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Background: In China, pertussis is a major health problem with an increasing incidence despite
immunization efforts. Timely and accurate diagnosis is essential for the optimal management of pertussis,
especially in severe cases.

Methods: Nasopharyngeal swabs or sputum specimens were obtained from patients suspected of having
pertussis on the day of hospitalization at Shanghai Children’s Medical Center from December 01, 2016,
to November 30, 2017. The specimens were tested with the FilmArray Respiratory Panel, a multiplex
polymerase chain reaction (PCR) assay that detects 16 viruses, Bordetella pertussis (B. pertussis), Mycoplasma
pneumoniae (M. pneumoniae), and Chlamydophila pneumoniae (C. pneumoniae).

Results: Among the 140 children studied, 50.0% (70/140) were detected with a single pathogen, 45.0%
(63/140) were detected with multiple pathogens, and 5.0% (7/140) had no detected pathogens. Forty-nine
(35%, 49/140) patients tested positive for B. pertussis. Respiratory syncytial virus (RSV), parainfluenza
virus (Para) and rhinovirus/enterovirus (Rhino/Entero) were the most prevalent pathogens in patients with
pertussis-like syndrome. No significant differences between the groups with pertussis and pertussis-like
syndrome were observed regarding the clinical symptoms. Severe cases were more frequently observed in
unvaccinated, premature and pertussis/RSV co-infection patients.

Conclusions: Our study highlights the importance of the timely and accurate diagnosis of pertussis based
on both clinical symptoms and laboratory methods.
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Introduction

Bordetella pertussis (B. pertussis) is a fastidious gram-
negative coccobacillus bacterium that causes pertussis
(whooping cough), a highly contagious human respiratory
infection that most often affects very young, unimmunized
or incompletely immunized infants (1). Despite the
high childhood vaccination rate (2,3), pertussis remains
one of the top ten fatal infections in children (4). The
typical clinical symptoms of pertussis include repeated
paroxysmal cough, an inspiratory whoop and post-cough
vomiting (5). The classic presentation of this disease, which
is characterized by three phases (catarrhal, paroxysmal and
convalescent), is well-known, but has been observed less
often since the initiation of immunization (6).

As a vaccine-preventable disease, a resurgence of pertussis
in the post-vaccination era has been reported in developed
countries despite high vaccination coverage (7-9). A shift in
cases from school-age children to adolescents, adults and infants
under 1 year of age has been described in the last decade,
and the mortality rates in infants have not decreased (10).
In China, pertussis is a major health problem, with
increasing incidence despite immunization efforts. An
abrupt increase in incidence was reported in 2013, 2014
and 2015, with rates of 0.13/100,000, 0.25/100,000 and
0.49/100,000, respectively, according to the official data
on this infectious disease reported by Chinese Center for
Disease Control and Prevention (CDC). Nonetheless,
a number of epidemiological studies have suggested
that the incidence of pertussis in China was significantly
underestimated (11,12). Currently, the timely and accurate
diagnosis of pertussis is an urgent need for two reasons: to
isolate patients in the early stage of the disease to prevent
transmission and to treat patients in a timely manner with
macrolide antibiotics to improve patient care.

Although classic pertussis can be reliably diagnosed
based on clinical symptoms, the recurrence and atypical
manifestations of pertussis highlight the importance of
standardized, sensitive and specific laboratory approaches to
supplement clinical diagnosis (13). The standard laboratory
diagnostic criteria for the identification of B. pertussis
include culture, polymerase chain reaction (PCR) assays
and serodiagnosis (13-15). The culture of nasopharyngeal
secretions is currently the gold standard for pertussis
diagnosis. However, given the harsh growth conditions and
the high standards for samples, the detection rate of culture
remains low, and this method is also time consuming
(3-7 d). Serological diagnosis needs two specimens from
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both the acute and recovery periods, limiting its application
in early diagnosis. Multiple studies have shown that PCR is
the most sensitive approach and should always be included,
independent of the stage of the disease, to complement
culture in the early stage and serology in the later stage
(16-19). Therefore, both the CDC and WHO use positive
PCR results as the criteria for pertussis diagnosis (20,21).
Despite the fact that the laboratory diagnosis of pertussis
in China is based on culture and serology results, these
two methods are not routinely available in most Chinese
hospitals (22,23). This observation may be the main cause
for the underestimation of the pertussis incidence in China.

