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Abstract

detection result were collected and analyzed.

Background This study aimed to describe the epidemiological trends of Mycoplasma pneumoniae (MP) infection
among children with acute respiratory tract infections (ARTIs) before, during and after the COVID-19 pandemic, and
evaluating the impact of non-pharmaceutical interventions (NPIs) on the epidemiology of MP infection.

Methods Children with ARTIs admitted to the Children’s Hospital of Soochow University (SCH) from January 2010 to
December 2023 and underwent MP nucleic acid PCR assay were included. Clinical data on age, sex, onset time and

Results All of the 122,984 inpatients were enrolled, in which 20.8% (25659/122984) of the children with MP tested
positive, including 19.4% (14139/72662) for male and 22.9% (11520/50322) for female. It was a statistically significant
difference between the two genders (p < 0.05). In addition, the positive rate of MP was the highest in the age

group > 6 years old each year (p <0.05). During 14-year period, the detection rate of MP has experienced four peaks
in 2012, 2013, 2019, and 2023. Before the NPIs the prevalence of MP showed seasonality, and the number and rate of
MP positivity reached their peak in August. However, the rate of MP positivity remained at a low level during the NPIs.
After the abolition of NPIs, the MP positivity rate obviously increased and remained at a high level.

Conclusions The NPIs could reduce the spread of MP infection and change its epidemic season, but it has not
changed the susceptible population of MP infection.
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Introduction

As the smallest prokaryotic cell-type microorganism,
Mycoplasma pneumoniae (MP) has no cell wall and is
located between bacteria and viruses. It is an important
etiological factor of upper and lower respiratory infec-
tions in children [1]. In recent years, MP has generally
replaced Streptococcus pneumoniae as the most com-
mon bacterial pathogen causing respiratory diseases in
children [2]. MP may account for 30-50% of community-
acquired pneumonia (CAP) cases with increasing dur-
ing epidemic, of which 18% require hospitalization [3].
In addition, it was estimated that 2 million MP infection
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cases occurred each year in the United States [4]. The MP
epidemic has brought a heavy economic burden to fami-
lies and society, while posing a huge challenge to medical
resources.

Since 2020, the government took strict non-pharma-
ceutical interventions (NPIs) such as the prohibition of
social gatherings and wearing masks to cut off the spread
of coronavirus disease 2019 (COVID-19). Although NPIs
mainly focused on the prevention of COVID-19 cases, it
also reduced other respiratory pathogens infection, espe-
cially in children [5]. Before the COVID-19 pandemic,
worldwide incidence of MP was 8.61% between 2017
and 2020, which was measured by direct assay methods.
However, during NPIs period the incidence decreased to
1.69% from 2020 to 2021 [6]. After 2022, several coun-
tries gradually cancelled the NPIs measures, MP infec-
tion showed a delayed outbreak trend in Northern China
and Arkansas [7, 8]. Most studies [9, 10]attributed the
resurgence of MP infection in children to immune liabil-
ity, but is it really just because of this? Or is it related to
the epidemic pattern of the MP itself?

In recent years, the prevalence of MP infection in chil-
dren in Suzhou, China has not been explored. This study
aimed to describe the epidemic trend of Mycoplasma
infection in children with acute respiratory tract infec-
tions (ARTIs) from January 2010 to December 2023
based on nucleic acid testing, which was meaningful for
an overall knowledge of MP prevalence among children.
Monitoring the changes can not only provide a reference
for public health decision-making but also help prepare
for the potential outbreak of Mycoplasma.

Materials and methods

Participants

This retrospective study investigated the detection rate
of Mycoplasma pneumoniae(MP) in children admitted
to the Children’s Hospital of Soochow University (SCH),
the only tertiary hospital located in Suzhou. Based on the
hospital audit report (2010-2023), we received an aver-
age of 63,000 inpatients per year. This study spanned
fourteen years, from 1st January 2010 to 31st December
2023. The hospitalized patients ranging from 1 month to
16 years old who presented with acute respiratory tract
infections (ARTIs) and underwent MP nucleic acid PCR
assay were included(flowchart see Supplementary Mate-
rial, Figure S1). The information of participants’ sex, age,
onset time and results for MP nucleic acid PCR were col-
lected using the electronic medical system.

