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Abstract 

Background  We aimed to investigate the clinical characteristics of severe influenza virus-associated pneumonia 
complicated with bacterial infection in children.

Methods  We retrospectively analysed data concerning 64 paediatric patients with severe influenza virus-associated 
pneumonia who had been treated at our hospital. The patients were divided into observation (44 patients) and con‑
trol (20 patients) groups, based on the presence or absence of concomitant bacterial infection, and clinical data were 
compared between the groups.

Results  The mean age in the observation group was 2.71 ± 1.44 years, 42 (95.45%) were aged ≤ 5 years, and 18 
(40.9%) had underlying diseases. The mean age in the control group was 4.05 ± 2.21 years, 13 (65%) were aged ≤ 5 
years, and 3 (15%) had underlying diseases. There was a statistically significant difference in patient age and the pro‑
portion of patients with underlying diseases (P < 0.05). The observation group had higher duration of fever values, 
a higher number of patients with duration of fever ≥ 7 days, a higher incidence of gasping, and a higher incidence 
of seizures/consciousness disturbance, and the differences were statistically significant (P < 0.05). Secondary bacte‑
rial infections in the observation group were mainly due to gram-negative bacteria, with Haemophilus influenzae 
and Moraxella catarrhalis being the most common pathogens. The observation group had a higher proportion 
of patients treated in the paediatric intensive care unit and a longer hospital stay, and the differences were statistically 
significant (P < 0.05).

Conclusion  Severe influenza virus-associated pneumonia complicated with bacterial infection was more common 
in children aged ≤ 5 years. Younger patients with underlying diseases were more susceptible to bacterial infec‑
tion (mainly due to gram-negative bacteria). The timely administration of neuraminidase inhibitors and antibiotics 
against susceptible bacteria is likely to help improve cure rates.
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Influenza, also known as the ‘flu, causes periodic pan-
demics. It has been estimated that seasonal influenza 
affects approximately 1 billion people worldwide every 
year. Among paediatric populations, the influenza infec-
tion rate has been reported to be as high as 20–30% [1, 
2], which is considerably higher than that in adults. Pneu-
monia is a common cause of hospitalisation in patients 
infected with the influenza virus, and infected children 
have a high tendency to develop severe influenza virus-
associated pneumonia, which may be life-threatening 
[3, 4]. Previous studies have found that patients infected 
with the influenza virus are prone to developing second-
ary bacterial infection, which usually occurs within 7 
days of influenza virus infection and may aggravate dis-
ease severity and affect the prognoses of such patients 
[5]. This issue is particularly prominent in the paediatric 
influenza pneumonia population. Given the current lack 
of studies on severe influenza virus-associated pneumo-
nia complicated with bacterial infection in children in 
China, we aimed to analyse the clinical characteristics 
of paediatric patients with concomitant severe influ-
enza virus-associated pneumonia and bacterial infection 
who had been treated at Xiamen Children’s Hospital, to 
enhance understanding of this disease and help deter-
mine appropriate disease prevention strategies and treat-
ment for clinicians.

Patients and methods
Patients
In this retrospective study, we analysed data concerning 
hospitalised patients with severe influenza virus-associ-
ated pneumonia at Xiamen Children’s Hospital between 
January 1, 2018 and December 31, 2021. We divided 
the patients into two groups based on the presence or 
absence of concomitant bacterial infection. Patients 
with concomitant bacterial infection were included in 
an observation group, while those without were assigned 
to a control group. A diagnosis of severe pneumonia was 
made if any of the following criteria were met: (i) a poor 
general condition; (ii) consciousness disturbance; (iii) 
cyanosis; (iv) rapid breathing (age < 2 months: respira-
tory rate (RR) ≥ 60 breaths/min; age ≥ 2 months to 1 year: 
RR ≥ 50 breaths/min; age > 1–5 years: RR ≥ 40 breaths/
min; age > 5 years: RR ≥ 30 breaths/min); (v) dyspnoea 
(moaning, nasal flaring, and the “three depression” sign, 
i.e., depression of the suprasternal fossa, supraclavicu-
lar fossa, and intercostal space); (vi) pulse oxygen satu-
ration ≤ 92%; (vii) refusal to eat or signs of dehydration; 
(viii) plain chest radiography or computed tomography 

(CT) scan showing lung infiltration, pneumothorax, lung 
necrosis, and lung abscess in ≥ two-thirds of one lung, 
and; (ix) extrapulmonary complications.

