (Wuxing District) by lottery. Secondly, a street
within the chosen county/district was randomly selected,
respectively. Thirdly, the study subjects were randomly selected
by systematic random sampling from the community health
examination population with health status verified by certified
doctors within October 1st to December 31st 2023. The
participants were sampled across seven age groups: 0-year [<12
months], 1-year [>12 months and <24 months], 2-years [>24
months and <36 months], 3-years [>36 months and <48
months], 4-years [>48 months and <60 months], 5-years [>60
months and <72 months], 6-years [>72 months and <84
The
conditions, and no respiratory symptoms within 14 days

months]. inclusion criteria were no acute/chronic
(confirmed by parental report and clinician confirmation).
with

symptoms such as fever, cough, and wheezing in the past two

Exclusion criteria included individuals respiratory
weeks, as well as those with acute or chronic infectious diseases,
recent trauma or surgery, malignant tumors, immunodeficiency
diseases, liver/kidney dysfunction, and neurological disorders
that might impact the results. Based on an existing research, the
seropositivity rate of Anti-MP-IgG in children was 45% (18),
with a=0.05, 1-$=0.90, and d=0.1p, the minimum required
sample size was calculated using the standard formula for cross-

722 xP(1-P,
studies: N:%H (19). The

calculated minimum sample size was 467 individuals. Accounting

sectional  prevalence
for a 10% loss to follow-up, a minimum of 514 individuals needed
to be surveyed. Demographic information such as birthday, gender,
age and other relevant factors, along with 2-3mL of serum
specimens, were collected from the study subjects.

2.2 Laboratory testing

All samples were stored at —80°C before testing. Anti-MP-IgG
was detected by chemiluminescence immunoassay (CLIA) using
commercial kits, which has demonstrated high sensitivity and
specificity in population (20). The experimental tests were
conducted by Hangzhou Edicon Medical Laboratory Co. Ltd,
Hangzhou, China (CAP-accredited facility). The test procedure
provided with the kit
According to the kit instructions, individuals with an Anti-MP-

strictly followed the instructions
IgG concentration >36 AU/mL were considered of serum
positivity. A concentration of Anti-MP-IgG <24 AU/mL was
indicative of serum negativity. Anti-MP-IgG concentrations
>24 AU/mL and <36 AU/mL were considered a gray zone and
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should be interpreted with caution. The detection range of the kit
was >2 AU/mL and <300 AU/mL.

2.3 Statistical analysis

The Anti-MP-IgG concentrations were

transformed, and the geometric mean concentration (GMC) was

logarithmically

calculated. Values beyond the detection limit were included in
the statistical analysis using the kit’s instructions, with a value of
2 AU/mL assigned for samples registering below the detection
threshold and 300 AU/mL for samples over the detection
threshold. The analysis involved the calculation of the GMC,
serum positivity rate, and negative rate of Anti-MP-IgG across
different genders, age groups. Single-factor analysis of variance
was employed to compare the inter-group differences in GMC
levels, and linear regression was used to test the trendiness of
GMC. Inter-group rate comparisons were conducted using the
chi-square test or fisher test, and trend analyses utilized the
Cochran-Armitage trend test. Logistic regression analysis was
used to assess the effect of age and gender on the positive rate
of Anti-MP-IgG. All statistical tests were two-sided with a
significance level a set at 0.05. Statistical analysis was conducted
using R 4.2.2 software.

2.4 Ethics statement

The study was approved by the human research ethics
committee of Huzhou Center for Disease Control and
(Ethics 2025Y001). Al
participants or their guardians were informed and provided with

Prevention Approval  Number:

a written informed consent form.

3 Results
3.1 Basic characteristic of study population

This study enrolled a total of 526 eligible participants, with 279
males and 247 females, yielding a male-to-female ratio of 1.13:1.
Statistical analysis revealed no significant gender difference
(¢*=1.947, P=0.163). Detailed demographic characteristics are
summarized in Table 1.

