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Co-infection in unvaccinated infants 2
with acute pertussis in Western China (2018-
2019): pathogen distribution and impact

on disease severity

Chuan Gan' and Yuanyuan Wu?"

Abstract

Background Co-infections in pertussis patients are common, but there has been limited research on the distribution
of co-infecting pathogens and their impact on disease severity in infant patients remaining unvaccinated against
pertussis. This study aims to investigate the pathogen distribution in unvaccinated infants with acute pertussis and
explore how the number and type of co-infecting pathogens influence disease severity.

Method This cross-sectional study analyzed clinical data from 302 unvaccinated infants diagnosed with acute
pertussis in western China. We compared clinical variables across different co-infection groups (bacteria, viruses,
bacterial-viral combinations) and by the number of co-infecting pathogens (0, 1, > 2).

Results Of the 302 patients, 121 (40.1%) were infected solely with Bordetella pertussis, while 181 (59.9%) had
co-infections with other pathogens. The most common co-infections were bacterial (93 of 139 cases), particularly
Gram-negative bacteria, followed by viral co-infections, mainly parainfluenza virus type-3 (PIV-3),in 71.3% of viral
cases. The number of co-infecting pathogens was positively associated with longer hospital stays, more severe
pneumonia, and higher incidence of respiratory failure (P< 0.05). Notably, bacterial co-infections were associated with
more severe clinical outcomes than viral co-infections, with significant differences in hospitalization duration, as well
as in peak white blood cell and lymphocyte counts (P<0.05). No significant differences were observed in co-infection
types or pathogen numbers across different age groups.

Conclusion Co-infections are prevalent among unvaccinated infants with acute pertussis in western China. Bacterial
and viral pathogens are the most common co-infecting agents, and disease severity increases with the number of
co-infecting pathogens. Bacterial co-infections may lead to more severe outcomes compared to viral co-infections,
underscoring the need for targeted diagnostic and therapeutic strategies.
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Introduction

Pertussis (Whooping Cough), caused by Bordetella per-
tussis, is a respiratory infection and the fifth leading
vaccine-preventable cause of infectious death in children
worldwide [1]. Due to widespread vaccination, its inci-
dence and mortality have significantly decreased. How-
ever, a subset of infants under one year of age remain
unvaccinated against pertussis for various reasons, mak-
ing them highly susceptible to Bordetella pertussis and
other pathogens due to their immature immune systems.

In this vulnerable population, both bacterial [2]
and respiratory viral [3] co-infections are frequently
observed, often involving pathogens such as respiratory
syncytial virus (RSV), parainfluenza virus type 3 (PIV-3),
and adenovirus [4, 5, 6, 7]. The prevalence and types of
co-infections reported in previous studies vary substan-
tially. For instance, Frassanito et al. [8] reported that 47%
of pertussis patients under six months of age experienced
mixed infections, predominantly with rhinoviruses. Like-
wise, Liu et al. [9] identified Mycoplasma pneumoniae as
the most commonly detected co-infecting pathogen, with
a positive detection rate of 45.6% among hospitalized
children with respiratory infections.

Although many studies have analyzed the incidence
and distribution of co-infections in pertussis, few have
focused on unvaccinated infants and the impact of co-
infections on disease severity. Since co-infections are
believed to exacerbate the severity of pertussis [10-11],
understanding their role is critical for refining diagnostic
and therapeutic strategies. This study aims to investigate
the distribution of co-infecting pathogens and evaluate
the impact of co-infection on disease severity in unvacci-
nated infants with acute pertussis. By focusing on a high-
risk subgroup of unvaccinated infants in western China,
our research provides essential insights into the clinical
burden of pertussis co-infections and may help inform
hospital management strategies and targeted vaccination
efforts.

