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Clinical characteristics and mortality risk factors among hospitalized infants and children with pertussis in China: a retrospective study









 


	
	
ORIGINAL RESEARCH
published: 17 November 2025
doi: 10.3389/fpubh.2025.1663885








[image: image2]

Clinical characteristics and mortality risk factors among hospitalized infants and children with pertussis in China: a retrospective study

Shuhan Zheng1†, Feng Luo2†, Ying Su3†, Xinyu Liu1, Rongrong Dai1, Xuan Deng4, Yao Zhu4, Yang Zhou4, Hanqing He4,5*, Chunzhen Hua6* and Hangjie Zhang5,7*


1School of Public Health, Hangzhou Medical College, Hangzhou, China

2School of Public Health, Zhejiang Chinese Medical University, Hangzhou, China

3Center for General Practice Medicine,Department of Research Administration Dept.Zhejiang Provincial People’s Hospital(Affiliated People’s Hospital), Hangzhou Medical College, Hangzhou, Zhejiang, China

4Department of Immunization Program, Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou, China

5Zhejiang Key Lab of Vaccine, Infectious Disease Prevention and Control, Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou, China

6Department of Infectious Diseases, National Clinical Research Center for Child Health, The Children’s Hospital, Zhejiang University School of Medicine, Hangzhou, China

7Department of Prevention and Control of Infectious Disease, Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou, China

Edited by
 Wei Shi, Capital Medical University, China

Reviewed by
 Karen Scanlon, University of Maryland, United States
 Nihal Akçay, İstanbul Kanuni Sultan Süleyman Eğitim ve Araştırma Hastanesi, Türkiye
 

*Correspondence
 Hanqing He, hanqinghe@cdc.zj.cn 
 Chunzhen Hua, huachunzhen@zju.edu.cn
 Hangjie Zhang, hjzhang@cdc.zj.cn

†These authors have contributed equally to this work and share first authorship

Received 11 July 2025
Accepted 21 October 2025
Published 17 November 2025

Citation
 Zheng S, Luo F, Su Y, Liu X, Dai R, Deng X, Zhu Y, Zhou Y, He H, Hua C and Zhang H (2025) Clinical characteristics and mortality risk factors among hospitalized infants and children with pertussis in China: a retrospective study. Front. Public Health 13:1663885. doi: 10.3389/fpubh.2025.1663885
 

Background: The resurgence of pertussis has emerged as a significant global public health threat. Severe pertussis primarily affects infants and children and is often associated with serious complications or death.

Methods: We retrospectively evaluated the clinical data of 197 hospitalized children with pertussis admitted to Children’s Hospital, Zhejiang University School of Medicine, from 2019 to 2024. Patients were categorized into severe and mild cases groups based on their admission ward. Multivariate logistic model was applied to explore associated factors.

Results: Among the 197 hospitalized children, those born prematurely or younger than 3 months were more likely to be admitted to the pediatric intensive care unit (PICU). All patients admitted to the PICU were infants who were either unvaccinated or incompletely vaccinated against pertussis. The most common clinical symptoms among hospitalized children were pneumonia, paroxysmal cough, and flushing. The severe cases group exhibited significantly higher levels than the mild cases group in length of stay, duration of antibiotic treatment, white blood cell (WBC) count, pneumonia, respiratory failure, and tachypnea (p < 0.05). Multivariate logistic regression analysis identified cefuroxime usage [odds ratio (OR) = 0.10, 95% confidence interval (CI) = 0.01–0.92], high WBC count (OR = 0.79, 95% CI = 0.69–0.91), and high neutrophil percentage (OR = 1.49, 95% CI = 1.22–1.82) as independent risk factors for PICU admission (p < 0.05).

Conclusion: Infants younger than 3 months and children who are unvaccinated or incompletely vaccinated for pertussis are more susceptible to developing severe pertussis. Common clinical features of severe pertussis include pneumonia, respiratory failure, elevated WBC count, and decreased neutrophil percentage. Pediatricians should prioritize early recognition and treatment of these clinical indicators to prevent the progression of severe pertussis.
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1 Introduction

Pertussis is an acute respiratory infectious disease caused by Bordetella pertussis. It is transmitted through respiratory droplets and affects individuals of all age groups worldwide (1). The primary clinical feature of pertussis is a paroxysmal cough. Clinical manifestations vary depending on factors such as the patient’s age, vaccination status, and antibiotic usage (2).

Since the 1980s, several countries with high vaccine coverage have experienced a “pertussis resurgence,” marked by an increase in the incidence of pertussis after years of maintaining low levels, including outbreaks (3). Notably, the emergence of the COVID-19 virus and the subsequent prevention and control measures have significantly altered the epidemiological trajectory of pertussis. During the COVID-19 pandemic (2020–2021), strict non-pharmaceutical interventions (mask-wearing, maintaining social distancing) implemented worldwide effectively controlled COVID-19. Concurrently, they unexpectedly drove the incidence of other respiratory infectious diseases, including pertussis, to a historic low (4). However, this suppression of transmission also resulted in the accumulation of pertussis susceptibility among vulnerable populations, particularly infants and children, a phenomenon referred to as “immune debt.” Consequently, a strong resurgence of pertussis outbreaks has been observed across many regions globally since 2023 (5). According to the World Health Organization’s 2023 pertussis report, 159,832 pertussis cases were reported globally, a figure 5.25 times higher than the 30,402 cases reported in 2021 (6).

The rising incidence of pertussis has become a significant global public health threat. In China, the incidence of pertussis has also been increasing, with rates ranging from 0.31 to 2.88 per 100,000 population between 2020 and 2023 (6). It is projected that the pertussis epidemic will persist at high levels or exhibit periodic peaks in the coming years (7). Furthermore, insufficient awareness of the need to seek medical attention, along with other factors causing delayed or missed diagnoses in patients with atypical pertussis symptoms, suggests that the actual incidence of pertussis may be underestimated (8).

