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Preterm birth and detection of common
respiratory pathogens among pediatric pneumonia

Xin-Rui Wang,1,2 Juan Du,1,2 Shan-Shan Zhang,1,2 Wan-Xue Zhang,1,2 Xiao-Ai Zhang,3 Qing-Bin Lu,1,2,4,7,*

Luo Ren,5,* Wei Liu,3,6,* and En-Mei Liu5,*

SUMMARY

Pneumonia complicated by preterm birth is related to adverse clinical sequelae
from the neonatal period to childhood. Children with pneumonia during 2009–
2021 were enrolled at the Children’s Hospital of Chongqing Medical University.
Altogether 20 respiratory pathogens were detected and compared. Among
8,206 children, 779 were in the preterm group with 246 of early-preterm and
533 of late preterm. The positive rates for all viral pathogens were comparable
between the preterm group and the full-term group. For bacterial pathogens,
higher positive rates for Escherichia coli and Klebsiella pneumoniae were
observed in the preterm group. Severe pneumonia developed in 16.52% of all,
which was higher in the preterm group than in the full-term group. A significantly
higher rate of severe pneumonia was observed in the early-preterm group
compared to the late-preterm group. Preterm birth has an impact on the detec-
tion of bacterial pathogens in children and is a risk factor for severe pneumonia.

INTRODUCTION

Pneumonia is one of the leading causes of death from childhood infectious diseases globally, with an esti-

mated 1.2 billion episodes and 1.4 million progressing to severe pneumonia each year, especially in low-

and middle-income countries.1 According to the World Health Organization (WHO) data, about one in ten

babies is born preterm worldwide,2 and pneumonia complicated by preterm birth was related to adverse

clinical sequelae from the neonatal period to childhood,3,4 ranking the leading cause of death in children

under five years old,5 and the 2nd among all the causes of death.6 Etiological studies of pneumonia showed

a higher prevalence of respiratory pathogens detected in children born preterm than those from full-term

children, featured by a higher presence of human adenovirus (HAdV) and human parainfluenza virus (HPIV)

infections among preterm pediatric patients than among full-term patients according to one study per-

formed in Spain.7 Gestational age at birth was also showed to be strongly associated with pneumonia-

related hospitalizations in childhood, especially in infants with gestational age <28 weeks.8

China had the second-highest percentage of pretermbirths in the world. In 2014, the estimated number of pre-

term births exceeded one million, accounting for 7.8% of all preterm births worldwide.9 Notably, after the im-

plementation of the two-child policy in 2016, an increased rate of preterm births has been observed.10 A retro-

spective study in China from 2009 to 2018 reported a 4.3% neonatal mortality rate for preterm infants due to

pneumonia.11 Despite this large burden of pretermbirth and the adverse effect on disease, critical gaps remain

in our knowledge about pneumonia in preterm children. Contemporary estimates of the incidence and micro-

biologic causes were largely performed in the general pneumonia patients, with no diagnostic testing per-

formed systematically and thus detailed etiologic data are lacking on this special group of patients. This study

was conducted based on the hypothesis that preterm birth, especially early-preterm birth, is a risk factor for

severe pneumonia in children with pneumonia, and has an impact on the detection rate of some pathogens.

RESULTS

Study participants

From June 2009 to June 2021, a total of 8,206 pediatric patients with pneumonia meeting the criteria were

enrolled in the study. There were more males (64.96%) than females (35.04%). The median age of the patients

was 9months (IQR 4�21), with 38.52%aged%6months, while 23.28%, 16.79%, and 21.41% in the 7–12months,

13–24 months, and >24 months groups, respectively. Among them, 779 (9.49%) were categorized into the
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preterm group, comprising 246 (3.00%) of the early-preterm and 533 (6.50%) of the late-preterm group. All the

other 7,427 (90.51%) children were defined as the full-term group. A significantly higher proportion of patients

>24 months was observed in the full-term group than in the preterm group (22.16% vs. 14.25%, p < 0.001),

while comparable between the early-preterm group and the late-preterm group (15.45% vs. 13.70%, p =

0.516) (Tables 1 and S1). The asphyxia history and congenital airway dysplasia weremore commonly presented

in the preterm group than in the full-term group, and likewise in the early-preterm than the late-preterm group

(all p < 0.001) (Tables 1 and S1). Overall, 29.15% of the pneumonia episode developed during the winter sea-

son (from December to February). Antibiotic treatment was applied to 70.25% of the patients, with a compa-

rable rate between the preterm and full-term groups (p = 0.258).