In addition to the lack of laboratory diagnosis of
pertussis, previous studies have shown that the clinical
presentation of pertussis is indistinguishable from that
of viral respiratory infections (24-26). In addition, co-
infections with respiratory viruses such as respiratory
syncytial virus (RSV), rhinovirus/enterovirus (Rhino/
Entero) and adenovirus (Adv) frequently occur in infants
with pertussis infections (27,28). The current strategy in
both laboratory and commercial assays is the development
of multiplex PCR platforms for the detection of multiple
respiratory pathogens, including B. pertussis (29-31).
FilmArray (BioFire Diagnostics, Utah, USA, owned by
bioMérieux) is a small, desktop, fully automated multiplex
PCR device. The FilmArray Respiratory Panel (FilmArray
RP, v1.7) is able to detect 16 viral and 3 atypical respiratory
pathogens, including B. pertussis, in a single test, which
requires only 5 min of hands-on time and 65 min of
instrument time (32). The multiplexed nature of this test
enables the rapid differentiation of B. pertussis from other
viruses that also cause pertussis-like syndrome, such as RSV,
Adv and parainfluenza 3 (Para 3) (33-35). In addition, this
method provides co-infection information for pertussis-
infected patients, which may have underlying clinical
significance.

According to statistics from 2018, Shanghai has a total
population of 24 million people, which includes an urban
population of 21 million individuals and a rural population
of 3 million. The total GDP is ¥3,267.9 billion and the
per capita GDP is ¥135,000. The disposable personal
income of the urban population is ¥68,000, and that of
the rural population is ¥30,000. Currently, there are 5,298
health care institutions in Shanghai, which includes 364
hospitals and 206,500 health professionals. Although the
socio-economic data may provide better understanding
of potential bearing on the prevalence of pertussis, the
surveillance data on pertussis in Shanghai are limited. In
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2010, a multicenter clinical study enrolled 1,001 patients
with a pertussis cough (cough for more than 2 weeks) in
Shanghai, Chongqing, Kunming and Yinchuan. The total
infection rate in Shanghai was 16.7% (65/402), which was
higher than that in the other regions (36). In 2017, 258
pertussis cases, which were confirmed by PCR and/or
culture, were reported by 6 sentinel hospitals in Shanghai
(including Shanghai Children’s Medical Center, SCMC)
according to data from the local CDC (37).

In our previous work, 775 eligible patients with
respiratory tract infections (RTIs) were subject for
FilmArray examination, in which 140 patients were
clinically diagnosed with suspected pertussis. The study was
performed at SCMC, a tertiary teaching Children’s hospital
located in Shanghai, China, with complete sub-specialties.
There are 650 beds and approximately 1.75 million patients
annually, about 60-70% of whom were referred from other
health care institutions. In that study, the positive rate of
B. pertussis detected by FilmArray RP is 6.3% (49/775) in
the whole setting and 35% (49/140) in pertussis suspected
patients, but the clinical significance remained for further
investigation (36). Therefore, the present study aims
to investigate the clinical features of pertussis patients
compared to patients with pertussis-like syndrome and to
explore the possible clinical significance of pertussis co-
infection.

Methods
Study design and subjects

The study population was enrolled according to the
protocol definitions and inclusion criteria. A total of 851
patients with RTTs were screened in a previous study,
and 775 eligible patients were enrolled according to the
inclusion criteria (38). Among 775 patients, 140 were
suspected of having pertussis according to the CDC
definition: (I) cough for more than 2 weeks; and (II)
paroxysmal cough, or inspiratory whoop, or post-tussive
vomiting. In the present study, patients suspected of having
pertussis were diagnosed with pertussis when B. pertussis
was positive by FilmArray RP, and patients were otherwise
diagnosed with pertussis-like syndrome.

The patients were assessed by the attending and chief
physicians from the Department of Respiratory Medicine
and the Department of Infectious Diseases. All of these
physicians regularly received training on the clinical
diagnosis of pertussis, which was based on both the medical
history as well as personal observations on the day of
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hospitalization. The symptomatology was confirmed at
least by two physicians from the Department of Respiratory
Medicine and/or the Department of Infectious Diseases.

Specimens

Nasopharyngeal swab (NPS) or sputum specimens were
obtained from patients with suspected pertussis on the
day of hospitalization at SCMC from December 01, 2016
to November 30, 2017. Demographic information (i.e.,
age at enrollment and gender), medical history including
vaccination history for pertussis as well as information
of clinical symptoms and treatments received were
documented for each enrolled patient. The study was
approved by the Institutional Review Board and the Ethics
Committee of SCMC (SCMCIRB-K2017044), and written
informed consent was obtained from the parents of each
patient.