Materials and methods

Patient selection

This retrospective cross-sectional study was conducted at
the Children’s Hospital of Chongqing Medical University.
A total of 302 patients under one year of age, diagnosed
with pertussis between April 1, 2018, and July 31, 2019,
were enrolled. Pertussis diagnosis was established based
on clinical signs and confirmed via PCR testing, with all
patients also undergoing pertussis toxin immunoglobu-
lin G (PT-IgG) testing. Anti-PT IgG levels were detected
using commercially available ELISA kits (Zhengzhou
Yite, China), following the manufacturer’s instructions.
The results were expressed in international units per
mini-liter (IU/ml), and testing was conducted within
three weeks of cough onset. Patients with severe cardiac
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or pulmonary diseases or other serious underlying condi-
tions were excluded from the study. Clinical data for each
patient, including gender, age of onset, length of hospi-
tal stay, peak heart rate (beats/min), peak respiratory rate
(breaths/min), complications, C-reactive protein (CRP)
levels, procalcitonin (PCT) levels, co-infection status,
and results of peripheral blood cell analysis, were col-
lected using the big data platform and electronic medical
records from the hospital information system. The study
received approval from the Ethics Committee of the Chil-
dren’s Hospital of Chongqing Medical University and
adhered to the principles of the Helsinki Declaration. To
protect patient privacy, data were collected by clinic ID
numbers rather than patient names, and informed con-
sent was waived.

Variables recorded and definitions

Pneumonia was diagnosed according to the radiologists’
report based on pulmonary infiltrates or opacities in lung
scan images. Severe pneumonia was defined as pneumo-
nia with the co-occurrence of respiratory failure; Respira-
tory failure was defined by the presence of clinical signs
of hypoxia and an increased breathing rate (>60 breaths
per minute for infants under one year). Pulmonary
hypertension was indicated by an echocardiogram show-
ing increased pulmonary artery pressure. Pulmonary
consolidation was defined based on imaging evidence of
consolidative changes. Cardiovascular failure was diag-
nosed based on an increased heart rate (=160 beats per
minute for infants under one year) and echocardiogram
findings suggesting impaired cardiac function. Bacterial
co-infection was defined as a positive sputum culture
identifying relevant bacteria, while viral co-infection was
defined by a positive respiratory pathogen antigen test.
Elevated CRP was defined as levels exceeding 8 mg/L,
and elevated PCT was defined as levels exceeding 0.5 ng/
mL.

Statistical analysis

Statistical analyses were performed using SPSS software
version 25. Descriptive statistics for non-normally dis-
tributed data are presented as median values with inter-
quartile ranges (IQR). Comparisons between two groups
were performed using the Mann-Whitney U test, while
comparisons across multiple groups were conducted
using the Kruskal-Wallis rank test. Categorical data are
expressed as percentages (%), and differences between
groups were assessed using the chi-square test. A P-value
of less than 0.05 was considered statistically significant.

Results

General and clinical characteristics of patients

The demographic characteristics of the 302 participants
are shown in Table 1, with 130 (43.05%) being females
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Table 1 Clinical data of the 302 patients

Clinical characteristics Total (N=302)

Age of onset (day), median (IQR) 78 (22, 353)
Gender (female, n, %) 130 (43.05%)
Hospital length of stay, median (IQR) 7(1,32)
Pertussis Toxin IgG antibodies, IU/ml, median (IQR) 2.73(0.00,
219.76)
WBC count, highest cellsx1 0°/uL, median (IQR) 1541 (4.44,
93.52)
Lymphocyte count, highest cellsx1 03/uL, median (IQR) 10.92 (2.22,
43.95)
Raised C-reactive protein (n, %) 16 (5.30%)
Raised Procalcitonin (n, %) > 0.5 ng/ml 10 (3.31%)
Highest respiratory rate (breaths/min) 42 (21,70)

130 (105, 198)
233 (77.15%)
29 (9.60%)

27 (8.94%)

Highest heart rate (beats/min)
Pneumonia (n, %)

Severe Pneumonia (n, %)
Respiratory failure (n, %)

Table 2 Comparison of single infections with different numbers
of co-infections

Single One Two and P
per- co-infection more value
tussis co-infection
infection
121 134 47 (15.56%)
(40.07%) (44.37%)
Age of onset (day), 81 (13, 74 (14, 353) 78 (22, 340) 0.805
median (IQR) 293)
Hospital length of 7(1,24) 75(1,31) 10(3,32) 0.001
stay, median (IQR)
Gender (female, 52 55 (41.04%) 23 (48.94%) 0.643
n, %) (42.98%)
Pertussis Toxin IgG 0.98 3.83(0.00, 2.93(0.00, 0.894
antibodies, IU/ml, (0.00, 219.76) 167.43)
median (IQR) 170.64)
WBC count, high- 16.75 14.12 (444, 16.68 (7.39, 0.699
est cellsx103/uL, (6.16, 9352) 50.51)
median (IQR) 59.5)
Lymphocyte count,  12.48 10.03 (3.15, 124 (2.22, 0172
highest cellsx10%/  (2.64, 43.95) 37.8)
uL, median (IQR) 42.25)
Raised C-reactive 1(0.83%) 13(9.70%) 2 (4.26%) /

protein (n, %)
Raised Procalcitonin
(n, %), >0.5 ng/ml
Highest respiratory 42 (21,
rate (breaths/min) 68)

