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Abstract Background/purpose: Pertussis incidence markedly decreased due to universal
vaccination, but outbreaks had been noted worldwide in recent decade. This study was
conducted to know the epidemiology of pertussis and its impact on infants in Taiwan.
Methods: Epidemiologic parameters for confirmed pertussis cases were collected from the
Taiwan Centers for Disease Control. The incidence of each age group over years was calculated
using population data. We also did retrospective reviews of laboratory-confirmed pertussis
cases in NTUH to analyze clinical characteristics and disease severity.
Results: A total of 668 confirmed pertussis cases were obtained from the Taiwan CDC open
database between 2003 and 2017. There was higher incidence during the period 2009e2015,
with a mean incidence of 0.27 cases per 100,000 population, about 2-fold increase compared
with mean incidence of 0.12 cases per 100,000 population during the period 2003e2008. Infants accounted for the highest proportion of all cases (49.8%), with mean incidence of 16.1
cases per 100,000 people per year during 2009e2015, and a trend of increase was found from
2003 to 2015. In NTUH, a total of 17 laboratory-confirmed pertussis cases were diagnosed during 2012e2016, and 14 cases were young infants. Among them, 9 infants had been admitted to
intensive care unit and 2 infant needed invasive ventilator support.
Conclusion: There was a resurgence of pertussis during 2009e2015 and it had significant
impact on infants. Young infants with pertussis may be severe and need intensive care, so
preventive strategy may be advocated for them.
Copyright ª 2019, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).
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Introduction
Pertussis, a highly contagious and acute coughing illness
was a major cause of infant and children death in prevaccine era. The incidence of pertussis markedly decreased
due to universal vaccination. In Taiwan, incidence of
reported pertussis had decreased significantly, from 77 per
million population in 1955 to less than 1 per million population in 1970, due to full implementation of whole-cell
pertussis vaccination program since 1954, and then a low
incidence is maintained.1
However, resurgences were noted in 1992 and from 1997
to 2000.1 Disease burden was shift from young children to
infants and adolescents, and the incidence of pertussis in
infants remained high (120e650 reported cases per million
during the period from 1993 to 2004).1 In the recent
decade, disease outbreaks had been noted in North America (2010 and 2012),2,3 the United Kingdom (2011e2012),4
Australia and New Zealand (2008e2011),5,6 and Japan
(2008e2011).7 Thus, this study was conducted for epidemiology of pertussis in Taiwan in the recent decade and to
understand more clinical characteristics and disease
severity of pertussis, especially in infants.

Methods
Epidemiology of pertussis in Taiwan
We collected data of confirmed pertussis cases from 2003 to
2017 from the Taiwan Centers for Disease Control (Taiwan
CDC) Open Data Portal and annual surveillance reports of
communicable diseases to analyze epidemiologic parameters.8,9 According to Taiwan CDC, the confirmed case met
the clinical definition (coughing illness lasting for at least 2
weeks with paroxysms of coughing, inspiratory whoop, or
post-tussive vomiting without other apparent cause) plus
laboratory confirmation by either culture or polymerase
chain reaction (PCR) of Bordetella pertussis or epidemiological link to a laboratory-confirmed case. The crude
incidence rate and incidence of each age group were
calculated using population data from statistical information released by Ministry of the Interior.

Pertussis cases in National Taiwan University
Hospital (NTUH)
Pertussis is a mandatory notifiable disease in Taiwan and
confirmation tests (culture and PCR of B. pertussis) are
conducted at the Taiwan CDC Laboratory. We collected the
laboratory-confirmed cases at NTUH during the period of
2012e2016. We collected the demographics, contact history, vaccination history, clinical manifestations, laboratory data, management and complications via medical
chart review. Positive contact history was defined as contacting with people who had persistent cough symptoms
7e14 days prior to index case, according to the incubation
period of pertussis. Infant cases were divided into 2 groups,
severe disease and non-severe disease groups. Severe disease was defined as the need of intensive care, the need
of ventilator support or with any pertussis-related
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complications. Based on previous literatures, pertussisrelated complications were defined as having apnea,
pneumonia, respiratory failure, seizure, encephalopathy,
or apparent life-threatening event.10e12 Clinical variables,
including age, gender, pertussis vaccination status, symptoms, white blood cell count, lymphocyte count were
compared between severe disease and non-severe disease
groups. Leukocytosis was defined as the white blood cell
(WBC) count over 17,000/mL,13 and lymphocytosis was
defined as the lymphocyte count over 8000/mL in infancy.14
Normal C-reactive protein (CRP) was defined as lower
than 1 mg/dL.15 Respiratory syncytial virus was identified
via antigen detected in nasopharyngeal aspirate by direct
immunofluorescence assay. Chlamydia pneumoniae was
detected in sputum via polymerase chain reaction.
Approval for this study was obtained from the Institutional
Review Board of NTUH (IRB number: 201806031RINC).

