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Background: In recent years, the resurgence of pertussis has posed a public health challenge in many
countries. This study aimed to evaluate the immunity levels against pertussis among populations of dif-
ferent ages in China.
Methods: We conducted a cross-sectional serological survey in Zhejiang Province, China in 2020. Serum
IgG antibodies against pertussis toxin (anti-PT), filamentous hemagglutinin (anti-FHA), and pertactin
(anti-PRN) were quantitatively measured. The geometric mean concentration (GMC) of three antibodies
was calculated. An anti-PT level < 5 IU/mL was considered undetectable, �20 IU/mL as seropositive and
�80 IU/mL as an indicator of recent infection. Mathematical models were fitted for anti-PT concentra-
tions over time in children after four doses of the pertussis vaccination.
Results: A total of 4459 participants aged 0–59 years were included in the analyses. The overall positivity
rate of anti-PT was 29.80% with the highest (81.44%) rate in the 1–2 years old and the lowest (4.72%) in
10–14 years old. The GMCs of anti-PT, anti-FHA and anti-PRN for the whole participants were 9.67 (95%
CI: 9.25–10.10),18.93 (18.24–19.67), and 8.99 (8.61–9.38) IU/mL, respectively. Over 50% of subjects
aged � 7 years had undetectable anti-PT IgG antibodies (<5IU/mL). The proportions of the populations
with anti-PT IgG � 80 IU/mL were approximately 0.9%, 0.3% and 1.1% among the 10–14, 15–29, and
40–59 years old groups, respectively. The power regression equation of the attenuation model after last
dose of pertussis vaccine was y = 41.088x-1.238 (R2 = 0.935, p < 0.001). The fitted anti-PT concentrations
was only 5.60 IU/mL at 5 years following the last vaccination dose.
Conclusion: The prevalence of pertussis decreased during the study period in the COVID-19 pandemic;
however, there was still a certain proportion of adolescents and adults with evidence of recent infection.
The decline in antibody levels after pertussis vaccination was observed, and booster doses are in urgent
need in China.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Pertussis, commonly known as whooping cough, is a highly
contagious infectious disease caused by Bordetella pertussis [1].
It is not only an important cause of mortality in infants and young
children but also aggravates health risks of individuals with under-
lying chronic diseases such as asthma and chronic obstructive pul-
monary disease [2,3]. Nowadays, pertussis continues to be a global
public health problem in the context of even at least 90% coverage
of three-dose primary series diphtheria-tetanus-pertussis (DTP3)
(-containing) vaccines worldwide [4]. In China, the incidence of
pertussis has also increased in recent years. According to the Chi-
nese National Notifiable Diseases Surveillance System (NNDSS),
the reported cases of pertussis exceeded 30,000 nationwide in
2019, which is comparable to that reported in the late 1980s [5].
Furthermore, the disease burden of pertussis in China may be
underestimated, especially in older children, adolescents, and
adults, due to limitations in laboratory testing techniques and lack
of awareness of clinician to diagnose and report pertussis cases [6].
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Serosurvey, which is generally performed to detect the serum
antibodies that derived from infection or vaccination, is useful
for evaluating the incidence or susceptibility to infection in the
population. Pertussis toxin (PT), filamentous hemagglutinin
(FHA), and pertactin (PRN) are the key virulence factors of Borde-
tella pertussis, playing an important role in the induction of clinical
immunity [7], and thus to be the main components of many acel-
lular pertussis vaccines. Several studies have reported the sero-
prevalence of anti-PT IgG in China [8–19], but until now, only
one study has evaluated anti-FHA IgG [14] and none have evalu-
ated anti-PRN IgG. A previous study carried out in six counties of
Zhejiang Province in 2014 reported anti-PT IgG levels among the
general population but without data of anti-FHA and anti-PRN [20].

In response to the COVID-19 pandemic, China has implemented
strict public health intervention measures since early 2020. The
epidemiological profile of many other respiratory infectious dis-
eases has been reported to change due to non-pharmaceutical
interventions (NPI) [21–24]. Furthermore, COVID-19 pandemic
has also influenced DTP vaccination coverage. A decrease of 5% of
DTP3 coverage in children was observed from 2019 to 2021
according to WHO data, with the DTP3 coverage decreased to be
81% globally, sounding a red alarm for child health [25]. Mean-
while, the DTP vaccination coverage of Zhejiang province main-
tained a level of above 95%. In this context, reevaluating the level
of antibodies against pertussis can help to comprehend immunity
status, estimate the prevalence, and optimize public health
interventions.

