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Background: The DTaP-Hib and DTaP-IPV/Hib combination vaccine can be used 
as a substitute for the diphtheria, tetanus, and acellular pertussis combined vaccine 
(DTaP). We aimed to evaluate the safety of multi-component vaccines containing 
DTaP by analyzing the reporting rates and characteristics of adverse events following 
immunization (AEFIs) in Linping District during the years 2019 to 2022.

Methods: We  obtained data of AEFI and vaccination from the National AEFI 
Surveillance System of China and Zhejiang Municipal Immunization Information 
Management System, respectively, during 2019–2022 for a descriptive, 
epidemiological analysis.

Results: The total number of AEFI reported following vaccinations with DTaP-
containing combination vaccines was 802 in Linping District from 2019 to 2022. 
The overall reporting rates of AEFIs following DTaP, DTaP-Hib, and DTaP-IPV/
Hib vaccinations were 445.72 (537 cases), 536.29 (45 cases), and 306.13 (220 
cases) per 100,000 doses in Linping District from 2019 to 2022, respectively. 
Only one case of a serious AEFI following DTaP vaccination, with a reporting 
rate of 0.83 per 100,000 doses. The composition ratio of vaccine product-
related reactions for DTaP, DTaP-Hib, and DTaP-IPV/Hib were 99.81, 97.78, and 
100.00%, respectively. The composition ratio of coincidental events for DTaP 
and DTaP-Hib were 0.19 and 2.22%, respectively. The reporting rates of total 
AEFIs for DTaP-IPV/Hib were lower than for DTaP. The reporting rate of local 
induration for DTaP-Hib was lower than for DTaP, and the reporting rates of 
local redness & swelling and local induration for DTaP-IPV/Hib were both lower 
than for DTaP. DTaP-IPV/Hib had a higher proportion of AEFIs in first quarter 
compared to DTaP. The reporting rate after the second dose of DTaP-Hib was 
higher than that of DTaP, and the reporting rates of AEFIs after the first dose and 
third dose of DTaP-IPV/Hib were lower than DTaP.

Conclusion: The reported AEFIs to multi-component vaccines containing DTaP 
components during 2019–2022  in Linping District were mainly mild vaccine 
reactions. DTaP-containing combination vaccines demonstrated a good safety 
profile.
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1 Introduction

Pertussis (whooping cough), Diphtheria, and Tetanus, as vaccine-
preventable diseases (VPDs), are seriously harmful to children’s 
health. Pertussis, known as “whooping cough (cough for 100 days)” in 
folk medicine, is an acute respiratory infectious disease. Prior to 
widespread coverage of the pertussis vaccine (PV), pertussis was the 
primary cause of death among infants and young children (1). A study 
over the lifetime of 40 birth cohorts from 1978 to 2017 in China show 
that pertussis cases and deaths were decreased by an estimated 92.57 
and 97.43% with the widespread use of PV (2). Diphtheria, one of the 
VPDs, mainly includes respiratory diphtheria and cutaneous 
diphtheria, affecting respiratory mucosa and skin. The global case 
fatality rate is around 10%, and it keeps in severe cases (3). With 
diphtheria vaccination, the incidence of disease has decreased 
dramatically (4). Tetanus is a disease that mainly affects the central 
and peripheral nervous systems. World Health Organization (WHO) 
estimates that approximately 34,000 neonates died of neonatal tetanus 
in 2015, which represents a 96% reduction since 1988 (5). Previous 
research shows that the tetanus vaccination have resulted in the 
elimination of neonatal tetanus in the developing countries (6). 
Preventive vaccination is the most direct, effective, and cost-efficient 
measure for controlling infectious diseases. At present, there are three 
kinds of inactivated vaccines used to prevent pertussis, diphtheria, and 
tetanus in Linping District, which are the diphtheria, tetanus, and 
acellular pertussis combined vaccine (DTaP), the diphtheria, tetanus, 
and acellular pertussis-haemophilus influenza type b combined with 
vaccine (DTaP-Hib) and the diphtheria, tetanus, and acellular 
pertussis-inactivated poliovirus-haemophilus influenza type b 
combined vaccine (DTaP-IPV/Hib).

The “Vaccine administration law of the People’s Republic of 
China” classifies vaccines used domestically into two main categories: 
the National Immunization Program (NIP) vaccines and non-NIP 
vaccines. NIP refers to a schedule of government-determined vaccines 
that is administered to the population at specific times (7). Over the 
past 3 years, the NIP vaccination rate in Linping has remained above 
97%. The high vaccination rate of NIP vaccines is achieved through 
significant financial support from the government, effectively 
controlling the prevalence of VPDs. Among these, the DTaP is one of 
the most widely used and extensively administered vaccines in the 
Linping District. According to the record, DTaP was introduced in 
1999 in Hangzhou, completely replaced the diphtheria, tetanus, and 
whole-cell pertussis combined vaccine (DTwP) in 2011 (8). The main 
components of DTaP were diphtheria toxoid and tetanus toxoid 
combined with acellular pertussis. The DTaP vaccination schedule of 
infants and young children in Linping District aligns with that of 
Chinese mainland. In Linping District, the vaccination rates achieved 
with four doses of the DTaP vaccination in childhood have been more 
than 98% in recent years. Non-NIP vaccines serve as effective 
supplements to NIP vaccines and have gained increasing attention as 
an effective means of disease prevention and control. As public health 
awareness has increased, the size of vaccinated populations has grown 
substantially, leading to a significant rise in the use of non-NIP 
vaccines. These include the DTaP-Hib and the DTaP-IPV/Hib in the 
Linping District, which have replaced DTaP in China or other 
countries (9–12), used for the prevention of VPDs such as Pertussis, 
Diphtheria, Tetanus, Poliomyelitis, and Haemophilus influenzae type 
b. Studies have shown that multi-component vaccines have seen 
significant increases in usage nationwide, avoiding the pain caused by 

multiple injections of component vaccines, reducing physical and 
human resources costs, and lowering expenses. This approach also 
reduces visits to vaccination clinics to avoid the cross-contamination 
with other intranasal spray vaccines, leading to improved compliance 
among recipients and increased immunization coverage (13, 14).