Pathogen detection in preterm birth and full-term birth inpatients

All the recruited patients were sampled and tested for 10 viruses and CP/MP, while 91.9% (7542/8206) of the

patients were tested for all the eight bacteria. The positive rate was 75.04% (6158/8206) for viral pathogens,

45.09% (3401/7542) for bacterial pathogens, and 16.60% (1362/8206) for CP/MP, respectively (Figure 1A).

Among the tested viruses, the highest positive rate was observed for RSV (29.22%), followed by HRV

(22.47%), HPIV (15.73%), CMV (14.31%), and IFV (10.60%) (Figure 1B). MP was detected with a higher rate

than CP (13.34% vs. 4.62%) (Figure 1C). S. pneumoniae was the most frequently determined (15.27%)

among the bacterial pathogens (Figure 1D).

At least one positive detection was obtained in 89.22% of the preterm birth patients (695/779): one or more

positive detection for virus in 666 patients (85.49%), one or more positive bacteria in 363 (46.60%), positive

detection for bacteria and virus in 265 (34.02%), and CP/MP in 104 (13.35%). Significant differences were

observed between the preterm group and the full-term group for the positive rate for viral and bacterial

Table 1. Demographic characteristics of the childrenwith pneumonia compared between the full-term and preterm

groups

Characteristics Total n (%) Full-term n (%) Preterm n (%) p-value

Sex 0.426

Male 5331 (64.96) 4835 (65.10) 496 (63.67)

Female 2875 (35.04) 2592 (34.90) 283 (36.33)

Age, month <0.001

%6 3161 (38.52) 2833 (38.14) 328 (42.11)

7–12 1910 (23.28) 1703 (22.93) 207 (26.57)

13–24 1378 (16.79) 1245 (16.76) 133 (17.07)

>24 1757 (21.41) 1646 (22.16) 111 (14.25)

Underlying diseases

Asphyxia history 306 (3.73) 189 (2.54) 117 (15.02) <0.001

Congenital heart disease 1721 (20.97) 1495 (20.13) 226 (29.01) <0.001

Congenital airway dysplasia 167 (2.04) 135 (1.82) 32 (4.11) <0.001

Anemia 587 (7.15) 516 (6.95) 71 (9.11) 0.026

Malnutrition 173 (2.11) 150 (2.02) 23 (2.95) 0.085

Wheezing history 1681 (20.49) 1512 (20.36) 169 (21.69) 0.379

Asthma history 237 (2.89) 220 (2.96) 17 (2.18) 0.216

Eczema history 1497 (18.24) 1379 (18.57) 118 (15.15) 0.019

Season of disease 0.462

Spring (from March to May) 2026 (24.69) 1842 (24.80) 184 (23.62)

Summer (from June to August) 1913 (23.31) 1744 (23.48) 169 (21.69)

Autumn (from September to November) 1875 (22.85) 1689 (22.74) 186 (23.88)

Winter (from December to February) 2392 (29.15) 2152 (28.98) 240 (30.81)

Antibiotic use 0.258

Yes 5765 (70.25) 5204 (70.07) 561 (72.02)

No 2441 (29.75) 2223 (29.93) 218 (27.98)
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pathogen co-infection, and MP/CP infections, while not observed for the single viral or bacterial positive

rate (both p < 0.05) (Table 2).

When the pathogen was separately compared, we observed a significantly higher prevalence of E. coli

and K. pneumoniae in patients with preterm birth as a whole, in contrast with a significantly lower prev-

alence of H. influenzae and H. parainfluenzae in patients with preterm birth. The prevalence of all the viral

pathogens was comparable between patients with preterm and full-term. However, discrepant findings

were observed when patients were further grouped by age, gender, and preexisting conditions, for

Figure 1. The positive rate of twenty respiratory pathogens in pediatric pneumonia

(A) The positive rates of different categories of pathogens including viruses, atypical pathogens, and bacteria.

(B) The positive rates of viral pathogens. The orange bars represent positive rates >20%, and the green bars represent positive rates between 10% and 20%.

(C) The positive rates of atypical pathogens. The green bar represents the positive rate between 10% and 20%.

(D) The positive rates of bacterial pathogens. The green bar represents the positive rate between 10% and 20%.