If pertussis is not promptly diagnosed or is misdiagnosed in its early stages, it can easily progress to severe pertussis, which is associated with a higher case-fatality rate. Severe pertussis primarily affects infants and young children and is often accompanied by severe complications such as respiratory failure, encephalopathy, and pulmonary hypertension—significant causes of mortality in this age group (9). According to a global pertussis disease burden model, in 2017, there were 85,900 pertussis-related deaths among children under 1 year old globally, accounting for 53% of deaths in children under 5 years of age (10). Identifying the risk factors for severe pertussis and examining the clinical characteristics of patients with varying disease severity are essential for improving the prognosis of severe pertussis.

This study retrospectively analyzed children with pertussis admitted to the pediatric intensive care unit (PICU) and general ward of Children’s Hospital, Zhejiang University School of Medicine, from 2019 to 2024 (up to May). The aim was to clarify the clinical characteristics of pertussis and the risk factors for severe pertussis, enhance the early identification of severe cases, improve the prognosis, reduce the mortality risk, and provide a reference for accurately monitoring and assessing the impact of pertussis on children’s health. Additionally, the findings aim to support future research on definitive and effective interventions.



2 Methods


2.1 Study participants

This study retrospectively analyzed pediatric patients with confirmed pertussis who were admitted to the infectious disease department and PICU of Children’s Hospital, Zhejiang University School of Medicine, from February 2019 to May 2024. Hospitalized children with pertussis were categorized into a severe cases group and a mild cases group based on the PICU admission status. In total, 197 children diagnosed with pertussis were included in the study (38 children in the severe cases group matched with 159 children in the mild cases group for comparison). The inclusion criteria were an age of <18 years, regardless of sex; clinical diagnosis of pertussis; and availability of complete clinical and laboratory data. The exclusion criteria were incomplete clinical and laboratory data, refusal of participation by the patient’s parents, and fatal outcomes.



2.2 Diagnostic criteria for pertussis

According to the Guidelines for the Diagnosis, Management and Prevention of Pertussis of China (2024 Edition) (11), mild and severe cases of pertussis were defined using the following criteria: (1) Mild cases: Persistent cough lasting at least 2 weeks, with one of the following symptoms: paroxysmal cough (The presence of continuous, uncontrollable paroxysmal coughing that persists for ≥7 days), whooping (Clinical diagnosis was made by senior physicians, with decisions based on objective findings from physical examinations), or post-tussive vomiting. Concurrently, either laboratory isolation of Bordetella pertussis or positive results from multiplex polymerase chain reaction (PCR) for Bordetella pertussis. (2) Severe cases: Currently, there is no universally accepted diagnostic criterion for severe pertussis in infants and children. According to a study by Yao (12), severe pertussis can be diagnosed in patients presenting with any of the following symptoms: lethargy, inability to eat normally, or a significant reduction in appetite; frequent cyanosis or asphyxia, convulsions, or suspected pertussis encephalopathy; persistent tachypnea (Respiratory rate exceeding the upper limit of age-appropriate normal values during quiet state: <2 months of age, >60 breaths per minute; 2–12 months of age, >50 breaths per minute), with a respiratory rate exceeding 70 breaths per minute and a heart rate exceeding 180 beats per minute; frequent or persistent hypoxemia; or a white blood cell (WBC) count exceeding 30 × 109/L, accompanied by pulmonary hypertension. In this study, patients meeting the clinical diagnostic criteria for pertussis and admitted to the PICU were defined as the severe pertussis.



2.3 Clinical data collection

In investigating the risk factors for severe pertussis in infants and children, data were collected for both the severe and mild cases groups. Case data of hospitalized children were collected via the inpatient electronic medical record system. The collected data included demographic information, such as patient sex, preterm birth status, age at onset, history of pertussis vaccination, and contact with suspected cases. Laboratory data included routine blood examination results and pertussis nucleic acid test results, all samples were collected within 24 h of the pediatric patients’ hospital admission. Cytokine concentrations were measured using EDTA-anticoagulated plasma samples. After centrifugation and aliquoting, the samples were stored at −80 °C until batch analysis. A commercial human cytokine multiplex assay kit (based on Luminex xMAP technology) was used for detection, with strict adherence to the manufacturer’s standard operating protocols. Complete blood count (CBC) analysis was conducted using an automated hematology analyzer (Sysmex XN-Series). Clinical data included complications, clinical presentations, length of hospital stay, and antibiotic usage status.



2.4 Statistical analysis

Statistical analyses were performed using SPSS 24.0 and R 4.3.2 software. Measurement data with a normal or approximately normal distribution are expressed as mean ± standard deviation, and comparisons between groups were conducted using the independent two-sample t-test. Measurement data with a skewed distribution are expressed as median and interquartile range, and comparisons between groups were conducted using non-parametric tests. Enumeration data are presented as frequency or percentage, and comparisons between groups were performed using the chi-square test or Fisher’s exact probability test. Variables identified through univariate analysis were included in a multivariate logistic regression to assess the risk factors for admission of patients with pertussis to the PICU. A difference was considered statistically significant at a p-value of <0.05.




3 Results


3.1 Comparison of demographic data

The distribution of the severe and mild cases groups by sex, prematurity, age, vaccination status, and contact history with suspected cases is shown in Table 1.


TABLE 1 Demographic and baseline characteristics of 197 hospitalized children with pertussis.


	Characteristics
	Total (n = 197)
	Mild cases (n = 159)
	Severe cases (n = 38)
	χ2/Fisher
	p

 

 	Gender, n (%) 	 	 	 	0.73 	0.392


 	Male 	107 (54.31) 	84 (78.50) 	23 (21.50) 	 	


 	Female 	90 (45.69) 	75 (83.33) 	15 (16.67) 	 	


 	Prematurity, n (%) 	 	 	 	8.14 	0.004


 	Term birth 	165 (83.76) 	139 (84.24) 	26 (15.76) 	 	


 	Preterm birth 	32 (16.24) 	20 (62.50) 	12 (37.50) 	 	


 	Age groups, n (%) 	 	 	 	- 	<0.001


 	<3 months 	55 (27.92) 	42 (76.36) 	13 (23.64) 	 	


 	3–12 months 	85 (43.15) 	62 (72.94) 	23 (27.06) 	 	


 	1–5 years 	12 (6.09) 	10 (83.33) 	2 (16.67) 	 	