Vaccines are usually administered to healthy people, including 
entire birth cohorts of infants and in vast numbers. However, adverse 
events following immunization (AEFI) may occur in the recipient 
following the use of any vaccine, the most severe cases are extremely 
rare and are usually mild and self-limiting (15–17). Scientific studies 
demonstrated that strong antibody-based and cellular 
immunoprotective stimulation against each component of pertussis 
typically requires a combination of several adjuvants (18, 19). Due to 
the presence of aluminum hydroxide adjuvant, there is an increased 
reporting rate of injection site reactions in recipients with vaccination 
(20, 21). A major challenge to the safety of the DTaP combination 
vaccine is that the vaccine needs to be administered in early infancy. 
To assess the safety and effective administration of vaccines, especially 
when new vaccines are introduced in any country, WHO recommends 
that countries should establish effective AEFI reporting programs 
(17). The AEFI surveillance are conducted by either applying a passive 
or active approach to monitor vaccine safety in various countries 
(22–24). However, systematic research is lacking on comparison of 
AEFI at the multi-component vaccines containing DTaP component. 
Consequently, there is a great emphasis on the safety of administering 
these combination vaccines. This study aims to compare and analyze 
the characteristics of AEFIs reported from DTaP, DTaP-Hib, and 
DTaP-IPV/Hib vaccinations in the Linping District during the years 
2019 to 2022. The goal is to evaluate the safety of vaccines containing 
DTaP component.

2 Data and methods

2.1 Data source

The adverse event case data following the administration of DTaP, 
DTaP-Hib, and DTaP-IPV/Hib vaccines in Linping District from 
January 1, 2019, to December 31, 2022, were collected through the 
China AEFI Surveillance and Management Information System. The 
number of doses administered for DTaP, DTaP-Hib, and DTaP-IPV/
Hib vaccinations in the preventive immunization clinics of Linping 
District during the same period was collected through the Zhejiang 
Province Comprehensive Management Information System for 
Vaccines and Immunization (data downloaded on June 5, 2023). The 
annual doses of the DTaP vaccine in 2019, 2020, 2021, and 2022 were 
41,728, 31,458, 26,861, and 20,432, respectively, for a total of 120,479 
doses. The annual doses of the DTaP-Hib vaccine were 1,920, 2,375, 
2,113, and 1,983, respectively, for a total of 8,391 doses. The annual 
doses of the DTaP-IPV/Hib vaccine were 14,216, 17,434, 19,718, and 
20,496, respectively, for a total of 71,864 doses.

2.2 Vaccine types and immunization 
schedule

Diphtheria, tetanus, and acellular pertussis combined vaccine is a 
national NIP vaccine, the vaccination schedule for infants and young 
children in Linping District aligns with that of Chinese mainland, 
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consisting of four 0.5 mL doses of DTaP administered at 3, 4, 5, and 
18 months of age (intramuscular injection). DTaP-Hib and DTaP-IPV/
Hib are non-NIP vaccines voluntarily and optionally administered at 
an individual’s expense. They are combination vaccines containing 
acellular pertussis component and are used as substitutes for 
DTaP. The immunization procedure for DTaP-Hib is consistent with 
that of domestic DTaP, consisting of four 1.0 mL doses (intramuscular 
injection), while the DTaP-IPV/Hib vaccine is recommended for 
administration as three 0.5 mL doses at 2, 3, and 4 months of age to 
complete the primary course, followed by a booster at 18 months 
(intramuscular injection).

2.3 AEFIs reporting and classification

According to national AEFI guidance, any AEFI should 
be reported mandatorily when it was detected by these authorized 
reporters, including health care facilities, Center for Disease Control 
and Prevention (CDC) at any administrative levels, adverse drug 
reaction monitoring agencies, and vaccine manufacturers executive 
staff. Additionally, the public or the caregivers could notify any of the 
above authorized reporters to report an AEFI. AEFI reports were 
gathered by local, county-level CDCs, which were responsible for 
completing AEFI case reporting cards and submitting data to the 
national AEFI surveillance system (25). A single AEFI report might 
be assigned more than one term and be referred to more than one 
suspected vaccine. In cases of co-administration of two or more 
vaccines at the same time in an individual, we attributed the reported 
AEFI to the reporter suspected vaccine according to the following 
principle: (1) The injection site reaction could be determined by the 
record of vaccination; (2) The systematic reactions could not 
be  determined which vaccine was to be  suspected when the 
co-administration occurred. In that case, we attributed the reported 
AEFI to all vaccines co-administrated.