Zhejiang, a province located in eastern China, is a highly socioe-
conomically developed province, with a high-level performance of
an immunization program since 1978. The replacement of DTwP
(combined diphtheria, tetanus, and whole-cell pertussis vaccine)
with DTaP (diphtheria, tetanus toxoid, and acellular pertussis vac-
cine) was completed through over Zhejiang province in 2010. The
4-dose series of DTP administered at 3, 4, 5, and 18 months of age
was applied since 1978. Although maintaining a high DTP vaccina-
tion rate among the population for several decades, the incidence
of pertussis in Zhejiang Province has been increasing over the past
20 years, and reached a new high of 1.36/10 0000 in 2018 [26].

Herein, we conducted a cross-sectional serological investigation
of anti-PT, anti-FHA, and anti-PRN antibodies, including partici-
pants from all 11 cities in Zhejiang in 2020, aiming to provide fur-
ther insight into the disease burden of pertussis and corresponding
effective immunization strategies.
2. Method

2.1. Study design and participants

This cross-sectional seroepidemiological study was carried out
across Zhejiang Province in 2020. Subjects were randomly selected
from each city according to the following age groups: <1 year, 1–
2 years, 3–4 years, 5–6 years, 7–9 years, 10–14 years, 15–19 years,
20–29 years, 30–39 years, and 40–59 years, based on an age-
stratified sampling method with a sample size of at least 30 sub-
jects per age group. A 5 mL blood sample and a self-response ques-
tionnaire were collected from each participants. All sera were
transported using a cold chain system and stored at �70 �C until
processing. Vaccination information of the electronic accurate
records were obtained from Zhejiang Provincial Immunization
Information System established in 2005.

The study protocol was approved by the Ethics Committee of
Zhejiang Provincial Center for Disease Control and Prevention (T-
043-R-2020-014). Written informed consent form was obtained
from all participants or their legal guardians before enrollment.
2

2.2. Laboratory testing

IgG antibodies against pertussis toxin (anti-PT IgG), filamentous
hemagglutinin (anti-FHA IgG), and pertactin (anti-PRN IgG) were
measured quantitatively using an in-house enzyme-linked
immunosorbent assay (ELISA) kit developed by Whuan institute
of biological products CO.,LTD. Briefly, according to WHO Human
International Standard for Pertussis Antiserum (NIBSC 06/140),
96-well ELISA plates were coated with purified PT, FHA, or PRN,
and blocked with skim milk solution. The serum was diluted from
50 to 6400-fold, 100 to 12800-fold and 100 to 12800-fold for test-
ing PT, FHA, and PRN, respectively. The antibody concentration was
generated using a standard curve obtained from point-to-point
plotting (linear/linear) of the optical density values.

According to the laboratory testing method [27] and the
instructions of the ELISA kit used in our study [28], a cut-off of
20 IU/ml was defined as seropositive for anti-PT and anti-FHA
IgG, and a level of <5 IU/ml was considered as undetectable. An
anti-PT IgG concentration �80 IU/mL was considered to indicate
a recent infection if the subject had not received the pertussis-
containing vaccine within the previous year. Given that some stud-
ies consider cutoff of �100 IU/mL as recent infection using the dif-
ferent ELISA detection kits (Institut Virion/Serion GmbH,
Würzburg; and Euroimmun Medizinische Labordiagnostika AG,
Germany) [8,29], the corresponding percentages for both cutoffs
were calculated.
2.3. Statistical analysis

Descriptive statistics were performed using geometric mean
concentration (GMC, 95% confidence interval) and frequency (per-
centage) for continuous and categorical variables, respectively. The
Spearman’s rank test was used to evaluate the correlation between
anti-PT and anti-FHA or anti-PRN IgG concentrations. The Wil-
coxon rank sum test was used to compare the concentrations of
these three IgG antibodies for different previous vaccination
histories.

Modeling of attenuation after pertussis immunization: A scatter
plot was created using the years since last pertussis-containing
vaccination as the independent variable and GMC of anti-PT as
the dependent variable. After linear and several curve models were
fitted, power curve fitting for the largest coefficient of determina-
tion was chosen.

