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Purpose: During the COVID-19 pandemic, multifaceted non-pharmaceutical interventions have not only reduced the transmission of
SARS-CoV?2 but also affected the prevalence of other respiratory pathogens. With the lifting of many restrictions, a surge in cases of
pneumonia in children has been reported in many hospitals in China. The study assessed the changes in pathogen and symptoms of
children with community-acquired pneumonia (CAP) before and after the adjustments of prevention and control measures of epidemic
and provided recommendations for CAP in children.

Patients and methods: Children diagnosed with CAP were enrolled in the study from 2022 to 2023. A cross-sectional retrospective
study was conducted in a general hospital. We analyzed the data about demographic data, clinical symptoms, pathogens, and medical
treatments. The Chi-square and Mann—Whitney U-test were used to assess the statistical significance of groups.

Results: We studied 1103 children, 339 in 2022 and 764 in 2023. Compared with children in 2022, more children were diagnosed with
CAP in 2023 and these children had a higher body temperature and levels of CRP and PCT, which indicated these children got severe
inflammation. The positive rate of the pathogen was also higher in 2023, especially the detective rate of Mycoplasma pneumoniae. The
number of children infected with more than two pathogens was higher in 2023, especially those co-infected with the virus and
M. Pneumoniae. Concerning the medicine therapy, the usage of B-lactam antibiotics, Macrolide antibiotics, and antiviral drugs kept
rapid growth.

Conclusion: After the adjustment of epidemic prevention and control policies in 2023, more children got CAP with severe clinical
symptoms, and more antibiotics and antiviral drugs were used. Further study is needed to explore the reasons for the increase in
children with CAP and to explore the rationality of treatment.
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Introduction

Community-acquired pneumonia (CAP) is one of the most common respiratory illnesses in children and is an important
cause of morbidity in children in developing countries.' According to the World Health Organization (WHO), CAP is an
important cause of death in children under 5 years ago. More than 19% of children under 5 years ago died from CAP.% In
late 2019, the coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) broke out in China,® China has taken various non-pharmaceutical interventions and measures to curb the spread
of this virus, such as wearing masks, washing hands frequently, paying attention to indoor ventilation, maintaining social
distance and supporting employees to work and study at home. There was a significant decrease in the number of
children with CAP hospitalized in the pandemic, especially among school-age children.* In non-pandemic period,
children, especially the school-age and preschool children, would spend more time to study or play with other children
in their same age groups, thereby facilitating common respiratory pathogens transmission through spreading of droplets
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via close contacts in the same age group. But in the pandemic, strict interventions and measures had not only reduced the
spread of COVID-19, but also common respiratory pathogens.’ The conductors deduced that the occurrence of CAP was
effectively prevented in school-age children due to strong mitigation measures.

Since mid-October 2023, the WHO has been monitoring data from Chinese surveillance systems that have been
showing an increase in respiratory illness in children in northern China.® Cases of pneumonia in children surged and it
was reported that some hospitals in the major cities of China were overwhelmed by pediatric emergency admissions.”
Chinese health authorities held the opinion that this was the seasonal peak in a trend of rising respiratory infections in
children. Epidemiological evidence supported that, one or more re-emerging infections, such as respiratory syncytial
virus (RSV), influenza virus, or Mycoplasma pneumoniae are the cause, rather than a novel respiratory pathogen in
children.® Bacterial pneumonia is a major complication of influenza infection, but bacterial co-infection and secondary
infection are not limited to influenza viruses, as many other viruses, including RSV, parainfluenza virus, rhinovirus,
adenovirus, and human coronavirus, have also been associated with secondary bacterial pneumonia.® Respiratory viruses
replicate in the respiratory tract and induce a strong cytokine response, causing severe airway inflammation and viral
shedding duration.” Viral infections can induce epithelial damage in the respiratory tract, enhance bacterial colonization
of the upper and lower respiratory tracts, and cause dysfunction of the immune response, leading to increased suscept-
ibility to secondary bacterial infections."®

Even the respiratory tract infections of children were caused by common pathogens, the clinical features of the newly
occurring infections and their potential threat to children have never been thoroughly investigated after the COVID-19
pandemic. This study collected the medical records of pneumonia patients under 18 years old, who were admitted to
a hospital in Anhui Province, China, from 2022 to 2023, aimed to analyze the etiology and clinical characteristics of

these children and provide more information for clinical treatment.