An AEFI is defined as a reaction or an event following vaccination 
that is suspected to be related to the vaccination, according to the 
requirements of the national AEFI guidance, and supported by the 
Vaccine Administration Law of the People’s Republic of China. AEFIs 
are classified into vaccine product-related reactions (non-serious 
reaction and serious reaction), vaccine quality defect-related reactions, 
immunization error-related reactions, immunization anxiety-related 
reactions, and coincidental events (26). These are verified by AEFI 
monitoring professionals or diagnosed by a panel of experts 
investigating AEFIs following immunization. A non-serious reaction 
refers to a situation where no intervention is necessary or there is a 
physician visit or an event that interferes with daily activities or results 
in loss of working hours, including fever, local redness & swelling, and 
local induration. A serious reaction refers to with any untoward 
medical occurrence that results in death, hospitalization, prolongation 
of hospitalization, persistent or significant disability/incapacity, and 
life threatening conditions or birth defects.

2.4 Statistical analysis

The adverse event case data and the number of vaccine doses 
administered were processed using Microsoft Excel 2007. The annual 
reporting rate and composition ratio of AEFIs were calculated as 

follows: AEFIs Reporting Rate (/100,000 doses) = Number of AEFI 
Cases/Number of Vaccine Doses Administered × 100,000; AEFIs 
Composition Ratio (/100) = Number of AEFI Cases components/
Number of whole AEFI Cases × 100. Data analysis was performed 
using SPSS 22.0, employing the χ2 test for trend analysis and inter-
group comparison, with a significance level of α = 0.05. The Bonferroni 
method was used for multiple (k) group comparisons, with a 
significance level of α’ = 0.05/k.

2.5 Ethics approval

No ethics approval was required for this study as it is a systematic 
review using preexisting, publicly published data.

3 Results

3.1 AEFIs reporting and classification 
(clinical diagnosis)

The total number of AEFI reported following vaccinations with 
DTaP-containing combination vaccines in Linping District from 2019 
to 2022 was 802. The overall reporting rates of AEFIs following DTaP, 
DTaP-Hib, and DTaP-IPV/Hib vaccinations in Linping District during 
2019–2022 were 445.72 per 100,000 doses (537 cases, 120,479 doses), 
536.29 per 100,000 doses (45 cases, 8,391 doses), and 306.13 per 
100,000 doses (220 cases, 71,864 doses), respectively. The annual 
reporting rate of AEFIs for DTaP increased from 337.90 per 100,000 
doses to 636.26 per 100,000 doses, showing a statistically significant 
upward trend from 2019 to 2022 (χ2 = 17.87, p < 0.001). There was no 
statistically significant difference in the reporting rate of AEFIs 
between DTaP and DTaP-Hib (χ2 = 1.43, p = 0.232), but the reporting 
rate of AEFIs was higher for DTaP compared to DTaP-IPV/Hib 
(χ2 = 22.37, p < 0.001). Most of the AEFIs reported following vaccines 
containing the DTaP component were non-serious. Only one case of 
a serious AEFI following DTaP vaccination, diagnosed as epilepsy, has 
been reported, with a reporting rate of 0.83 per 100,000 doses.

Regarding the types of AEFI reports, for DTaP and DTaP-Hib, the 
reporting rates of vaccine product-related reactions were 444.89 per 
100,000 doses (536 cases, 99.81%) and 524.37 per 100,000 doses (44 
cases, 97.78%), respectively. The one reported coincidental event for 
DTaP and DTaP-Hib was diagnosed as epilepsy and 
bronchopneumonia, respectively. For DTaP-IPV/Hib, all reported 
AEFI cases were vaccine product-related reactions. The reporting rates 
of vaccine product-related reactions for DTaP showed an upward 
trend from 2019 to 2022 (χ2 = 17.31, p < 0.05). The reporting rates of 
vaccine product-related reactions for DTaP-IPV/Hib was lower than 
those for DTaP (χ2 = 22.14, p < 0.001).

For the specific vaccine product-related reactions reported for 
DTaP, the reporting rates were as following: fever, 7.47 per 100,000 
doses (nine cases, 1.68%); local redness & swelling, 305.45 per 100,000 
doses (368 cases, 68.66%); local induration, 262.29 per 100,000 doses 
(316 cases, 58.96%); and rash, 1.66 per 100,000 doses (two cases, 
0.37%). For DTaP-Hib, the reporting rates of local redness & swelling 
and local induration were 405.20 per 100,000 doses (34 cases, 77.27%) 
and 143.01 per 100,000 doses (12 cases, 27.27%), respectively. For 
DTaP-IPV/Hib, the reporting rates of fever, local redness & swelling, 
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and local induration were 8.35 per 100,000 doses (six cases, 2.73%), 
205.94 per 100,000 doses (148 cases, 67.27%), and 136.37 per 100,000 
doses (98 cases, 44.55%), respectively. The reporting rates of local 
redness & swelling and local induration for DTaP and local induration 
for DTaP-IPV/Hib showed an upward trend (p < 0.05), while the 
reporting rate of fever for DTaP-IPV/Hib showed a downward trend 
from 2019 to 2022 (χ2 = 6.61, p = 0.010). The reporting rate of local 
induration for DTaP-Hib was lower than DTaP (χ2 = 4.35, p = 0.037), 
and the reporting rates of local redness & swelling and local induration 
for DTaP-IPV/Hib were both lower than DTaP (χ2 = 16.66, 32.87, 
p < 0.001) (Table 1).

3.2 Distribution of AEFIs by gender, age, 
and quarter

For DTaP AEFIs, the proportion of male and female cases was 
55.87 and 44.13%, respectively, with a male-to-female ratio of 1.27: 1. 
The proportion of AEFIs in males was higher than in females 
(χ2 = 14.78, p < 0.001). For DTaP-Hib, the proportion of male and 
female cases was 51.11 and 48.89%, respectively, with a male-to-
female ratio of 1.05: 1. For DTaP-IPV/Hib, the proportion of male and 
female cases was 48.64 and 51.36%, respectively, with a male-to-
female ratio of 0.95: 1. There was no statistically significant difference 
in the gender ratio between DTaP and the two alternative vaccines 
(p > 0.05).

