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SUMMARY

Active symptom surveillance was applied to three selected communities ( 160 147 persons) in
Tianjin from 2010 to 2012. We examined 1089 individuals showing pertussis-like symptoms, of
which 1022 nasopharyngeal specimens were tested for pertussis by polymerase chain reaction and
802 sera for anti-pertussis toxin antibodies. Of the total cases tested, 113 were confirmed, and
their demographic, clinical, and vaccination-related data were collected. The annual incidence
was 23·52 cases/100 000 persons among communities, which was 16·22 times that obtained via
hospital reports for the same period (P < 0·001). The actual incidence in the 15–69 years age
group was most significantly underestimated by hospitals, given that it was 43·08 times that of
the reported hospital rate. Among the cases aged <15 years, 84·5% were individuals who had
been fully vaccinated. The misdiagnosis rate was as high as 94·69%, and only 5·31% of the
confirmed pertussis cases were properly diagnosed as pertussis at their first medical visit. Pertussis
incidence in China has been severely underestimated and this was in part due to a high
misdiagnosis rate. Adolescents and adults have become new high-risk populations. Future work
should focus on reinforcing immunization programmes, especially among adolescents and adults.

Key words: Community populations, epidemiological features, high immunization coverage,
pertussis resurgence, symptom surveillance.

INTRODUCTION

Pertussis (whooping cough) is a highly contagious and
potentially life-threatening disease that posed a sub-
stantial public health burden in the pre-vaccine era
[1]. Since the initiation of the Expanded Programme

on Immunization by the World Health Organization
(WHO) in 1974, the morbidity and mortality caused
by pertussis infection have been largely ameliorated
worldwide [2]. In China, the incidence based on hospi-
tal reports was maintained under 0·2 cases/100 000
persons between 2006 and 2010, as recorded in the
China National Infectious Diseases Surveillance
System [3]. In Tianjin, the incidence of pertussis had
decreased from 540·10 cases/100 000 persons in 1963
to 0·18 cases/100 000 persons in 2009 [4, 5]. The
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diphtheria, tetanus toxoid, whole-cell pertussis
(DTwP) vaccine was introduced into the national
childhood immunization schedule in 1973, which
was replaced by a diphtheria, tetanus toxoid, acellular
pertussis (DTaP) vaccine in May 2007. Both DTwP
and DTaP vaccines are administered in the 3rd, 4th,
and 5th months of life, followed by one booster dose
given at age 18 months [6]. Since 2000, vaccination
coverage in target populations has always been
above 95%.

Despite a significant improvement in pertussis
control and prevention, the disease is far from being
eradicated. Over the last two decades, there was per-
tussis resurgence in a number of developed countries
with high vaccination coverage such as the USA,
Japan, Australia and South Korea [7–10]. It was esti-
mated by the WHO that globally around 50 million
people have been infected with pertussis, 90% of
whom reside in developing countries [11]. China, as
part of the developing world, also faces the challenge
of combating the rising incidence. Given that pertussis
is usually identified via passive hospital reports
and lack of laboratory diagnosis in China, patients
who did not voluntarily seek medical care may have
been missed [3]. Chinese scholars estimated the infec-
tion rate of pertussis was 7000–9395/100 000 persons
[12, 13]. However, those studies were using too low
cut-off values for anti-pertussis toxin (PT) IgG at 30
and 40 IU/ml, respectively, and lacked clinical diag-
nosis and laboratory test support.

With the aim of determining the true pertussis inci-
dence in regions with high vaccination coverage in
China, we adopted a novel approach called active
symptom surveillance based on community popu-
lation. This study involved three selected communities
in Tianjin, China, and was conducted between
January 2010 and December 2012. In addition, we
also investigated the epidemiological features of all
subjects, which included clinical symptoms, medical
history, and vaccination status.

SUBJECTS, MATERIALS
AND METHODS

Community selection and case identification

Each community health service centre was selected
from Hongqiao, Beichen and Hangu districts, which
represented urban, suburban, and ex-urban areas
in Tianjin, China. These centres were 8·2, 29·8
and 63·4 km, respectively, from Tianjin centre.