Statistical analysis
The annual incidence rates of confirmed pertussis were
calculated by dividing the number of confirmed pertussis
cases by the population number and were expressed as per
100,000 people in the given year. The incidence trend was
estimated using linear regression by Pearson correlation
approach and R2 was calculated. Regarding comparisons of
clinical variables between severe disease and non-severe
disease groups, descriptive variables including gender,
acellular pertussis vaccination dose and symptoms were
analyzed by Fisher’s exact test (two tailed) and continuous
variables including age, white blood cell count, lymphocyte
count and duration (days) from cough to admission
were compared by ManneWhitney U test. A p-value <0.05
was considered statistically significant. SPSS version 22 was
used for statistical analyses.

Results
Epidemiology of pertussis
A total of 668 confirmed pertussis cases were obtained from
the Taiwan CDC database from 2003 to 2017. The mean
pertussis case number was 45 cases per year (range: 17e75
cases per year) and the mean incidence was 0.19 cases per
100,000 population (range: 0.07e0.32 cases per 100,000
population) as Fig. 1 shows.
Higher incidence was noted during the period 2009e2015,
with a mean incidence of 0.27 cases per 100,000 population
(range: 0.2e0.32 cases per 100,000 population), about 2fold increase compared with the mean incidence of 0.12
cases per 100,000 population during the period 2003e2008.
Incidence of pertussis in infants
Infants accounted for the highest proportion of all cases
(49.8%), with a mean incidence of 11.1 cases per 100,000
infants (range: 2.4e20 cases per 100,000 infants). During
the period of 2009e2015, the mean incidence was 16.1
cases per 100,000 infants, around 2.5-fold higher than the
mean incidence during period of 2003e2008 (6.6 cases per
100,000 infants) as Fig. 2 shows. In addition, Fig. 3 shows a
significant trend of increase from 2003 to 2015 in annual
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Figure 1. Number and incidence of confirmed pertussis in
Taiwan, 2003e2017. Each column represented the annual
confirmed case number and the line represented the annual
incidence of confirmed pertussis.

incidence in infants (p < 0.001). Among infant cases, 2month-old infants accounted for the highest proportion
(109/313, 35%), followed by 1-month-old infants (93/313,
30%) as Fig. 4 shows.
Incidence of pertussis in other age groups
The incidence rates of age groups other than infants were
low as Fig. 2 shows. The mean incidence rates of 1e4 years,
5e9 years, 10e14 years, 15e39 years, and S40 years
people were 0.46, 0.14, 0.39, 0.09, and 0.03 cases per
100,000 population, respectively. There were related
higher incidence in 10e14-year-old and 1e4-year-old people among these age groups and accounted for 12.4% and
8.3% of all cases, respectively.

Pertussis cases in NTUH
A total of 17 laboratory-confirmed pertussis cases were
collected from 2012 to 2016. Fourteen cases were infants
aged less than 1 year, 2 cases were adolescents, and 1 case
was young adult. The demography, clinical symptoms,
laboratory data and supportive management of these 14
infant patients are listed in Table 1.
Two patients had comorbidity. One female 6-month-old
infant was a premature baby (gestational age 24 weeks and
5 days, birth body weight 640 gm) with bronchopulmonary
dysplasia. Another 3.5-month-old male infant was found to
have ventricular septal defect during this illness episode.

Figure 2. Incidence of confirmed pertussis by age groups in
Taiwan, 2003e2017.

Figure 3. Increased trend of annual incidence of confirmed
pertussis in infants, 2003e2015 (R2 Z 0.7632, adjusted
R2 Z 0.742, p < 0.001).