Regarding age distribution, for DTaP AEFIs, the proportion of 
cases in the age groups 2–5, 6–17, and ≥ 18 months was 24.77, 23.28, 
and 51.96%, respectively. For DTaP-Hib, the proportion in the 
respective age groups was 28.89, 22.22, and 48.89%. For DTaP-IPV/
Hib, the proportion in the respective age groups was 35.00, 15.45, and 

49.55%. There were statistically significant differences in the 
distribution of AEFIs among the three vaccines across different age 
groups (χ2 = 125.97, 7.80, 57.94, p < 0.05). According to the Bonferroni 
method, the significance level was adjusted to 0.0167 for pairwise 
comparisons among the three groups. DTaP and DTaP-IPV/Hib 
showed the highest proportion of AEFIs in the ≥18 months age group 
(p < 0.017). DTaP-Hib had a higher proportion of AEFIs in the 
≥18 months age group compared to the 6–17 months age group 
(p < 0.017). DTaP-IPV/Hib showed the lowest proportion of AEFIs in 
the 6–17 months age group (p < 0.017). There was no statistically 
significant difference in the distribution of AEFIs among different age 
groups between DTaP and DTaP-Hib (p > 0.05), but DTaP-IPV/Hib 
had a higher proportion in the 2–5 months age groups (χ2 = 8.15, 
p = 0.004) and a lower proportion of AEFIs in the 6–17 months age 
groups compared to DTaP (χ2 = 5.76, 7.60, p < 0.05) (Table 2).

Regarding quarterly distribution, for DTaP, the reporting rates of 
AEFIs in the first, second, third, and fourth quarters were 169.06 per 
100,000 doses, 522.57 per 100,000 doses, 592.27 per 100,000 doses, 
and 430.83 per 100,000 doses, respectively. For DTaP-Hib, the 
reporting rate in the respective quarters was 285.51 per 100,000 doses, 
567.72 per 100,000 doses, 846.77 per 100,000 doses, and 293.54 per 
100,000 doses. For DTaP-IPV/Hib, the reporting rate in the respective 
quarters was 224.63 per 100,000 doses, 371.57 per 100,000 doses, 
373.96 per 100,000 doses, and 234.38 per 100,000 doses. There were 
statistically significant differences in the distribution of AEFIs for 
DTaP vaccine across different quarters (χ2 = 64.24, p < 0.001). 
According to the Bonferroni method, the significance level was 
adjusted to 0.0125 for pairwise comparisons among the four groups. 
The reporting rate of AEFIs for DTaP was lowest in the first quarter 
(p < 0.013). There was no statistically significant difference in the 
distribution of AEFIs among different quarters between DTaP and 

TABLE 1 Reporting rates (per 105 doses) of DTaP, DTaP-Hib, and DTaP-IPV/Hib AEFIs by classification (clinical diagnosis) in Linping District, 2019–2022.

Classification (Clinical 
diagnosis)

N (Reporting rate)
χ2 p-value

2019  Year 2020  Year 2021  Year 2022  Year Total

DTaP

Vaccine product-related reaction 141 (337.90) 162 (514.97) 104 (387.18) 129 (631.36) 536 (444.89) 17.31 <0.001

  Fever 4 (9.59) 5 (15.89) 0 (0.00) 0 (0.00) 9 (7.47) 3.27 0.071

  Redness and swelling 113 (270.80) 100 (317.88) 75 (279.22) 80 (391.54) 368 (305.45) 4.12 0.042

  Induration 67 (160.56) 102 (324.24) 62 (230.82) 85 (416.01) 316 (262.29) 24.76 <0.001

  Rash 1 (2.4) 1 (3.18) 0 (0.00) 0 (0.00) 2 (1.66) 0.85 0.356

Coincidental event (Epilepsy) 0 (0.00) 0 (0.00) 0 (0.00) 1 (4.89) 1 (0.83) — —

DTaP-Hib

Vaccine product-related reaction 3 (156.25) 19 (800.00) 13 (615.24) 9 (453.86) 44 (524.37) 0.74 0.389

  Redness and swelling 2 (104.17) 15 (631.58) 10 (473.26) 7 (353.00) 34 (405.20) 0.66 0.416

  Induration 1 (52.08) 4 (168.42) 4 (189.30) 3 (151.29) 12 (143.01) 0.66 0.417

Coincidental event (Bronchopneumonia) 0 (0.00) 0 (0.00) 1 (47.33) 0 (0.00) 1 (11.92) — —

DTaP-IPV/Hib

Vaccine product-related reaction 19 (133.65) 68 (390.04) 73 (370.22) 60 (292.74) 220 (306.13) 3.83 0.050

  Fever 3 (21.10) 3 (17.21) 0 (0.00) 0 (0.00) 6 (8.35) 6.61 0.010

  Redness and swelling 13 (91.45) 44 (252.38) 48 (243.43) 43 (209.80) 148 (205.94) 3.61 0.057

  Induration 5 (35.17) 28 (160.61) 34 (172.43) 31 (151.25) 98 (136.37) 6.51 0.011
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DTaP-Hib (p > 0.05), but DTaP-IPV/Hib had lower reporting rates of 
AEFIs in the second, third, and fourth quarters compared to DTaP 
(χ2 = 6.14, 11.16, 11.85, p < 0.05) (Table 3).