1(0.83%) 6 (4.48%) 3(6.38%) /

41(30,70) 42 (31,68) 0.117

Highest heart rate 131 (105, 130(112,168) 130(118,163) 0.570
(beats/min) 198)

Pneumonia (n, %) 91 101 (75.37%) 41 (87.23%) 0.201

(75.21%)

Severe Pneumonia 5(4.13%) 17 (12.69%) 7 (14.89%) 0.028
(n, %)

Respiratory failure 5 (4.13%) 15(11.19%) 7 (14.89%) 0.042
(n, %)
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and 172 (56.95%) being males. The median age of onset
was 78 days (IQR: 22—-353 days). The median level of PT-
IgG antibody was 2.73 IU/ml (0.00-219.76 1U/ml). The
median peripheral blood white blood cell (WBC) count
was 15.42 x 10°/pL (4.44-93.52 x 10*/pL), and the median
lymphocyte count was 10.92x 10*/uL (2.22-43.95 x 10%/
uL). Acute-phase proteins, such as CRP and PCT, were
elevated in only a small proportion of patients, with CRP
elevated in 5.30% and PCT in 3.31%. The highest respi-
ratory rate (breaths/min) and highest heart rate (beats/
min) were 42 (21-70) and 130 (105-198), respectively.
Pneumonia was the most common complication, occur-
ring in 77.15% of patients, while severe pneumonia
and respiratory failure occurred in 9.60% and 8.94% of
patients.

Clinical and laboratory profile comparison in single versus
co-infected patients

Table 2 presents the clinical and laboratory findings for
patients with single Bordetella pertussis infection and
those with co-infections involving different numbers of
pathogens. Among the 302 patients, 121 (40.07%) were
infected solely with Bordetella pertussis, 134 (44.37%) had
one additional co-infecting pathogen, and 47 (15.56%)
had two or more co-infecting pathogens, underscoring
the high prevalence of co-infections among unvacci-
nated infants with acute pertussis. No significant differ-
ences were observed in gender, age of onset, antibody
levels, peripheral blood WBC count, lymphocyte count,
peak respiratory rate, peak heart rate, or pneumonia inci-
dence among the three groups. However, hospitalization
duration significantly increased with the number of co-
infecting pathogens (median (IQR): 7 days (1-24), 7.5
(1-31), and 10 (3-32), respectively; P=0.001); similarly,
the incidence rates of severe pneumonia (4.13%, 12.69%,
and 14.89%, respectively; P=0.028) and respiratory fail-
ure (4.13%, 11.19%, and 14.89%, respectively; P=0.042)
also increased significantly with the number of co-infect-
ing pathogens, which suggesting that co-infection, par-
ticularly with an increased number of pathogens, was
associated with prolonged hospital stays and a higher
frequency of severe respiratory complications in unvac-
cinated infants with acute pertussis.

Clinical and laboratory profile comparison in patients
Co-infected with Bacteria and viruses

Table 3 shows the clinical and laboratory characteris-
tics of patients with bacterial, viral, and bacterial-viral
co-infections. Among the 174 patients with co-infec-
tions, bacterial co-infections were the most prevalent,
accounting for 55.17% of cases (n=96), followed by viral
co-infections at 24.14% and combined bacterial-viral
co-infections at 20.69%. There were no significant differ-
ences among the three groups in terms of gender, age of
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Table 3 Comparison of viral and/or bacterial infections