FilmAvrray RP v1.7 testing

The FilmArray RP v1.7 targets 19 pathogens, including
ADV, influenza A viruses H1, 2009H1, H3 (FluA-H1, FluA-
2009H1, FluA-H3) and FluB, parainfluenza virus types 1 to
4 (Para 1-4), coronaviruses 229E, HKU1, OC43, and NL63
(Cov-HKU1, NL63, 229E, OC43), human metapneumovirus
(hMPV), RSV, Rhino/Entero, Chlamydophila pneumoniae (C.
preumoniae), Mycoplasma pneumoniae (M. pneumoniae) and B.
pertussis. The principle of the FilmArray RP assay has been
previously described (32,36,37), and was performed according
to the manufacturer’s instructions.

Statistical analysis

SPSS software package v21.0 was used for all statistical
analyses. Categorical variables were expressed as frequencies
and percentages. The chi-square and Fisher’s exact tests
were used to compare groups. Continuous variables are
expressed as the mean = standard deviation. Student’s
t-test was used to assess the statistical significance between
groups. P<0.05 was considered to be statistically significant.

Results
Clinical characteristics of the patients

The present study was a sub-group analysis of our previous
study (38), and the study design is illustrated in Figure 1. A
total of 140 patients who were suspected of having pertussis
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Figure 1 Flow diagram illustrating the design of the present study.

were enrolled in the present study between December
01, 2016, and November 30, 2017. Pertussis infection
was confirmed in 35.0% (49/140) of the patients based on
B. pertussis positive by FilmArray RP analysis, and the other
65.0% (91/140) of patients were diagnosed with pertussis-
like syndrome. Congenital heart disease was the most
frequently observed underlying disease in these patients.
The general characteristics of the enrolled patients, such as
the contact history and vaccination status, are presented in

Table 1.

Respiratory pathogens detected in patients with suspected
pertussis

Among the 140 specimens, 50.0% (70/140) had a single
pathogen, 45.0% (63/140) had multiple pathogens, and
5.0% (7/140) had no pathogens (Figure 2A4). The overall
positivity rate of the specimens was 95.0% (133/140). B.
pertussis was the most prevalent pathogen (35.0%, 49/140),
followed by Rhino/Entero (32.9%, 46/140) and RSV
(31.4%, 44/140). The positivity rates of the other pathogens
are presented in Figure 2B.

Forty-nine patients were positive for pertussis, among
whom 35 (71.4%) were co-detected with at least one virus
or atypical bacteria (Figure 34). A co-infection of B. pertussis
with Rhino/Entero, RSV or Rhino/Entero + Para3 was
most common and was detected in 8 (16.3%), 5 (10.2%)
and 5 (10.2%) patients, respectively. Up to four different
pathogens were detected in a single sample. The multi-
pathogen combinations are listed in Figure 34 and Table S1.
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Ninety-one patients were detected pertussis negative,
among whom 56 (61.5%) were detected single-pathogen
positive, 28 (30.8%) were multi-pathogen positive and
7 (7.7%) were negative. RSV, Para and Rhino/Entero are
the most prevalent pathogens in the patients with pertussis-
like syndrome (Figure 3B).

Clinical characteristics of the patients with pertussis and
pertussis-like syndrome

Regarding the clinical symptoms, there were no significant
differences between the groups of patients with pertussis and
pertussis-like syndrome (7zble 2). However, more pertussis
patients than pertussis-like syndrome patients were diagnosed
at less than 6 months of age (x’=4.615, P<0.05), and the
number of patients with respiratory failure was higher in the
pertussis-like syndrome group than in the pertussis group
(('=5.832, P<0.05). Laboratory tests showed that the median
number of white blood cells (WBCs) in the pertussis group
was 18.40 (13.05, 23.69)x10°/L, which was significantly
higher than that in the pertussis-like syndrome group
(Z=-6.254, P<0.01). Moreover, the patients with pertussis
were more likely to be co-infected with virus than the
patients with pertussis-like syndrome (3’=22.509, P<0.01).