Statistical significance was set at a two-tailed p-value of 0.05.
Data entry and checks were conducted using EpiData (version
3.1). Data analysis was performed using SPSS for Windows (IBM
SPSS Statistics 19) and R software (version 3.6.1; R Foundation,
Vienna, Austria).
3. Results

3.1. Demographic characteristics of study population

4474 subjects aged from 0 to 59 years were primarily enrolled
in the study. 15 were excluded due to poor quality of blood sam-
ples or absence of demographic data. Therefore, a total of 4459
subjects were included in the analyses. The ratio of males to female
was 1:1.05 (2167:2292), and the ratio of local residents to migrant
residents was 9.25:1 (4024:435). Of the children aged 1–14 years
old, 98.93% (2680/2709) had confirmed records of three primary
doses of pertussis-containing vaccine. Of the children aged 2–14,
97.32% (2435/2502) had a history of four doses of pertussis
vaccine.
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3.2. Seroprevalence of anti-PT IgG antibodies

The GMC of anti-PT IgG antibodies for 4459 subjects was 9.67
(9.25–10.10) IU/ml. As shown in Table 1, seropositive rate
(�20 IU/ml) was the highest (81.44%) in the age group of 1–2 years
and the lowest (4.72%) in the age group of 10–14 years. The
seropositive rate dropped sharply from 67.70% at the age of 3–
4 years to 9.81% at the age of 5–6 years, and continued to be at
low level (4–6%) in subsequent age groups.

To explore more details, we further divided participants under
2 years of age into more specific groups according to the vaccina-
tion schedule. As shown in Fig. 1, the GMC of anti-PT IgG increased
significantly from the age group of 0–2 months, reaching a peak of
108.73 IU/mL at 6 months, and subsequently decreased to
40.39 IU/mL in 12–17 months age group. An increase of 20 IU/
mL was observed in the ages 12–17 months to 18–23 months;
however, the anti-PT IgG GMC declined continuously afterwards,
with only 5.88, 4.34 and 4.19 IU/mL at ages 5–6, 7–9, and 10–
14 years, respectively. Furthermore, over 50% of subjects had unde-
tectable anti-PT IgG antibodies (<5 IU/mL) in each age group from 7
to 39 years.

The proportion of subjects with anti-PT IgG antibodies � 80 IU/
mL was around 0.9% for those aged 5–6 and 10–14 years, and
nearly 0.3% for those aged 15–19 and 20–29 years. Participants
aged 40–59 years had the highest proportion (1.12%) on anti-PT
IgG antibodies � 80 IU/mL. The overall proportion of all study sub-
jects with anti-PT IgG antibodies � 80 IU/mL was 9.57%. This pro-
portion became 7.15% when the cutoff value switched to 100 IU/
mL, and the trend across different age groups was almost the same
(Table 1).

3.3. Seroprevalence of anti-FHA and anti-PRN IgG antibodies

For anti-FHA IgG antibodies, the GMC of all subjects was 18.93
(18.24–19.67) IU/mL, and the seropositive rate was 47.30%. The
changes of FHA across the different age groups were roughly par-
allel to those of PT but still had slight differences. The GMCs
showed an upward trend between the ages of 3 and 6 months,
from 9.78 IU/mL at 3 months to a maximum of 72.64 IU/mL at
6 months. A decrease was observed in subsequent age groups,
and the GMC was 21.15 IU/mL at 12–17 months. A second peak
appeared at 2 years (57.65 IU/mL), after then the GMC decreased
again (Fig. 1).

For anti-PRN IgG antibodies, the GMC for all subjects was 8.99
(8.61–9.38) IU/mL. For subjects under 5 years of age, the trend of
anti-PRN IgG across age groups was similar to that of anti-PT while
the GMC level was relatively lower than that of anti-PT and anti-
FHA. However, after the age of 5 years, the anti-PRN GMCs exhib-
ited an upward trend (Fig. 1).

In the total population, the concentrations of anti-PT and anti-
FHA were significantly correlated (r = 0.631, p < 0.001), so were
the correlation between the concentrations of anti-PT and anti-
PRN (r = 0.451, p < 0.001). The scatter plots of serum anti-PT vs.
anti-FHA or anti-PRN by age groups are shown in the supplemen-
tary materials (Supplementary Figure I).

3.4. Model of attenuation after pertussis immunization

A total of 2435 children had confirmed records of four doses of
the pertussis-containing vaccine. We calculated the time interval
between the date of the final pertussis vaccination and the date
at which the blood sample was obtained. Within the first year of
receiving the fourth dose of the pertussis vaccine, the GMCs of
anti-PT, anti-FHA, and anti-PRN antibodies were 58.41 IU/mL,
76.69 IU/ml and 28.1 IU/mL, respectively. A downward trend was
observed in the levels of all three antibodies. However, the decline
3

in anti-PRN antibody was not as significant as those of anti-PT and
anti-FHA. A slight increasing trend for anti-PRN antibody was
observed since 5–8 years after the last dose (Fig. 2).