Inclusion criteria concerning the observation group 
were as follows: (i) meeting the diagnostic criteria for 
influenza: presence of epidemiological history, influ-
enza-like symptoms, and at least one positive result for 
influenza antigen or nucleic acid tests; (ii) meeting the 
diagnostic criteria for severe pneumonia; (iii) patient age: 
1 month–12 years; (iv) clinical manifestations of infection 
that could not be explained by influenza, namely, ele-
vated leukocytes, C-reactive protein, and procalcitonin 
during anti-infective treatment; positive blood cultures, 
positive cerebrospinal fluid, pleural effusion, sputum, and 
alveolar lavage fluid, with the colony requirements for 
positive sputum culture being as follows: ≥105 CFU/ml 
in tracheal aspirate, ≥104 CFU/ml in alveolar lavage fluid; 
and the presence of bacteria and leukocyte infiltration 
and phagocytosis under sputum smear microscopy.

Exclusion criteria were as follows: (i) incomplete data 
for statistical analysis; (ii) specimens with contamina-
tion or bacterial colonisation; sputum specimens with 
> 10 squamous epithelial cells/high power field (HPF), 
and; (iii) < 25 leukocytes/HPF, which were considered 
unfit for use. If pathogens were isolated from non-sterile 
sites without imaging or clinical signs of infection, bacte-
rial colonisation was considered present. Other cases of 
severe influenza virus-associated pneumonia that had not 
been included in the observation group were included in 
the control group. The present study was approved by 
the ethics committee of our hospital (Approval number: 
XCSER [2022] 38).

Methods
Data collection
Data concerning patients with severe influenza virus-
associated pneumonia who had been treated at our hos-
pital between January 1, 2018 and December 31, 2021 
were retrieved from the electronic inpatient records 
system of our hospital. Baseline information in relation 
to clinical data, symptoms, signs, auxiliary examination 
results, treatment details, prognoses, and patient out-
comes were collected.

Pathological examination methods
Influenza antigen testing was performed using the colloi-
dal gold assay (Standard Diagnostics Inc., South Korea), 
bacteria were detected using a fully automated microbial 
mass spectrometer (Microflex LF/SH, Shanghai), and 
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bacterial susceptibility to antibiotics was tested using a 
fully automated antimicrobial susceptibility testing sys-
tem (VITEK 2 Compact, France). All methods were car-
ried out accordance with relevant guidelines.

Statistical analysis
Data were statistically analysed using SPSS version 23.0 
software. Normally distributed measurement data were 
expressed as mean ± standard deviation (SD) and com-
pared between groups using a t-test. Non-normally dis-
tributed measurement data were expressed as median 
(interquartile range) [M (P25–P75)] and compared 
between groups using a Mann-Whitney U test. Count 
data were expressed as the number (%) of patients and 
compared between groups using a χ2 test.

Results
General data
In total, 64 patients with severe influenza virus-associ-
ated pneumonia were included in this study. The obser-
vation group comprised 44 paediatric patients (boys, 
n = 32; girls, n = 12). The mean age was 2.71 ± 1.44 years, 
with 15 (34.1%) patients aged ≤ 2 years, 27 (61.4%) aged 
2–5 years, and 2 (4.5%) aged > 5 years. Within the obser-
vation group, 35 (79.6%) patients had influenza type A 
infection and 9 (20.4%) had influenza type B infection. 
Concomitant infections included Haemophilus influen-
zae (H. influenzae) infection (n = 18 patients), Moraxella 
catarrhalis (M. catarrhalis) infection (n = 12 patients), 
Pseudomonas aeruginosa infection (n = 3 patients), 
Staphylococcus aureus infection (n = 4 patients), Strepto-
coccus pneumoniae infection (n = 6 patients), and infec-
tion due to ≥ 2 types of bacteria in 1 patient. Eighteen 
(40.9%) patients had underlying diseases, which included 
febrile seizures (n = 8), congenital heart disease (n = 4), 
hydrocephalus (n = 1), developmental disorder (n = 1), 
epilepsy (n = 2), and asthma (n = 2).