3.3 Distribution of vaccine product-related 
reactions based on clinical diagnosis

Among vaccine product-related reactions, the reporting rates of 
fever between 37.6 and 38.5°C and fever above 38.6°C following DTaP 
vaccination were 6.64 and 0.83 per 100,000 doses, respectively. The 
reporting rate of fever between 37.6 and 38.5°C was higher than fever 
above 38.6°C (χ2 = 5.44, p = 0.021). Following DTaP-IPV/Hib 
vaccination, the reporting rate of fever between 37.6 and 38.5°C was 
8.35 per 100,000 doses, which was higher than DTaP (χ2 = 6.99, 
p = 0.008).

Regarding the size of local redness & swelling, the reporting rates 
of local redness & swelling with diameters of ≤2.5, 2.6–5.0, 
and > 5.0 cm following DTaP vaccination were 9.13, 261.46, and 34.86 
per 100,000 doses, respectively. Following DTaP-Hib vaccination, the 
respective reporting rates were 23.84, 274.10, and 107.26 per 100,000 
doses. Following DTaP-IPV/Hib vaccination, the respective reporting 
rates were 13.92, 168.37, and 23.66. There were statistically significant 
differences in the reporting rates of local redness & swelling among 
the three vaccines based on different diameters (χ2 = 456.73, 20.20, 
156.77, p < 0.001). The highest reporting rate of local redness & 
swelling for DTaP was in the 2.6–5.0 cm diameter group, and the 
lowest was in the ≤2.5 cm diameter group (p < 0.001). Both DTaP-Hib 
and DTaP-IPV/Hib showed higher reporting rates of local redness & 
swelling in the 2.6–5.0 cm diameter group compared to the ≤2.5 
and > 5.0 cm diameter groups (p < 0.017). The reporting rate of local 
redness & swelling with a diameter of >5.0 cm was higher for 
DTaP-Hib compared to DTaP (χ2 = 10.39, p = 0.005), and the reporting 

rate of local redness & swelling with a diameter of 2.6–5.0 cm was 
lower for DTaP-IPV/Hib compared to DTaP (χ2 = 17.24, p < 0.001).

Regarding the size of local induration, the reporting rates of local 
induration with diameters of ≤2.5, 2.6–5.0, and > 5.0 cm following 
DTaP vaccination were 66.40, 195.05, and 0.83 per 100,000 doses, 
respectively. Following DTaP-Hib vaccination, the respective reporting 
rates of local induration with diameters of ≤2.5 and 2.6–5.0 cm were 
83.42 and 59.59 per 100,000 doses. Following DTaP-IPV/Hib 
vaccination, the respective reporting rates of local induration with 
diameters of ≤2.5, 2.6–5.0, and > 5.0 cm were 26.44, 108.54, and 1.39 
per 100,000 doses. There were statistically significant differences in the 
reporting rates of local induration between DTaP and DTaP-IPV/Hib 
based on different diameters (χ2 = 269.29, 99.37, p < 0.001). Both 
vaccines showed the highest reporting rates of local induration in the 
2.6–5.0 cm diameter group and the lowest in the >5.0 cm diameter 
group (p < 0.001). The reporting rate of local induration with a 
diameter of ≤2.5 cm was higher for DTaP-IPV/Hib compared to DTaP 
(χ2 = 13.97, p < 0.001). The reporting rates of local induration with 
diameters of 2.6–5.0 cm were both lower for DTaP-Hib and DTaP-IPV/
Hib compared to DTaP (χ2 = 7.74, 20.74, p < 0.05) (Table 4).

3.4 Distribution of AEFIs by occurrence 
time

Following DTaP vaccination, the proportion of reported AEFIs 
within ≤1 day, 2–5 days, 6–15 days, and > 15 days was 55.68, 14.71, 
19.18, and 10.43%, respectively. Following DTaP-Hib vaccination, the 
respective proportions were 68.89, 8.89, 13.33, and 8.89%. The 
proportion of AEFIs reported within 2–5 days showed a decreasing 
trend from 2019 to 2022 (χ2 = 4.50, p = 0.037). Following DTaP-IPV/
Hib vaccination, the proportions were 58.64, 11.36, 20.45, and 9.55%, 
respectively. There were statistically significant differences in the 

TABLE 2 Proportion of reported DTaP, DTaP-Hib, and DTaP-IPV/Hib AEFIs by gender and age in Linping District, 2019–2022.

Variable
N (%)

χ2 p -value
N (%)

χ2 p-value
DTaP DTaP-Hib DTaP-IPV/Hib

Gender

  Male 300 (55.87) 23 (51.11)
0.38 0.538

107 (48.64)
3.28 0.070

  Female 237 (44.13) 22 (48.89) 113 (51.36)

Months of age

  2 133 (24.77) 13 (28.89) 0.38 0.540 77 (35.00) 8.15 0.004

  6 125 (23.28) 10 (22.22) 0.03 0.872 34 (15.45) 5.76 0.016

  18 279 (51.96) 22 (48.89) 0.16 0.693 109 (49.55) 0.36 0.547

TABLE 3 Reporting rates (per 105 doses) of DTaP, DTaP-Hib, and DTaP-IPV/Hib AEFIs by quarter in Linping District, 2019–2022.