Specimen collection

Nasopharyngeal aspirates were obtained from hospital-
ized patients with suspected ARTIs. The specimens were
collected into suctioning tubes and stored at 2-8°C for
examination within 30 min.
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Real-time fluorescent quantitation PCR for MP

The aspirate was shaken for 30 s, centrifuged at 15,000 g
for 5 minutes, the supernatant was removed, and the
lysis solution was added to extract DNA. The DNA-
PCR amplification was then performed on the iCycler
iQ fluorescence quantitative PCR instrument(Bio-Rad,
California, USA) under the following conditions: 37°C
for 2 min, 94°C for 10 min, and 40 cycles of 94°C for 10s,
55°C for 30 s, and 72°C for 40 s. The primers and probes
were obtained from Guangzhou Da’an Gene Co. For each
assay, a negative, critical, positive control, and four posi-
tive quantity controls (10°, 10°, 107, and 10® copies/mL)
were used. Follow the manufacturer’s instructions for all
operations.

Definition of ARTIs

The definition of ARTIs includes acute upper respiratory
infections and acute lower respiratory infections, which
can be caused by viruses, bacteria, atypical pathogens,
etc [11].

Statistical analysis

The categorical variables were expressed as percent-
ages and continuous data as mean. Categorical variables
were compared using the chi-squared test. The MP data
was divided into three cohorts: pre- NPIs (2010-2019),
during- NPIs (2020-2022) and post- abolition of NPIs
(2023). To visualize the trends each cohort, the data
of 2010-2019 presented as mean and 95% confidence
interval(CI) and data of 2020—2022 presented as median
(minimum to maximum). All statistical analyses were
mapped using GraphPad Prism version 9 and con-
ducted using IBM SPSS Statistics. Statistical significance
between variables were set at p <0.05.

Results

Characteristics of the participant children with ARTIs

All of the 122,984 patients underwent MP-DNA PCR
detection, including 72,662 males (59.1%) and 50,322
females (40.9%). In this study, 55,291 (45.0%) children
were under 1 year old, 28,934(23.5%) were 1-3 years old,
22,522(18.3%) were 3—6 years old and 16,237 (13.2%)
were over 6 years old. As shown in Table 1, the age dis-
tributions of the participants similar in 2010-2022, with
the majority of cases<3 years old (especially<1 years).
However, in 2023, the most common cases were among
children aged>6 years (P<0.05).

Positive rate of MP in children with ARTIs each year

In total, 20.8% of the children with ARTIs tested posi-
tive for MP, the percentage of males and females was
19.4% (14139/72662) and 22.9% (11520/50322). It was a
statistically significant difference between the two gen-
ders (p<0.05). In addition, Table 2 showed that positive
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Table 1 Demographics of the enrolled patients with ARTIs

Category

2023
(n

2018 2019 2020 2021 2022
9210) (n

(n

2017

(n
4639 (60.1)

2011 2012 2013 2014 2015 2016
(n (n

2010
(n

14398)

7515)

16979) (n=6623) (n

11262) (n

7722)

6393)

7753) (n=6963)

(n
4794

8504)

=6127) (n=8489) =

5046) (n

4291 (57.1)  7731(53.7)

3897 5315
(58.8)

9628 (56.7)

6713 (57.7)

3801 (594)

4148 (59.5)

5272 (62.0)

5293 (62.3)

3201 3939

Sex (male,
n%)

(57.7)

(64.2)

(634)

Age (years,

n%)

2465 (17.1)

2281 (304)

4997 (58.8) 4804 (56.5) 4504 3910(56.2) 3126 (489) 4114(533) 5418(48.1) 6268 (36.9) 2885 3483

