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ABSTRACT

Introduction: This study aimed to prospec-
tively investigate the burden of pertussis in
southeast Chinese children hospitalized with
lower respiratory tract infection (LRTI) during a
pertussis outbreak and to compare the out-
comes of Bordetella pertussis infection with or
without virus coinfections.
Methods: Children\ 24 months of age hospi-
talized with LRTI were prospectively enrolled
from January 2017 to December 2019. Demo-
graphic and clinical information were recorded,
and respiratory tract samples were tested for the
presence of B. pertussis and ten common viruses
by polymerase chain reaction (PCR).

Results: Bordetella pertussis PCR was positive in
6.1% (202/4287) of the patients. Only 146
(72.3%) B. pertussis infections met the Centers
for Disease Control and Prevention case defini-
tion for pertussis. Among the 202 subjects with
B. pertussis infections, 81 (40.1%) were coin-
fected with at least 1 respiratory virus, with
human rhinovirus being the most commonly
detected virus (25.7%). No differences in clini-
cal severity were observed between children
with single B. pertussis infection and those with
virus coinfection [odds ratio (OR) 0.75; 95%
confidence interval (CI) 0.39–1.44]. However,
children with virus coinfection were signifi-
cantly more likely to present with radiologically
confirmed pneumonia than those with a single
B. pertussis infection (OR 2.62; CI 1.39–4.91).
Conclusions: Bordetella pertussis infection con-
tributed to a high proportion of LRTI hospital-
izations among southeast Chinese children.
There were no significant differences in clinical
severity between children with virus coinfec-
tion and single B. pertussis infection, although
children coinfected with virus coinfection pre-
sented with pneumonia more frequently than
those with single B. pertussis infection.
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Key Summary Points

Why carry out this study?

Bordetella pertussis infection results in
significant morbidity and mortality in
children and its re-emergence has been
the focus of international attention.

However, due to limited laboratory
routine pertussis testing, estimating the B.
pertussis burden is challenging.

Does virus coinfection affect the disease
severity of pertussis?

What was learned from the study?

Bordetella pertussis infection contributed to
a high proportion of LRTI hospitalizations
among southeast Chinese children.

There were no significant differences in
clinical severity between children with
virus coinfection and single B. pertussis
infection, although children coinfected
with virus coinfection presented with
pneumonia more frequently than those
with single B. pertussis infection.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13252535.

INTRODUCTION

Pertussis, caused by Bordetella pertussis (B. per-
tussis), results in significant morbidity and
mortality in children. Outbreaks of pertussis
have been reported over the past decades, and
disease re-emergence has been the focus of
international attention [1]. Liu et al. estimated
that the percentage of under-5 childhood

deaths due to pertussis was 0.9% in 2000–2015
[2]. Yeung et al. also estimated that there were
24.1 million pertussis cases and 160,700 deaths
from pertussis in children younger than 5 years
in 2014 [3]. In China, the reported morbidity of
pertussis declined from 100–200 per 100,000
persons before the 1970s to less than 1 per
100,000 persons in 2012 (2517 in total) due to
the introduction of vaccines in the 1970s [4].
However, the reported number of pertussis
reached 3426 and 6373 cases in 2014 and 2015,
respectively.

Due to limited laboratory infrastructure to
support routine pertussis testing and under-
recognition of pertussis among young infants,
who may present with atypical symptoms,
estimating the pertussis disease burden is chal-
lenging [5]. Most studies on the disease burden
of pertussis selectively enrolled children with
predefined symptoms, such as paroxysmal or
prolonged cough, whereas infants might pre-
sent with atypical symptoms according to pre-
vious observational studies [6, 7]. There have
been few studies on the incidence of pertussis in
infants using broad inclusion criteria [8, 9].
However, in China, the prevalence and clinical
presentation of pertussis infection in children
using broad inclusion criteria have never been
thoroughly investigated.

Furthermore, as previous studies have
reported, coinfection was quite common in B.
pertussis infection. Frassanito et al. found that,
in Italy, infants hospitalized for B. pertussis
infection commonly have respiratory viral
coinfections (47.2%) [10]. A study from Beijing,
northern China, revealed a high coinfection
rate of 40.1% [11]. Our previous study also
found a high coinfection detection rate of
59.4% [12]. To date, the relationship between
the clinical severity and B. pertussis infection
status with versus without respiratory viruses
remains uncertain.