Considering antigen specificity[7,27], we only fitted mathemat-
ical models for anti-PT antibody concentrations over time after
vaccination. The persistence and attenuation of anti-PT IgG anti-
bodies were reflected in power curve fitting (Fig. 3). The power
regression equation was y = 41.088x�1.238 (R2 = 0.935, p < 0.001).
The fitted anti-PT antibody concentrations were 10.54, 7.38 and
5.60 IU/mL at 3, 4, and 5 years after the last vaccination dose,
respectively. A scatter plot of the concentration of anti-PT antibody
with time since last dose of pertussis vaccine was provided in the
supplementary materials (Supplementary Figure III). In addition,
the decline of anti-FHA antibody over time was similar to anti-PT
antibody (Supplementary Figure IV).
4. Discussion

In this study, we evaluated the levels of serum anti-PT, anti-
FHA, and anti-PRN antibodies during the COVID-19 pandemic in
2020, and estimated the susceptibility and recent infection rate
of B. pertussis among different age groups, mainly based on the
anti-PT antibody level. We also fitted an exponential regression
model for the attenuation of anti-PT IgG antibody levels.

Pertussis toxin (PT) is a specific antigen of B. pertussis, and anti-
PT IgG antibodies are generally used as serological measures for
recent infections or immune response after vaccinations [5,8].
The overall GMCs of anti-PT antibodies among infants and children
in our study were slightly higher than those reported in previous
studies in other regions of China [8,10–12,14]. Studies conducted
in central [14] and southwestern China [12] showed that the levels
of anti-PT IgG antibodies remained low throughout all age groups,
and there were no obvious immune responses after primary vacci-
nation and booster. In the current study, the GMCs of anti-PT
increased significantly after the primary (at 3, 4, and 5 months of
age) and booster immunization schedule (at 18–24 months), indi-
cating that vaccination induced humoral immunity, and a high vac-
cination rate is helpful for the prevention of pertussis in these age
groups. This discrepancy between our results and others may be
explained by differences in laboratory techniques, coverage of
the pertussis vaccine, and different study periods.

Despite the relatively high level of anti-PT induced at the sixth
month and at 18–23 months, a continuous decline over time was
observed afterwards in our study. At 5–6 years of age, the GMC
of anti-PT dropped to approximately 5 IU/mL, and a large propor-
tion of children aged 7–14 years had undetectable levels of anti-
PT IgG antibodies. A Japanese sero-epidemiology study showed
that children aged 3–6 years exhibited much lower levels of anti-
PT IgG than younger children aged 1–2 years [30], which was in
consist with our findings. In addition, our mathematical model
revealed that the waning of anti-PT IgG after vaccination followed
a power curve. It was estimated that the concentration would
decline to 5.60 IU/mL at 5 years after the last vaccination,
approaching an undetectable level. This finding echoes several
case-control studies conducted in Canada, the United States, and
Australia that assessed waning immunity by calculating the odds
of developing pertussis per year since the last dose. Schwartz
et al. observed high early effectiveness of the pertussis vaccine that
rapidly declined over time since the last dose surpassed 4 years
[31]. Another study used meta-regression models to evaluate the
duration of immunity with DTaP, and estimated that the odds of
pertussis infection increased by 1.33 times (95% CI: 1.23–1.43),
for every additional year after the last dose of DTaP [32].

In view of the decline in antibodies induced by vaccines, the re-
increase in anti-PT IgG antibodies in older children or adults



Table 1
Demographic data and distribution of anti-PT IgG concentration in the study population.