They both missed pertussis vaccination due to repeated
illness.
Seven cases (50%) had positive household contact history
and 2 cases’ father had positive nasopharyngeal culture for
B. pertussis.
All patients presented with coughing symptoms (paroxysmal cough 36%, inspiratory whoop 21%, post-tussive
vomiting 57%). Twelve (84%) patients had episodes of
cyanosis. The median duration from cough to admission was
5.5 days (range 1e21 days) and 10 (71%) patients was
admitted within one week after the initial symptoms.
Twelve (84%) patients had lymphocytosis (>8000/mL)
and 3 (21%) patients had positive respiratory syncytial virus
(RSV) antigen detected in nasopharyngeal aspirates. One
patient presented with prominent cough, elevated CRP
(2.3 mg/dL) and infiltration on chest roentgenogram had
positive C. pneumoniae PCR in sputum (bacterial load:
1.4  107 cp/mL buffer solution).
Cases of severe disease
Nine (64%) severe cases requiring ICU admission were listed
in Table 2. Their median age was 1.8 months (range:
0.6e6.0 months). They were admitted to ICU mostly due to
cyanosis and tachypnea, and under diagnosis of pertussis,
bronchiolitis or pneumonia. The median days of ICU stay

Figure 4. Age distribution of confirmed pertussis in infants,
2005e2017.
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Table 1 Demographic, clinical and laboratory information
of 14 infants of confirmed pertussis in NTUH, 2012e2016.
Characteristics

Case number (%);
median (range)

Gender (M:F)
Age (months)
0e1 m/o
2e3 m/o
6 m/o
Acellular pertussis vaccination status
0 dose
1 dose
Positive contact history
Parent and/or sibling
Cousin
Symptoms at presentation
Fever
Cough
Vomiting
Tachypnea
Cyanosis
Chest retraction
Days from cough to admission
Laboratory data
Leukocytosis (>17,000/uL)
Lymphocytosis (>8000/uL)
Elevated C-reaction protein (>1 mg/dL)
Pertussis confirmation test
Positive culture
Positive polymerase chain reaction
Pathogen co-detected
Respiratory syncytial virus
Chlamydia pneumoniae
Need intensive care unit
Supportive care procedures
Nasogastric tube feeding
Oxygen therapy
Continuous positive airway pressure
Invasive mechanical ventilator

7:7
1.85 (0.62e6.03)
8 (57%)
5 (36%)
1 (7%)
10 (71%)
4 (29%)
9 (64%)
7 (50%)
2 (14%)
1 (7%)
14 (100%)
8 (57%)
7 (50%)
12 (86%)
9 (64%)
5.5 (1e21)
5 (36%)
12 (86%)
1 (7%)
2 (14%)
14 (100%)
3/14 (21%)
1/1
9 (64%)
4 (29%)
13 (93%)
1 (7%)
2 (14%)

was 8 days (range: 3e55 days). Five (36%) patients had
pertussis-related complications, 2 (14%) patients needed
invasive ventilator support, and no mortality. There was no
significant difference in following clinical variables between severe disease and non-severe groups: age
(p Z 0.69), gender (p Z 0.26), fever (p Z 1.0), cyanosis
(p Z 1.0), tachypnea (p Z 1.0), WBC count (p Z 0.60),
absolute lymphocyte count (p Z 1.0) and the duration
(days) from cough to admission (p Z 0.51) but acellular
pertussis vaccination status had borderline statistical significance (p Z 0.095).
Complications of pertussis
Five patients had pertussis-related complications. One 0.9month-old patient presented with apneic episodes and
cyanosis. One 1.1-month-old patient coinfected with C.
pneumoniae had pneumonia at presentation. One 1.2month-old patient coinfected with RSV developed complications of respiratory failure with hypercapnia, pneumonia