To address these issues, this study aimed to
prospectively investigate the prevalence of per-
tussis in southeast Chinese children hospital-
ized with lower respiratory tract infection (LRTI)
during an outbreak. Furthermore, we aimed to
compare the clinical characteristics and the
severity of illness in B. pertussis polymerase
chain reaction (PCR)-positive children with
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respiratory virus coinfections to those with a
single B. pertussis infection.

METHODS

Study Population

We conducted a prospective observational
cohort study of consecutive children admitted
to the Children’s Hospital of Soochow Univer-
sity between January 2017 and December 2019.
All patients admitted to the pulmonary depart-
ment were screened for study eligibility daily.
Patients aged 4 weeks to\2 years presenting
with one or more symptoms suggestive of LRTI
(defined as cough, increasing dyspnoea, sputum
production, or fever) were eligible. Exclusion
criteria included children rehospitalized within
7 days of discharge from a previous admission
or those who had any underlying chronic
comorbidities (congenital cardiorespiratory dis-
eases or immunosuppressive/metabolic
conditions).

Study Setting

The Children’s Hospital of Soochow University
is a tertiary referral hospital in southeast China,
and has 1500 beds reserved for chil-
dren\ 15 years old. The bed occupancy in 2018
was 100%. Annual reports suggest that approx-
imately 6000 children with acute respiratory
infections are admitted to the respiratory
department every year.

Clinical Information

Clinical characteristics of symptoms typically
associated with B. pertussis, such as paroxysmal
coughing, post-tussive vomiting, whoop, cya-
nosis, apnoea, and seizures, were collected for
each study participant.

Chest radiographs were obtained on the day
of admission and interpreted by radiologists.
Radiologically confirmed pneumonia was
defined as evidence of infiltrates or consolida-
tion on chest X-ray [13]. Patients with severe B.
pertussis infection were considered if they

developed pneumonia requiring oxygen ther-
apy, apnoea, seizures, or acute encephalopathy
[14]. We evaluated demographic characteristics
and risk factors for radiologically confirmed
pneumonia and severe illness.

Vaccination Status Determination

Vaccination history was obtained by querying
the ‘‘Suzhou Children’s Vaccination Inquiry
and Evaluation Platform’’ for dates, type, and
manufacturer. This platform contains immu-
nization data entered by healthcare providers in
Suzhou. Vaccination status was determined
according to the Chinese Center for Disease
Control and Prevention recommendations for
vaccination schedules. In 2010, the diphtheria,
tetanus, and acellular pertussis combined vac-
cine was recommended in China. It is admin-
istered as a primary series at 3, 4, and 5 months,
followed by a booster dose at 24 months. Per-
sons with no documented doses were classified
as unvaccinated. Vaccination status was regar-
ded as ever-vaccinated if 1–3 doses were
received.

Microbiologic Assessment

Nasopharyngeal aspirates were obtained from all
patients within 24 h of admission. This involved
passing a suction catheter through the nose with
the intent of passing it into the lower part of the
pharynx. The depth of penetration for the
nasopharyngeal aspirate catheter was set at
7–9 cm. A total of 2 ml of nasopharyngeal aspi-
rates was obtained and centrifuged at 500 g for
10 min and resuspended in 2 ml of saline.

These specimens were tested for B. pertussis
by a real-time (RT)-PCR assay at our centralized
laboratory with previously methods described
[15]. All RT-PCR assays were conducted along-
side a B. pertussis-positive and -negative control
to monitor the reliability of the assay.
Oligonucleotide primers targeting IS481 and
ptxS1 were used to amplify 145- and 191-bp
products, respectively. All primers and probes
were purchased from Sangon Biotech, Shang-
hai, China). The interpretation of the PCR
algorithm is shown in Fig. 1. The PCR result was
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considered negative if the cycle threshold (CT)
C 40. Specimens that tested positive for both
insertion sequence IS481 and pertussis toxin
subunit S1 (ptxS1) were considered positive for
B. pertussis. If a specimen was ptxS1 target-neg-
ative with an IS481 assay CT\ 35, it was also
considered positive for B. pertussis.