Variable
N (Reporting rate)

χ2 p-value

N (Reporting 
rate) χ2 p-value

DTaP DTaP-Hib DTaP-IPV/Hib

1 43 (169.06) 4 (285.51) 1.03 0.518 35 (224.63) 1.57 0.210

2 188 (522.57) 14 (567.72) 0.09 0.764 72 (371.57) 6.14 0.013

3 189 (592.27) 21 (846.77) 2.46 0.117 71 (373.96) 11.16 0.001

4 117 (430.83) 6 (293.54) 0.85 0.355 42 (234.38) 11.85 0.001
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distribution of AEFIs among the three vaccines based on different 
occurrence times (χ2 = 370.40, 61.96, 185.02, p < 0.001). The 
proportions of AEFIs reported within ≤1 day for all three vaccines 
were higher than those reported within 2–5, 6–15, and > 15 days 
(p < 0.001). The proportion of AEFIs reported within 6–15 days 
following DTaP and DTaP-IPV/Hib were higher than those reported 
after >15 days (p < 0.013). There was no statistically significant 
difference in the distribution of AEFIs based on occurrence time 
between DTaP and DTaP-Hib, as well as DTaP-IPV/Hib (p > 0.05) 
(Table 5).

3.5 Distribution of AEFIs by number of 
vaccination doses

The reporting rates of AEFIs following one dose, two doses, three 
doses, and four doses of DTaP vaccination were 225.57 per 100,000 
doses (10.99%), 295.52 per 100,000 doses (15.46%), 393.51 per 
100,000 doses (21.60%), and 759.00 per 100,000 doses (51.96%), 
respectively. The reporting rates of AEFIs following one dose, two 
dose, and three doses of DTaP showed an increasing trend from 2019 
to 2022 (p < 0.05). For DTaP-Hib, the respective reporting rates were 
291.36 per 100,000 doses (20.00%), 586.80 per 100,000 doses (26.67%), 
415.80 per 100,000 doses (17.78%), and 1200.30 per 100,000 doses 
(35.56%). For DTaP-IPV/Hib, the respective reporting rates were 
97.81 per 100,000 doses (8.64%), 242.88 per 100,000 doses (21.36%), 
243.07 per 100,000 doses (21.36%), and 778.13 per 100,000 doses 
(48.64%). The reporting rates of AEFIs following one dose and four 
doses of DTaP-IPV/Hib showed an increasing trend from 2019 to 
2022 (p < 0.05).

There were statistically significant differences in the reporting 
rates of AEFIs among the three vaccines based on different numbers 
of vaccination doses (χ2 = 125.96, 15.11, 133.06, p < 0.05). Both DTaP 
and DTaP-IPV/Hib had the highest reporting rates of AEFIs following 

four doses (p < 0.013), and the reporting rate of AEFIs following two 
doses and three doses of the two vaccines were higher than following 
one dose (p < 0.013). The reporting rates of AEFIs following four doses 
of DTaP-Hib was higher than that reported following one dose 
(p < 0.013). The reporting rate of AEFIs following two doses of 
DTaP-Hib was higher than DTaP (χ2 = 5.15, p = 0.023). The reporting 
rates of AEFIs following one dose and three doses of DTaP-IPV/Hib 
were both lower than DTaP (p < 0.05) (Table 6).

4 Discussion

The results of this study show that the combined reporting rates 
of AEFIs following DTaP, DTaP-Hib, and DTaP-IPV/Hib vaccinations 
in Linping District from 2019 to 2022 were 445.72, 536.29, and 306.13 
per 100,000 doses, respectively. These rates were significantly higher 
than the average in the domestic regions such as Chengdu and 
Guangzhou (27, 28), as well as in foreign region such as Chile (17). 
The reporting rate of AEFIs from 2019 to 2022 following DTaP 
showed an increasing trend, reaching 631.36 per 100,000 doses in 
2022. This could be  attributed to increased public concern about 
vaccine safety after reports of issues with the DTaP vaccine efficacy 
from the Changchun Changsheng company in 2017, leading to 
heightened sensitivity in AEFI monitoring of vaccines containing 
DTaP components. The reporting rate of AEFIs following DTaP was 
higher than DTaP-IPV/Hib, with no statistically significant difference 
compared to DTaP-Hib, indicating that replacing DTaP with 
DTaP-Hib or DTaP-IPV/Hib will not be  expected to increase the 
reporting of AEFIs.

In Linping District from 2019 to 2022, only one case of a serious 
AEFI was reported following DTaP vaccination, with no reports of 
serious AEFIs following DTaP-Hib and DTaP-IPV/Hib vaccinations. 
Regarding the types of AEFI reports, with 99.81% of DTaP and 97.78% 
of DTaP-Hib reports categorized as vaccine product-related reactions. 

TABLE 4 Reporting rates (per 105 doses) of DTaP, DTaP-Hib, and DTaP-IPV/Hib vaccine product-related reactions by clinical diagnosis in Linping 
District, 2019–2022.