Clinical characteristics of patients with only pertussis and
with pertussis/virus co-infections

Among the 49 patients who tested positive for pertussis,
14 (28.6%) patients were positive for only pertussis, 34
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Characteristic No. of patients (%) Pertussis Pertussis-like
Total 140 49 91
Age of onset

<3 months 77 (55.0) 27 (65.1) 50 (54.9)

4 months-9 years 62 (44.3) 21 (42.9) 41 (45.1)

>10 years 1(0.7) 1(2.0) 0
Gender

Male 80 (57.14) 23 (46.9) 57 (62.6)

Female 60 (42.86) 26 (53.1) 34 (37.4)
Underlying diseases

None 96 (68.6) 41 (83.7) 55 (60.4)

CHD 40 (28.6) 7 (14.3) 33 (36.3)

Congenital biliary atresia 1(0.7) 0 1(1.1)

Tumor 1(0.7) 1(2.0) 0

Other diseases 2(1.4) 0 2°(2.2)
Contact history

Yes 28 (20.00) 19 (38.8) 9 (9.9

No 112 (80.00) 30 (61.2) 82 (90.1)
Prognosis after treat

Alive 135 (96.43) 47 (95.9) 88 (96.7)

Death 5(3.57) 2° (4.1) 3°(3.3)
DPT (dose)

0 88 (62.9) 28 (57.1) 60 (65.9)

1 12 (8.6) 5(10.2) 7(7.7)

2 14 (10.0) 9(18.4) 5 (5.5)

3 26 (18.6) 7 (14.3) 19 (20.9)

2 other underlying diseases included cerebral dysplasia and congenital intestinal malrotation; °, cause of death: the two patients in the
pertussis group died of neuroblastoma and hyperleukocytosis; two of the three patients in the pertussis-like group died of congenital heart
disease and one of congenital intestinal malrotation. CHD, congenital heart disease; DPT, diphtheria, tetanus and pertussis; No., number.

(69.4%) patients were co-detected with at least one virus,
while 1 patient was co-detected with pertussis and M.
pneumoniae. The most prevalent co-detected viruses were
Rhino/Entero, RSV and Para 3. The clinical characteristics
of patients with only pertussis and with pertussis/virus co-
infections were evaluated, and there was no significant
difference regarding the clinical symptoms or the laboratory
data between these patient groups (7zble 3). However, it
is worth noting that 20.6% (7/34) of the patients with
pertussis/virus co-infections were empirically treated with

© Annals of Translational Medicine. All rights reserved.

sulfamethoxazole-trimethoprim (SMZ-TMP), suggesting
that these patients may be clinically considered resistant to
microlides, although this conclusion cannot be confirmed
due to the lack of pertussis culture and susceptibility
testing. In addition, 100% of the patients with pertussis/
RSV co-infection experienced fever, which was significantly
higher than the number of patients with only pertussis
infection who also experienced fever. More patients in the
pertussis/RSV group required respiratory support than in
the pertussis-only group (75% wvs. 28.6%, respectively),
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Figure 2 Overall detection of respiratory pathogens in 140 children with suspected pertussis. (A) The overall detection rates of the
samples with single pathogen, multiple pathogens and no pathogen; (B) the positive rate of each respiratory pathogen. BP, B. pertussis;
R/E, rhinovirus/enterovirus; RSV, respiratory syncytial virus; Para, parainfluenza virus; Cov, coronavirus; ADV, adenovirus; hMPV, human

metapneumovirus; MP, M. preumoniae; FluA, Influenza A virus.
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Figure 3 Detection of respiratory pathogens in children with pertussis and pertussis-like syndrome. (A) The detection rates of the samples
with single pathogen and multiple pathogens in 49 children with pertussis, and the detection rates of multiple respiratory pathogens most
commonly detected in these samples; (B) the detection rates of the samples with single positive samples, multiple positive samples and no
pathogen in 91 children with pertussis-like syndrome, and the detection rate of each respiratory pathogen. R/E, rhinovirus/enterovirus;
RSV, respiratory syncytial virus; Para, parainfluenza virus; Para3, parainfluenza virus type 3; Cov, coronavirus; Cov-OC43, coronavirus

OC43; ADV, adenovirus; h(MPV, human metapneumovirus; MP, M. pneumoniae; FluA, Influenza A virus.