GMC(95%CI) <5 IU/mL �20 IU/mL �80 IU/mL �100 IU/mL

Characteristic n (IU/mL) n (%) n (%) n (%) n (%)

Age (years)
<1 343 45.2(39.02–52.37) 30 8.73 248 72.30 145 42.27 119 34.69
1–2 529 49.01(44.92–53.47) 10 1.89 431 81.44 158 29.87 123 23.25
3–4 675 30.67(28.47–33.05) 27 4.00 457 67.70 109 16.15 66 9.78
5–6 673 5.88(5.43–6.37) 275 40.86 66 9.81 6 0.89 3 0.45
7–9 472 4.34(3.93–4.78) 248 52.54 23 4.87 0 0.00 0 0
10–14 360 4.19(3.77–4.66) 212 58.89 17 4.72 3 0.83 3 0.83
15–19 340 4.18(3.68–4.76) 184 54.12 21 6.18 1 0.29 0 0
20–29 356 3.99(3.59–4.44) 221 62.08 23 6.46 1 0.28 1 0.28
30–39 355 3.8(3.39–4.26) 202 56.90 20 5.63 0 0.00 0 0
40–59 356 5.2(4.69–5.77) 169 47.47 24 6.74 4 1.12 4 1.12
Sex
Male 2167 11.05(10.37–11.76) 717 33.09 734 33.87 243 11.21 186 8.58
Female 2292 8.53(8.03–9.07) 816 35.59 595 25.96 184 8.03 133 5.81
Registered population
Native 4024 9.59(9.15–10.05) 1440 35.78 1193 29.64 393 9.77 295 7.33
migrant 435 10.46(9.19–11.91) 138 31.72 136 31.26 34 7.81 24 5.52
Total 4459 9.67(9.26–10.11) 1578 35.39 1329 29.80 427 9.57 319 7.15

Fig. 1. Anti-PT, anti-FHA and anti-PRN IgG among children aged 0–14 years. m: month; y: years.
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mainly reflect pertussis infection. We considered anti-PT
IgG � 80 IU/mL as an indicator of recent infection in participants
aged �5 years and found that a substantial minority of preschool
children, adolescents, and adults might have had recent infection.
The trend was almost the same when cutoff value switched to
100 IU/mL, and the sero-estimated infection rate of pertussis infec-
tion were still high. While the estimated rate of recent infection in
this study was lower than that in a previous study in Zhejiang dur-
ing September and October 2014 [20]. This discrepancy might be
influenced by the pandemic COVID-19 as many strict prevention
and control measures were implemented in 2020, which may
reduce the circulation of pertussis bacteria [33]. In addition, since
pertussis was a cyclic disease, the downward trend always come
after the peak of the disease. Indeed, the reported incidence of per-
tussis declined dramatically nationwide in 2020. Nevertheless, the
estimated infection rates were still much higher than the notifica-
tion incidence rates of surveillance systems, particularly in adoles-
cents and adults. The notification incidence rates in Zhejiang were
1.28/100000 per year for the entire population in 2019 and
4

0.10/100000 in 2020, and the vast majority (�90%) of cases was
reported in infants and young children aged <5 years [34]. The
neglected prevalence of pertussis infection in order children, ado-
lescents, and adults needs more attention, since the population
are more active and play an important role in transmission, leading
to possible infection sources of infant pertussis [35]. These results
indicate that the immunity to pertussis is low, and a certain pro-
portion of infections occur even with strict implementation of
NPI against the COVID-19 pandemic in Zhejiang, China.

To better understand immunity against pertussis, serum anti-
FHA and anti-PRN antibodies were also evaluated in this study.
FHA and PRN are not unique to B. pertussis, but they are also highly
immunogenic and the corresponding antibodies could somehow
reflect the immune response to vaccination. Mice immunized with
FHA or PRN are protected against lethal respiratory challenge with
pertussis [7]. In this study, we observed that anti-FHA and anti-
PRN followed a similar trend to anti-PT, reaching a peak at sixth
month and two years of age, which implies that vaccination had
elicited effective antibodies against them. Although the anti-FHA



Fig. 2. The GMC of anti-PT, anti-FHA, anti-PRN over time from the last pertussis vaccine dose.

Fig. 3. The concentration of anti-PT with time since last dose of pertussis vaccine. Dot circle: real data; Solid line: fitted power curve; dotted line: fitted exponential curve.
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levels of infants and children (0–14 years) in our study were higher
than those in a previous study conducted in Henan, China, both
studies demonstrated a significant correlation between anti-FHA
and anti-PT [14]. Our results also showed that anti-PRN was statis-
tically correlated with anti-PT, although the correlation was
weaker than that between anti-FHA and anti-PT. These phenomena
can be explained by the different specificities of antigens [7] and
components contained in pertussis vaccines [31]. As of 2020, three
types of pertussis vaccines are available in Zhejiang, China: DTaP,
DTaP/Hib, and DTaP-IPV/Hib. The former two vaccines were
domestic-manufactured based on co-purification technology with
5

three pertussis-related antigen components (PT, FHA and PRN).
The latter was based on component purification technology, and
the vaccine instructions was declared to contain two pertussis-
related antigen components (PT and FHA). Our results implied that
the levels of anti-PRN increase between age 6–14 years was an
indication of pertussis or other bacteria infection in the population
[36].