Clinical diagnosis

N (Reporting rate)

χ2 p-value

N 
(Reporting 

rate) χ2 p-value

DTaP DTaP-Hib
DTaP-IPV/

Hib

DTaP

Fever (°C)

  37.6–38.5 8 (6.64) 0 (0.00) — — 6 (8.35) 6.99 0.008

  ≥38.6 1 (0.83) 0 (0.00) — — 0 (0.00) — —

Redness and swelling (cm)

  ≤2.5 11 (9.13) 2 (23.84) 1.68 0.206 10 (13.92) 0.94 0.331

  2.6–5.0 315 (261.46) 23 (274.10) 0.05 0.827 121 (168.37) 17.24 <0.001

  >5.0 42 (34.86) 9 (107.26) 10.39 0.005 17 (23.66) 1.84 0.175

Induration (cm)

  ≤2.5 80 (66.4) 7 (83.42) 0.34 0.562 19 (26.44) 13.97 <0.001

  2.6–5.0 235 (195.05) 5 (59.59) 7.74 0.005 78 (108.54) 20.74 <0.001

  >5.0 1 (0.83) 0 (0.00) — — 1 (1.39) 0.14 1.000
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The one reported coincidental event of DTaP and DTaP-Hib were 
diagnosed as epilepsy and bronchopneumonia, respectively. For 
DTaP-IPV/Hib, all reported AEFI cases were vaccine product-related 
reactions. The majority of reactions were mild. Among the vaccine 
product-related reactions for all three vaccines, the most common 
manifestations were local redness & swelling and local induration. The 
reporting rate of injection site redness & swelling for DTaP and 
DTaP-IPV/Hib were higher than the results of other studies (20, 29). 
The reporting rates of local redness & swelling and induration for 
DTaP and local induration for DTaP-IPV/Hib showed an increasing 

trend over the 4 years. Related studies have suggested that factors such 
as the dose of DTaP, shallow injection, incorrect administration, 
inadequate shaking before each dose, or previous freezing may 
increase the risk of local redness & swelling and induration (19). The 
reporting rates of local redness & swelling and induration for 
DTaP-IPV/Hib were lower than for DTaP, and the reporting rate of 
local induration for DTaP-Hib was lower than for DTaP, indicating 
that replacing DTaP with DTaP-Hib or DTaP-IPV/Hib will not 
be expected to increase the reporting of local reactions. There were 
only two reports of rash following DTaP vaccination, accounting for 

TABLE 5 Proportion of reported DTaP, DTaP-Hib, and DTaP-IPV/Hib AEFIs by onset time in Linping District, 2019–2022.

Onset time
N (%)

χ2 p-value
2019  Year 2020  Year 2021  Year 2022  Year Total

DTaP

  ≤1 day 92 (65.25) 81 (50.00) 51 (49.04) 75 (57.69) 299 (55.68) 1.38 0.239

  2–5 days 27 (19.15) 23 (14.20) 14 (13.46) 15 (11.54) 79 (14.71) 2.96 0.086

  6–15 days 20 (14.18) 28 (17.28) 29 (27.88) 26 (20.00) 103 (19.18) 3.18 0.074

>15 days 2 (1.42) 30 (18.52) 10 (9.62) 14 (10.77) 56 (10.43) 2.58 0.108

DTaP-Hib

  ≤1 day 1 (33.33) 13 (68.42) 10 (71.43) 7 (77.78) 31 (68.89) 1.21 0.283

  2–5 days 1 (33.33) 3 (15.79) 0 (0.00) 0 (0.00) 4 (8.89) 4.50 0.037

  6–15 days 0 (0.00) 1 (5.26) 4 (28.57) 1 (11.11) 6 (13.33) 1.12 0.330

  >15 days 1 (33.33) 2 (10.53) 0 (0.00) 1 (11.11) 4 (8.89) 0.88 0.397

DTaP-IPV/Hib

  ≤1 day 13 (68.42) 39 (57.35) 33 (45.21) 44 (73.33) 129 (58.64) 0.75 0.385

  2–5 days 2 (10.53) 10 (14.71) 9 (12.33) 4 (6.67) 25 (11.36) 1.16 0.311

  6–15 days 4 (21.05) 7 (10.29) 23 (31.51) 11 (18.33) 45 (20.45) 0.92 0.376

>15 days 0 (0.00) 12 (17.65) 8 (10.96) 1 (1.67) 21 (9.55) 2.59 0.114

TABLE 6 Reporting rates (per 105 doses) of DTaP, DTaP-Hib, and DTaP-IPV/Hib AEFIs by vaccination dose in Linping District, 2019–2022.