Bacteria Virus Bacteria- P
co-infection co-infection Virus value
co-infection
96 (55.17%) 42 (24.14%) 36 (20.69%)
Age of onset 72 (17, 340) 715(14,322) 80(29,214) 0.754
(day), median
(IQR)
Hospital length  8(1,32)2 7(4,19)b 10 (3,32) 0.115
of stay, median
(IQR)
Gender (female, 44 (45.8%) 12 (28.6%) 18 (50.00%)  0.100
n, %)
Pertussis Toxin 2.66 (0.00, 10.11 (0.00, 2.57 (0.00, 0.610
IgG antibodies,  219.76) 214.95) 167.43)
IU/ml, median
(IQR)
WBC count, 1541 (5.5, 12.67 (4.44, 16.03 (7.39, 0.059
highest 9352) ¢ 34.63) 50.51)
cellsx10%/uL,
median (IQR)
Lymphocyte 10.77 (3.92, 849 (3.15, 1239 (2.22, 0.096
count, highest ~ 43.95) ¢ 24.66) 12.39)
cellsx10® /pL,
median (IQR)
Raised C- 13 (13.5%) 0 (0.00%) 1(2.8%) /
reactive protein
(n, %)
Raised Procal- 7 (7.29%) 0 (0.00%) 2 (5.56%) /
citonin (n, %),
>0.5 ng/ml
Highest 40 (30, 70) 42 (32, 60) 435(31,68) 0.102
respiratory rate
(breaths/min)
Highest heart 130(112,168) 132(115,159) 130(118,163) 0617
rate (beats/min)
Pneumonia 74 (77.1%) 34 (81.0%) 34 (86.1%) 0.505
(n, %)
Severe Pneumo- 14 (14.6%) 5(11.9%) 5(13.9%) 0915
nia (n, %)
Respiratory 12 (12.5%) 5(11.9%) 5(13.9%) 0.964

failure (n, %)

Table Note: “a” indicates the duration of hospitalization between bacterial
and viral infections (P=0.018), “b” indicates the duration of hospitalization
between viral and viral-bacterial co-infections (P=0.036); “c” indicates the
highest peripheral white blood cell count between bacterial and viral infections
(P=0.027); “d" indicates the highest peripheral lymphocyte count between
bacterial and viral infections (P=0.011)

onset, antibody levels, peak respiratory rate, peak heart
rate, pneumonia incidence, severe pneumonia, or respi-
ratory failure. However, hospitalization duration dif-
fered significantly between patients with bacterial and
viral co-infections (median (IQR): 8 days (1-32) versus
7 (4-19), P=0.018) and between those with viral and
bacterial-viral co-infections (7 (4—19) versus 10 (3-32),
P=0.036), though no significant difference was observed
between bacterial and bacterial-viral co-infections. The
peak WBC and lymphocyte counts in peripheral blood
decreased gradually from bacterial-viral to bacterial to
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Table 4 Comparison of bacterial and/or viral co-infections
across different age

Pathogen 0-3 3-6 6-12 Pvalue
N=110 N=52 N=12

Bacteria co-infection 62 (56.4%) 25 (48.1%) 9 (75.0%) 0.220

Virus co-infection 26 (23.6%) 14 (26.9%) 2 (16.7%) 0.740

Bacteria-Virus co-infection 22 (20.0%) 13 (25.0%) 1 (83%) 0420

Table 5 Comparison of single-infections and co-infections
across different ages

Co-infection 0-3 3-6 6-12 P
N=185 N=90 N=27  value
Single pertussis 73(395%) 34 (37.8%) 14 0409
infection (51.9%)
One co-infection 84 (454%) 39 (43.3%) 1 0.877
(40.7%)
Two and more 28 (15.1%) 17 (189%) 2 (7.4%) 0.341

co-infection

viral co-infections, with significant higher counts in bac-
terial co-infections than in viral co-infections for both
WBC (15.41x10°/uL (5.5-93.52) versus 12.67 x 10%/
puL  (4.44-34.63), P=0.027) and lymphocyte counts
(10.77 x 103/uL (3.92-43.95) versus 8.49 x 103/uL (3.15—
24.66), P=0.011).

Comparison of Co-Infection patterns across different age
groups

Table 4 presents the co-infection status with differ-
ent type of pathogens across the three age groups (0-3
months, 3—6 months, and 6—-12 months). There were no
significant differences in the incidence of bacterial, viral,
or bacterial-viral co-infections among the age groups.
However, bacterial infections were the most common
co-infecting pathogens in all age groups, with the highest
prevalence observed in the 6—12 month age group.

The co-infection status with different numbers of
pathogens across the age groups is shown in Table 5.
There were no significant differences in the incidence
of single Bordetella pertussis infection, one co-infecting
pathogen, or two or more co-infecting pathogens among
the three age groups. Co-infection with one additional
pathogen was most common in infants aged 0—6 months,
while single Bordetella pertussis infection was most fre-
quent in those aged 6—12 months.