 	>5 years 	45 (22.84) 	45 (100.00) 	0 (0.00) 	 	


 	Vaccination status, n (%) 	 	 	 	32.73 	<0.001


 	Not vaccinated 	72 (36.55) 	45 (62.50) 	27 (37.50) 	 	


 	Not fully vaccinated 	73 (37.05) 	62 (84.93) 	11 (15.07) 	 	


 	Fully vaccinated 	52 (26.40) 	52 (100.00) 	0 (0.00) 	 	


 	Suspected cases contact history


 	Parents, n (%) 	 	 	 	0.23 	0.632


 	Yes 	56 (28.43) 	44 (78.57) 	12 (21.43) 	 	


 	No 	141 (71.57) 	115 (81.56) 	26 (18.44) 	 	


 	Siblings, n (%) 	 	 	 	3.44 	0.064


 	Yes 	68 (34.52) 	50 (73.53) 	18 (26.47) 	 	


 	No 	129 (65.48) 	109 (84.50) 	20 (15.50) 	 	


 	Grandparents, n (%) 	 	 	 	0.06 	0.806


 	Yes 	23 (11.68) 	19 (82.61) 	4 (17.39) 	 	


 	No 	174 (88.32) 	140 (80.46) 	34 (19.54) 	 	





χ2, chi-square test; -: Fisher’s exact test.
 

A total of 197 children diagnosed with pertussis were included in this study, with 38 patients admitted to the PICU. Among the hospitalized patients, 107 were male (54.31%) and 90 were female (45.69%). There were 165 term infants (83.76%) and 32 preterm infants (16.24%). Regarding the age at onset, 55 patients (27.92%) were younger than 3 months, 85 (43.15%) were between 3 and 12 months, 12 (6.09%) were between 1 and 5 years, and 45 (22.84%) were over 5 years. Premature infants and those younger than 3 months were more likely to be admitted to the PICU, with statistically significant differences (p < 0.05). However, no statistically significant difference in the sex distribution was observed between the two groups (p > 0.05).

Among the 197 patients in this study, 52 (26.40%) had completed the full series of pertussis vaccination, while 72 (36.55%) were unvaccinated and 73 (37.05%) were partially vaccinated. All patients admitted to the PICU were either unvaccinated or had not completed the full series of pertussis vaccination, with a statistically significant difference in vaccination history between the two groups (p < 0.05). Regarding contact with suspected cases, 56 (28.43%) patients had contact with parents, 68 (34.52%) with siblings, and 23 (11.68%) with grandparents. However, there was no statistically significant difference in contact with suspected cases between the two groups (p > 0.05).



3.2 Comparison of laboratory data

The distribution of laboratory characteristics between the severe and mild cases groups is illustrated in Figure 1.
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FIGURE 1
 Laboratory characteristics of 197 hospitalized children with pertussis.


In this study, 115 patients (58.37%) showed varying degrees of elevated WBC counts, with 24 (12.18%) having a WBC of >30 × 109/L. Comparisons of laboratory data between the two groups revealed that the severe cases group had significantly higher interleukin (IL)-8 and IL-10 levels (Figures 1a–1d), WBC counts, and platelet counts (Figure 1c) than the mild cases group (p < 0.05). Conversely, the severe cases group exhibited significantly lower levels of IL-5, tumor necrosis factor (TNF)-α, interferon (IFN)-α, IFN-γ, and neutrophil percentage (Figure 1b), than the mild cases group (p < 0.05).



3.3 Comparison of clinical data

The distribution of complications and clinical presentations between the severe and mild cases groups is detailed in Tables 2, 3.


TABLE 2 Complications and clinical presentations of 197 hospitalized children with pertussis.


	Characteristics
	Total (n = 197)
	Mild cases (n = 159)
	Severe cases (n = 38)
	χ2/Fisher
	p

 

 	Pneumonia, n (%) 	 	 	 	16.13 	<0.001


 	No 	77 (39.09) 	73 (94.81) 	4 (5.19) 	 	


 	Yes 	120 (60.91) 	86 (71.67) 	34 (28.33) 	 	


 	Bronchitis, n (%) 	 	 	 	10.63 	0.001


 	No 	109 (55.33) 	79 (72.48) 	30 (27.52) 	 	


 	Yes 	88 (44.67) 	80 (90.91) 	8 (9.09) 	 	


 	Respiratory failure, n (%) 	 	 	 	71.48 	<0.001


 	No 	176 (89.34) 	157 (89.20) 	19 (10.80) 	 	


 	Yes 	21 (10.66) 	2 (9.52) 	19 (90.48) 	 	


 	Encephalopathy, n (%) 	 	 	 	- 	0.007


 	No 	194 (98.48) 	159 (81.96) 	35 (18.04) 	 	


 	Yes 	3 (1.52) 	0 (0.00) 	3 (100.00) 	 	


 	Paroxysmal cough, n (%) 	 	 	 	5.64 	0.018


 	No 	37 (18.78) 	35 (94.59) 	2 (5.41) 	 	


 	Yes 	160 (81.22) 	124 (77.50) 	36 (22.50) 	 	


 	Whooping, n (%) 	 	 	 	4.33 	0.038


 	No 	151 (76.65) 	117 (77.48) 	34 (22.52) 	 	


 	Yes 	46 (23.35) 	42 (91.30) 	4 (8.70) 	 	


 	Fever, n (%) 	 	 	 	1.05 	0.305


 	No 	157 (79.70) 	129 (82.17) 	28 (17.83) 	 	


 	Yes 	40 (20.30) 	30 (75.00) 	10 (15.00) 	 	


 	Vomiting, n (%) 	 	 	 	0.04 	0.851


 	No 	127 (64.47) 	103 (81.10) 	24 (18.90) 	 	


 	Yes 	70 (35.53) 	56 (80.00) 	14 (20.00) 	 	


 	Lethargy, n (%) 	 	 	 	- 	0.476


 	No 	194 (98.48) 	157 (80.93) 	37 (19.07) 	 	


 	Yes 	3 (1.52) 	2 (66.67) 	1 (33.33) 	 	


 	Cyanosis, n (%) 	 	 	 	12.75 	<0.001


 	No 	148 (75.13) 	128 (86.49) 	20 (13.51) 	 	


 	Yes 	49 (24.87) 	31 (63.27) 	18 (36.73) 	 	


 	Flushing, n (%) 	 	 	 	1.50 	0.220


 	No 	46 (23.35) 	40 (86.96) 	6 (13.04) 	 	


 	Yes 	151 (76.65) 	119 (78.81) 	32 (21.19) 	 	


 	Tachypnea, n (%) 	 	 	 	25.56 	<0.001


 	No 	150 (76.14) 	133 (88.67) 	17 (11.33) 	 	


 	Yes 	47 (23.86) 	26 (55.32) 	21 (44.68) 	 	





χ2, chi-square test; -, Fisher’s exact test.
 