(sputum culture yielded Escherichia coli) and seizures after
one week of admission. Marked leukocytosis and lymphocytosis (white blood cell count: 67,520/mL, lymphocyte
count: 39,836/mL) were noted at the time of clinical
deterioration. He received invasive ventilator support and
was discharged home after 55 days of ICU stay. His white
blood cell and lymphocyte counts normalized after 2
months. One 3.4-month-old patient presenting with respiratory distress and paroxysmal cough developed heart
failure and needed mechanical ventilator. After echocardiographic exam, ventricular septal defect (VSD) was found
and his heart failure was controlled after VSD repair. One
6-month-old patient with prematurity and bronchopulmonary dysplasia presented with fever, cough and cyanosis
suffered from an episode of bradycardia (pulse rate
decreased to 50 bpm) on the second day of admission and
was recovered after 30 s of cardiopulmonary resuscitation.
Adolescent pertussis
Three of 17 laboratory-confirmed cases were adolescents
and young adult and their age were 11, 12 and 19-year-old.
They sought the doctor mainly for prolonged and severe
cough. The mean duration of cough from onset to diagnosis
was 4 weeks. All patients complained of being unable to
stop coughing and disrupted sleep. One patient had spasmodic cough and another had facial flushing at the end of
paroxysm.

Discussion
Surveillance from 2003 to 2017 showed a 2-fold resurgence
in the period 2009e2015 despite of persistent high pertussis
vaccine coverage. The mean vaccine coverage rates for
3rd dose DTaP-Hib-IPV, 4th dose DTaP-Hib-IPV and TdapIPV(2011-2017.9)/DTaP-IPV(2017.10-) booster at preelementary school age were 97%, 93% and 94%, respectively, from 2014 to 2017.16 There were epidemics of
pertussis in recent decade worldwide,17 but the resurgence
in Taiwan was not as noticeable as some foreign countries.4,7,18 High immunization rate in Taiwan may play an
important role on less severity of the resurge.
Possible explanations for the resurgence of pertussis are
as followings. Immunity has waned in vaccinated individuals,
so pertussis might circulate among them.19e21 In addition,
pathogen adaptation, including antigenic divergence with
vaccine strains had been reported worldwide and decreased
the effective period of vaccines.22 In Taiwan, Yao SM et al.
analyses the genotypes of important antigens (ptxP, prn,
ptxA1 and fim3) of 376 isolates from 1992 to 2014 and found
the proportion of fim3-1 reversely increased from 0% in 2006
to 82% in 2011.23 This change may indicate adaptation of
these specific strain to the host factors and environment and
cause resurgence since 2009. The introduction of polymerase chain reaction (PCR) for B. pertussis as a diagnostic tool
in Taiwan CDC laboratory since 2009 may contribute to the
increased capacity of laboratory-confirmed cases. Finally, in
some countries, cyclic epidemics of pertussis every 3e5
years were noted.7,24,25 Therefore, long-term surveillance is
warranted.
In our study, infants accounted for the highest proportion (49.8%) of confirmed pertussis cases and a trend of
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Table 2

Nine severe pertussis casesa in National Taiwan University Hospital, 2012e2016.

Age
Gender Pertussis
Indications for
(month)
vaccination ICU admission
status

Initial
diagnosis

Complications

0.6
1.8
1.9
2.4
0.9
1.1

F
F
F
M
F
F

No
No
No
One dose
No
No

Pertussis
Pertussis
Pertussis
Acute bronchiolitis
Pertussis
Pneumonia

e
e
e
e
Apnea
Pneumonia

1.2

M

No

3.4 VSDb M

No

6.0 BPDc F

No

a
b
c
d

Cough to cyanosis
Cough to cyanosis
Cough to cyanosis
Cough to cyanosis
Apnea, cyanosis
Easily choking
while feeding
Cough to cyanosis

Co-infection Respiratory
support

RSV

Chlamydia

Acute bronchiolitis Pneumonia with
RSV
respiratory failure,
Seizure
Respiratory distress, Acute bronchiolitis Heart failure
cough to cyanosis
Cyanosis
Pneumonia
Pneumonia,
Apparent
life-threatening
event

Oxygen
Oxygen
Oxygen
Oxygen
Oxygen
Oxygen

therapy
therapy
therapy
therapy
therapy
therapy

Invasive mechanical
ventilation
Invasive mechanical
ventilation
Nasal CPAPd

Definition of severe disease is written in the text.
VSD: Ventricular septal defect.
BPD: Bronchopulmonary dysplasia.
CPAP: Continuous positive airway pressure.