Ten common viruses, including respiratory
syncytial virus (RSV), human rhinovirus (HRV),
human bocavirus (hBoV), influenza virus A,
influenza virus B, parainfluenza virus (PIV) I,
PIV II, PIV III, adenovirus, and human metap-
neumovirus, were detected in nasopharyngeal
aspirate specimens by real-time PCR, as previ-
ously described [16]. Viral RNA/DNA was
extracted manually using a PCR purification kit
(Sangon Biotech) according to the manufac-
turer’s instructions. Our centralized laboratory
followed the common International Standard
Organization (ISO9001) framework and
ISO15189 to maintain suitable quality assur-
ance and quality control measures.

Compliance with Ethics Guidelines

The study protocol was approved by the Ethics
Committee of the Children’s Hospital of

Soochow University (No: 2016026) and was
conducted in accordance with Good Clinical
Practice guidelines and the Helsinki Declara-
tion. Legal guardians of the study participants
were counselled on the study and study-related
procedures prior to obtaining a signed informed
consent.

Analysis

We assessed our primary exposure (virus coin-
fection status), outcomes (radiologically con-
firmed pneumonia and severe illness), and
potential confounders [including age, sex, vac-
cination status (unvaccinated vs. ever-vacci-
nated) and white blood cell (WBC) count] using
univariate and bivariate statistics. To assess
virus coinfection with respect to outcome,
multiple logistic regressions were performed,
including variables that were significant at the
P\ 0.2 level in unadjusted analyses. Predictor
variables significant at P\ 0.05 were retained in
the final model, adjusted odds ratios were cal-
culated, and model fit was assessed via the
Hosmer–Lemeshow test. Data were analyzed by
SPSS 22.0 (IBM, Armonk, NY, USA).

Fig. 1 Interpretation of real-time PCR algorithm
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RESULTS

Epidemiological Features of B. pertussis

Of 4779 eligible children with LTRI, 4287
(89.7%) children were ultimately enrolled in
the study (Fig. 2), of whom 2791 (65.1%) were
male. There were no differences in demographic
characteristics between the enrolled and not
enrolled children. The median age at admission
was 4 months (IQR 2–9 months). Respiratory
samples were collected from all the enrolled
children for B. pertussis PCR testing. Of the 4287
children receiving B. pertussis PCR testing, 202
(6.1%) tested positive. Of the 202 patients with
B. pertussis infection, 109 (54.0%) were males
and 93 (46%) were females. The male to female
ratio was 1.17:1. The median age at admission
was 3 months (IQR 2–6 months) (Table 1). Sea-
sonal distribution of B. pertussis infection is
shown in Fig. 3. Outbreaks began in summer
months and peaked during July and August.

Proportion of Viruses Detected

Among the 202 subjects with B. pertussis-asso-
ciated LTRI, 81 (40.1%) were coinfected with at
least 1 respiratory virus. HRV (25.7%) and hBoV

(8.4%) were the most commonly detected
viruses. Nine patients (4.5%) were coinfected
with two viruses. The prevalence of identifying
HRV was significantly higher among the B.
pertussis PCR-positive children than among the
PCR-negative children (25.7% vs. 8.2%,
P\ 0.01), while RSV was less frequently detec-
ted in the B. pertussis PCR-positive children
(2.5% vs. 18.4%) (Table 2).

Clinical Presentation of the PCR-Positive
Pertussis Children with or Without Virus
Coinfection

All cases with B. pertussis-associated infection
had a history of cough at admission, but only 86
(42.6%) had a cough duration C 14 days at
admission. Paroxysmal cough was reported in
190 (94.1%) of the cases with B. pertussis-asso-
ciated infection, post-tussive emesis in 81
(40.1%), wheezing in 58 (28.7%), and whoop in
47 (23.3%) cases. Fifty-six (29.7%) did not meet
the CDC criteria for probable pertussis. The
mean WBC count was 17.7 9 109/L. Antibiotics
were prescribed during admission to 181
(89.6%) cases, with 142 (70.3%) received a
macrolide. Comparing the frequency of the
clinical presentations between PCR-positive
pertussis cases with virus coinfection and those

Fig. 2 Study enrollment and final pertussis cases
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without coinfection, there were no differences
(Table 3).