Vaccination 
dose

N (Reporting rate)
χ2 p-value

2019  Year 2020  Year 2021  Year 2022  Year Total

DTaP

  1 6 (67.97) 24 (340.28) 9 (152.72) 20 (456.31) 59 (225.57) 12.79 <0.001

  2 6 (63.17) 29 (380.23) 23 (371.39) 25 (524.33) 83 (295.52) 24.00 <0.001

  3 25 (239.88) 42 (527.17) 20 (310.80) 29 (571.88) 116 (393.51) 5.33 0.021

  4 104 (776.24) 67 (760.41) 52 (623.50) 56 (901.77) 279 (759.00) 0.05 0.823

DTaP-Hib

  1 1 (112.49) 5 (472.14) 1 (170.07) 2 (361.66) 9 (291.36) 0.27 0.641

  2 1 (186.92) 6 (1156.07) 2 (420.17) 3 (582.52) 12 (586.80) 0.11 0.800

  3 0 (0.00) 3 (580.27) 3 (634.25) 2 (397.61) 8 (415.80) 0.72 0.432

  4 1 (1538.46) 5 (1785.71) 8 (1388.89) 2 (485.44) 16 (1200.30) 3.39 0.279

DTaP-IPV/Hib

  1 1 (21.94) 3 (64.66) 7 (140.79) 8 (152.18) 19 (97.81) 5.36 0.023

  2 9 (201.25) 11 (239.60) 13 (258.45) 14 (266.26) 47 (242.88) 0.44 0.505

  3 3 (69.12) 13 (276.89) 21 (420.00) 10 (188.64) 47 (243.07) 1.94 0.164

  4 6 (708.38) 41 (1168.76) 32 (678.54) 28 (598.29) 107 (778.13) 4.91 0.027
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a small proportion of vaccine product-related reactions, with an 
reporting rate of 1.66 per 100,000 doses. This demonstrates that the 
preventive vaccination safety of vaccines containing DTaP components 
in Linping District is good. There were statistically significant 
differences in the reporting rates of local redness & swelling and 
induration between DTaP and DTaP-IPV/Hib, and both vaccines had 
the highest reporting rates for local redness & swelling and induration 
in the 2.6–5.0 cm category, consistent with previous research findings 
(28, 30). The reporting rate of local redness & swelling for DTaP-Hib 
in the 2.6–5.0 cm was also higher than that in the ≤2.5 and > 5.0 cm. 
The reporting rate of local redness & swelling for DTaP-IPV/Hib in 
the 2.6–5.0 cm category was lower than for DTaP, and the reporting 
rate of local induration for DTaP-Hib and DTaP-IPV/Hib in the 
2.6–5.0 cm category were lower than for DTaP. The reporting rate of 
local redness & swelling for DTaP-Hib in the >5.0 cm was higher than 
that of DTaP, which may be related to the slow release of aluminum 
hydroxide adjuvant after vaccination, and the injection dose of 
DTaP-Hib was twice the capacity that of DTaP and DTaP-IPV/Hib, 
which could easily lead to more serious local reactions. It is suggested 
that vaccinators must vaccinate in strict accordance with the 
requirements to reduce the occurrence of local reactions.

The male-to-female ratio of reported AEFIs for DTaP, DTaP-Hib, 
and DTaP-IPV/Hib was 1.27:1, 1.05:1, and 0.95:1, respectively. The 
reporting rate of DTaP was higher than the levels reported in Chile 
(17), while the reporting rate of DTaP-IPV/Hib was lower than in 
other regions (28). The reporting rates of AEFIs for DTaP and 
DTaP-IPV/Hib were highest in the ≥18 months age group. Similarly, 
the proportion of AEFIs for DTaP-Hib in the ≥18 months age group 
was higher compared to the 6–17 months age group, also consistent 
with the ages at which vaccinations are scheduled. The reporting rates 
of AEFIs for DTaP was lowest in the first quarter, possibly due to the 
higher temperatures during the spring and summer seasons, resulting 
in a greater chance of skin exposure and increased detection of local 
redness & swelling or induration at the injection site. The DTaP-IPV/
Hib had lower reporting rates of AEFIs in the 2nd, 3rd, and 4th 
quarters compared to DTaP, consistent with the overall reporting rates.

The reporting rates of AEFIs occurring within ≤1 day after 
vaccination were higher (>50%) than those occurring at 2–5, 6–15, 
and > 15 days, suggesting the need to continue improving on-site 
observation and acute reaction management in vaccination clinics to 
prevent the occurrence of severe cases. The reporting rates of AEFIs 
at 6–15 days following DTaP and DTaP-IPV/Hib vaccinations were 
higher than at >15 days, indicating the importance of educating 
parents about increased monitoring of their child’s health within the 
2 weeks after vaccination, to promptly report and seek medical 
attention in case of abnormalities.

With the increase in the number of vaccination doses, specific 
reporting rates for both DTaP and DTaP-IPV/Hib gradually increased, 
with four doses having higher rates than 1–3 doses, consistent with 
previous research (28). The reporting rate of AEFIs following four 
doses of DTaP-Hib was also higher than that for one dose, indicating 
that the high reporting rate of AEFIs after booster vaccination may 
be  related to the cellular immune response of the body, with the 
recipient repeatedly being stimulated at the injection site, leading to 
increased sensitivity to vaccine antigens or adjuvants (31). The 
reporting rates of AEFIs following one dose, two doses, and three 
doses of DTaP, and one dose of DTaP-IPV/Hib showed an increasing 
trend from 2019 to 2022, possibly because parents of younger infants 

may be more attentive to AEFIs and more likely to proactively report 
AEFI information. The reporting rate of AEFIs following two doses of 
DTaP-Hib was higher than DTaP, and the reporting rates of AEFIs 
following one dose and three doses of DTaP-IPV/Hib were both lower 
than DTaP, suggesting the need to strengthen monitoring of AEFIs 
after basic DTaP and DTaP-Hib vaccinations.

This study has certain limitations as it relies on passive surveillance 
for AEFI reporting, which may result in underreporting. Therefore, 
further efforts are needed to enhance training for vaccination clinic 
staff to improve the sensitivity and accuracy of AEFI monitoring.

5 Conclusion

The reported AEFIs to multi-component vaccines containing 
acellular pertussis components in Linping District were mainly mild 
reactions. DTaP-Hib and DTaP-IPV/Hib do not increase the reporting 
of AEFIs when replacing DTaP in vaccination. The safety of vaccines 
containing the DTaP component in Linping District is good, this may 
thereby reduce visits and improve immunization compliance and 
timeliness, and contribute to higher vaccination coverage. It is 
recommended to strengthen training for vaccination personnel, 
standardize vaccination work, and reduce the occurrence of local 
reactions. Additionally, consideration should be given to the dosing of 
DTaP-Hib, as the reporting rate of AEFIs has not decreased compared 
to DTaP. Therefore, further comparative studies evaluating the safety 
of multi-component vaccines and their component vaccines should 
continue to be  a focus of future research, providing a basis for 
optimizing immunization strategies.
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