although this difference was not significant (7able 4). (13/49, 26.5%) required at least one form of respiratory
support. Patients born prematurely tended to require

oxygen intake more frequently than other patients, which

Clinical characteristics of the patients with or without . . .
reshiratory subbort was similar to those in the unvaccinated group. A total of
es,
P "y supp 23.1% of the patients (3/13) who needed respiratory support
A portion of the patients with pertussis in the study cohort had an apnea history, and the hospitalization time for this
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Table 2 Comparison of the clinical characteristics of children with pertussis and pertussis-like syndrome
Clinical feature Pertussis, N=49 (%) Pertussis-like, N=91 (%) Statistics P value
Age <6 months 42 (85.7) 63 (69.0) 4.615 0.032
Inspiratory whoop 7 (14.3) 7(7.7) 1.538 0.215
Cyanosis 15 (30.6) 33 (36.3) 0.452 0.502
Apnea 3(6.1) 8(8.9) 0.313° 0.747
Complications
Liver damage 9 (18.4) 8(8.8) 2.738 0.098
Respiratory failure 3(6.1) 20 (22.0) 5.832° 0.017
Myocardial ischemia 1(2.0 5(5.5) 0.926° 0.665
MODS 2(4.9) 0 3.768° 0.121
Severe illness
Ventilator 3(6.1) 18 (19.8) 4.660° 0.045
Oxygen 10 (20.4) 13 (14.3) 0.870 0.351
Mixed virus infection 35 (71.4) 27 (29.7) 22.509 0.000
WBC (x10°/L) 18.40 (13.05, 23.69)° 9.79 (7.34, 12.85)° -6.254° 0.000

2 Fisher’s exact test; °, data lacking a normal distribution are expressed as the median and quartiles, i.e., median (25%, 75%), and the

statistic is Z value. MODS, multiple organ dysfunction syndrome; WBC, white blood cell.

Table 3 Comparison of the clinical characteristics of the patients with only pertussis and with pertussis/virus co-infections

Clinical feature Single BP, N=14 (%) Mixed BP/viruses, N=34 (%) Statistics P value
Uncompleted 14 (100.0) 27 (79.4) 0.374° 0.090
Immunization

Gender, male 7 (50.0) 16 (47.1) 0.034 0.853
Fever 4 (28.6) 6(17.6) 0.718% 0.448
Wheeze 4 (28.6) 16 (47.1) 1.394° 0.338
Inspiratory whoop 4 (28.6) 3(8.8) 3.105° 0.171
Cyanosis 5 (35.7) 10 (29.4) 0.183 0.669
Apnea 1(7.1) 2(5.9) 0.027° 1.000
CHD 3(21.4) 4(11.8) 0.743° 0.400
Complications 2(14.3) 11 (32.4) 1.639° 0.292
Need of oxygen 4 (28.6) 8 (23.5) 0.134* 0.726
SMZ-TMP 0 7 (20.6) 0.374% 0.090
Time of hospitalization (d) 10.29+6.17 8.86+4.85 0.964 0.340
WBC (x10%L) 16.98 (12.06, 23.26)° 18.72 (13.27, 24.70)° -0.953° 0.341
LY% 65.25 (56.75, 70.38)° 71.05 (62.60,76.15)" -1.837° 0.066

2 Fisher’s exact test;®, data lacking a normal distribution are expressed as the median and quartiles, i.e., median (25%, 75%), and the
statistic is Z value. BP, B. pertussis; CHD, congenital heart disease; LY, lymphocyte; SMZ, sulfamethoxazole; TMP, trimethoprim; WBC,

white blood cell.
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Table 4 Comparison of the clinical characteristics of patients with only pertussis and with pertussis/RSV co-infection

Clinical feature Single BP, N=14, (%) Mixed BP/RSV, N=8, (%) Statistics P value
Uncompleted Immunization 14 (100.0) 7 (87.5) 1.833° 0.364
Fever 4 (28.6) 8 (100.0) 10.476% 0.002
Wheeze 4 (28.6) 6 (75.0) 4.426% 0.074
Inspiratory whoop 4 (28.6) 0 2.794° 0.254
Cyanosis 5 (35.7) 3 (37.5) 0.007° 1.000
Apnea 1(7.1) 1(12.5) 0.177° 1.000
CHD 3(21.4) 1(12.5) 0.273* 1.000
Complications 2(14.3) 4 (50.0) 3.274* 0.137
Need of oxygen 4 (28.6) 6 (75.0) 4.426° 0.074
SMZ-TMP 0 2 (25.0) 3.850° 0.121
Time of hospitalization (d) 10 (5.5, 12.5)° 9.5 (8, 14.75)° -0.652° 0.525
WBC (x10%/L) 16.98 (12.06, 23.26)° 18.72 (13.27, 24.70)° -1.160° 0.267
LY% 62.79+16.63 51.75+£16.57 0.838 0.412