Clinical Outcomes

Children with virus coinfection were signifi-
cantly more likely to present with pneumonia
than those with a single B. pertussis infection
[odds ratio (OR) 1.84; 95% confidence interval
(CI) 1.04–3.25; P = 0.036]. However, virus
coinfection did not affect the clinical severity in

those with B. pertussis-associated infection (OR
0.75; CI 0.39–1.44; Table 4). Age and vaccina-
tion status confounded the association between
virus coinfection and the presence of pneumo-
nia and disease severity. Both patients receiving
3 doses and 1–2 doses had decreased odds of
presence of pneumonia compared with unvac-
cinated patients (OR 0.59; CI 0.42–0.83 and OR
0.45; CI 0.22–0.96, respectively). Similarly,
patients receiving 3 doses and 1–2 doses had
reduced frequencies of severe disease compared
with unvaccinated patients (OR 0.52; CI

Table 1 Demographic characteristics of the children enrolled in the study and children with pertussis infections

Characteristics Children enrolled in the study
(n = 4287)

Children with pertussis infections
(n = 202)

Age at hospitalization, m, median (IQR) 4 (2–9) 3.5 (2.0–7.3)

\ 3 m 1492 (34.8) 67 (33.2)

3 to\ 6 m 1106 (25.8) 73 (36.1)

6 to\ 12 m 969 (22.6) 33 (16.3)

12 to\ 24 m 716 (16.7) 29 (14.4)

Male 2791 (65.1) 109 (54.0)

Immunization status

Unvaccinated 1753 (40.9) 102 (50.5)

Data are presented as No. (%) unless otherwise indicated
m months

Fig. 3 Seasonal distribution of B. pertussis infection
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0.33–0.81 and OR 0.49; CI 0.21–0.93,
respectively).

After adjusting for age and vaccination sta-
tus, children with virus coinfection were 2.62
times more likely to present with pneumonia
than those with a single B. pertussis infection
(Table 4). Stratified analysis of children aged
4 weeks to 3 months and 4 to \ 24 months
found a strong association between virus coin-
fection and the presence of pneumonia among
children aged 4 to \ 24 months (OR 5.0; CI
2.05–12.23; Supplementary Tables 1 and 2).

When further analyzed by the coinfected
virus (HRV or non-HRV virus), after adjusting
for age and vaccination status, both patients
with HRV and non-HRV virus coinfection had
increased odds of presenting pneumonia com-
pared with those with single B. pertussis infec-
tion (OR 3.29; CI 1.27–8.52 and OR 2.47; CI
1.18–5.16, respectively; Supplementary Tables 3
and 4).

DISCUSSION

Three of the important findings reported in our
study are as follows: (1) the burden of B. per-
tussis-associated hospitalization in children was
high in Suzhou, China; (2) coinfections were
common in B. pertussis-associated LRTI, with
HRV being the most commonly coinfected
virus; and (3) no differences in clinical severity
were observed between children with virus
coinfection compared to those with single B.
pertussis infection.

Our B. pertussis-associated infection rate
(6.1%) in LRTIs was higher than those of pre-
vious studies [8, 9, 17] but lower than those
reported by other studies [18, 19]. The discrep-
ancies in the rates of B. pertussis-associated
infection may result from different health sys-
tems in differing regions, differences in age
groups, and laboratory assays. A Soweto, South
Africa, study enrolled infants\ 1 year of age

Table 2 Association of respiratory viruses and pertussis infections

Virus Pertussis PCR-positive
cases (n = 202)

Pertussis PCR-negative
cases (n = 4085)

OR (95% CI) Age-adjusted OR
(95% CI)

Respiratory

syncytial virus

5 (2.5) 751 (18.4) 0.12

(0.05–0.30)

0.11 (0.04–0.27)

Human rhinovirus 52 (25.7) 337 (8.2) 3.71

(2.34–5.89)

8.89 (4.75–16.64)

Human bocavirus 17 (8.4) 379 (9.3) 0.70

(0.40–1.25)

–

Human

metapneumovirus

2 (1.0) 36 (0.9) 1.43

(0.24–8.65)

–

Influenza virus A/B 3 (1.5) 44 (1.1) 2.16

(0.43–10.8)

–

Adenovirus 0 52 (1.3) – –

Parainfluenza virus

I/II/III

12 (5.9) 268 (6.6) 0.91

(0.46–1.84)

–

At least 1

respiratory virus

81 (40.1) 1781 (43.6) 0.86

(0.62–1.21)

–

Data are presented as No. (%) unless otherwise indicated
CI confidence interval, OR odds ratio, PCR polymerase chain reaction
OR (95% CI) was presented bold when significance was found between the two groups
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hospitalized with LTRI and identified a rate of
2.3% [8]. Another study from Cape Town, South
Africa, reported a 7% prevalence for the detec-
tion of B. pertussis in children\13 years

hospitalized with LRTI [18]. In China, a recent
study from Shenzhen reported a rate of 4.51%
[20] in children\14 years [20].