Distribution of detected pathogens

Among the 302 patients, 181 were found to have patho-
gens other than Bordetella pertussis (Fig. 1). Of these,
139 patients had bacterial infections, with Gram-neg-
ative bacteria being predominant (93 cases) compared
to Gram-positive bacteria (46 cases). There were 80
viral infections involving four main types of viruses: 57
cases of PIV-3, 14 cases of RSV, 7 cases of adenovirus,
and 2 cases of influenza A. Additionally, less common
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Distribution of pathogens in co-infections

Fig. 1 Distribution of pathogens in co-infections

pathogens detected included Candida (5 cases), Myco-
plasma (3 cases), and Chlamydia (5 cases).

Discussion

Pertussis, caused by Bordetella pertussis, remains a sig-
nificant respiratory infectious disease, especially among
vulnerable populations like infants. In this study, we
found that co-infections were highly prevalent among
unvaccinated infants with acute pertussis in western
China, with 59.9% of cases having at least one co-infect-
ing pathogen. Bacterial co-infections were most com-
mon, especially involving Gram-negative bacteria, while
viral co-infections, particularly PIV-3, were also frequent.
Furthermore, we observed that an increasing number of
co-infecting pathogens was associated with more severe
clinical outcomes, such as longer hospital stays and more
frequent respiratory failure, with bacterial co-infections
associated with more severe outcomes compared to viral
infections.

As a vaccine-preventable disease, widespread pertussis
vaccination has significantly reduced both the incidence
and mortality of pertussis worldwide. However, signifi-
cant gaps in vaccination coverage persist, particularly in

Pathogen

[l Acinetobater baumabii

M Adenovirus

B Burkholderia cepacia

M candida

[JChlamydia

B Enterobacter aerogenes
CJEnterobacter cloacae

B Escherichia coli

B Haemophilus influenzae
W influenza virus A
EKiebsiella oxytoca
OKiebsiella pneumoniae

B Moraxella catarrhalis

M Mycoplasma hominis
OParainfluenza 3

B Pscudomonas aeruginosa
E Respiratory syncytial virus
B Serratia marcescens

@ staphylococcus aureus
O streptococcus pneumoniae
W Viridans Streptococci

resource-limited regions, leaving a considerable number
of people unvaccinated. According to the World Health
Organization, globally in 2023, approximately 14.5 mil-
lion children had not received any pertussis vaccination,
and the coverage of a third dose of the diphtheria, pertus-
sis, and tetanus (DPT) vaccine stalled at 84% [12]. This
suggests that a significant number of children are still
not immunologically protected. Despite DPT vaccina-
tion coverage exceeding 95% in China [13], regions like
western China continue to face persistent challenges due
to limited healthcare access and vaccine hesitancy. Our
findings from 302 unvaccinated infants with pertussis
infection underline the critical vulnerability of this group,
highlighting the urgent need for targeted interventions in
under-vaccinated populations. These efforts are particu-
larly important in areas with limited access to healthcare
and vaccination services, where co-infections are likely to
exacerbate the disease burden.

Co-infections are frequently observed in patients with
pertussis, particularly during the acute phase. Although
it remains unclear whether co-infections are associ-
ated with specific pathogenic mechanisms [7, 14], cur-
rent research suggests that PT plays a significant role in
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co-infections. Studies have found that PT has immuno-
suppressive effects on both innate and adaptive immu-
nity to B. pertussis infection [15, 16, 17]. It is speculated
that the continuous action of PT on the immune system
in patients with B. pertussis inhibits the body’s immune
function, making viral infections more likely [18-19].
Conversely, respiratory viruses, including influenza
viruses, may facilitate bacterial co-infections by promot-
ing the activation of type I interferons and the release
of pro-inflammatory cytokines [20-21]. Additionally,
the overlap in seasonal prevalence of pertussis with
some viruses may also contribute to the occurrence of
co-infections.

As noted in the literature, co-infections are indepen-
dently associated with worse disease outcomes, including
prolonged hospitalizations and more severe symptoms
compared to single infections [3, 10, 22]. In our study, the
number of co-infecting pathogens was positively corre-
lated with longer hospital stays and increased incidence
rates of severe complications, such as severe pneumonia
and respiratory failure (P=0.028 and 0.042, respectively),
reinforcing the notion that co-infections may exacerbate
the severity of pertussis. Our findings align with those
of prior studies, which have shown that pertussis, when
complicated by co-infections, often leads to more severe
clinical manifestations and prolonged recovery times.