? Fisher’s exact test; °, data lacking a normal distribution are expressed as the median and quartiles, i.e., median (25%, 75%),
and the statistic is Z value. BP, B. pertussis; CHD, congenital heart disease; LY, lymphocyte; RSV, respiratory syncytial virus; SMZ,

sulfamethoxazole; TMP, trimethoprim; WBC, white blood cell.

group was significantly longer than that of those without
respiratory support (14 vs. 6 d, respectively). The initial
WBC counts of these two groups were comparable, but the
lymphocyte ratio was lower in the patients with respiratory
support than in those without respiratory support (Zable 5).

Trreatment and prognosis of patients with pertussis

The 49 patients with pertussis were treated with
azithromycin or erythromycin together with symptomatic
treatment. Seven (14.3%) patients who were clinically
confirmed as erythromycin-resistant were switched to
SMZ-TMP treatment, among whom 6 patients were
discharged after fully recovering, and 1 patient died of
hyperleukocytosis combined with pulmonary hypertension
and multiple organ failure. Among the 42 treatment-
sensitive patients, one patient died of neuroblastoma
combined with immunodeficiency. Both of these patients
were unvaccinated. For the 91 patients with pertussis-
like syndrome, in addition to antiviral and symptomatic
treatment, appropriate antibiotics were also prescribed
according to the results of sputum culture. Eighty-eight
(96.7%) patients were discharged after fully recovering,
and 3 patients died (2 of congenital heart disease and 1 of
intestinal malrotation).

© Annals of Translational Medicine. All rights reserved.

Discussion

In the present study, 140 specimens were collected from
pediatric patients with suspected pertussis. B. pertussis was
the most prevalent pathogen (35.0%, 49/140), followed by
Rhino/Entero (32.9%, 46/140) and RSV (31.4%, 44/140).
More patients were diagnosed with pertussis than with
pertussis-like syndrome at less than 6 months of age, and
pertussis patients had higher WBC counts and were more
likely to be co-infected with viruses than patients with
pertussis-like syndrome. The patients with pertussis/virus
co-infections were more likely to be empirically treated with
SMZ-TMP. More patients in the pertussis/RSV group than
in the pertussis-only group required respiratory support. In
addition, the premature and unvaccinated groups tended
to require oxygen intake more frequently than the other
groups.

The major limitation of the two reference standards
for pertussis that are currently used in China (38,39) is the
lack of positive PCR results as the criteria for laboratory
diagnosis. Multiple studies pointed out that this limitation
together with a lack of other laboratory diagnostic methods,
insufficient clinical experience with atypical cases and low
awareness of the disease, resulted in the underestimation of the
incidence of pertussis infection in China (23,40-42). In 2017, a
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Table 5 Comparison of the clinical characteristics of the 49-pertussis positive patients with or without respiratory support
Need of oxygen
Clinical feature Statistics P value
No (N=36), (%) Yes (N=13), (%)

Age <3 months 18 (50.0) 9 (69.2) 1.428° 0.333
Uncompleted immunization 30 (83.3) 12 (92.3) 0.628° 0.658
Unvaccinated 18 (50.0) 11 (84.6) 4.738% 0.047
Premature 0 4 (30.8) 12.062° 0.003
Mixed virus infection 26 (72.2) 9 (69.2) 0.042° 1.000
Fever 6 (16.7) 5 (38.5) 2.606 0.106
Wheeze 15 (41.7) 6 (46.2) 0.079 0.779
Inspiratory whoop 7 (19.4) 0 2.949° 0.167
Cyanosis 10 (27.8) 5 (38.5) 0.513 0.474
Apnea 0 3(23.1) 8.849° 0.016
CHD 3(8.3) 4(30.8) 3.926° 0.070
Complications 9 (25.0) 5(38.5) 0.848 0.357
Contact history 12 (33.3) 7 (53.8) 1.693° 0.193
SMZ-TMP 4(11.1) 3(23.1) 1.117° 0.363
Time of hospitalization (d) 6 (5, 10)° 14 (8, 17)° -3.084° 0.002
WBC (x10%/L) 17.49 (12.98, 22.42)° 19.76 (13.65, 24.47)° -0.906° 0.365
LY% 70.15 (62.95, 75.25)° 64.50 (48.2, 71.45)° -2.106° 0.035