Table 3 Clinical characteristics at admission of the pertussis polymerase chain reaction–positive children with or without
virus coinfection

Characteristics All PCR-positive
pertussis cases
(n = 202)

PCR-positive pertussis cases
with virus coinfection
(n = 81)

PCR-positive pertussis cases
without virus coinfection
(n = 121)

Age at admission,

months, median

(IQR)

3.5 (2.0–7.3) 4.0 (2.0–10.0) 3.0 (2.0–5.0)

Male 108 (53.5) 42 (51.9) 66 (54.5)

Pertussis vaccine doses

0 102 (50.5) 41 (50.6) 61 (50.4)

1 21 (10.4) 6 (7.4) 15 (12.4)

2 20 (9.9) 3 (3.7) 17 (14.0)

3 59 (29.2) 31 (38.3) 28 (23.1)

Symptoms and signs

Cough 202 (100) 81 (100) 121 (100)

Paroxysmal cough 190 (94.1) 75 (92.6) 115 (95.0)

Whoop 47 (23.3) 16 (19.8) 31 (25.6)

Cyanosis 20 (9.9) 12 (14.8) 8 (6.6)

Posttussive emesis 81 (40.1) 31 (38.3) 50 (41.3)

Fever 30 (14.9) 15 (18.5) 15 (12.4)

Wheezing 58 (28.7) 28 (34.6) 30 (24.8)

Cough duration before

admission C 14 days

86 (42.6) 33 (40.7) 53 (43.8)

Fulfilling CDC criteria

for probable pertussis

146 (72.3) 56 (69.1) 90 (74.4)

White blood

cells, 9 109/L, mean

(SD)

17.7 (8.8) 17.6 (9.8) 17.8 (8.0)

White blood

cells[ 20 9 109/L

59 (29.2) 24 (29.6) 35 (28.9)

Data are presented as No. (%) unless otherwise indicated
CDC Centers for Disease Control and Prevention, IQR interquartile range, PCR polymerase chain reaction, SD standard
deviation
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In the present study, 29.2% of all PCR-posi-
tive pertussis cases were identified in children
who received 3 doses of vaccine. Marshall et al.
also reported that 18.8% of the PCR-positive
pertussis cases had received more than 2 doses
of vaccine [21]. In 2014, Zhang et al. conducted
a Cochrane review of efficacy of one-, two-, and
multicomponent vaccines in children. They
found that the efficacies of multicomponent
vaccines in preventing severe and mild pertussis
were 84*85% and 71*78%, respectively [22].
Lower immunization rates among adolescents
and adults and evolution of B. pertussis have
been attributed to the high incidence rates of
pertussis despite the children being fully vacci-
nated [5].

In our study, HRV was the most commonly
coinfected virus among children with B. pertus-
sis-associated LRTI, which is in line with previ-
ous studies [10, 21, 23]. Other studies have
found that RSV was the most commonly coin-
fected virus [11, 24, 25]. The heterogeneity of
social demography, differences in study
methodology, and the year of study may influ-
ence the documented coinfected viruses. The
high prevalence of HRV in B. pertussis LRTI
highlights its important role in pertussis in our
region. Our recent study also reported that HRV
was the most common virus presenting with a
pertussis-like syndrome [26]. Previous studies
have found that patients shed HRV for weeks

after infection, and could be detected in symp-
tomatic and asymptomatic children [27]. How-
ever, in our study, the prevalence of HRV was
significantly higher among the B. pertussis PCR-
positive children than that among the PCR-
negative children (25.7% vs. 8.2%, P\0.01).
We believe that this result demonstrates the real
high HRV coinfection burn in B. pertussis LRTI.