Methods

Study Design

The study was a cross-sectional retrospective study conducted in a general hospital in Anhui province, China. Children
between>28 days and 18 years of age who completed pathogen testing within 48 hours after admission and met the
diagnostic criteria for CAP from January 2022 to December 2023 were included in this study. We collected demographic
data and clinical information of enrolled CAP cases, including laboratory results, treatments, and outcomes. The study
protocol complied with the Declaration of Helsinki and was approved by the Ethics Committee of Tongling Municipal
Hospital. Individual patient-informed consent was not required for this retrospective study using anonymous data, so

written informed consent was waived.

Study Population and Definitions
Patients were enrolled in the study following the procedure. First, children diagnosed with pneumonia during the study
period and admitted to our hospital were searched. Then, we excluded duplicates and cases of bronchiolitis, hospital-
acquired infections, tuberculosis, and aspiration pneumonia. Thirdly, we reconfirmed the cases that satisfied the clinical
definition of CAP, referring to the “Guideline for diagnosis and treatment of community-acquired pneumonia in
Children” (2019 version). The diagnostic criteria'' for CAP in children were as follows: (1) cough, expectoration,
wheezing, and dyspnea recently with or without chest pain or aggravation of the original respiratory symptoms; (2) fever;
(3) signs of pulmonary consolidation and/or moist rales; and (4) patchy, infiltrative shadows or interstitial changes in the
lung with or without pleural effusion in the chest X-ray. CAP was clinically diagnosed when the criteria for (1) or (2)
were combined with the criteria for (3) or (4). Finally, children with incomplete information were excluded.

A total of 1128 children were diagnosed with pneumonia during the study period and admitted to our hospital.
According to the above exclusion criteria, and 1103 cases were included in this study (Figure 1).

According to their age, children were divided into four groups: an infant group (> 28 days to < 1 year of age), a young
age group (1 to 3 years of age), a preschool-age group (4 to 7 years of age), and a school-age group (7 to 18 years of age).
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1128 Children diagnosed with pneumonia (2022.01 - 2023.12)

21 children excluded
e 1 with duplicates
e 8 with bronchitis
e e 9 with hospital-acquired infections
e 1 with tuberculosis
e 2 with aspiration pneumonia

1107 Children included

e Reconfirmed the diagnose of
enrolled children

e 4 children excluded with incomplete
information
A\
1103 Children included
339 children in 2022 764 children in 2023

Figure | The enrollment flowchart of this study. We counted the basic information of 1128 children diagnosed with pneumonia from 2022 to 2023. According to the
exclusion criteria, 21 children were excluded, and 4 children with incomplete data were also removed. In the end, a total of 1103 children were enrolled in this study, 339 in
2022 and 764 in 2023, respectively.

For the season variable, the children were divided into a spring group (March 1-May 31), summer group (June 1-
August 31), autumn group (September 1-November 30) and winter group (December 1-February 28).

Etiological Detection and Data Collection

For specimen collection, a throat swab or sputum specimen was routinely collected from all children with CAP.
Bronchoalveolar lavage fluid (BALF) was collected from children with extensive pulmonary consolidation. But bronch-
oalveolar lavage (BAL) was indispensable and consent from the child’s parents was required before the implementation
of BAL. A pleural effusion sample was taken from children with a large amount of pleural effusion. The clinician
decided which specimen should be collected.

Etiological detection of CAP was conducted using laboratory tests and standard techniques. Sputum smear and
culture are commonly used in clinical, and sputum specimens must be qualified. If there is a dominant growth through
a semi-quantitative culture, it can be considered a pathogenic bacteria. BALF is important evidence for bacterial
pneumonia, but it is not recommended for all pneumonia patients because it is invasive.

Multiplex reverse transcriptase quantitative polymerase chain reaction (mRT-qPCR) is the most commonly used and
reliable method for the detection of respiratory viruses from respiratory samples, which can be used for early and rapid
pathogen diagnosis. Targeted viruses were adenovirus (AdV), influenza virus (Flu), human metapneumovirus (HMpV),
parainfluenza virus (PIV), respiratory syncytial virus (RSV), and human rhinovirus/enterovirus (HRV). In this study,
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HRV was excluded from the analysis because it can often be detected even in asymptomatic children, and thus, the
significance of their detection from respiratory specimens is still not evident, particularly in children.'?