increase in infant pertussis incidence was significant. In
the worldwide outbreaks of pertussis, the disease burden
strikes on infants and causes morbidity and mortality.3,4,6,26 In our study, infants of age less than or equal to 2
months old accounted for 70% of all infant cases as Fig. 4
shows. Case numbers decreased stepwise from age group
of 3 months or older, indicating that the first dose of
acellular pertussis vaccine at the age of 2 months may
provide some protection. Young infants not eligible for
vaccination were most affected and the peak age of hospitalized infants was one month old.6,26 In our study, infants aged 0e1 months accounted for more than half of
total hospitalized cases. Nine (64%) cases were admitted to
intensive care unit, and 2 cases (14%) needed invasive
ventilator support. In Japan, 2006e2008, 25% of total 660
infants hospitalized for pertussis had pertussis-related
complications and 1 infant died.26 In our study, 5 (36%)
patients had pertussis-related complications and no mortality case was found. In fact, there were 3 infants who
died of pertussis during 2003e2014 in Taiwan, and all were
young than two months old.27 Currently, the solution for
infant pertussis is maternal immunization.3,28,29 In Taiwan,
tetanus toxoid, reduced diphtheria toxoid and acellular
pertussis vaccine (Tdap) for pregnant woman has been
recommended since November 2012. However, the exact
vaccine rate was unknown. A cross-sectional questionnaire
survey for prenatal pertussis vaccination was conducted in
one medical center in Taiwan: 65% of the 53 recruited
women were being informed of the vaccine by their obstetricians, and only 33% of them actually received the
vaccination.30 Clinicians in Taiwan need to provide information of and recommend the maternal pertussis vaccine
to increase the success of this important vaccination
program.

Early identification and early treatment can help prevent transmitting the disease.31 However, in a previous
study, the sensitivity of clinical diagnosis of pertussis in
infants based on WHO definition was low, only 30%.32 Based
on our study and previous literature, some clinical characteristics, including age less than 2 months, no prior
pertussis vaccination or only one dose immunization,
afebrile, cyanosis and lymphocytosis can be added in
criteria of diagnosis or disease notification to help identify
infants with pertussis.32,33 Apneic episodes, including in
clinical criteria of pertussis by European Centre for Disease
Prevention and Control (ECDC),34 was presented in only one
case of our 9 severe cases (Table 2).34 In our study, typical
evolution of three phase symptoms in pertussis were not
noted in infants and the progression from cough to admission, which might be due to cyanosis, tachypnea or dehydration, was rapid with median duration of 5.5 days. In our
study, 13 of 14 (94%) cases had normal CRP and the only
case with elevated CRP was coinfected with Chlamydia, so
normal CRP may be a clue to diagnosis. In our study, we
compared the clinical variables between severe disease
group and non-severe group and tried to find out the parameters that can predict severe disease. Among these
parameters, no acellular pertussis vaccination seems associated with sever disease (8 in 9 severe disease cases versus
2 in 5 non-severe cases) but failed to show the statistical
significance (p Z 0.095). In previous studies, young age, no
pertussis vaccination, higher WBC count, higher lymphocyte count were risk factors for infant mortality.35 In our
study, the case number might be too small to show
significance.
In adolescents, there were small peaks of incidence
(0.7e0.9 cases per 100,000 population) in 2009, 2011 and
2014. In the 2012’s outbreak in the United Kingdom, the
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incidence of laboratory-confirmed pertussis in adolescents
was around 25 cases per 100,000 population and the most
increased trend among all age groups.4 In Japan’s outbreak,
2008e2011, adolescent and adult cases accounted for
56e62% of the reported cases.7 Previous seroepidemiologic
studies in Taiwan showed that pertussis continues to
circulate in adolescents and adults.21,36 In addition, a
seroprevalence study in adults from southeast Asian countries showed the incidence of pertussis in adults with
coughing more than 2 weeks was 5%.37 Mild or atypical
symptoms in adolescents and adults and being underrecognized may be attributed to the low incidence in
these age groups.37 In previous published data in Taiwan,
there were 17 pertussis clusters in 2014, and 94% of these
clusters were household clusters.27 The main infection
sources for infants were adults or children in the same
household.27 Therefore, early identification of pertussis in
adolescents and adults can prevent transmission to infants
at home. In our study, prolonged and prominent cough
(mean duration 4 weeks) was the main symptoms in adolescents and adults. In previous study, symptoms such as
paroxysm, breathlessness and chest pain can help diagnosis
and early notification.37
There were also small peaks of incidence in children
aged 1e4 years (0.8e1.0 cases per 100,000 population) in
2007, 2010, 2012, 2014 and 2015. The proportion of cases in
this age group was similar in Japan and the USA.7,18
Co-infection of pertussis and the other pathogens was
found in several cases of this study. Three of 14 (21%) cases
were coinfected with RSV. In previous literature, the RSV coinfection rate in infants hospitalized for B. pertussis was
2e5%.10,26,32,38 During the seasonal RSV epidemics in some
countries, pertussis-RSV co-infection is more common in
young infants with co-infection rate of 60e70% in previous
studies of bronchiolitis in the winter and spring seasons.39,40
Although there is no definite RSV season in Northern Taiwan,
RSV circulated in the community throughout the year.41
Therefore, pertussis-RSV co-infection in young infants may
not be uncommon. Diagnosis of pertussis could not exclude
RSV infection and vice versa. Aoyama et al. reported 2 infants
with pneumonia caused by both B. pertussis and RSV who
suffered from respiratory failure.42 In one study for severe
pertussis, 8 out of 55 (14.5%) patients admitted for pertussis
were co-infected with RSV, and mortality was more associated with RSV co-infection (3 in 6 dead cases versus 5 in 49
survived cases).43 However, the differences in clinical
severity between infants with B. pertussis infection alone
and those with RSV coinfection were not known due to small
case number in this study. C. pneumoniae can cause
pertussis-like syndrome.44 Pertussis co-infected with C.
pneumoniae had been reported in adults.45
There are some limitations in this study. First, the
maternal acellular pertussis vaccination status of these 14
infants was not recorded in the medical chart, indicating
lack of awareness of this vaccination program in clinician in
the past few years. Second, in our study, lack of control
(non-B. pertussis respiratory tract infection cases) for
comparison to analyze pertussis characteristics. Besides,
lab-confirmed case number was small. We could use National Health Insurance Research Database to collect
nationwide pertussis clinical information to understand the
disease burden in Taiwan.
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In conclusion, there was resurgence of pertussis during
2009e2015 and it had significant impact on infants. Young
infants with pertussis may be severe and need intensive
care, so preventive strategy such as maternal and household immunization may be advocated for them.