Pertussis in infants and young children is frequently
characterized by a significant rise in circulating WBC
[23-24]. In our study, the peak WBC and lymphocyte
counts in the peripheral blood were lowest in the viral
infection group, followed by the bacterial infection
group, and highest in the bacterial combined with viral
infection group. While these differences did not reach
statistical significance (P=0.059 and 0.096, respectively),
they suggest that co-infections may influence immune
responses in ways that are not fully captured by WBC
and lymphocyte counts alone. In addition, the levels of
WBC and lymphocytes appeared to be primarily reflec-
tive of B. pertussis infection, with minimal impact from
co-infections. Therefore, these markers may not be reli-
able as indicators for distinguishing mixed infections in
clinical practice.

The distribution of co-infecting pathogens in our study
aligns with findings from others. Most domestic and
international studies have found RSV, PIV-3, and adeno-
virus to be common pathogens in co-infections [4, 5, 6,
7]. There are also research reports that 47% of pertussis
patients under six months of age have mixed infections,
primarily rhinoviruses [8]. Liu and colleagues reported
that the positive detection rate of Mycoplasma pneu-
moniae reached 45.6% in hospitalized children with respi-
ratory infections, making it the most common pathogen
in mixed infections [9]. In our study, 181 patients were
found to have additional pathogens, including 139
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bacterial infections, with 93 cases involving Gram-neg-
ative bacteria and 46 involving Gram-positive bacteria,
indicating a predominance of Gram-negative infections.
Besides, 80 patients had viral infections, involving four
main types of viruses: 57 cases of PIV-3, 14 cases of RSV,
7 cases of adenovirus; and 2 cases of influenza A virus.
The distribution of pathogens was mainly bacterial infec-
tions, followed by mixed viral infections, with PIV-3
being the most common among mixed viruses, followed
by RSV, adenovirus, and influenza A. This is consistent
with Skoft’s [2] finding that mixed bacterial infections are
the most common. Patients with mixed viral infections
are also numerous and should not be ignored in clinical
practice, since co-infections with respiratory viruses are
frequent in infants [3].

The frequent occurrence of co-infections underscores
the complexity of managing pertussis in infants and calls
for comprehensive diagnostic approaches. A high-resolu-
tion pathogen profiling, such as the one conducted in our
study, can serve as a valuable tool for the development
of region-specific rapid diagnostic panels, prioritizing
pathogens with the highest prevalence (e.g., Gram-neg-
ative bacteria and PIV-3). The accurate identification of
co-infections in this study relied on multiplex PCR and
sequencing, which are essential to distinguish pathogens
with overlapping clinical symptoms (e.g., B. pertussis vs.
Mycoplasma pneumoniae). While these methods require
centralized laboratory infrastructure, they provide criti-
cal epidemiological data on regional pathogen preva-
lence, informing the development of more cost-effective,
simplified rapid tests targeting high-priority pathogens.
To bridge the gap between research and clinical practice
in low-resource settings, we propose a tiered diagnos-
tic strategy: initial screening with low-cost lateral flow
assays, followed by confirmatory testing in regional hubs
using the protocols described here.

Despite pertussis being a bacterial infection that causes
necrotizing bronchitis (an aggressive infectious disease),
we found that B. pertussis does not induce the produc-
tion of PCT, a biomarker often associated with bacterial
infections. This may be because B. pertussis does not
affect the specific tissues responsible for PCT produc-
tion [25]. Therefore, we found that the rate of significant
PCT elevation was low in both single and co-infection
groups, even among patients with bacterial co-infections.
This contrasts with other studies that suggest PCT is an
independent risk factor for mixed bacterial infections in
children with pertussis, where the risk of mixed bacterial
infections increases with elevated levels of PCT [26].

In conclusion, our study highlights the high prevalence
of co-infections among unvaccinated infants with acute
pertussis in western China, emphasizing the influence
of co-infecting pathogens in exacerbating disease sever-
ity. Bacterial co-infections, particularly those involving
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Gram-negative bacteria, were most common, while
viral infections, especially PIV-3, were also frequently
observed. The presence of multiple pathogens was asso-
ciated with worse clinical outcomes, including longer
hospital stays and increased incidence of severe pneu-
monia and respiratory failure. These findings underscore
the urgent need for targeted vaccination and diagnostic
interventions, particularly in resource-limited regions,
where co-infections are likely to amplify the disease bur-
den. The development of cost-effective diagnostic panels
for the most common pathogens, as well as training pro-
grams to recognize severe co-infection signs (e.g., pro-
longed hospitalization) may improve early detection and
health management, ultimately reducing morbidity and
mortality in vulnerable populations.