Accordingly, we identified distinct levels of these three types of
antibodies in children vaccinated with different types of vaccines
(Supplementary Figure II). Children who received component puri-
fied vaccine exhibited higher anti-PT IgG and anti-FHA IgG levels
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than those who received the co-purified vaccine, but their anti-PRN
IgG were at lower levels. Manufacturing techniques could be an
important factor influencing post-immunization antibody levels
[37]. It should also be noted that the relationship between serolog-
ical level and protection has not yet been well established [7], and
the levels of antibodies induced by different vaccines might not
fully represent their effectiveness. Therefore, further investigations
such as cohort or case-control studies are still required to compare
the effectiveness of different vaccine.

In response to the resurgence of pertussis and to reduce its haz-
ards to children, some developed countries have administered per-
tussis vaccine not only for toddlers but also for preschool children,
adolescents and adults. For example, the Advisory Committee on
Immunization Practices (ACIP) of the United States recommends
a 5-dose series of DTaP vaccines for infants and young children
(2, 4, 6, 15–18 months and 4–6 years), with one adolescent booster
dose of tetanus toxoid, reduced diphtheria toxoid, and acellular
pertussis (Tdap) vaccine for adolescents aged 11–18-years. Adults
who have never received Tdap are also recommended to get a
booster dose of Tdap [38]. Unfortunately, so far, pertussis-
containing vaccines targeted to preschool children, adolescents,
or adults have not yet been approved for use in China. However,
our findings, which demonstrating an obvious waning of antibody
levels at approximately 5 years of age and the potentially high
rates of infections among adolescents and adults emphasizes the
need for booster doses. Studies in Germany and England have
demonstrated that a booster dose at 4–6 years old can reduce
the incidence of pertussis in the entire population and prevent
household transmission [39,40]. In addition, recent studies have
showed that macrolide resistant B. pertussis is growing more com-
mon in China, which brings challenges to clinic treatment [41,42].
There is a booster dose for diphtheria and tetanus at 6 years of age
with DT (combined diphtheria and tetanus vaccine) according to
the Chinese national immunization program. In order to address
the decline in immunity and circulation of pertussis among adoles-
cents, therefore, it may be much more practical and protective to
switch DT into DTaP for the 6-year-old group.

Our study has several strengths, including the relatively large
sample size of subjects from all municipalities in Zhejiang pro-
vince, covering 10 age groups ranged from 0 to 59 years, measure-
ments of three kinds of antibodies against PT, FHA, and PRN,
combination of vaccine history, and fitting with a mathematical
model. However, this study also has some limitations. First, anti-
bodies induced by vaccines or natural infection cannot be distin-
guished in young infants and children, making it impossible to
accurately estimate pertussis infection in these populations. Sec-
ond, this study did not observe antibody level declines after immu-
nization in the real world prospective cohort, but we conducted a
model analysis of antibody attenuation for children at different
time points after immunization, which can also provide reference
information for the assessment of vaccine-induced antibody decay.
Third, the immunization records for subjects > 15 years old were
unclear due to restrictions of information system development,
but they should have not received any vaccination because no
booster dose is given after two years of age in China. Therefore,
the anti-PT antibodies of them were most likely due to infection
rather than vaccination [29]. Last, the sex distribution was not bal-
anced in each age group and created the illusion that males pos-
sessed a higher anti-PT GMC than females. However, after
adjusting for age, there was no significant difference in antibody
concentrations between males and females.
6

5. Conclusion

The prevalence of pertussis decreased during the study period
of the COVID-19 pandemic, but a certain proportion of adolescents
and adults exhibited evidence of recent pertussis infection, who
were not identified in routine diagnosis and surveillance. The pro-
portion of population susceptible to pertussis were high, and more
than half may not retain immunity after the age of 7 years. This
study also indicated that the pertussis vaccine induced humoral
immunity after the primary and booster immunization schedules,
but antibodies wane to a quite low level at approximately 5 years
after the last dose of DTaP. An extra booster dose for older children
and adolescents is highly recommended to protect the susceptible
population, and the optimal operational strategy is to change the
6-year-old group inoculated with DT to DTaP in the immunization
program.
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