Conflicts of interest
All the authors have no conflicts of interest to disclose.

Acknowledgement
This study was support by the grants (MOST 105-2314-B-002
-139 -MY3 and MOST 105-2320-B-002-016) from Ministry of
Science and Technology. We thank the Center for Infection
Control, National Taiwan University Hospital for providing
information of laboratory-confirmed pertussis cases.

References
1. Lin YC, Yao SM, Yan JJ, Chen YY, Chiang CS, Wu HS, et al.
Epidemiological shift in the prevalence of pertussis in Taiwan:
implications for pertussis vaccination. J Med Microbiol 2007;
56(Pt 4):533e7.
2. Halperin SA. Pertussis: a global perspective. Can Commun Dis
Rep 2014;40(3):55e8.
3. Winter K, Zipprich J, Harriman K. Pertussis in California: a tale
of 2 epidemics. Pediatr Infect Dis J 2018;37(4):324e8.
4. Amirthalingam G, Gupta S, Campbell H. Pertussis immunisation
and control in England and Wales, 1957 to 2012: a historical
review. Euro Surveill 2013;18(38).
5. Lam C, Octavia S, Ricafort L, Sintchenko V, Gilbert GL, Wood N,
et al. Rapid increase in pertactin-deficient Bordetella pertussis
isolates, Australia. Emerg Infect Dis 2014;20(4):626e33.
6. Straney L, Schibler A, Ganeshalingham A, Alexander J, Festa M,
Slater A, et al. Burden and outcomes of severe pertussis infection
in critically ill infants. Pediatr Crit Care Med 2016;17(8):735e42.
7. National Institute of Infectious Diseases. Pertussis, Japan,
2008e2011. Infect Agents Surveill Rep 2012;12:321e2.
8. Centers of Disease Control. Taiwan. Open data portal. Available at: https://data.cdc.gov.tw/. [Accessed 20 April 2018].
9. Centers for Disease Control, Taiwan. Statistics of communicable diseases and surveillance report. Available at: https://
www.cdc.gov.tw/InfectionReport/List/
DRiONFTwYxu8T162Hm6yFw Accessed Mar 16, 2019.
10. Cortese MM, Baughman AL, Zhang R, Srivastava PU,
Wallace GS. Pertussis hospitalizations among infants in the
United States, 1993 to 2004. Pediatrics 2008;121(3):484e92.
11. Kliegman RM, Stanton BF, St Geme JW, Schor NF, Behrman RE.
In: Pertussis. Nelson textbook of pediatrics. 20th ed., vol. 1;
2016. p. 1377e82.
12. McGovern MC, Smith MB. Causes of apparent life threatening
events in infants: a systematic review. Arch Dis Child 2004;
89(11):1043e8.
13. Orkin SH, Nathan DG, Ginsburg D, Look AT, Fisher DE, Lux SE.
In: Reference values in infancy and childhood. Nathan and
Oski’s hematology of infancy and childhood. 7th ed., vol. 1;
2009. p. 1781.
14. Stiehm ER, Ochs HD, Winkelstein JA. Normal human blood
lymphocyte subpopulations at various ages (Table 12e16).
Immunologic Disorders in Infants and Children. 5th ed.. 2004.
15. Kliegman RM, Stanton BF, St Geme JW, Schor NF, Behrman RE.
In: Reference intervals for laboratory tests and procedures.
Nelson textbook of pediatrics. 20th ed., vol. 2; 2016. p. 3468.

548
16. Ministry of Health and Welfare. Taiwan. Statistic data of vaccine