TABLE 3 Length of stay of 197 hospitalized children with pertussis.


	Variables
	Total (n = 197)
	Mild cases (n = 159)
	Severe cases (n = 38)
	t/z
	p

 

 	Length of stay M (Q₁, Q₃) 	7.00 (4.00, 12.00) 	6.00 (4.00, 10.00) 	16.00 (12.00, 20.00) 	6.26 	<0.001




 

In this study, the most common symptoms among hospitalized children with pertussis were pneumonia, paroxysmal cough, and flushing, observed in 120 (60.91%), 160 (81.22%), and 151 patients (76.65%), respectively. Additionally, 88 patients (44.67%) had bronchitis, 21 (10.66%) experienced respiratory failure, and three (1.52%) had encephalopathy—all of whom were admitted to the PICU. Other symptoms included whooping in 46 patients (23.35%), fever in 40 (20.3%), vomiting in 70 (35.53%), lethargy in three (1.52%), cyanosis in 49 (24.87%), and tachypnea in 47 (23.86%).

A comparison of clinical characteristics between the severe and mild cases groups revealed that the severe cases group had a longer length of stay and higher incidence rates of pneumonia, respiratory failure, encephalopathy, paroxysmal cough, cyanosis, and tachypnea than the mild cases group, with statistically significant differences (p < 0.05). Conversely, the severe cases group exhibited lower incidence rates of bronchitis and whooping than the mild cases group, also with statistically significant differences (p < 0.05).

The distribution of antibiotic treatments between the severe and mild cases groups is detailed in Table 4.


TABLE 4 Antibiotic treatments of 197 hospitalized children with pertussis.


	Characteristics
	Total (n = 197)
	Mild cases (n = 159)
	Severe cases (n = 38)
	χ2/Fisher
	p

 

 	Antibiotic treatment days, mean ± SD 	8.67 ± 5.66 	7.12 ± 4.06 	16.15 ± 6.32 	t = −7.88 	<0.001


 	Cefuroxime, n (%) 	 	 	 	χ2 = 20.10 	<0.001


 	No 	141 (71.57) 	125 (78.62) 	16 (42.11) 	 	


 	Yes 	56 (28.43) 	34 (21.38) 	22 (57.89) 	 	


 	Amoxicillin, n (%) 	 	 	 	χ2 = 4.48 	0.034


 	No 	167 (84.77) 	139 (87.42) 	28 (73.68) 	 	


 	Yes 	30 (15.23) 	20 (12.58) 	10 (26.32) 	 	


 	Erythromycin, n (%) 	 	 	 	χ2 = 0.37 	0.542


 	No 	179 (90.86) 	143 (89.94) 	36 (94.74) 	 	


 	Yes 	18 (9.14) 	16 (10.06) 	2 (5.26) 	 	


 	Penicillin, n (%) 	 	 	 	χ2 = 2.41 	0.120


 	No 	67 (34.01) 	50 (31.45) 	17 (44.74) 	 	


 	Yes 	130 (65.99) 	109 (68.55) 	21 (55.26) 	 	


 	SMZ, n (%) 	 	 	 	χ2 = 0.95 	0.330


 	No 	132 (67.01) 	104 (65.41) 	28 (73.68) 	 	


 	Yes 	65 (32.99) 	55 (34.59) 	10 (26.32) 	 	





t, t-test, χ2: chi-square test, SD: standard deviation, SMZ: sulfamethoxazole.
 

Regarding antibiotic treatment, 56 patients (28.43%) received cefuroxime, 30 (15.23%) received amoxicillin, 18 (9.14%) received erythromycin, 130 (65.99%) received piperacillin, and 65 (32.99%) received sulfamethoxazole. A comparison of antibiotic treatments revealed that the severe cases group had longer durations of antibiotic treatment and higher usage rates of cephalosporins and amoxicillin than the mild cases group, with statistically significant differences (p < 0.05).



3.4 Selection of risk factors for severe pertussis

Univariate analysis identified statistically significant differences between the severe and mild cases groups in prematurity, age at onset, pertussis vaccination status, IL-5, IL-8, IL-10, TNF-α, IFN-α, IFN-γ, WBC count, neutrophil percentage, platelet count, hemoglobin, length of stay, pneumonia, bronchitis, respiratory failure, encephalopathy, paroxysmal cough, whooping, cyanosis, tachypnea, duration of antibiotic treatment, and usage rates of cefuroxime and amoxicillin (p < 0.05). These variables were found to be associated with the likelihood of hospitalized children with pertussis being admitted to the PICU. According to the study by Yao (9), factors such as length of stay and respiratory failure are characteristic of severe pertussis and are therefore not appropriate as risk or diagnostic criteria. To eliminate potential confounding factors, variables excluding length of stay and respiratory failure were included in a multivariate logistic regression model. The results indicated that cefuroxime usage rate, WBC count, and neutrophil percentage were independent risk factors for the admission of hospitalized children with pertussis to the PICU (p < 0.05) (Table 5).


TABLE 5 Risk factors for severe pertussis of 197 hospitalized children with pertussis on multivariate analysis.