Mycoplasma pneumoniae, Chlamydophila pneumoniae, Chlamydophila trachomatis, and Legionella pneumophila
were detected from respiratory specimens (eg: throat swab and BALF). For M. pneumoniae, the results of serologic tests
were also used. Serologic diagnosis for M. pneumoniae infection was primarily made by a 4-fold increase in antibody
titers between the acute and convalescent stages. When only one serologic test result was available, we regarded
M. pneumoniae as detected if the titer was > 1:160 in an indirect agglutination test (IAT)."

Common respiratory tract pathogens were detected by PCR kits (Bitron, China), and titers were detected by
diagnostic kit to measure antibodies to M. pneumoniae (FUJIREBIO INC., Japan).

Statistical Analyses

The power analysis was performed using G.power (Germany). The results of the priori analysis showed that the number
of enrolled children in the study was sufficient for statistical analyses. All statistical analyses were performed using SPSS
version 25.0 (IBM Corp., Armonk, NY, USA). All categorical variables were presented as numbers (percentages) except
the total number of patients enrolled, and continuous variables were presented as medians and interquartile ranges
(IQRs). The chi-square and the Mann—Whitney U-test were used to assess the statistical significance of groups. All tests
were two-sided, and a P value of < 0.05 was considered statistically significant.

Results
General Description of Children with CAP

According to the enrollment criteria above, 1103 children diagnosed with community-acquired pneumonia were
registered in the present study, 339 in 2022 and 764 in 2023 (Table 1). No significant difference in sex distribution
was observed (P>0.05). The ratio of males to females in 2022 was 1.26:1 and in 2023 was 1.28:1, respectively. In age
distribution, patients in 2023 were older than in 2022 (P<0.05), the median age was 4 years old in 2022 and 5 years old in
2023. There was a significant difference in the number of patients in the infant group in 2023 compared with 2022
(P<0.05). The number of children diagnosed with CAP began to increase in the winter of 2022 and continued to increase
in the spring, summer, and autumn of 2023, the growth curve showed a downward trend in winter of 2023. The median
duration of hospitalization in 2022 and 2023 was both 7 days.

Table | General Characteristics of Children Hospitalized with
Community-Acquired Pneumonia, 2022-2023
General Characteristics | 2022 (N=339) | 2023 (N= 764) | P Value
Gender
Male 189 (55.7%) 429 (55.8%) 0.90
Age (years) 4 (3-7) 5(3-7) 0.029
Infant group 19 (5.61%) 56 (7.33%) 0.004
Young age group 109 (32.15%) 185 (24.21%) 0.68
Preschool-age group 125 (36.87%) | 316 (41.37%) 0.14
School-age group 86 (25.37%) 207 (27.09%) 0.5
Length of stay 7 (5-8) 7 (6-10) 0.22
Season
Spring 64 (18.88%) 152 (19.89%) 0.78
Summer 56 (16.52%) 208 (27.23%) 0.0008
Autumn 55 (16.22%) 312 (40.84%) 0.0005
Winter |64 (48.38%) | 92 (12.04%) 0.0007
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Clinical Characteristics of Children with CAP

Comparing clinical symptoms of children diagnosed with CAP in 2022 with 2023, a high fever (defined as > 39°C),
maximum body temperature (T max), and dyspnea present significant differences (P<0.001) (Table 2). In 2023, more
children got a high fever and dyspnea compared with children in 2022. The maximum body temperature was also higher
than that in 2022, presented at 38.5 °C and 37.6 °C respectively. Compared with 2022, the white blood cell (WBC) count
of children in 2023 was lower, but the NEUT% was higher. However, there was no significant difference in the WBC and
NEUT% of children with CAP in 2022 and 2023. C-reactive protein (CRP) and procalcitonin (PCT) in 2023 were higher
than that in 2022 and exhibited significant differences (P<0.001).

Positives Rates of Pathogens and Co-Infection

Among the 1103 children with CAP, a total of 794 pathogenic tests were positive, with 214 in 2022 and 580 in 2023
(Table 3). It was obvious the detective rate was higher in 2023 than that in 2022. The proportion of both viral and
M. pneumoniae CAP increased, especially mycoplasmal pneumonia in 2023. The rate of single pathogens in 2023 was
higher than that in 2022. So was the co-infection rate. In 2023, the co-infection rate of the virus and M. pneumoniae
increased, and the difference was significant (P< 0.05). In Table 4, the titers of M. pneumoniae were analyzed. The
number of children with titers of 1:640 and 1:1280 increased. As the titers of antibodies were positively correlated with
the severity of M. pneumoniae infection,' those may be the reason why the clinical symptoms of children with CAP in
2023 were more severe than those in 2022.