Table 2. Positive rate compared between the full-term and preterm groups

Type of pathogens detected Total n (%) Full-term n (%) Preterm n (%) p-value

At least one pathogen 7381 (89.95) 6686 (90.02) 695 (89.22) 0.477

One or more viral pathogens 6983 (85.10) 6317 (85.05) 666 (85.49) 0.743

One or more bacterial pathogens 4065 (49.54) 3702 (49.85) 363 (46.60) 0.085

Both viral and bacterial pathogens 3065 (37.35) 2800 (37.70) 265 (34.02) 0.043

MP/CP 1362 (16.60) 1258 (16.94) 104 (13.35) 0.010
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example, a higher prevalence of CMV was observed in the preterm patients, but only limited to those

aged 13�24 months and those with preexisting conditions. A higher prevalence of E. coli and

K. pneumoniae was observed in the preterm birth patients, but not in those aged >7 months or those

receiving no antibiotic therapy (Figure 2). Notably, significantly lower prevalence of HAdV and EBV

were observed in the preterm group than in the full-term group, but limited to patients >24 months

and those without underlying disease, respectively.

Among the 246 patients with early-preterm birth patients, at least one pathogen was detected in 222

(90.24%) patients, one or more viruses were detected in 205 patients (83.33%), one or more bacteria in

123 (50.00%), both bacterial and viral pathogens in 89 (36.18%), and CP/MP in 28 (11.38%). All the preva-

lence was comparable between children with early-preterm and late-preterm birth (Tables S2).

When the pathogen was separately compared, we observed a significantly higher prevalence of HAdV

and E. coli in the early-preterm group than in the late-preterm group, by contrast, a lower prevalence

of HPIV in the early-preterm patients without underlying disease and those receiving antibiotics therapy

(Figure 3).

When taken together, the top-ranking pathogens determined in the preterm patients were RSV, HRV, CMV,

HPIV, and IFV, which differed slightly from the full-term patients (RSV, HRV, HPIV, CMV, and IFV). The five

top-ranking bacterial pathogens were S. pneumoniae, H. influenzae, E. coli, K. pneumoniae, and S. aureus,

which differed from the full-term patients (S. pneumoniae, H. influenzae, H. parainfluenzae, M. catarrhalis,

and S. aureus) (Figure 4 and Table S3). In patients with early-preterm birth and late-preterm birth, the vi-

ruses were consistent in their top five ranking, while for bacterial detection, E. coli showed a slight up-

ranking from 4th in the late-preterm to 2nd in the early-preterm group. (Figure 4 and Table S4).

Figure 2. The positive rate of twenty respiratory pathogens in pediatric pneumonia compared between full-term and preterm birth

The positive rate of each pathogen by sex, age group, underlying disease, and antibiotic use. p values were used to determine the differences between the

full-term versus the preterm groups. * p value<0.05, ** p value<0.01, and *** p value<0.001.
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Preterm birth and development of severe pneumonia

Severe pneumonia developed in 16.52% (1356/8206) of all pneumonia patients, with a higher proportion in

the preterm than in the full-term group (23.36% [182/779] vs. 15.81% [1174/7427]; OR = 1.48, 95% CI 1.24–

1.78, p < 0.001), also higher in the early-preterm group (27.24% [67/246]; OR = 1.89, 95% CI 1.41–2.53,

p < 0.001) and in the late-preterm group (21.58% [115/533]; OR = 1.32, 95% CI 1.06–1.64, p = 0.014) than

in the full-term group when adjusted by sex, age group, underlying diseases, and antibiotic use (Figure 5

and Table S5). A significantly higher prevalence of severe pneumonia was observed in the early-preterm

group compared to the late-preterm group (OR = 1.49, 95% CI 1.03–2.15, p = 0.033).

When each specific pathogen, sex, age group, underlyingdiseases, and antibiotic usewere included in the anal-

ysis, RSV (OR = 1.57, 95%CI 1.08–2.30, p = 0.019) and HMPV (OR = 2.27, 95%CI 1.08–4.77, p = 0.030) were asso-

ciatedwith a significantly higher prevalence of severe pneumonia among the preterm children (Table S6). For all

pathogens tested, only one species being detected (231/779, 29.65%), two species being detected (279/779,

35.82%), and three and more species being detected (178/779, 22.85%) were not observed to be associated

with a significantly higher prevalence of severe pneumonia among the preterm children (Table S7).