	Variables
	β
	p
	OR
	95%CI

 

 	Age 	−0.01 	0.806 	0.99 	0.90 ~ 1.09


 	Vaccination status


 	Not vaccinated 	 	 	 	1.00 (Reference)


 	Vaccinated at least one dose 	1.19 	0.259 	3.28 	0.42 ~ 25.85


 	Bronchitis 	0.83 	0.450 	2.29 	0.27 ~ 19.47


 	Paroxysmal cough 	−0.90 	0.559 	0.41 	0.02 ~ 8.28


 	Pneumonia 	−0.45 	0.743 	0.64 	0.04 ~ 9.46


 	Encephalopathy 	−19.52 	0.995 	0.00 	0.00 ~ Inf


 	Whooping 	0.05 	0.975 	1.05 	0.05 ~ 21.22


 	Cyanosis 	−1.20 	0.313 	0.30 	0.03 ~ 3.10


 	Tachypnea 	−1.16 	0.268 	0.31 	0.04 ~ 2.44


 	Cefuroxime 	−2.27 	0.042 	0.10 	0.01 ~ 0.92


 	Amoxicillin 	0.78 	0.587 	2.17 	0.13 ~ 35.66


 	White blood cell count 	−0.24 	0.001 	0.79 	0.69 ~ 0.91


 	Neutrophil percentage 	0.40 	<0.001 	1.49 	1.22 ~ 1.82


 	Platelet 	0.01 	0.064 	1.01 	1.00 ~ 1.01


 	Hemoglobin 	−0.01 	0.804 	0.99 	0.93 ~ 1.06




 




4 Discussion

The resurgence of pertussis has become a significant global public health threat (13). From late 2023 to early 2024, the number of reported pertussis cases in China increased rapidly, with more than 58,990 cases reported in the first quarter of 2024—10 times higher than the number reported during the same period in 2023 (14). This resurgence is attributed to various factors, including changes in pertussis transmission patterns, improved sensitivity in symptom monitoring, inadequate vaccine-acquired immunity, and increased antibiotic resistance of B. pertussis. As China’s demographic structure has evolved, the majority of families now have only one child, the transmission pattern of pertussis has shifted, with adolescents and adults serving as primary transmitters to infants and children (15), findings that align with this study. Infants infected with Bordetella pertussis are particularly prone to developing severe disease if the condition is not promptly and appropriately managed. In this study, infants with severe pertussis had significantly longer hospital stays, with the severe cases group requiring a notably longer duration of antibiotic treatment (16.15 ± 6.32 days) than the mild cases group (7.12 ± 4.06 days). This prolonged treatment imposes considerable physical and emotional burdens on the infants and their families.

All individuals are universally susceptible to pertussis, with infants exhibiting the highest incidence rates, more severe disease progression, and the greatest risk of developing severe complications (16). According to an epidemiological analysis of pertussis in China in 2022, 11,936 pertussis cases were reported among infants under 1 year old, accounting for 31.17% of all cases. Among these, infants under 1 year old represented 49.07% of hospitalized cases and 79.80% of severe cases treated in the ICU (17). Multiple studies have shown that younger infants are at a higher risk of developing severe pertussis, with age—especially under 3 months—being a significant risk factor for severe pertussis or death (18–20). In this study, severe pertussis predominantly occurred in infants under 3 months old, with 34.21% of patients in the PICU being under 3 months old, a significantly higher proportion than in the mild cases group. These findings are consistent with previous literature. Two potential reasons are as follows. First, infants under 3 months old may not have received or completed the full series of pertussis vaccinations, leading to inadequate protective immunity against pertussis (21). Second, pertussis primarily affects the respiratory mucosa, and young infants with incomplete chest development and weak cough strength are less able to clear airway secretions. Following infection, this reduced cough strength can result in airway obstruction and progression to severe pertussis.

Vaccination against pertussis is the most cost-effective method for preventing the disease and significantly reducing the risk of severe pertussis and death. Under China’s previous National Immunization Program (NIP), infants receive three doses of the diphtheria-tetanus-acellular pertussis vaccine (DTaP) at 3, 4, and 5 months of age, followed by a booster dose at 18 months. Clinical data show that the first dose of DTaP prevents 42% of pertussis-related hospitalizations, with the vaccine’s protective effect increasing with subsequent doses; completing the full four-dose series can achieve up to 100% effectiveness in preventing pertussis-related hospitalizations (22). Severe pertussis is more prevalent in infants under 3 months old, likely because of limited protection from maternal antibodies and increased susceptibility before the full-series vaccination is completed. In 2022, among infants aged 3 to 5 months in China, 49.49 and 49.28% of cases involved those who had not received or had not completed three doses of the vaccine, while infants aged 0 to 5 months had the highest proportions of hospitalizations and severe cases (17). Multiple studies have confirmed that pertussis vaccination effectively reduces hospitalization rates, alleviates clinical symptoms, and decreases the incidence of severe pertussis (23, 24). In this study, only 26.4% of patients had completed the full-series vaccination, and all infants admitted to the PICU were either unvaccinated or had not completed the full series, showing a statistically significant difference compared with the mild cases group. Our findings are consistent with recent multicenter research from Turkey, which demonstrated that infants under 3 months of age, incomplete vaccination were significantly associated with severe pertussis outcomes in PICU settings (25). Improving pertussis vaccination rates among infants, especially those under 3 months old, is critical for reducing the incidence of pertussis, lowering the risk of severe outcomes and death, and enhancing public health outcomes. Currently, China’s NIP has advanced the first dose of pertussis vaccine to 2 months of age. To better prevent severe pertussis in infants, we recommend implementing the “cocoon strategy” for pertussis vaccination—this involves advocating pertussis vaccination for pregnant women during gestation to provide protection for newborns (26).