coverage, 2014e2017. Available at: https://dep.mohw.gov.tw/
DOS/cp-1730-2981-113.html. [Accessed 20 September 2018].
17. Tan T, Dalby T, Forsyth K, Halperin SA, Heininger U, Hozbor D,
et al. Pertussis across the globe: recent epidemiologic trends
from 2000 to 2013. Pediatr Infect Dis J 2015;34(9):e222e32.
18. Centers for Disease Control and Prevention (CDC). Pertussis
(whooping cough): surveillance and reporting. Available at:
https://www.cdc.gov/pertussis/surv-reporting.html.
[Accessed 13 September 2018].
19. Wendelboe AM, Van Rie A, Salmaso S, Englund JA. Duration of
immunity against pertussis after natural infection or vaccination. Pediatr Infect Dis J 2005;24(Suppl. 5):S58e61.
20. Kuo CC, Huang YC, Hsieh YC, Huang YL, Huang YC, Hung YT.
Seroepidemiology of pertussis among elementary school children in northern Taiwan. J Microbiol Immunol Infect 2017;
50(3):327e32.
21. Lu CY, Tsai HC, Huang YC, Huang DT, Liu CC, Huang LM. A
national seroepidemiologic survey of pertussis among school
children in Taiwan. Pediatr Infect Dis J 2017;36(12):e307e12.
22. Mooi FR, Van Der Maas NAT, De Melker HE. Pertussis resurgence: waning immunity and pathogen adaptation - two sides
of the same coin. Epidemiol Infect 2014;142(4):685e94.
23. Yao SM, Chen YY, Kao PH, Wen YL, Chen RS, Chiang CS. Antigenic changes in bordetella pertussis strains circulating in
Taiwan, 1992e2014 (published in Chinese). Taiwan Epidemiol
Bull 2016:32.
24. Clark TA. Changing pertussis epidemiology: everything old is
new again. J Infect Dis 2014;209(7):978e81.
25. National Institute of Infectious Diseases. Pertussis, Japan,
1997e2004. Infect Agents Surveill Rep 2005;26:61e2.
26. Takeuchi M, Yasunaga H, Horiguchi H, Matsuda S. The incidence
of pertussis hospitalizations among Japanese infants: excess
hospitalizations and complications? Epidemiol Infect 2012;
140(8):1497e502.
27. Yeh NC, Chen CM, Kuo HW, Liu DP. Pertussis in Taiwan, 2001e2014
(published in Chinese). Taiwan Epidemiol Bull 2016;32.
28. Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E,
Donegan K, et al. Effectiveness of maternal pertussis vaccination in England: an observational study. Lancet 2014;
384(9953):1521e8.
29. Hoshi SL, Seposo X, Okubo I, Kondo M. Cost-effectiveness
analysis of pertussis vaccination during pregnancy in Japan.
Vaccine 2018;36(34):5133e40.
30. Lo C, Bedford H, Winyard P, Palit V. G436(P) Pregnant women’s
views and experiences of pertussis vaccination during pregnancy: a study in Taiwan. Arch Dis Child 2018;103(Suppl. 1):
A178e178.1.
31. Altunaiji S, Kukuruzovic R, Curtis N, Massie J. Antibiotics for
whooping cough (pertussis). Cochrane Database Syst Rev 2005;
1:Cd004404.
32. Vittucci AC, Spuri Vennarucci V, Grandin A, Russo C, Lancella L,
Tozzi AE, et al. Pertussis in infants: an underestimated disease.
BMC Infect Dis 2016;16(1):414.