3.2 The GMC of anti-MP-lgG

The GMC of Anti-MP-IgG for all study subjects was 6.21 (95% CI:
5.39-7.15) AU/mL. The GMC for males was 6.28 (95% CI: 5.17-
7.63) AU/mL, and for females, it was 6.13 (95% CI: 4.99-
7.53) AU/mL, with no statistically significant difference in gender
(F=0.030, P=0.862). While there were statistically significant
differences in GMC levels across different age groups (F=16.649,
P<0.001). The 6-years group has the highest GMC, which was
10.29 (95% CI: 6.60-16.04) AU/mL. The GMC of 0-year, 1-year,
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TABLE 1 The baseline characteristics of study subjects.

| Groups __ Study numbers 2 value P

Gender 1.947 0.163
Male 279
Female 247
Age (year) 18.646 0.004
0-year 98
1-year 73
2-years 51
3-years 67
4-years 69
5-years 88
6-years 80
Total 526

2-years, 3-yeas, 4-years, 5-years age groups were 5.36 (95%: 4.26-
6.74) AU/mL, 4.31 (95%: 3.21-5.78) AU/mL, 437 (95%:
3.07-6.24) AU/mL, 3.97 (95%: 2.81-5.61) AU/mL, 7.17 (95%: 4.68—
11.00) AU/mL, 9.64 (95%: 6.35-14.63) AU/mL respectively. See
Figure 1 for details. Linear regression analysis showed that GMC
showed an increasing trend with age (F=10.180, P=0.022,
Multiple R-squared = 0.684). See Figure 2 for details.

3.3 Prevalence of anti-MP-lgG

Table 2 summarizes the distribution of Anti-MP-IgG levels in
children aged 0-6 years of Huzhou City in 2023, stratified by
gender and age. Among the total population of 526 children, the
majority (81.18%) exhibited negative Anti-MP-IgG levels
(<24 AU/mL), 1.14% showed borderline levels (>24 AU/mL and
<36 AU/mL), and 17.68% had positive levels (>36 AU/mL).

Gender differences were not statistically significant. For males,
80.65% were negative, 1.43% were borderline, and 17.92% were
81.78% 0.81%
borderline, and 17.41% were positive. The chi-square tests

positive. For females, were negative, were
revealed no significant differences in the proportions of negative
(¥*=0.049, P=0.825) or positive (x>=0.002, P=0.969) cases
between genders, and Fisher’s exact test for the borderline
category was also nonsignificant (P = 0.689).

Age stratification revealed significant trends. The proportion
of children with negative Anti-MP-IgG levels decreased steadily
with age, from 88.78% in the 0-year group to 67.50% in the
6-years group (y* trend Z=-0.302, P=0.003). Conversely,
positive Anti-MP-IgG levels increased with age, from 10.20% in
the O-year group to 32.50% in the 6-years group (y* trend
Z=3.121, P<0.001). Borderline cases were rare and showed no
clear trend across age groups. Chi-square tests indicated highly
significant differences in the proportions of both negative
(x> =33.719, P<0.001) and positive (y* = 35.136, P <0.001) cases
among the different age groups, while Fisher’s exact test for the
borderline category showed no significant differences (P = 0.806).

3.4 Logsitic regression analysis

Logistic regression analysis was performed to evaluate the
association between Anti-MP-IgG positivity and potential
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FIGURE 1
Bar plot of geometric mean concentration of Anti-MP-IgG with 95% ClI across different age groups (0—-6 years). Geometric mean concentrations
(GMC) of Anti-MP-1gG antibodies stratified by age. Bars represent GMC in arbitrary units per milliliter (AU/mL), with vertical lines indicating 95%
confidence intervals. Age groups are labeled as "X-" (e.g., "0-" represents infants under 1-year; "1-" represents age >1-year and <2-years and so on)

influencing factors, including gender and age (Table 3). The model
revealed a significant positive association between age and the
likelihood of Anti-MP-IgG positivity. Specifically, the odds ratio
(OR) for age was 1.37 (95% CI: 1.21-1.56, P <0.001), indicating
that for each additional year of age, the odds of Anti-MP-IgG
positivity increased by 37%. Gender, however, was not found to
be a significant predictor of Anti-MP-IgG positivity. The OR for
0.92 (95% CIL 0.64-1.31,
P=0.707), suggesting no meaningful difference in positivity

gender (female vs. male) was

rates between males and females.

4 Discussion

Our study provides the systematic evaluation of M. pneumoniae
seroprevalence among healthy children aged 0-6 years in Huzhou
City during the post-pandemic period of winter in 2023. We
observed a strong age-dependent increase in both seroprevalence
and Anti-MP-IgG levels. Logistic regression confirmed each
additional associated with 37% higher
seropositivity odds (OR = 1.37, 1.21-1.56), peaking at 5-6 years.