Acknowledgements
We are thankful to all the participants who took part and contributed to this
study.

Author contributions

C Gan: Conceptualization, Data curation, Statistical analysis, Writing—original
draft; YY Wu: Conceptualization, Supervision, Writing-review & editing. All
authors contributed meaningfully to this manuscript and approved the final
version.

Funding

This study was supported by the Natural Science Foundation of China (No.
82401838) and by the Natural Science Foundation of Chongging, China
(CSTB2023NSCQ-BHX0042).

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors report no conflicts of interest in this work. All authors have read
and approved the manuscript.

Received: 15 January 2025 / Accepted: 23 March 2025
Published online: 09 April 2025

References

1. Mattoo S, Cherry JD. Molecular pathogenesis, epidemiology, and clinical
manifestations of respiratory infections due to Bordetella pertussis and other
Bordetella subspecies. Clin Microbiol Rev. 2005;18(2):326-82.

2. SkoffTH, Hadler S, Hariri S. The epidemiology of nationally reported pertussis
in the united States, 2000-2016. Clin Infect Dis. 2019;68(10):1634-40.

3. Abu Raya B, Bamberger E, Kassis |, Kugelman A, Srugo |, Miron D. Bordetella
pertussis infection attenuates clinical course of acute bronchiolitis. Pediatr
Infect Dis J. 2013;32(6):619-21.

4. Bellettini CV, de Oliveira AW, Tusset C, Baethgen LF, Amantéa SL, Motta F,
Gasparotto A, Andreolla HF, Pasqualotto AC. Preditores clinicos, laboratoriais e
radiogréficos Para infeccdo Por Bordetella pertussis [Clinical, laboratorial and
radiographic predictors of Bordetella pertussis infection]. Rev Paul Pediatr.
2014,32(4):292-8.

20.

21.

22.

23.

24.

25.

Page 7 of 8

Cosnes-Lambe C, Raymond J, Chalumeau M, Pons-Catalano C, Moulin F, de
Suremain N, Reglier-Poupet H, Lebon P, Poyart C, Gendrel D. Pertussis and
respiratory syncytial virus infections. Eur J Pediatr. 2008;167(9):1017-9.
Korppi M, Hiltunen J. Pertussis is common in nonvaccinated infants
hospitalized for respiratory syncytial virus infection. Pediatr Infect Dis J.
2007,26(4):316-8.

Versteegh FG, Mooi-Kokenberg EA, Schellekens JF, Roord JJ. Bordetella
pertussis and mixed infections. Minerva Pediatr. 2006;58(2):131-7.

Frassanito A, Nenna R, Nicolai A, Pierangeli A, Tozzi AE, Stefanelli P, Carsetti R,
Concato C, Schiavoni |, Midulla F. Pertussis study group. Infants hospitalized
for Bordetella pertussis infection commonly have respiratory viral coinfec-
tions. BMC Infect Dis. 2017;17(1):492.

Liu J,Wang M, Zhao Z, Lin X, Zhang P, Yue Q, Zhang T, Meng Y. Viral and bacte-
rial coinfection among hospitalized children with respiratory tract infections.
Am J Infect Control. 2020;48(10):1231-6.

Baroudy NRE, Refay ASE, Hamid TAA, Hassan DM, Soliman MS, Sherif L.
Respiratory viruses and atypical bacteria Co-Infection in children with acute
respiratory infection. Open Access Maced J Med Sci. 2018,6(9):1588-93.
Straney L, Schibler A, Ganeshalingham A, Alexander J, Festa M, Slater A,
Maclaren G, Schlapbach LJ, Australian and New Zealand Intensive Care
Society Centre for Outcomes and Resource Evaluation and the Australian
and New Zealand Intensive Care Society Paediatric Study Group. Burden and
outcomes of severe pertussis infection in critically ill infants. Pediatr Crit Care
Med. 2016;17(8):735-42.

World Health Organization. 2023. Immunization Coverage. Available at: https:
//www.who.int/en/news-room/fact-sheets/detail/immunization-coverage
World Health Organization. 2018. WHO Vaccine-Preventable Diseases: Moni-
toring System. 2018 Global Summary. Available at: http://apps.who.int/immu
nization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%
5D%5B%5D=CHN%26;,commit=0K. Accessed January 31,2019.