We have reported that virus coinfection was
associated with developing pneumonia but not
with severe illness. To our knowledge, studies
focusing on the clinical outcome of virus coin-
fection in pertussis have resulted in divergent
findings. Marshall et al. designed a pertussis
severity score system, and found that the pres-
ence of coinfection was independently associ-
ated with severe disease [21]. Kaczmarek et al.
investigated pertussis-related pediatric intensive
care unit (ICU) admissions, and reported that
patients with coinfection had a longer length of
ICU stay [24]. A recent study in China found
that children with virus coinfection did not
experience a more severe disease than those
with a single pertussis infection [25]. Variation
in age group selection, definition of severity,
and adjustment in multivariable analyses may
affect the findings.

To investigate whether there were patients
who presented with atypical pertussis-like
symptoms, we used broad inclusion for inves-
tigating B. pertussis-associated LRTI. Our study

Table 4 Associations of virus coinfection with clinical outcomes, multiple logistic regression analysis

Outcome Single pertussis infection
(n = 121)

Pertussis–virus coinfection
(n = 81)

OR (95% CI) Adjusted OR (95%
CI)a

Positive radiograph for pneumonia

Yes 49 (40.5) 45 (55.6) 1.84

(1.04–3.25)

2.62 (1.39–4.91)

No 72 (59.5) 36 (44.4) Referent –

Severe illness

Yes 35 (28.9) 18 (22.2) 0.75

(0.39–1.44)

0.94 (0.48–1.86)

No 86 (71.1) 63 (77.8) Referent –

CI confidence interval, OR odds ratio
a Multivariable analysis adjusted for age and the vaccination status
OR (95% CI) was presented bold when significance was found between the two groups
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found that 72.3% of the pertussis PCR-positive
patients fulfilled the CDC case definition of
pertussis. Soofie et al. reported that only 38% of
pertussis PCR-positive cases fulfilled the CDC
case definition [8]. Alaso, Phadke et al. reported
that only 27.3% met the CDC case definition
[9]. This calls to attention that different defini-
tions might be used to determine the true epi-
demiologic burden of pertussis. The wide use of
PCR assays as a diagnostic method for the
detection of pertussis might help to provide a
new definition for this disease.

An important strength of our study was the
use of extensive comparison groups (single vs.
coinfection HRV/non-HRV virus,
4 weeks–3 months vs. 4 to \ 24 months), each
with adequate sample sizes, although our sam-
ple size did not allow subgroup analyses for all
individual viruses or for more age subgroups to
be included. Our study also has some limita-
tions. First, we only assessed the presence or
absence of coinfected viruses; we did not mea-
sure the virus load, which might have better
elucidated the association between the virus
and disease severity. Second, as is also the case
for other studies, this study was performed at a
single tertiary referral hospital and the outpa-
tients with mild LRTI were not included in our
study, which limits the generalizability of our
findings. Third, we only included patients older
than 4 weeks; we did not include neonates,
which is unfortunate as many of the severe
cases of pertussis occur in them.

We used a two-target assay (ptxS1 and IS481)
that allowed identification of B. pertussis,
although a false diagnosis of pertussis could be
made because IS481 is also found in B. holmesii
[15]. However, previous studies have found that
B. holmesii infections are rare and mostly occur
in older children and adults. Valero-Rello et al.
reported that B. holmesii was detected in only
0.9% (only in patients[ 4 years old) of patients
suspected of pertussis [28]. Burgos-Rivera also
reported a low positive rate of 0.66% [29]. Fraj
et al. investigated 1844 children with respira-
tory infections and found that none had B.
holmesii infection [30]. A study from Spain re-
evaluated 391 B. pertussis-positive (IS481-based)
samples by using multiplex RT-PCR. They found
that B. holmesii was positive in only 4.1% of the

patients with a median age of 9 years old [31].
As we only included children\2 years old and
performed PCR testing on a large number of
patients (n = 4287), we determined that the
two-target assay was acceptable and prof-
itable for evaluating the burden of B. pertussis in
our region, although most of the Chinese clin-
ical laboratories have limited multitarget PCR
capacity.

CONCLUSION

In conclusion, B. pertussis infection contributed
to a high proportion of LRTI hospitalizations
among southeast Chinese children. Equivalent
clinical severity was observed between children
with virus coinfection and single B. pertussis
infection, although children coinfected with
virus presented more frequently with pneumo-
nia than those with single B. pertussis infection.
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