Table 2 Clinical Characteristics of Children Hospitalized with Community-
Acquired Pneumonia, 2022-2023

Clinical Characteristics | 2022 (N=339) 2023 (N= 764) P Value
High Fever 109 (32.15%) 351 (45.94%) 0.0003
T max (°C) 37.6 (36.7-38.9) 38.5 (37.4-394) 0.0006
WBC count (N¥10°/L) 8.29 (6.06—11.52) 7.94 (6.15-10.65) 0.16
NEUT% 58.01 (42.43-70.23) | 59.30 (47.43-69.28) | 0.97
CRP 32 (1.2-7.6) 8 (5.1-12.5) 0.0004
PCT 0.05 (0.01-0.12) 0.12 (0.06-0.28) 0.0002
Dyspnea 106 (31.27%) 448 (58.64%) 0.0005

Abbreviations: T max, maximum body temperature; WBC count, white blood cell count; NEUT%,
neutrophil ratio; CRP, C-reactive protein; PCT, procalcitonin.

Table 3 Positives Rates of Pathogens and Co-Infection of Children

Hospitalized with Community-Acquired Pneumonia, 2022-2023

Pathogens

2022 (N=339)

2023 (N= 764) | P value

Positive pathogens
Virus
M. Pneumoniae (MP)
Other Bacterium

Single pathogen

Virus + Virus
Virus + MP

214 (63.13%)
128 (37.76%)
121 (35.69%)
26 (0.076%)

167 (49.26%)

More than two pathogens | 47 (13.86%)

10 (2.95%)
36 (10.62%)

580 (75.92%) 0.0006
318 (41.62%) 0.98
420 (54.97%) 0.0005
34 (0.045%) 0.83
434 (56.81%) 0.02
146 (19.11%) 0.034
18 (2.35%) 0.56
128 (16.75%) 0.008

Abbreviations: AdV, Detective viruses were adenovirus; Flu, influenza virus, HMpV, human
metapneumovirus, PIV, parainfluenza virus, RSV, respiratory syncytial virus. Other bacterium
were Chlamydophila pneumoniae, Chlamydophila trachomatis, Legionella pneumophila and other

common bacteria for CAP.
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Table 4 The Antibody Titres of M. Pneumoniae of Children
Hospitalized with Community-Acquired Pneumonia, 2022-2023

Antibody Titers | 2022 (N=339) | 2023 (N= 764) | P value
MP (1:160) 63 (18.58%) 107 (14.01%) 0.052
MP (1:320) 18 (5.31%) 66 (8.64%) 0.055
MP (1:640) 38 (11.21%) 212 (27.75%) 0.0009
MP (1:1280) 2 (0.59%) 35 (0.13%) 0.001

Table 5 Use of Drugs of Children Hospitalized with Community-
Acquired Pneumonia, 2022-2023

Drugs 2022 (N=339) | 2023 (N= 764) | P value
Antibiotics 338 (99.71%) 763(99.86%) 0.79
B-lactam antibiotics 310(91.45%) 580(75.92%) 0.0002
Macrolide antibiotics | 145(42.77%) 453(59.29%) 0.0004
Drug combinations 124(36.58%) 269(35.21%) 0.662
Antiviral 60(17.70%) 221(28.93%) 0.0001
Glucocorticoid 101(29.79%) 253(33.12%) 0.276

Table 6 Use of -Lactam Antibiotics of Children Hospitalized with Community-Acquired
Pneumonia, 20222023

Antibiotics 2022 (N=339) | 2023 (N= 764) | P value
Penicillin antibiotic 31 (9.14%) 13 (1.71%) 0.013
Ist, and 2nd-generation cephalosporin antibiotics | 20 (5.91%) 19 (2.49%) 0.005
3rd-generation cephalosporin antibiotics 259 (76.40%) 548 (71.73%) 0.001

Use of Drugs

Among the total of 1103 children, 1101 (99.81%) children received antibiotics therapy and the main used antibiotics were
B-lactam antibiotics and macrolide antibiotics (Table 5). Among the 338 children who received antibiotics therapy in
2022, 36.58% of children got antibiotics combination therapy and there was no difference between that in 2023
(P=0.662). In 2022, 91.45% of children received B-lactam antibiotics therapy and the usage decreased to 75.92% in
2023 (P<0.001). In contrast, the utilizatio of macrolide antibiotics significantly ascended from 42.77% in 2022 to 59.29%
in 2023 (P<0.001). In 2023, 28.29% of children received antiviral therapy which was significantly higher than that in
2022 (P<0.001) (Table 5), this may be because more children have been tested for respiratory virus infections in 2023.
Although the clinical symptoms of children with CAP in 2023 appeared to be more severe than those in 2022, such as
higher body temperature, CRP, and PCT, there was no significant difference in the use of glucocorticoids compared to
2022 (P=0.276). Among the children who received antibiotics, 3rd-generation cephalosporin antibiotics were the most
frequently used, both in 2022 and 2023 (Table 6). Meanwhile, penicillin and first- and second-generation cephalosporin
antibiotics were also commonly used in 2022.
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Discussion