2 Fisher’s exact test; °, data lacking a normal distribution are expressed as the median and quartiles, i.e., median (25%, 75%),
and the statistic is Z value. BP, B. pertussis; CHD, congenital heart disease; LY, lymphocyte; RSV, respiratory syncytial virus; SMZ,

sulfamethoxazole; TMP, trimethoprim; WBC, white blood cell.

new version of “Diagnosis and treatment recommendations in
Chinese pediatric pertussis patients” was published, in which
both clinical and laboratory diagnostic criteria for age-
specific pertussis were modified according to the clinical
case definitions for pertussis proposed by the Global
Pertussis Initiative (GPI) (43,44). In our study, all 49
pertussis patients met the clinical and laboratory diagnostic
criteria of the new recommendations. However, it is worth
mentioning that the median WBC count in patients less
than 3 months old was only 17.33x10%/L, which was lower
than the laboratory diagnostic criteria (WBC counts
>20x10"/L), indicating that clinicians should pay attention
to the risk of pertussis infection in infants with relatively
low WBC counts.

In China, routine vaccination against pertussis with
DTwP (a whole-cell pertussis vaccine combined with
diphtheria and tetanus toxoids) was introduced in the
early 1960s, when 3 doses of D'TwP were given at 3, 4 and

© Annals of Translational Medicine. All rights reserved.

5 months of age. In 1982, a booster dose at 18-24 months
of age was added (45). Since 2007, the DTwP vaccine has
been replaced by the DTaP (acellular pertussis vaccine
combined with diphtheria and tetanus) vaccine (46). The
DTaP vaccine is much safer than the DTwP vaccine, but the
immunization duration of the former is only 5-6 years. A
previous study showed that for small infants, the effective
rate can reach 91.7% after inoculation with a 3-dose DTP
(diphtheria-tetanus toxoids-pertussis) vaccine, but can reach
only 46% with a 1-dose vaccination (47). In our study, 42 of
the 49 patients (85.7%) with pertussis did not complete the
entire immunization process, which might have contributed
to the high prevalence rate. The unvaccinated group
required respiratory support more frequently, indicating
that even incomplete immunization was beneficial to the
patients. The positivity rate of pertussis after inoculation
with the 1-, 2- and 3-dose DTaP vaccines (10.20%, 18.37%
and 14.29%, respectively) showed no significant differences,
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and 19 of the 49 patients (38.8%) with pertussis had a
confirmed contact history with family members who had
a cough. These results indicate that atypical cases may
be responsible for ongoing transmission. Therefore, in
addition to the three basic immunizations and one booster
immunization of the pertussis vaccine, the 2015 WHO
recommendation suggested administering the DTaP vaccine
to children >7 years of age, adolescents and pregnant
women (48).

Macrolide antibiotics are the first choice for pertussis
treatment, and the treatment timing has direct effects
on the prognosis and outcome. The use of macrolide
antibiotics in the catarrhal stage can reduce or even
prevent coughing. In the paroxysmal stage, the course
of the disease cannot be shortened by the application of
sensitive antibiotics; however, antibiotic use can effectively
shorten the sterilization period, killing the flora attached
to the nasopharynx, limiting the spread of the pathogen
and preventing secondary infections. In our study, one
patient was treated with cephalosporin for 2 weeks for a
“RTT”, and the WBC counts became progressively elevated
(from 8.4x10°/L to 134.73x10°/L). The patient was then
transferred to our hospital for suspected leukemia but was
soon diagnosed with a B. pertussis, Rhino/Entero and RSV
co-infection. Moreover, the patient was diagnosed with
severe pulmonary hypertension, which may have been
caused by the luminal aggregates of abundant leukocytes
in small pulmonary arteries, veins and lymphatics (49).
Although symptomatic treatments including anti-infective
therapy, mechanical ventilation and exchange transfusion
were carried out, the patient still died of multiple organ
failure. A previous study showed that the use of exchange
transfusion to reduce WBC counts can significantly reduce
the release of the pertussis toxin (PT) and can improve
the mortality of pertussis hypoxemia, but it is better for
this treatment being performed before cardiogenic shock
or organ failure (50). On the other hand, there were 7
other patients suspected of having pertussis combined with
hypoxemia with WBC counts >20x10°/L by the end of this
study. All patients were diagnosed with B. pertussis infection
during the early stage of the disease, followed by macrolide
treatment and ventilator-assisted ventilation. Four cases
with WBC counts >50x10°/L underwent exchange
transfusion, and all 7 patients were clinically improved and
discharged. Therefore, our results strongly suggest that
early diagnosis and macrolide treatment play important
roles in the treatment and prognosis of pertussis.