The age-dependent increase in seroprevalence aligns with

year of age was

previous studies (5, 21, 22). Specifically, the steepest rise
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occurred in children aged 4 years to 6 years (20.29% to 32.50%),
coinciding with entry into kindergarten environments—a well-
documented risk factor for respiratory pathogen transmission
due to increased close-contact interactions (22). Recent studies
indicate that high rates of healthy children carry M. pneumoniae
in the upper respiratory tract and that current diagnostic PCR
or serology cannot discriminate between M. pneumoniae
infection and carriage (23), which were important source of
infection. M. pneumoniae outbreaks commonly occur in
environments with close contact, such as schools, universities,
institutions, camps, and military bases (24). Generally, the start
of the school year is accompanied by an increase in the
incidence of M. pneumoniae infection (24). While NPIs limited
the transmission of SARS-CoV-2, they also reduced the spread
of other pathogens such as M. pneumoniae during and after
lockdown periods. However M. pneumoniae has its own
epidemic cycle, where a substantial surge in the number of
infections occurs approximately every 1-4 years (25).The spread
of the pathogen such as M. pneumoniae was only delayed, and
the population was in a state of low infection for a long time,
resulting in a large immune debt. Widespread outbreak of M.
pneumoniae in the fall and winter of 2023 in many places,
children’s re-

especially in the preschool children after
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Age-related changes in anti-MP-lgG GMC
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FIGURE 2

Scatter plot with linear regression: positive correlation between age and Anti-MP-IgG geometric mean concentration (GMC, AU/mL). GMC
represents Geometric mean concentrations. Anti-MP-1gG represents anti-Mycoplasma pneumoniae 1gG antibodies. Age groups are labeled as "X-
" (e.g., "0-" represents infants under 1-year; "1-" represents age >1-year and <2-years and so on).

TABLE 2 Distribution of Anti-MP-1gG levels in children aged 0-6 years of Huzhou city in 2023.

Groups Number Anti-MP-1gG < 24 AU/mL 24 AU/mL < Anti- Anti-MP-1gG>36 AU/mL
MP-1gG
<36 AU/mL
N (%) 2% value N (%) Fisher P N (%) %% value
Gender 0.049 0.825 0.689 0.002 0.969
Male 279 225 (80.65) 4(1.43) 50 (17.92)
Female 247 202 (81.78) 2 (0.81) 43 (17.41)
Age (year) 33.719 <0.001 0.806 35.136 <0.001
0-year 98 87 (88.78) 1(1.02) 10 (10.2)
1-year 73 67 (91.78) 1(1.37) 5 (6.85)
2-years 51 45 (88.24) 1 (1.96) 5 (9.8)
3-years 67 60 (89.55) 0 (0) 7 (10.45)
4-years 69 54 (78.26) 1 (1.45) 14 (20.29)
5-years 88 60 (68.18) 2 (2.27) 26 (29.55)
6-years 80 54 (67.5) 0 (0) 26 (32.5)
Total 526 427 (81.18) 6 (1.14) 93 (17.68)

engagement in social activities (11). Studies have showed high  epidemic may have only delayed the arrival of the peak of
incidence of M. pneumoniae pneumonia in the second half of M. pneumoniae (7). Our findings confirm that age is a critical
2023 in China (26) and other countries (6, 27), indicating that = determinant of M. pneumoniae infection among children aged
NPIs prevention and control measures of the COVID-19  0-6 years.
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TABLE 3 The results of logistic regression analysis of age and gender.

Varisbles ____Estimate ____Std.eror ____ Z-value ____Pvalue

Intercept -2.59 0.28
Gender —-0.09 0.24
Age 0.32 0.06

While Anti-MP-IgG levels increased with age, our analysis
revealed no significant gender differences in either Anti-MP-IgG
levels (P=0.862) or seropositivity rates (P=0.969)—a finding
consistent with previous IgG-based studies (28, 29), which
probably indicate that biological sex differences may play a
minimal role in M. pneumoniae transmission dynamics during
0-6 years children (30). This contrasts with reports of gender
disparities in acute infections detected via IgM assays (31), a
discrepancy likely reflecting fundamental differences in what
these antibodies represent. IgM indicates recent acute infection,
where reported gender differences may stem from hormonal
modulation of acute-phase immune responses or healthcare
behavior biases. IgG indicates prior exposure to the pathogen,
but cannot distinguish between recent and remote infections.
The high seroprevalence of Anti-MP-IgG antibodies among
healthy children suggests widespread environmental circulation
of the pathogen, efficient transmission routes, and a substantial
reservoir of asymptomatic carriers. Epidemiological studies
estimate that M. pneumoniae accounts for approximately 22% of
pediatric pneumonia hospitalizations globally, with the highest
burden observed in Asia (3). These findings underscore the
importance of accelerating vaccine development to mitigate
M. pneumoniae infection and reduce the associated burden of CAP.