In December 2022, the Chinese government downgraded the classification of COVID-19 from Class A infectious disease
to Class B and canceled the earlier mandatory quarantine measures. The number of people infected with CAP continued
to increase in 2023, especially among children.'® In this retrospective study, we compared the basic characteristics,
clinical symptoms, pathogens, and clinical medication of children with CAP before and after the adjustment of the
COVID-19 epidemic prevention policy. Our study showed that there was a significant increase in the number of children
with CAP after the strict epidemic prevention policies were canceled. The clinical symptoms of affected children became
severe, and there was a notable increase in the positive detection rate of pathogenic bacteria, especially M. mycoplasma
pneumoniae. This phenomenon of a rising number of people infected with M. pneumoniae was not only happening in
China but also has been reported abroad.'> Additionally, the rate of mixed infections also increased significantly, leading
to a higher utilization of antibiotics and antiviral drugs. Viral co-infections are important contributors to CAP suscept-
ibility and progression.'® Viral co-infection could affect inflammatory states, cardiac function, liver function, and kidney
function, possibly due to the virus’s potential to damage tissues, and was associated with a high level of WBC, PCT,
lactate dehydrogenase (LDH), creatine kinase (CK), platelet (PLT), indicating that co-infection may affect the immune
response, leading to the inflammation."”

Our study found that the number of children infected with CAP began to increase in the winter of 2022, a time when
city lockdown and other non-pharmaceutical measures were gradually relaxed, and this increasing wave continued until
the winter of 2023. Among the age groups of infected people, there was a significant increase in the proportion of
infections in the Infant group (Table 1). The immune status may affect the susceptibility to various viruses infections, and
children in the infant group may be more susceptible to respiratory viruses because their immune systems are not fully
developed.

The clinical symptoms of infected children in 2023 were significantly more severe than in 2022 (Table 2). We
compared the clinical symptoms of the infected children, such as fever and dyspnea, and did not count the other common
symptoms of CAP, like cough, expectoration, and runny nose, mainly because the number of medical records was not
enough for statistical analysis. The number of infected children in 2023 with a high fever was larger than children in
2022, so the number of children in 2023 with dyspnea was. The maximum body temperature of children in 2023 was
higher than children in 2022, 37.6°C and 38.5°C respectively. As mentioned above, the immature immune system and co-
infection may contribute to severe inflammation.

Typically, blood tests are useful in the observation of alterations in the number, morphology, and distribution of blood
cells, aiding in the identification of bacterial infection, viral infection, or M. mycoplasma pneumonia infection. Both the
elevation and the depression of white blood cell (WBC) count and NEUT% are used to aid in the diagnosis of infection.'®
A combination of blood tests, C-reactive protein (CRP), and procalcitonin (PCT) is commonly employed to ascertain the
type and severity of pneumonia infection.

C-reactive protein (CRP) is a pentameric protein, with 5 identical noncovalently bound subunits, synthesized by
hepatocytes (molecular mass 118,000 Da). Infection or inflammation can generate cytokine release (IL-6, IL-1, and TNF-
a), which then stimulates CRP synthesis.'® It is positively correlated with the degree of inflammation. Importantly, CRP
exhibits relative insensitivity to viral infections and is a clinically significant differentiator between bacterial and viral
infections.””