Hongqiao, Beichen and Hangu district centres have
populations of 62 798, 60 280 and 37 046 people,
respectively. The total population served was an aver-
age of 160 147 persons annually. Individuals showing
one of the following four symptoms were enrolled in
the study: (1) paroxysmal coughing; (2) post-tussive
vomiting without other apparent cause; (3) parox-
ysmal cyanosis or asphyxia in newborns or infants
for unidentifiable reasons; (4) a cough lasting at least
2 weeks without other apparent cause [14], when the
individual visited a community health service centre
and sought medical care, regardless if the first diag-
nosis was pertussis or another respiratory disease.
Specimens were collected and tested, and if the result
was positive by culture, polymerase chain reaction
(PCR) and serology, the case was diagnosed as a per-
tussis case. A confirmed pertussis case was defined as
the presence of: (1) positive culture; (2) positive PCR
test; (3) positive paired serology [fourfold increase in
levels of IgG antibodies against pertussis toxin
(anti-PT IgG) between the acute and recovery phase
blood samples]; or (4) a single serum anti-PT IgG
level 580 IU/ml (if the subject had not been vacci-
nated during the last 3 years) [14]. Verbal informed
consent was obtained from subjects or their guardians,
as authorized by the Tianjin Centers for Disease
Control and Prevention Ethics Committee.

Specimen and information collection

Demographical and clinical information of the sub-
jects were collected and recorded on a daily basis.
Two nasopharyngeal (NP) swabs and 2 ml of venous
blood were also collected from each subject at the
same time. Blood sera was separated by centrifugation
at 3000 rpm at 25 °C for 5 min. Specimens to be ana-
lysed using PCR or enzyme-linked immunosorbent
assays (ELISA) were stored at −20 °C.

Culture

One NP swab was inoculated onto charcoal-
cephalexin blood agar (CCBA) followed by incubation
at 37 °C for 3–7 days. Potential Bordetella pertussis
colonies were picked for Gram staining, catalase and
slide agglutination tests as described previously [15].

PCR analysis

The second NP swab was used for PCR detection.
Nucleic acids were extracted from NP swabs
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using the NucliSens easy MAG automated system
(bioMérieux, France). Five microlitres of each nucleic
acid sample were used as the template to amplify both
the IS481 region and pertussis toxin encoding gene (PT
gene) in the presence of 1 × PCR buffer, 2 mM MgCl2,
0·2 mM dNTP, 0·2 μM of each gene specific primer,
0·06 U Taq DNA polymerase (Takara, Japan) in a
25 μl reaction. The reactions were conducted in a
GeneAmp® PCR System 9700 (Applied Biosystems,
USA) and the cycling conditions used were: 94 °C
for 10 min, 94 °C for 20 s, 60 °C for 20 s (annealing),
72 °C for 30 s (extension), 72 °C for 5 min. Steps 2–4
were repeated for 40 cycles. The oligonucleotide
sequences of the primers were as follows – IS481 for-
ward [IS2 (nt 28–53)]: 5′-GCATGGTTCATCCG
AACAACCGGATTTG-3′; IS481 reverse [IS3 (nt
164–138)]: 5′-AATTGCTGGACCATTTCGAGTCG
ACG-A3′ CGAGTCGACG; PT gene forward:
5′-CCAACGCGCATGCGTGCAGATTCGTC-3’; PT
gene reverse: 5′-CCCTCTGCGTTTTGATGGTG
CCTATTTTA-3′. All PCR products were resolved
in a 1% agarose gel to check for the presence of the
IS481 (137 bp) and PT gene (191 bp) specific frag-
ments. The PCR-positive results were considered
B. pertussis, when both IS481 (137 bp) and PT gene
(191 bp) tested positive at the same time [16].

Serological test

Anti-PT IgG levels in serum samples were determined
using ELISA B. pertussis Toxin IgG kits (quantitative)
(Institut Virion-Serion GmbH, Germany) according
to the manufacturer’s instructions. All sera samples
were diluted 100-fold before being loaded into micro-
titre plates. Absorbance at both 405 nm and 630 nm
was measured on a spectrophotometer (Sunrise,
Tecan, Switzerland). Based on the standards provided
with the kits, anti-PT IgG levels 580 IU/ml were
regarded as positive [17].