These findings have important public health and clinical
implications. Firstly, the increasing seropositivity rates with age
highlight the need for enhanced respiratory disease surveillance
among children aged 5-6 years, especially in preschool settings,
where close-contact transmission is amplified. School-entry
health screenings could integrate M. pneumonia serology to
identify high-risk cohorts (32). Secondly, while no licensed
M. pneumoniae vaccine currently exists (33), our results suggest
that vaccine development could significantly reduce the burden
of infection and associated complications. our finding of age-
dependent seroconversion (peaking at 5-6 years) identifies a
prime target population for emerging candidates. Moreover,
combining antibody testing with clinical symptoms may
improve the accuracy of diagnosing M. pneumoniae infections,
particularly in children. Early and precise diagnosis can help
reduce unnecessary antibiotic use and improve treatment
outcomes (34).

This study was conducted in Huzhou from October to
December 2023, following the relaxation of COVID-19 NPIs
and the resumption of children’s normal social activities—
contexts crucial for interpreting M. pneumoniae serological
patterns. First, SARS-CoV-2 evolution, particularly Omicron’s
enhanced transmissibility and reduced pathogenicity, facilitated
(e.g.
conditions  for

crowd gatherings kindergarten attendance), creating

optimal M. pneumoniae’s  close-contact

transmission and contributing to its resurgence in 0-6 years
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OR (95% ClI)

-9.216 <0.001 0.08 (0.03-0.19)
—0.376 0.707 0.92 (0.64-1.31)
5.197 <0.001 1.37 (1.21-1.56)

children (35), which aligns with our finding of a sharp age-
related rise in Anti-MP-IgG seropositivity, peaking at 32.50% in
6-years. Second, while COVID-19 vaccines do not target
M. pneumoniae, they may indirectly modulate host immune
responses by reshaping respiratory mucosal immunity and
systemic homeostasis, potentially altering IgG production
efficiency post-exposure (36)—a possible factor for the higher
seropositivity in children aged 4-6 years with high vaccine
coverage. Thirdly, overlapping complications of M. pneumoniae
infection (e.g., chronic cough) and long COVID symptoms pose
differential diagnosis challenges (37, 38), which emerging non-
invasive tools (breath metabolomics, chest ultrasound, exhaled
nitric oxide testing) can address (39-42). These pandemic-
related factors contextualize our findings and inform optimized
M. pneumoniae surveillance and diagnosis in children.

Despite the robust stratified random sampling design of this
study, several limitations should be noted. Firstly, the cross-
sectional nature of the study precludes causal inferences.
Secondly, the geographical restriction to Huzhou City and
temporal limitation to winter months (October-December 2023)
may affect the generalizability of our findings, as seroprevalence
patterns could vary across regions and demonstrate seasonal
fluctuations. Thirdly, while we controlled for baseline health
status through medical verification, unmeasured environmental
exposures (e.g., daycare attendance) may contribute to residual
confounding. Prospective designs should incorporate these
Additionally, IgG should not be
interpreted as definitive evidence of protective immunity, and

variables. seropositivity

the lack of a unified standard for defining seropositivity
thresholds  for
comparisons across studies, limiting direct comparability of our

M.  pneumoniae antibodies complicates
results with those from other researches.

Future studies should consider longitudinal cohort designs to
better assess dynamic changes in Anti-MP-IgG levels over time.
Further research on the correlation between antibody levels and
clinical severity of M. pneumoniae infections would also

enhance the utility of serological testing in patient management.

5 Conclusions

This study provides valuable baseline data on M. pneumoniae
antibody levels among children aged 0-6 years in winter in
Huzhou City, revealing a significant age-related increase in both
GMC and seropositivity rates. Age was confirmed as a key
determinant of infection exposure and immune response. These
findings offer a scientific basis for future public health strategies
and underscore the importance of vaccine development and
early intervention measures.
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