4238

2798

A

(37.8)
2897

43.5)

(58.1)

171

(69.2)

(55.4)
1092

2486 (17.3)

2183 (29.0)

1763 (20.8) 1790 (21.0)

990 (16.1)

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

<0.05

<0.05
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rate of MP was the highest in the age group>6 years
old each year (p<0.05). As shown in Fig. 1, the num-
ber of MP test cases reached its peak in 2019 before
NPIs, then it was at a low level during NPIs. After the
policy was cancelled, the number of test cases gradually
increased and remained at a high level. The positive rates
of MP from 2010 to 2023 were 19.2% (970/5046), 5.2%
(316/6127), 26.4% (2239/8489), 29.1% (2472/8504), 18.1%
(1406/7753), 20.1% (1397/6963), 19.3% (1237/6393),
15.4%  (1191/7722), 17.6%  (1984/11262), 28.3%
(4808/16979), 6.7% (442/6623), 9.6% (888/9210), 9.8%
(734/7515) and 38.7% (5575/14398), respectively. More-
over, the detection rate of MP has experienced four peaks
in the past 14 years, namely in 2012, 2013, 2019, and
2023.

Monthly distributions of MP

Before the NPIs, the prevalence of MP showed season-
ality and the peak positive rate of MP in all years was
from July to September, except for 2011 (Fig. 2). Dur-
ing the NPIs, the positive rate of MP remained at a low
level, except for a small peak in 2021. After the policy
was cancelled, the prevalence of MP called off its season-
ality, and the positivity rate of MP began to rise in early
January 2023, reaching its peak in October, and has since
remained at a high level. As shown in Fig. 3, the preva-
lence of MP showed seasonality and the number and rate
of MP positivity reached their peak in August before the
NPIs. During the NPIs, the number and rate of MP posi-
tivity remained at a low level. After the abolition of NPlIs,
the number of MP test and positivity, and MP positivity
rate obviously increased, and the detection peak of MP
was apparently prolonged.

Discussion

This study investigated the epidemiological trends of MP
infection before, during and after COVID-19 pandemic.
In addition, the analysis of 14 years clinical data showed
that the number of children with acute respiratory tract
infections (ARTIs) who underwent MP DNA-PCR assay
sharply rase in 2019 and 2023. However, it plummeted
sharply and remained at a low level during COVID-19
pandemic (from 2020 to 2022), which indicated that non-
pharmaceutical interventions (NPIs) have to some extent
reduced the spread of acute respiratory diseases, which
consisted with previous studies [5, 11]. Interestingly, the
inpatients with ARTIs were more commonly infants from
2010 to 2022. However, following the discontinuation of
strict NPIs, the trend shifted towards school-aged chil-
dren (6-16years). The reason may be that young children
had poor compliance with NPIs, while older children
were more socially active after the discontinuation of
NPIs [12].
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Fig. 2 The monthly number and positive rate of MP from January 2010 to December 2023

the year without a peak. Considering the local epide- no obvious seasonal, which was consistent with previ-
miological characteristics, it may be due to the high  ous research [24, 25]. It indicates that NPIs can not only
incidence of hand, foot, and mouth disease [23] and the reduce the MP infection in children, but also interfere
competition between pathogens. with its seasonal characteristics.

When implementing NPIs and lifting the policy
within one year, the prevalence of MP infection showed
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Conclusions

we compared the data pre-NPIs, during-NPIs and post-
NPIs for fourteen years. We found that MP infection fol-
lowed an epidemic cycle of approximately 5-7 years, with
outbreaks lasting for 2 years and detection peaks occur-
ring in August each year in Suzhou, China. The NPIs
could reduce the spread of MP infection and change its
epidemic season, but it has not changed the susceptible
population of MP infection. In addition, when NPIs were
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canceled, there was another delayed outbreak due to
immune debt.
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