Severe pertussis is often accompanied by various complications, including pneumonia, bronchitis, respiratory failure, and encephalopathy. In this study, factors such as pneumonia, respiratory failure, encephalopathy, paroxysmal cough, cyanosis, and tachypnea were closely associated with the admission of hospitalized children with pertussis into the PICU. Pneumonia, a common complication in severe pertussis cases, was identified as a significant risk factor for severe pertussis in infants and young children (27). In this study, 89.47% of patients in the PICU had pneumonia and 50% had respiratory failure, both showing statistically significant differences compared with the mild cases group. Thus, the presence or worsening of pneumonia in children should raise clinical suspicion for the progression of severe pertussis. Bordetella pertussis produces several toxins after infecting the host, with pertussis toxin (PT) being the most prominent. PT plays a key role in promoting elevated peripheral WBC counts (28), and it is widely accepted that hyperleukocytosis can lead to WBC accumulation in pulmonary arterioles, impairing pulmonary microcirculation and resulting in irreversible pulmonary hypertension, heart failure, and hypoxemia (9, 11). Multiple studies have shown a strong correlation between elevated WBC counts and accelerated disease progression, increased severity, and higher mortality in patients with pertussis (29, 30). In this study, the WBC count in the severe cases group was significantly higher than in the mild cases group, consistent with previous findings. Clinical recommendations suggest that leukapheresis (exchange transfusion) is an effective treatment for severe pertussis with hyperleukocytosis in children because it reduces peripheral WBC counts and PT levels, demonstrates good safety, and alleviates disease severity. The implementation of leukapheresis should be based on the availability of medical equipment and the expertise of healthcare providers at the treating hospital (11). Meanwhile, in mild cases, clinicians frequently detect loud coughing and potential wheezing auscultated in the lungs, leading them to be more prone to diagnosing bronchitis. However, as the disease course progresses and deteriorates, localized respiratory tract inflammation progresses to systemic complications. Consequently, clinical diagnoses shift to conditions such as respiratory failure and leukocytosis, resulting in a reduced incidence of bronchitis diagnoses. This also accounts for the higher incidence of bronchitis in the mild cases group and the typically elevated white blood cell counts in the severe cases group.

Regarding cytokines, a marked elevation of IL-8 serves as a key hallmark of severe pertussis. As a potent neutrophil chemokine, IL-8 drives the extensive recruitment and activation of neutrophils to the lungs—this directly accounts for the characteristic extreme leukocytosis and associated tissue damage observed in severe pertussis (31). Concurrently, the concurrent elevation of IL-10 carries dual implications: first, it may represent a compensatory anti-inflammatory response generated by the body to counteract excessive inflammation; second, high levels of IL-10 potently suppress macrophage and T-cell functions, resulting in immunosuppression (32). This immunosuppressive state provides a plausible explanation for the relatively low levels of TNF-α, IFN-γ, and IFN-α, which are key mediators of the Th1 immune response (33). Impairment of the Th1 response may undermine the body’s capacity to fully eliminate pathogens, consequently establishing a vicious cycle. We propose that the severity of severe pertussis in infants arises not only from excessive inflammation but, more importantly, is closely associated with this “pro-inflammatory-anti-inflammatory” response imbalance. The excessive activation of neutrophils (as characterized by IL-8), coupled with IL-10-mediated immunosuppression and impaired Th1 responses, collectively forms the critical immunological basis for the progression of pertussis to severe disease. This finding offers a novel theoretical foundation for the future development of targeted immunomodulatory therapies for severe pertussis.

Multivariate logistic regression analysis in this study identified the cefuroxime usage rate, WBC count, and neutrophil percentage as independent risk factors for severe pertussis. In the present study, the exacerbation of pertussis associated with cefuroxime use stems from multiple factors. Given the current high-level resistance of Bordetella pertussis to macrolide antibiotics in China, it is recommended that clinicians consider piperacillin sodium-sulbactam sodium or cefoperazone sodium-sulbactam sodium as alternative therapeutic options for infants younger than 2 months old (34). Specifically, when pediatric patients are admitted to the PICU, clinicians often tend to prioritize the administration of cefuroxime. Variability in the identification of risk factors across studies can be attributed to differences in diagnostic criteria for severe pertussis, methods of clinical information collection, intervention measures, and the autoimmune status of children (35). In summary, the resurgence of pertussis cannot be overlooked. Timely and complete pertussis vaccination, minimizing the exposure of infants—particularly those under 3 months old—to individuals with a cough, and prompt treatment of coughing infants are critical measures. Additionally, clinical indicators such as elevated WBC count and respiratory failure are significant risk factors for severe pertussis. For children with pertussis presenting with these conditions, heightened vigilance is necessary, and prompt admission to the PICU for treatment is recommended to prevent progression to severe disease.



5 Limitations

This study had two main limitations. First, the sample source was limited to patients treated at Children’s Hospital, Zhejiang University School of Medicine, which may not comprehensively represent infants with severe pertussis across the province. Second, nucleic acid testing for pertussis was not conducted on the family members of hospitalized children with pertussis, preventing confirmation of the family transmission pattern of the disease. Third, we adopted PICU admission as the standard for defining severe pertussis. This approach may be influenced by variations in PICU admission criteria across different medical institutions, potentially introducing a certain level of bias. Lastly, because the sample size of children who died due to severe pertussis was extremely insufficient (n = 4), and blood samples could not be collected from two of these children, fatal cases were excluded from the study.



6 Conclusion

This study retrospectively evaluated the clinical data of 197 hospitalized children with pertussis admitted to Children’s Hospital from 2019 to 2024. We found infants younger than 3 months and children who are unvaccinated or incompletely vaccinated for pertussis are more susceptible to developing severe pertussis. Common clinical features of severe pertussis include pneumonia, respiratory failure, elevated WBC count, and decreased neutrophil percentage. The aim of the study was to clarify the clinical characteristics of pertussis and the risk factors for severe pertussis, enhance the early identification of severe cases, improve the prognosis, reduce the mortality risk, and provide a reference for accurately monitoring and assessing the impact of pertussis on children’s health. Additionally, the findings aim to support future research on definitive and effective interventions.



Data availability statement

The datasets used and analysed during the current study are available from the corresponding author on reasonable request.