Statistical analysis

Data were analysed using the SPSS v. 19·0 (SPSS Inc.,
USA) and Microsoft Excel 2003 (Microsoft Corp.,
USA). Statistical comparisons were performed using
Pearson’s χ2 test or Fisher’s exact test as appropriate.
Significance was determined at α = 0·05.

RESULTS

Overall pertussis incidence in community populations

A total of 1089 individuals showing pertussis-like
symptoms were examined between January 2010 and
December 2012, of whom 10·38% (113/1089) cases
were confirmed to have been infected by B. pertussis
(Table 1). According to our observations, the annual
incidence of each year far exceeded the reported hos-
pital rates (Table 2), resulting in an average of 23·52
cases/100 000 persons (P < 0·001). This number was
16·22 times the annual incidence (1·45 cases/100 000
persons) as documented via passive hospital reports
for the same period of time. This strongly suggested
a severe underestimation of pertussis incidence in
regions with high vaccination coverage in China.
Seasonal distribution was higher in summer, although
there were cases in every month. There were 25 cases
in June, 19 cases in July and 16 cases in August, re-
spectively. The proportion of confirmed cases was
53·10% in summer (Fig. 1).

Demographic and geographical characteristics of
confirmed cases

As pertussis infections were found to be more preva-
lent than we had expected, we set out to characterize
the confirmed cases. Of the 113 cases, 58 were males
and 55 were females, indicating there were no gender-
specific differences. In terms of occupation, most of
the confirmed patients were students (25·81%) and

Table 1. Overall positive rates of pertussis infection

Year
No. of cases
examined

Samples collected
No. of cases
confirmed

Positive rate,
% (95% CI)Blood serum NP swabs

2010 312 215 305 36 11·54 (7·99–15·09)
2011 391 306 356 37 9·46 (6·56–12·63)
2012 386 281 361 40 10·36 (7·32–13·40)
Total 1089 802 1022 113 10·38 (8·57–12·19)

CI, confidence interval; NP, nasopharyngeal.
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children (21·77%) attending school or child care on a
regular basis. There were also three cases involving
medical professionals. Of the three regions examined,
the highest incidence (45 cases/100 000 persons) was
observed in Hangu district, which was 25-fold of the
reported hospital numbers, and represented the most
marked difference between active symptom surveil-
lance and passive hospital screening (Table 3). In
terms of age distribution, the youngest and the oldest
cases were aged 1 month and 69 years, respectively.
The majority of the infected cases fell in the 1–6 and
15–69 years age groups accounting for 35·40% (40/
113) and 37·19% (42/113) of all confirmed cases, re-
spectively (Table 4). By comparing the reported sur-
veillance and hospital incidences for various age
groups, it was found that infants aged <1 year showed
the most subtle discrepancy between the two scenar-
ios, with the surveillance-identified incidence being
merely 2·24-fold that of the reported hospital results.
By contrast, the 15–69 years age group was found to
be the most underestimated group. In this group, the
actual incidence was 43·08 times that of the reported
hospital numbers. Most markedly, it appears to be a
trend that the difference in results reported by active
symptom surveillance and passive hospital reports
increased with age (r= 0·971, P= 0·001).

Test results of confirmed pertussis cases

A single blood of pertussis sample collection rate was
97·34% (110/113). Twenty-three cases that had been
vaccinated within 3 years were excluded from the
reported findings. The positive rate of anti-PT IgG de-
termined by ELISA was 60·92% (53/87), and the dis-
ease course median of confirmed cases was 22 days
[interquartile range (IQR) 17–35 days]. The rate of
the paired serology sample collection and positive
findings were 8·84% (10/113) and 90% (9/10), respect-
ively. NP swab sampling rate and positive rate of
PCR were 100% (113/113) and 50·44% (57/113),

Table 2. Comparison of pertussis incidence obtained via
symptom surveillance and hospital report

No. of
cases
confirmed

Incidence (per 100 000)

Year
Symptom
surveillance

Hospital
screening

Fold
difference

2010 36 22·15 1·85 11·97
2011 37 22·77 1·23 18·51
2012 40 25·36 1·27 19·97
Total 113 23·52 1·45 16·22
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Fig. 1. Seasonal distribution of confirmed pertussis cases based on community population.