Previous studies have shown that pertussis infection in
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children sometimes mimics viral RTTs, especially in infants
(6,27,35). In our study, there were no significant differences
regarding the clinical symptoms between the two groups.
RSV, Para and Rhino/Entero are the most prevalent
causative pathogens in patients with pertussis-like syndrome
that can have similar clinical presentations. These results
again suggest that distinguishing pertussis from pertussis-
like syndrome based on clinical symptoms is not feasible,
and emphasize the importance of laboratory tests as an
indispensable complementary method in the clinical setting.

The co-infection of B. pertussis with respiratory viruses
has been reported previously. However, the clinical
relevance of such co-infections is still under investigation.
In our study, no significant differences were observed
regarding the clinical symptoms and laboratory data in
patients with only pertussis and patient with pertussis/virus
co-infections. When more attention was paid to the co-
infection of pertussis with Rhino/Entero, RSV or Para 3,
the clinical data indicated that pertussis/RSV co-infection
tended to be more severe (Table 4), while no significant
differences were observed in pertussis-Rhino/Entero or
pertussis-Para 3 co-infection compared to pertussis-only
infections (data not shown). These results raised another
long-standing unresolved question: how can “real” causative
pathogens be identified in multi-pathogen positive patients,
especially when the results are obtained by molecular
approaches? Under such circumstances, the quantification
of the mRNA levels of the pathogen at multiple time
points during the entire disease course might be helpful to
distinguish the “real” causative pathogen.

At present, most of the PCR-based assays, either
laboratory or commercially developed, target the insertion
sequence (IS481) for B. pertussis detection (51-54). IS481 is
internally repeated >50 times in each B. pertussis genome,
resulting in high analytical sensitivity. However, studies
have shown the presence of IS481 in Bordetella holmesii (B.
holmesii), an microorganism that is also associated with
an illness with a cough (55,56). The genetic target for B.
pertussis in the FilmArray RP, however, is the promoter
region of the PT gene, and there is only one copy in
each B. pertussis genome (32). This target is specific, with
no cross-reactivity with B. holmesii, but may have lower
sensitivity than the IS481 locus. Two studies showed
discrepant conclusions regarding the sensitivity of targeting
the PT gene. While Jerris et /. found a loss of analytical
sensitivity for B. pertussis using the FilmArray RP, Qin et al.
demonstrated that there was little difference between the
detection limit for the PT gene and IS481 (51,54). In our
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study, 49 out of 140 patients were shown to be B. pertussis-
positive using the FilmArray RP. However, due to the lack
of other laboratory tests at our center during the study
period, the evaluation of the sensitivity of the FilmArray RP
by targeting IS481 or other loci was not performed.

Our study also has several limitations. First, this study
was performed at a single center, and the sample size was
small. Second, we did not have data from an appropriate
assay to evaluate the sensitivity and specificity of the
FilmArray RP, and B. parapertussis could not be detected
in the current assay. Additionally, pertussis culture and
susceptibility tests were not available during the study
period.

Conclusions

As in other developing countries, epidemiologic surveillance
for B. pertussis is essential in China, especially in the children
who could benefit most from the vaccine. The present study
describes the current status of B. pertussis infection in China
and highlights the need for timely and accurate diagnosis
based on both clinical symptoms and laboratory methods.
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Supplementary

Table S1 The multi-analyte-positive samples combined with B. pertussis

No. of multi-analyte positive

Analyte 1 Analyte 2 Analyte 3 Analyte 4 samples
B. pertussis H/E 8
RSV 5
H/E Para 3 5
Para 3 3
RSV H/E 2
Cov-0C43 2
ADV 1
H/E ADV 1
hMPV H/E 1
Para 3 Para 4 1
RSV Para 3 1
H/E Cov-HKU1 1
Cov-0C43 Para 3 1
Cov-OC43 Cov-229E 1
Cov-0C43 Cov-229E Para 3 1
Cov- HKU1 H/E Para 3 1

R/E, rhinovirus/enterovirus; RSV, respiratory syncytial virus; Para 3, parainfluenza virus type 3; Para 4, parainfluenza virus type 4; Cov-
0C43, coronavirus OC43; Cov-HKU1, coronavirus HKU1; Cov-229E, coronavirus 229E; ADV, adenovirus; hMPV, human metapneumovirus.