Another commonly used biomarker for the diagnosis and treatment of pneumonia is procalcitonin (PCT), a 116-amino
acid peptide reactant produced by the liver during the acute phase and a reactant of thyroid C cells and lung K cells.?!
PCT is highly sensitive to bacterial infection, with significantly higher levels in infected compared with non-infected
patients associated with infection severity.22 Conversely, viral infection stimulates the release of interferon-G, which,
along with other cytokines, down-regulates this PCT release pathway. Thus, although PCT may have an increased
response to aseptic inflammation or viral infection, it is not as profound as other biomarkers.?® Likewise, procalcitonin is
considered a useful additional tool for diagnosing bacterial diseases in children.”* In this study, there was no significant
difference in WBC count and NEUT% between 2022 and 2023 (Table 2). However, the CRP and PCT were significantly
higher in 2023 (P<0.001), which meant more infected children got bacterial infections in 2023.
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Although inflammatory markers, like CRP and PCT, suggested that bacterial infections were more common in 2023,
the detective rate of the bacterium was low in both 2022 and 2023 (Table 3). The difficulty of obtaining sputum
specimens in children may be one of the reasons. In the common pathogen of CAP, the positive rate of M. Pneumoniae
was significantly higher in 2023 (P<0.001). The same situation is happening not only in other regions of China but also in
other countries of the world.'> The resurgence of M. Pneumoniae is thought to be driven by increased population
susceptibility as well as relaxation of enhanced public health measures, the so-called “immune gap”. Under enhanced
public health measures, the vulnerability of an individual or population was cumulative due to the lack of acquired
immunity to M. Pneumoniae and other pathogens.”> Thus, the relaxation of measures during the pandemic may
inadvertently create favorable conditions for the resurgence of infectious diseases, including the M. Pneumoniae.*®

In M. Pneumoniae pneumonia, the levels of CRP and PCT rise and are related to the severity of M. Pneumoniae
pneumonia in children.”” We compared the antibody titer of M. pneumoniae (Table 4), which was a reference standard
with a serum antibody titer> 1:160 for M. Pneumoniae recent infection or acute infection by the particle agglutination
method,® and the titers of antibody were positively correlated with the severity of M. Pneumoniae infection. The number
of children with antibody titer was 1:640 was significantly higher in 2023 (P<0.001), which may be related to the rising
levels of CRP and PCT in 2023.

Similarly, as inflammatory biomarkers and detective rate of the pathogen indicate severe infections in children, more
broad-spectrum antibiotics will be used in 2023. In this study, we found that only 2 children did not take antibiotics.
Moreover, up to 35.12% of children received more than one kind of antibiotic in 2023, the rate of drug-combination was
36.58% in 2022 (Table 5).

It was worth noting that the use of antiviral drugs in 2023 was significantly higher than that in 2022 (P<0.001)
(Table 5). Although the number of children infected virus has increased, there was no significant difference in the
detection rate of the virus. This paradox may be due to the low positive rate of common respiratory viruses.

In the Guideline for Diagnosis and Treatment of community-acquired pneumonia in Children” (2019 version),'! in
children with mild symptoms, children do not have non-pathogenic complications, amoxicillin/clavulanate, 1st and 2nd
generation cephalosporins are the top choices, the 3rd generation cephalosporins only be selected if children were highly
suspect to infect gram-negative bacilli. In our study, no children were diagnosed with complications, and there was no
reason to conclude that up to 70% of children were infected with gram-negative bacilli due to the lack of the results of
sputum culture (Table 6). So, the reasonableness of the use of the 3rd generation cephalosporins needs to be further
assessed.

There were some limitations in our study. First, the positive rate of bacteria was very low, which may lead to bias in
our results, and this may be related to difficulties in obtaining sputum samples from children. Second, the data for this
study were all from one hospital, and the sample size may be small. Third, past medical history, especially respiratory
infections, was not included in this study because lacking of sufficient data. More studies were needed in the mechanisms
of pathogen-to-pathogen interactions in co-infection, the changes of drug resistance in pathogens, and the subsequent
effects of “immune debt”,”” which means a larger post-pandemic epidemic than the pre-pandemic epidemic, during the
pandemic in the future.

Conclusion

The number of children infected with CAP has significantly increased during the post-pandemic, especially
M. Pneumoniae pneumonia and the symptoms of infected children in 2023 were more severe. According to our study,
during the COVID-19 pandemic, the average cases of these diseases caused by common respiratory pathogens decreased
significantly when enhanced public health measures were used, and after the pandemic, there was a rebound in the
average cases of these diseases when there measure were not available. The “immune debt” observing in young children
may be the reason of increased number of people infected with CAP. Therefore, there is a need for continuous and
appropriate public health management strategies to prevent the resurgence of serious infectious diseases in the post-
pandemic period. Since the implementation of public health management has a double-edged sword effect on the spread
of infectious diseases and economic development, appropriate alternative strategies such as hand hygiene, social
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distancing, and wearing masks should be considered. Multi-center studies and data about drug-resistance and genotype of
pathogen are needed in the future.
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