Subgroup analysis demonstrated a significant association between preterm birth and a higher prevalence

of severe pneumonia, only among those of male gender, aged %12 months, and with the positive detec-

tion of RSV, HRV, HPIV, or S. pneumoniae, but not among female, aged>12 months and positive detection

for CMV, MP, or IFV (Figure 5 and Table S5). Early-preterm birth was associated with a significantly higher

prevalence of severe pneumonia in almost all subgroups, except for those with CMV or MP positive detec-

tion. By contrast, the association between late-preterm birth and significantly higher severe pneumonia

was only observed in children of male, aged %12 months, with antibiotic use, or with positive detection

of RSV (Figure 5 and Table S5).

Figure 3. The positive rate of the twenty respiratory pathogens in pediatric pneumonia compared between the early-preterm and late-preterm

groups

The positive rate of each pathogen by sex, age group, underlying disease condition, and antibiotic use. p values were used to determine the differences

between the early-preterm group versus the late-preterm group. * p value<0.05, ** p value<0.01, and *** p value<0.001.
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The interaction effect of preterm birth and positive detection for each of the respiratory pathogens was

explored by using severe pneumonia as the outcome, sex, age group, underlying disease condition, and anti-

biotic used as the covariates (Table 3). Significant interaction was observed between preterm birth and pos-

itive detection for RSV, HAdV, HMPV, CMV,K. pneumoniae, and S. aureus (all p < 0.05), with the greatest effect

observed for S. aureus (OR= 2.90, 95%CI 1.48–5.69, p = 0.002), followed byHAdV (OR= 2.84, 95%CI 1.48–5.44,

p = 0.002) and HMPV (OR = 2.79, 95%CI 1.44–5.41, p = 0.002), while not observed for other pathogens. Sig-

nificant interaction was observed between early-preterm birth and positive detection for RSV (OR = 2.11, 95%

Figure 4. The pathogen composition among pediatric pneumonia in terms of preterm birth

(A) Viral pathogens.

(B) Atypical pathogens.

(C) Bacterial pathogens.
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CI: 1.15–3.86, p = 0.016), HMPV (OR = 3.76, 95%CI 1.30–10.92, p = 0.015), and S. pneumoniae (OR = 2.19, 95%

CI 1.02–4.71, p = 0.046), while not observed for other pathogens (Table S8).

DISCUSSION

In this study, by analyzing 12-year surveillance data on pediatric pneumonia, we have demonstrated a

comprehensive analysis on preterm birth and respiratory infection. Based on the detection of ten viral path-

ogens and eight bacterial pathogens, we determined a comparable prevalence of bacterial and viral path-

ogens in the preterm and full-term patients, except for higher positive rates of E. coli and K. pneumoniae

among preterm patients. However, we indeed showed a novel role of respiratory infection among the early-

preterm patients in severe pneumonia development, as well as complicated interactions that arise be-

tween early-preterm and respiratory infection.

As we have currently displayed in the subgroup analysis, preterm birth was a risk factor for severe pneumonia

development among children aged%12months, but not for those aged >12months, whichmay be related to

the relatively defective development of the immune system before 12 months of age in children born preterm

compared to the full-term due to invasive operations, such as indwelling catheters, andmechanical ventilation

in the neonatal period.12,13 It is unknown when the immune system is trained to mature after birth in preterm

children, however, it has been suggested that differences in the development of the immune system between

full-term and preterm children persisted within the first year of life.14 IgG is the only maternal-derived immu-

noglobulin in the body at birth and is involved in the humoral immune response.15 IgG levels at birth are pro-

portional to gestational age and are lower in preterm than in full-term infants.16–21 Children born preterm also

have lower absolute lymphocyte counts22 or relative counts of helper T lymphocytes23 than full-term children

of the same age within one year of birth. All the aberrant immunity taken together, rendered an increased sus-

ceptibility to infection and more severe disease in the first year of life. Also, immune deficiencies increase the

chance of nosocomial infections in preterm children during each hospitalization, such as two of the most com-

mon hospital-acquired infections, E. coli and K. pneumoniae,24 which were also observed to be more

frequently detected in preterm children than in term children in this study.