The control group comprised 20 paediatric patients 
(boys, n = 13; girls, n = 7). The mean age was 4.05 ± 2.21 
years, with 6 (30%) patients aged ≤ 2 years, 7 (35%) aged 
2–5 years, and 7 (35%) aged > 5 years. Within the control 

group, 15 (75%) patients had influenza type A infection, 
5 (25%) had influenza type B infection, and 3 (15%) had 
underlying diseases, including febrile seizures, congeni-
tal heart disease, and developmental disorder (1 patient 
each, respectively). Table  1 shows a comparison of gen-
eral data between the observation and control groups.

Clinical characteristics
Among the observation group patients, 43 developed 
pyrexia with a peak temperature of 39.8 °C (range, 39.5–
40.08 °C) and a pyrexia duration of 6 (5.25–7) days, and 
21 (47.73%) patients had a pyrexia duration of ≥ 7 days. 
Other clinical symptoms included cough in all patients, 
gasping in 31 (70.45%), seizures/consciousness distur-
bance in 26 (59.09%), and audible pulmonary rales in 
36 (81.82%) patients. In 23 (52.27%) patients, pulmo-
nary imaging results suggested the presence of pulmo-
nary consolidation and atelectasis. Moreover, 2 patients 
had respiratory failure, 3 had septic shock, 2 had toxic 
encephalopathy, 3 had liver injury, 1 had metabolic acido-
sis, and 1 patient had tracheal stenosis.

In the control group, all 20 patients developed pyrexia 
with a peak temperature of 39.3  °C (range, 39–40.2  °C) 
and a pyrexia duration of 5 (3–6) days, and 4 (20%) 
patients had a pyrexia duration of ≥ 7 days. Other clini-
cal symptoms included cough in all patients, gasping in 
8 (40%), seizures/consciousness disturbance in 5 (25%), 
and audible pulmonary rales in 15 (75%) patients. In 10 
(50%) patients, pulmonary imaging results suggested 
the presence of pulmonary consolidation and atelecta-
sis. There was also 1 patient with respiratory failure, 1 in 
septic shock, 2 with brainstem encephalitis, 1 with liver 
injury, 1 with myocardial damage, and 2 with agranulocy-
tosis. Table 2 shows a comparison of clinical characteris-
tics between the observation and control groups.

Bacterial culture and susceptibility to antibiotics
A total of 46 positive culture specimens were collected 
from the 44 patients in the observation group, of which 
44 were oronasal sputum specimens and 2 were alveolar 
lavage fluid specimens. In 2 patients, positive cultures 

Table 1   A comparison of general data between the observation and control groups

no.(%) number(percent), SD standard deviation

Observation group (n = 44) Control group (n = 20) P-value

Sex (male), no. (%) 32 (72.7) 13 (65) 0.531

Age (mean ± SD, years) 2.71 ± 1.442 4.05 ± 2.21 0.005

Age ≤ 5 years, no. (%) 42 (95.5) 13 (65) 0.001

Presence of underlying diseases, no. (%) 18 (40.9) 3 (15) 0.041

Influenza type (type A), no. (%) 35 (79.6) 15 (75) 0.683
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were detected in both the oronasal sputum and alveolar 
lavage fluid specimens. All H. influenzae cultures were 
susceptible to ceftriaxone, cefotaxime sodium, and mero-
penem, showing resistance rates of 61.7%, 76.6%, 27.7%, 
and 6.4% to ampicillin, co-trimoxazole, cefuroxime, and 
ampicillin/sulbactam, respectively. All M. catarrha-
lis cultures were susceptible to ampicillin/sulbactam, 
amoxicillin/sulbactam, and ciprofloxacin, and exhibited 
resistance rates of 59.4% and 13.3% to ampicillin and co-
trimoxazole, respectively.