Ethics statement

The studies involving humans were approved by Medical Ethics Committee of The Zhejiang Center for Disease Control and Prevention. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

SZ: Conceptualization, Data curation, Formal analysis, Writing – original draft. FL: Data curation, Formal analysis, Software, Writing – original draft. YS: Conceptualization, Formal analysis, Software, Writing – original draft. XL: Writing – Review & Editing, Data Curation, Conceptualization. RD: Data curation, Methodology, Writing – original draft. XD: Supervision, Writing – review & editing. YaoZ: Supervision, Writing – review & editing. YanZ: Supervision, Writing – review & editing. HH: Conceptualization, Resources, Supervision, Writing – review & editing. CH: Validation, Visualization, Writing – review & editing. HZ: Conceptualization, Funding acquisition, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Zhejiang Provincial Disease Prevention and Control Science and Technology Plan (2025JK014), the Explorer Program of Zhejiang Municipal Natural Science Foundation (LQ23H100001), the Zhejiang Provincial Medical and Health Science and Technology Plan (2023RC143, 2022KY714), the key grants of Department of Science and Technology of Zhejiang Province (2024C03216, 2025C02186), and the Key Program of Health Commission of Zhejiang Province/Science Foundation of National Health Commission (WKJ-ZJ-2523).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Kilgore,PE, Salim,AM, Zervos,MJ, and Schmitt,HJ. Pertussis: microbiology, disease, treatment, and prevention. Clin Microbiol Rev. (2016) 29:449–86. doi: 10.1128/CMR.00083-15 
	 2. Gabutti,G, Cetin,I, Conversano,M, Costantino,C, Durando,P, and Giuffrida,S. Experts' opinion for improving pertussis vaccination rates in adolescents and adults: a call to action. Int J Environ Res Public Health. (2022) 19:4412. doi: 10.3390/ijerph19074412 
	 3. WHO. Pertussis vaccines: WHO position paper - August 2015--Recommendations. Vaccine. (2016) 14:34:1423–5. doi: 10.1016/j.vaccine.2015.10.136
	 4. Bonilla-Bravo,V, Montilla-Escudero,E, Castro Martinez,X, Rojas,F, Duarte,C, Aparicio,S , et al. Positivity analysis of Bordetella spp. and SARS-CoV-2 coinfections in clinical samples from Colombia, 2021-2022. Microbiol Spectr. (2025) 12:e0124225. doi: 10.1128/spectrum.01242-25
	 5. Wang,L, Gao,M, Chen,Y, Gu,Q, Guan,L, Sun,L , et al. Trends and characteristics of pertussis epidemic in pediatric patients during and after the COVID-19 pandemic in East China. Infect Drug Resist. (2025) 18:4351–61. doi: 10.2147/IDR.S527009 
	 6. World Health Organization. Pertussis reported cases and incidence. Available online at: https://immunizationdata.who.int/global/wiise-detail-page/pertussis-reported-cases-and-incidence?CODE=CHN&YEAR= (Accessed July 9, 2024).
	 7. Chinese Preventive Medicine Association; Vaccine and Immunology Branch of the Chinese Preventive Medicine Association. Expert consensus on the China pertussis initiative. Zhonghua Liu Xing Bing Xue Za Zhi. (2021) 42:955–65. doi: 10.3760/cma.j.cn112338-20210308-00186
	 8. Lin,LN, Zhou,JS, Hua,CZ, Bai,G-N, Mi,Y-M, and Zhou,M-M. Epidemiological and clinical characteristics of pertussis in children and their close contacts in households: a cross-sectional survey in Zhejiang Province, China. Front Pediatr. (2022) 10:976796. doi: 10.3389/fped.2022.976796 
	 9. Cherry,JD. The prevention of severe pertussis and pertussis deaths in young infants. Expert Rev Vaccines. (2019) 18:205–8. doi: 10.1080/14760584.2019.1581065 
	 10. Yeung,KHT, Duclos,P, Nelson,EAS, and Hutubessy,RCW. An update of the global burden of pertussis in children younger than 5 years: a modelling study. Lancet Infect Dis. (2017) 17:974–80. doi: 10.1016/S1473-3099(17)30390-0 
	 11. Pediatric Infection Group, Chinese Society of Infectious Diseases, Chinese Medical Association; Infection Group, Pediatric Expert Committee of National Health Commission Capacity Building and Continuing Education; China Clinical Practice Guidelines Alliance Methodology Committee; National Children′s Medical Center (Shanghai); National Medical Center for Infectious Diseases. Guidelines for diagnosis and management and prevention of pertussis of China (2024 edition). Zhonghua Yi Xue Za Zhi. (2024) 104:1258–79. doi: 10.3760/cma.j.cn112137-20240124-00179
	 12. Yao,KH. Some thoughts on the diagnosis of pertussis in infants. Chin J Appl Clin Pediatr. (2023) 38:845–9. doi: 10.3760/cma.j.cn101070-20230731-00048
	 13. Zhang,M, Wu,D, Li,YX, Zheng,H, Yin,ZD, and Liang,XF. Challenges to global pertussis prevention and control. Zhonghua Liu Xing Bing Xue Za Zhi. (2023) 44:491–7. doi: 10.3760/cma.j.cn112338-20220825-00737 
	 14. Hua,CZ, He,HQ, and Shu,Q. Resurgence of pertussis: reasons and coping strategies. World J Pediatr. (2024) 20:639–42. doi: 10.1007/s12519-024-00821-2 
	 15. He,H, Zhu,Y, Jin,M, Zhou,Y, Tang,X, Yan,R , et al. The decline in immunity and circulation of pertussis among Chinese population during the COVID-19 pandemic: a cross-sectional sero-epidemiological study. Vaccine. (2022) 40:6956–62. doi: 10.1016/j.vaccine.2022.10.020 
	 16. Vygen-Bonnet,S, Hellenbrand,W, Garbe,E, von Kries,R, Bogdan,C, Heininger,U , et al. Safety and effectiveness of acellular pertussis vaccination during pregnancy: a systematic review. BMC Infect Dis. (2020) 20:136. doi: 10.1186/s12879-020-4824-3 