Ferronato AE, Gilio AE, Vieira SE. Respiratory viral infections in infants with
clinically suspected pertussis. J Pediatr (Rio J). 2013;89(6):549-53.

Andreasen C, Carbonetti NH. Pertussis toxin inhibits early chemokine produc-
tion to delay neutrophil recruitment in response to Bordetella pertussis
respiratory tract infection in mice. Infect Immun. 2008;76(11):5139-48.
Carbonetti NH, Artamonova GV, Andreasen C, Dudley E, Mays RM, Worthing-
ton ZE. Suppression of serum antibody responses by pertussis toxin after
respiratory tract colonization by Bordetella pertussis and identification of an
immunodominant lipoprotein. Infect Immun. 2004;72(6):3350-8.
Kirimanjeswara GS, Agosto LM, Kennett MJ, Bjornstad ON, Harvill ET. Pertussis
toxin inhibits neutrophil recruitment to delay antibody-mediated clearance
of Bordetella pertussis. J Clin Invest. 2005;115(12):3594-601.

Connelly CE, Sun'Y, Carbonetti NH. Pertussis toxin exacerbates and prolongs
airway inflammatory responses during Bordetella pertussis infection. Infect
Immun. 2012;80(12):4317-32.

Ayala VI, Teijaro JR, Farber DL, Dorsey SG, Carbonetti NH. Bordetella pertussis
infection exacerbates influenza virus infection through pertussis toxin-medi-
ated suppression of innate immunity. PLoS ONE. 2011;6(4):e19016.

Burke TW, Henao R, Soderblom E, Tsalik EL, Thompson JW, McClain MT,
Nichols M, Nicholson BP, Veldman T, Lucas JE, Moseley MA, Turner RB,
Lambkin-Williams R, Hero AO 3rd, Woods CW, Ginsburg GS. Nasopharyn-
geal protein biomarkers of acute respiratory virus infection. EBioMedicine.
2017,17:172-81.

Duvigneau S, Sharma-Chawla N, Boianelli A, Stegemann-Koniszewski S,
Nguyen VK, Bruder D, Hernandez-Vargas EA. Hierarchical effects of pro-
inflammatory cytokines on the post-influenza susceptibility to Pneumococ-
cal coinfection. Sci Rep. 2016,6:37045.

Marshall H, Clarke M, Rasiah K, Richmond P, Buttery J, Reynolds G, Andrews

R, Nissen M, Wood N, McIntyre P. Predictors of disease severity in chil-

dren hospitalized for pertussis during an epidemic. Pediatr Infect Dis J.
2015;34(4):339-45.

Carbonetti NH. Pertussis leukocytosis: mechanisms, clinical relevance and
treatment. Pathog Dis. 2016,74(7):ftw087.

Hodge G, Hodge S, Markus C, Lawrence A, Han P. A marked decrease in
L-selectin expression by leucocytes in infants with Bordetella pertussis infec-
tion: leucocytosis explained? Respirology. 2003;8(2):157-62.

Tascini C, Carannante N, Sodano G, Tiberio C, Atripaldi L, Di Caprio G, Sozio E,
Sbrana F, Ripoli A, Menchini C, Galli L, Di Sarno R, Chiappini E, Sarno M, Siani
P.Neonatal pertussis diagnosis: low procalcitonin level and high lymphocyte
count are able to discriminate pertussis from bacterial and viral infections.
New Microbiol. 2019;42(1):49-51.


https://www.who.int/en/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/en/news-room/fact-sheets/detail/immunization-coverage
http://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=CHN%26;commit=OK
http://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=CHN%26;commit=OK
http://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria%5Bcountry%5D%5B%5D=CHN%26;commit=OK

Gan and Wu ltalian Journal of Pediatrics (2025) 51:111

26.  Cherry JD. Pertussis in young infants throughout the world. Clin Infect Dis.

2016;63(suppl 4):S119-22.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8



	﻿Co-infection in unvaccinated infants with acute pertussis in Western China (2018–2019): pathogen distribution and impact on disease severity
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patient selection
	﻿Variables recorded and definitions
	﻿Statistical analysis

	﻿Results
	﻿General and clinical characteristics of patients
	﻿Clinical and laboratory profile comparison in single versus co-infected patients
	﻿Clinical and laboratory profile comparison in patients Co-infected with Bacteria and viruses
	﻿Comparison of Co-Infection patterns across different age groups
	﻿Distribution of detected pathogens

	﻿Discussion
	﻿References