In pediatric patients with severe pneumonia, RSV was the most frequently detected pathogen, and HPIV

also had a high predictive value for etiologic attribution. In addition, HRV ranked high in the detection

Figure 5. Association between preterm and severe pneumonia stratified by sex, age, antibiotic usage, and respiratory pathogen detection

Seven pathogens with an overall positive rate >10% were selected for analysis. The full-term group was used as the reference group, and the differences in

the prevalence of severe pneumonia between the preterm, early-preterm, and late-preterm groups and the reference group were compared separately. The

odds ratio for severe pneumonia in the preterm, early-preterm, and late-preterm groups compared to the full-term group is demonstrated.
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rate of severe pneumonia cases in children. S. pneumoniae is the most frequently identified bacterial path-

ogen in children with very severe pneumonia requiring hospitalization.25 Patients with childhood pneu-

monia infected with several pathogens, including RSV, HRV, HPIV, and S. pneumoniae, are more likely to

develop severe disease, and preterm birth is a risk factor for severe pneumonia. Therefore, we suspect

that the association between preterm birth and severe pneumonia in patients who tested positive for these

pathogens is significantly due to a combination of these causes. In addition, defects in the development of

the respiratory26 and immune systems of children born preterm and insufficient maternal provision of an-

tibodies (IgG) at birth may be associated with preterm birth leading to more severe pneumonia.

Respiratory bacteria-bacteria and bacteria-virus interactions on disease outcome are extensively stud-

ied;27,28 however, the interaction between preterm birth and the impact of pathogens on clinical outcomes

remains unclear. In this study, significant interactions were observed between preterm birth and the pos-

itive detection of several pathogens, i.e., HAdV, HMPV, and S. aureus in severe pneumonia. The potential

mechanisms underlying such interactions are elusive, however, the detection of these pathogens demands

greater attention for children of preterm birth.

In conclusion, preterm birth, especially early-preterm birth, was a risk factor for severe pneumonia. Under the

context of an increasing number of children surviving preterm births globally,11 the current findings might

assist in improved therapeutic or preventive strategies for pneumonia in such a special group of patients.

Limitations of the study

The study is subject to several limitations. First, the specimens used for testing were nasopharyngeal aspi-

rates, in which the pathogens detected may be derived from coincidental upper respiratory tract infections

and were not the pathogens responsible for pneumonia.29 The detection of lung aspirates is the gold stan-

dard, but invasive procedures limit its use.29,30 Second, the different methods of detection of respiratory

pathogens may lead to bias. For example, sputum or blood cultures and IgM tests have limited sensitivity,

which may lead to missed detections. Third, this study did not include other variables that may have an

Table 3. Interaction between preterm birth and positive detection of respiratory pathogens on severe pneumonia

development

Positive detection OR (95% CI)a p-value

Respiratory syncytial virus (RSV) 2.19 (1.60, 2.98) <0.001

Human adenovirus (HAdV) 2.84 (1.48, 5.44) 0.002

Human parainfluenza virus (HPIV) 1.09 (0.68, 1.75) 0.714

Influenza virus (IFV) 1.29 (0.73, 2.26) 0.378

Human bocavirus (HBoV) 1.16 (0.61, 2.19) 0.650

Seasonal human coronavirus (sHCoV) 0.99 (0.28, 3.55) 0.991

Human Metapneumovirus (HMPV) 2.79 (1.44, 5.41) 0.002

Human rhinovirus (HRV) 1.42 (0.99, 2.02) 0.054

Cytomegalovirus (CMV) 1.60 (1.06, 2.40) 0.024

Epstein-Barr virus (EBV) 0.84 (0.40, 1.79) 0.658

Chlamydia pneumonia (CP) 2.47 (0.99, 6.16) 0.053

Mycoplasma pneumonia (MP) 1.11 (0.61, 2.02) 0.736

Streptococcus pneumoniae 1.49 (0.94, 2.35) 0.088

Haemophilus parainfluenzae 1.44 (0.57, 3.63) 0.442

Klebsiella pneumoniae 1.88 (1.01, 3.48) 0.046

Escherichia coli 0.87 (0.42, 1.82) 0.717

Moraxella catarrhalis 1.38 (0.55, 3.46) 0.490

Staphylococcus aureus 2.90 (1.48, 5.69) 0.002

Haemophilus influenzae 1.18 (0.58, 2.38) 0.648

Pseudomonas aeruginosa 1.72 (0.18, 16.81) 0.642

aTheOR and 95% CI were calculated by performing logistic regression model using severe pneumonia as the outcome, sex,

age group, underlying diseases, and antibiotic use as covariates. The reference group was the full-term group.
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impact on severe pneumonia, such as BMI and secondhand smoke exposure, in the multifactorial analysis,

which may have biased the results. In addition, the study was single-center, which may be another limita-

tion. However, close to 40% of the children hospitalized in themonitoring hospital were frommultiple prov-

inces in southwestern China, and the monitoring period spanned a long period of time, so the results of the

study may still be representative. We did not perform the multivariate analysis of the interaction between

preterm birth and respiratory pathogens on the development of severe pneumonia due to the low detec-

tion rate for each pathogen to avoid poor model-fitting.
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RESOURCE AVAILABILITY

Lead contact

Further requests for information, data, and code should be directed to the lead contact, Qing-Bin Lu

(qingbinlu@bjmu.edu.cn).