I.-F. Chang et al.
33. Crowcroft NS, Booy R, Harrison T, Spicer L, Britto J, Mok Q,
et al. Severe and unrecognised: pertussis in UK infants. Arch
Dis Child 2003;88(9):802e6.
34. European Centre for Disease Prevention and Control. Meeting
report expert consultation on pertussis, Barcelona. 20
November 2012. Available at: https://ecdc.europa.eu/sites/
portal/files/media/en/publications/Publications/pertussismeeting-2012.pdf. [Accessed 16 May 2019].
35. Winter K, Zipprich J, Harriman K, Murray EL, Gornbein J,
Hammer SJ, et al. Risk factors associated with infant deaths
from pertussis: a case-control study. Clin Infect Dis 2015;61(7):
1099e106.
36. Chiu TF, Lee CY, Lee PI, Lu CY, Lin HC, Huang LM. Pertussis
seroepidemiology in Taipei. J Formos Med Assoc 2000;99(3):
224e8.
37. Koh MT, Liu CS, Chiu CH, Boonsawat W, Watanaveeradej V,
Abdullah N, et al. Under-recognized pertussis in adults from
Asian countries: a cross-sectional seroprevalence study in
Malaysia, Taiwan and Thailand. Epidemiol Infect 2016;144(6):
1192e200.
38. Frassanito A, Nenna R, Nicolai A, Pierangeli A, Tozzi AE,
Stefanelli P, et al. Infants hospitalized for Bordetella pertussis
infection commonly have respiratory viral coinfections. BMC
Infect Dis 2017;17(1):492.
39. Cosnes-Lambe C, Raymond J, Chalumeau M, Pons-Catalano C,
Moulin F, de Suremain N, et al. Pertussis and respiratory syncytial virus infections. Eur J Pediatr 2008;167(9):1017e9.
40. Nuolivirta K, Koponen P, He Q, Halkosalo A, Korppi M,
Vesikari T, et al. Bordetella pertussis infection is common in
nonvaccinated infants admitted for bronchiolitis. Pediatr
Infect Dis J 2010;29(11):1013e5.
41. Huang YC, Lin TY, Chang LY, Wong KS, Ning SC. Epidemiology of
respiratory syncytial virus infection among paediatric inpatients in northern Taiwan. Eur J Pediatr 2001;160:581e2.
42. Aoyama T, Ide Y, Watanabe J, Takeuchi Y, Imaizumi A. Respiratory failure caused by dual infection with Bordetella
pertussis and respiratory syncytial virus. Acta Paediatr Jpn
1996;38(3):282e5.
43. Palvo F, Fabro AT, Cervi MC, Aragon DC, Ramalho FS,
Carlotti APCP. Severe pertussis infection: a clinicopathological
study. Medicine (Baltim) 2017;96(48):e8823.
44. Hagiwara K, Ouchi K, Tashiro N, Azuma M, Kobayashi K. An
epidemic of a pertussis-like illness caused by Chlamydia
pneumoniae. Pediatr Infect Dis J 1999;18(3):271e5.
45. Jackson LA, Cherry JD, Wang SP, Grayston JT. Frequency of
serological evidence of Bordetella infections and mixed infections with other respiratory pathogens in university students with cough illnesses. Clin Infect Dis 2000;31(1):3e6.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jmii.2019.06.002.