Table 3. Pertussis incidence in different regions

No.
of
cases

Incidence (per 100 000)

Region
Symptom
surveillance

Hospital
screening

Fold
difference

Hongqiao 45 23·89 0 —

Beichen 18 9·95 2·89 3·44
Hangu 50 45 1·8 25
Total 113 23·52 1·45 16·22

Table 4. Pertussis incidence of different age groups via
symptom surveillance and hospital report

Age
group
(years)

No.
of
cases

Incidence (per 100 000)

Symptom
surveillance

Hospital
screening

Fold
difference

0 6 110·13 49·06 2·24
1–6 40 108·23 5·85 18·50
7–14 25 64·76 2·69 24·07
15–69 42 10·58 0·24 43·08
Total 113 23·52 1·45 16·22
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respectively, and the disease course median of
confirmed cases was 10 days (IQR 7–18 days). There
was no significant difference in positive detection
rates between the anti-PT IgG (60·92%) and NP
swab PCR (50·44%) (P= 0·14). Six cases yielded posi-
tive results by both PCR and anti-PT IgG. NP swab
sampling rate and positive culture rate were just
20·35% (23/113) and 0·00% (0/113), respectively.

Immunization history distribution of confirmed
pertussis cases

According to our data, 42 patients aged 515 years
had no immunization record, and 2/71 patients
(2·82%) aged <15 years had never been vaccinated.
Among the latter group, 12·68% (9/71) got the disease
before reaching the vaccination age or before the en-
tire vaccination schedule was completed. Markedly,
84·5% (60/71) of the <15 years age group had been
fully vaccinated and were still infected. The age distri-
bution of confirmed cases in vaccinated subjects was
1–13 years, of which 30% (18/60) were in the 5–6
years age group, and 25% (15/60) in the 3–4 years
age group. The other age distributions were 13·33%
(15/60) in the 1–2 years age group, 13·33% (15/60) in
the 11–13 years age group, 10% (6/60) in the 7–8
years age group, and 8·33% (5/60) in the 9–10 years
age group. The findings indicate that routine vacci-
nation may not be sufficient to protect children from
pertussis infection in China.

High misdiagnosis rate at the first doctor’s visit

In addition to the above-mentioned higher than
expected number of pertussis cases in vaccinated indi-
viduals, a high misdiagnosis rate also attracted our at-
tention. Only 5·31% (6/113) of confirmed cases were
properly diagnosed with pertussis at their first doctor’s
visit, while the remainder were misdiagnosed, resulting
in an overall misdiagnosis rate of 94·69% (107/113)

(Table 5). About half of the misdiagnosed cases
(51·32%, 58/113) were mistaken as pneumonia, while
cold (18·58%) and tracheitis (15·04%) ranked as the se-
cond and the third most frequently diagnosed condi-
tions. With respect to age distribution, around 50%
of infants aged <1 year were misdiagnosed and this
was relatively low compared to those in the other age
groups (92–100%) (P< 0·001), particularly in the
515 years age group where 100% of cases were mis-
diagnosed. The high misdiagnosis rate could be attrib-
uted to atypical symptoms, particularly in the 515
years age group, whose positive rates of typical symp-
toms (such as paroxysmal coughing, post-tussive vomi-
ting and asphyxia) were only 0–22·64%. The median
duration of coughing for the 515 years age group
was 25 days (IQR 17–40 days), which was longer
than that of the <15 years age group, whose median
duration of coughing was 10 days (IQR 7–18 days).
This should be of concern to Chinese physicians.

DISCUSSION

In the post-vaccination era, pertussis still remains a
major challenge for public health [18]. It was reported
that 13–20% of adolescents and adults who had a pro-
longed cough were found to have been infected with
pertussis [19]. This study found that 10·38% of sub-
jects were infected by B. pertussis and the average in-
cidence was 23·52 cases/100 000 persons. This is the
first long-term study of pertussis resurgence in com-
munity populations with high vaccination coverage
in China.