Materials availability

This study did not generate new unique reagents.

Data and code availability

d Data: All the data reported in this paper will be shared by the lead contact upon request.

d Code: Reasonable requests for coding used in this study is available by the corresponding author upon

request.

d All other items: Any additional information required to reanalyze the data reported in this paper is avail-

able from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

The study was conducted at the RespiratoryMedicine Department, Children’s Hospital of ChongqingMed-

ical University (CHCMU), a tertiary care children’s hospital and the largest one in southwestern China,

serving patients from several southwestern provinces.31 Surveillance of respiratory pathogens was con-

ducted among hospitalized patients (age <16 years) with pneumonia during 2009�2021 according to a

standard operating protocol, which included guidelines for patient enrollment, specimen collection, lab-

oratory testing, and data recording during the study period.32

Pneumonia was defined by the presence of patchy alveolar opacities on chest radiographs with the pres-

ence of cough, dyspnea, or tachypnea (in infants, >50�60 breaths/min; in older children, >40 breaths/min).

Severe pneumonia was defined if pneumonia was complicated by hypoxemia (maintenance of SaO2 <92%

in air) or increasing respiratory and pulse rates with clinical evidence of respiratory distress and exhaustion

with or without elevated PaCO2.
33

Written informed consent was obtained from the legal guardians of the children in the monitoring cohort,

and the study was reviewed and approved by the Ethics Committee of CHCMU (Permit number 2015-77).

METHOD DETAILS

Demographic information collection

Preterm birth was defined as gestational age <37 weeks,2 among whom early-preterm and late-preterm

groups were further defined as born at %33 weeks and born at 34�36 weeks. Those with gestational

ageR37 weeks were defined as full-term. Underlying diseases included asphyxia history, congenital heart

disease, congenital airway dysplasia, anemia, malnutrition, wheezing history, asthma history, and eczema

history.

Specimen collection and laboratory examination

Nasopharyngeal aspirates, sputum, and blood were obtained from patients within 24 hours of admission.

Nasopharyngeal aspirates were used for the detection of eight viral pathogens, i.e., respiratory syncytial

virus (RSV), HAdV, HPIV, influenza virus (IFV), human bocavirus (HBoV), seasonal human coronavirus
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(sHCoV), human metapneumovirus (MPV), human rhinovirus (HRV), as well as chlamydia pneumoniae (CP).

DNA/RNA was extracted for the amplification by polymerase chain reaction (PCR), reverse transcription

PCR, real-time PCR, real-time reverse transcription PCR, within 24 hours of collection or, if not feasible,

stored at -80�C for later detection. Infection of cytomegalovirus (CMV), Epstein-Barr virus (EBV), andmyco-

plasma pneumoniae (MP) was determined by the test of Immunoglobulin M (IgM) in serum. Infections by

bacterial pathogens were confirmed by sputum culture or blood culture. Among the positive culture re-

sults, eight bacterial pathogens were included in this study, i.e., Streptococcus pneumoniae

(S. pneumoniae), Hemophilus parainfluenzae (H. parainfluenzae), Haemophilus influenzae (H. influenza),

Moraxella catarrhalis (M. catarrhalis), staphylococcus aureus (S. aureus), escherichia coli (E. coli), Klebsiella

pneumoniae (K. pneumoniae), Pseudomonas aeruginosa (P. aeruginosa).

QUANTIFICATION AND STATISTICAL ANALYSIS

Descriptive statistics were performed with normally distributed continuous variables described by mean

and standard deviation (SD), non-normally distributed continuous variables described by median and in-

terquartile range (IQR), and categorical variables described by frequency and proportion. Chi-square

test or Fisher exact test was used to compare the differences in categorical variables between groups. Lo-

gistic regression model was used to calculate the odds ratio (OR) and 95% confidence interval (CI). Cova-

riates for the logistic regression model included sex, age group, underlying diseases, and antibiotic use.

Statistical analysis was performed in STATA version 17 (StataCorp LLC, USA). All tests were two-sided

with p-value < 0.05 as statistically significant.
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