	 17. Zhang,Q, Wu,D, Zheng,H, Li,MS, Yan,TT, Yin,ZD , et al. Epidemiological characteristics of pertussis in China, 2022. Chin J Vaccines Immun. (2024):34–8. doi: 10.19914/j.CJVI.2024007
	 18. Chong,CY, Yung,CF, Tan,NW, Acharyya,S, and Thoon,KC. Risk factors of ICU or high dependency requirements amongst hospitalized pediatric pertussis cases: a 10 year retrospective series, Singapore. Vaccine. (2017) 35:6422–8. doi: 10.1016/j.vaccine.2017.09.085 
	 19. Liu,C, Yang,L, Cheng,Y, Xu,H, and Xu,F. Risk factors associated with death in infants <120 days old with severe pertussis: a case-control study. BMC Infect Dis. (2020) 20:852. doi: 10.1186/s12879-020-05535-0 
	 20. Poeta,M, Moracas,C, Albano,C, Petrarca,L, Maglione,M, Pierri,L , et al. Pertussis outbreak in neonates and young infants across Italy, January to May 2024: implications for vaccination strategies. Euro Surveill. (2024) 29:2400301. doi: 10.2807/1560-7917.ES.2024.29.23.2400301 
	 21. Noel,G, Borand,L, Leng,C, Keang,C, Botr,C, Dim,B , et al. Circulation of Bordetella pertussis in vaccinated Cambodian children: a transversal serological study. Int J Infect Dis. (2021) 106:134–9. doi: 10.1016/j.ijid.2021.03.054 
	 22. Mack,I, Erlanger,TE, Lang,P, Sinniger,P, Perisa,D, and Heininger,U. Dose-dependent effectiveness of acellular pertussis vaccine in infants: a population-based case-control study. Vaccine. (2020) 38:1444–9. doi: 10.1016/j.vaccine.2019.11.069 
	 23. Guarnieri,V, Giovannini,M, Lodi,L, Astorino,V, Pisano,L, di Cicco,E , et al. Severe pertussis disease in a paediatric population: the role of age, vaccination status and prematurity. Acta Paediatr. (2022) 111:1781–7. doi: 10.1111/apa.16436 
	 24. Zhang,JY, Zhou,YF, Chen,YP , et al. Clinical features of pertussis in 248 hospitalized children and risk factors of severe pertussis. Chin J Appl Clin Pediatr. (2023) 38:275–80. doi: 10.3760/cma.j.cn101070-20220820-00993
	 25. Akçay,N, Tosun,D, Bingöl,İ, Bingöl,İ, Çıtak,A, Bayraktar,S , et al. Severe pertussis infections in pediatric intensive care units: a multicenter study. Eur J Pediatr. (2025) 184:138. doi: 10.1007/s00431-025-05978-0 
	 26. Damron,FH, Barbier,M, Dubey,P, Edwards,KM, Gu,XX, Klein,NP , et al. Overcoming waning immunity in pertussis vaccines: workshop of the National Institute of Allergy and Infectious Diseases. J Immunol. (2020) 205:877–82. doi: 10.4049/jimmunol.2000676 
	 27. Di Camillo,C, Vittucci,AC, Antilici,L, Ciarlitto,C, Linardos,G, Concato,C , et al. Pertussis in early life: underdiagnosed, severe, and risky disease. A seven-year experience in a pediatric tertiary-care hospital. Hum Vaccin Immunother. (2021) 17:705–13. doi: 10.1080/21645515.2020.1791617 
	 28. Decker,MD, and Edwards,KM. Pertussis (whooping cough). J Infect Dis. (2021) 224:S310–20. doi: 10.1093/infdis/jiaa469 
	 29. Mohan,A, Tan,YY, Hashim,R, Ng,DC, Wong,VH, Liew,DW , et al. Incidence and severity of pertussis among hospitalized infants, Sarawak, Malaysia, 2015-2021. J Infect Dev Ctries. (2024) 18:1394–403. doi: 10.3855/jidc.18837 
	 30. Guo,S, Zhu,Y, Guo,Q, and Wan,C. Severe pertussis in infants: a scoping review. Ann Med. (2024) 56:2352606. doi: 10.1080/07853890.2024.2352606 
	 31. Bhusal,RP, Foster,SR, and Stone,MJ. Structural basis of chemokine and receptor interactions: key regulators of leukocyte recruitment in inflammatory responses. Protein Sci. (2020) 29:420–32. doi: 10.1002/pro.3744 
	 32. Carlini,V, Noonan,DM, Abdalalem,E, Goletti,D, Sansone,C, Calabrone,L , et al. The multifaceted nature of IL-10: regulation, role in immunological homeostasis and its relevance to cancer, COVID-19 and post-COVID conditions. Front Immunol. (2023) 14:1161067. doi: 10.3389/fimmu.2023.1161067 
	 33. Mishra,B, Bachu,M, Yuan,R, Wingert,C, Chaudhary,V, Brauner,C , et al. IL-10 targets IRF transcription factors to suppress IFN and inflammatory response genes by epigenetic mechanisms. Nat Immunol. (2025) 26:748–59. doi: 10.1038/s41590-025-02137-3 
	 34. Zeng,M. Issues and recommendations on antibacterial treatment and post-exposure chemoprophylaxis for pertussis. Zhonghua Yi Xue Za Zhi. (2025) 105:113–6. doi: 10.3760/cma.j.cn112137-20240805-01797 
	 35. Shi,TT, Huang,L, Jiang,WH , et al. Risk factors for ICU admission among chlidren with pertussis. Chin J Pract Pediatr. (2022) 37:458–63. doi: 10.19538/j.ek2022060608


Copyright
 © 2025 Zheng, Luo, Su, Liu, Dai, Deng, Zhu, Zhou, He, Hua and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical characteristics and mortality risk factors among hospitalized infants and children with pertussis in China: a retrospective study



		1 Introduction



		2 Methods



		2.1 Study participants



		2.2 Diagnostic criteria for pertussis



		2.3 Clinical data collection



		2.4 Statistical analysis









		3 Results



		3.1 Comparison of demographic data



		3.2 Comparison of laboratory data



		3.3 Comparison of clinical data



		3.4 Selection of risk factors for severe pertussis









		4 Discussion



		5 Limitations



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fpubh-13-1663885-g001.jpg
pg/ml

Percentage(%)

R TR T T, A A g

Wb L2 s LS s

Neutrophi

Counts(1077L)

Lymphocyte

(] Mild cases.

IL10 142070 117,

Whie Blood Cell Platelet  Hemoglobin

(B Severe cases

e o

IFN-o

TNF-a
Mild cases = Severe cases





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Clinical characteristics and
mortality risk factors among
hospitalized infants and children
with pertussis in China: a
retrospective study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