Upon thorough examination, it turned out that the
incidence of pertussis was greatly underestimated
given the marked disparity between the incidence
reported via active symptom surveillance and passive
hospital reports. This was reminiscent of what hap-
pened in Valencia, Spain, where the surveyed pertussis
incidence in a group aged <15 years (46 cases/100 000

Table 5. Age distribution of misdiagnosed cases

Primary diagnosis Misdiagnosis

Age group (years) Pneumonia Bronchitis Tracheitis Cold Pertussis No. of cases Percentage (%)

0 2 0 1 0 3 6 50·00
1–6 26 6 4 3 1 40 97·50
7–14 15 3 3 2 2 25 92·00
15–69 15 2 9 16 0 42 100·00
Total 58 11 17 21 6 113 94·69
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persons) substantially exceeded the reported hospital
rate (5·1 cases/100 000 persons) [20]. Pertussis surveil-
lance is invariably incomplete and can be affected by
enhanced awareness or improved diagnostic methods,
leading to perceived changes in epidemiology [21].
The major reason for the high reported incidence of
pertussis was that we have established highly sensitive
serological and PCR assays to establish the confirma-
tion of pertussis infection.

As pertussis incidence rises in the population, its
epidemiological features have also undergone some
changes. In terms of age distribution, adolescent and
adult cases accounted for 37·17% of all cases. In ad-
dition, surveillance-identified incidence in the 15–69
years age group was 43·08 times the reported hospital
incidence, displaying the most significant difference
between the two study populations in all age groups.
More importantly, there appeared to be a trend that
the actual incidence of pertussis became more ser-
iously neglected as age increased. Consistent with
our findings, some high immunization coverage coun-
tries such as the USA and Canada have also experi-
enced a shift of higher pertussis incidence from
young children to adolescents and adults [22, 23]. In
South Korea, 29·00% of pertussis infection occurred
in people aged515 years [10]. The underlying reasons
may include the level of surveillance or natural
booster-induced population immunity, and a demo-
graphic transition or shift [24, 25].

Children in the 1–6 years age group (35·40%)
showed the second highest incidence of pertussis at
108·23/100 000 persons, which was 18·50 times the in-
cidence reported by hospitals. Of the children aged
<15 years, 84·5% had been fully immunized with all
four scheduled doses of pertussis vaccine. Based on
a pertussis immunity level surveillance in Tianjin,
the positive immunity rate was even lower for the 1–
6 years age group [6]. Therefore the major reason
for the high incidence in the 1–6 years age group is
that levels of immunity following vaccination decrease
rapidly. In addition, adult cases, particularly those
where the disease is not prominently manifested,
have become an important source of infection for chil-
dren [26, 27].

It was striking that only six (5·31%) confirmed cases
were properly diagnosed as pertussis at their first doc-
tor’s visit. Although the <1 year age group showed a
relatively low rate of misdiagnosis at 50%, the rates
of misdiagnosis in all other age groups were above
92%. In particular, all cases in the adolescent and
adult groups were misdiagnosed. This may be due to

the fact that pertussis symptoms in adolescents and
adults is becoming increasingly less typical [10, 28].
This should be of concern to Chinese physicians.

Some cases exhibiting atypical symptoms are not ser-
ious enough to warrant medical assistance, so a larger
number of cases were not monitored in this study. As
a result there remains a large gap between our results
and the true incidence rate of pertussis disease.
Another limitation of our study is that the rate of paired
serum specimens collected was low, because the cases
had improved or were resolved in the recovery stage.

Pertussis re-emergence has posed a big challenge on
disease prevention and control in China. Apart from
identifying adolescent and adult cases in a timely fash-
ion, it is also necessary to reinforce immunization in
adolescents and adults, especially in those who are
in close contact with infants (e.g. family members
and paediatricians), in order to effectively control
the spread of pertussis infection. The Global
Pertussis Initiative (GPI) recommended ‘cocoon’ vac-
cination of all close contacts of infants too young to
be vaccinated. This practice was implemented in the
USA in 2006 [29–31]. At the same time, many coun-
tries have revised their original pertussis vaccination
programmes, to consider administering TDaP vac-
cines to adolescents. For example, in Australia,
Canada, Germany, Switzerland, and USA, the final
dose of the DTaP vaccine series is administered to
young children at age 4–6 years and the TDaP vac-
cines at age 9–15 years [32]. Considering the current
immunization schedule used in China, we suggest
using the DTaP vaccine instead of the DT vaccine in
children aged 6 years, and that the pertussis immuni-
zation schedule should be formulated for adolescents
and adults, in order to control pertussis resurgence
in China.
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