Treatment and outcomes
The observation group patients were treated with neu-
raminidase inhibitors (NAIs), with 36 patients hav-
ing received oseltamivir via oral administration/nasal 
feeding, 6 patients having received peramivir via intra-
venous infusion, and 2 patients having received oral 
oseltamivir followed by peramivir via intravenous infu-
sion. In 31 patients, NAIs were used for the first time 
at > 48  h after disease onset. Antibiotics were admin-
istered to all patients over a duration of 7 (range, 5–8) 
days. Eighteen (40.9%) patients underwent fibreoptic 
bronchoalveolar lavage therapy and 26 (59.1%) were 
treated in the paediatric intensive care unit (PICU). The 

average length of hospital stay in the observation group 
was 12 (range, 9–14) days. One patient aged ≤ 5 years 
who had underlying epilepsy died of haemophagocytic 
lymphohistiocytosis.

The control group patients were also treated with NAIs, 
with 19 patients receiving oseltamivir via oral administra-
tion/nasal feeding and 1 patient receiving oral oseltami-
vir followed by peramivir via intravenous infusion. In 12 
patients, NAIs were used for the first time at > 48 h after 
disease onset. Six (30%) patients underwent fibreoptic 
bronchoalveolar lavage therapy and 5 (25%) were treated 
in the PICU. The control group had an average length of 
hospital stay of 7 (range, 6–12.8) days and no patients 
died. Table 3 shows a comparison of treatment and out-
comes between the observation and control groups.

Discussion
Pneumonia due to influenza virus infection is a com-
mon cause of hospitalisation among children. In severe 
cases, patients may experience respiratory failure, septic 
shock, or even life-threatening conditions [3, 4, 6]. One 
study reported that > 10,000 children around the world 
aged ≤ 5 years die from influenza virus-associated pneu-
monia annually, with most being paediatric patients with 

Table 2   A comparison of clinical characteristics between the observation and control groups

a  M(P25-P75) nterquartile range, no.(%) number (percent), SD standard deviation, WBC white blood cell, NEU neutrophil, LY lymphocyte, MO monocyte, PLT platelet, CRP 
C-reactive protein, PCT procalcitonin, MP mycoplasma, CK creatine kinase, CK-MB creatine kinase MB lsoenzyme, LDH lactate- dehydrogenase

Observation group (n = 44) Control group (n = 20) P-value

Pre-hospitalisation duration of fever [a, days] 4 (2–6) 1 (1–5.8) 0.218

Peak temperature of pyrexia [a, °C] 39.8 (39.5–40.1) 39.3 (39–40.2) 0.694

Pyrexia duration [a, days] 6 (5.3, 7) 5 (3, 6) 0.006

Pyrexia duration ≥ 7 days, no. (%) 20 (45.5) 4 (20) 0.035

Gasping, no. (%) 31 (70.5) 8 (40) 0.021

Seizures/consciousness disturbance, no. (%) 26 (59.1) 5 (25) 0.011

Pulmonary rales, no. (%) 36 (81.8) 15 (75) 0.53

WBC [ax109, (count/l)] 7.1 (5.7–9) 7.6 (4.4–10) 0.857

NEU [ax109, (count/l)] 4 (3.1, 5.6) 4.6 (2.3, 7.6) 0.775

LY [ax109, (count/l)] 2.07 (1.57–3.20) 1.78 (0.79–3) 0.150

MO [ax109, (count/l)] 0.78 (0.56–1.23) 0.69 (0.37–1.17) 0.153

NEU% (mean ± SD,%) 56.54 ± 15.94 61.44 ± 19.11 0.431

LY% [a,%] 30.2 (20.4–40.9) 25.3 (14–40.9) 0.402

MO% (mean ± SD,%) 10.95 ± 4.33 9.04 ± 4.07 0.624

PLT [ax109, (count/l)] 329.5 (264–445) 217 (153–320) 0.001

CRP [a, mg/l] 35.5 (15.1–59.3) 5.54 (2.7–37) 0.02

PCT [a, ng/ml] 1.89 (1.03–2.31) 0.39 (0.12–0.57) 0.006

Other viral infections, no. (%) 5 (11.4) 0 (0) 0.375

Concomitant MP infection, no. (%) 6 (13.6) 7 (35) 0.068

CK [a, u/l] 148 (100–216) 145 (103–190) 0.95

CK-MB [a, u/l] 24 (20–31) 26.5 (18.8–30.5) 0.862

LDH (mean ± SD, u/l) 423.7 ± 130.4 354.17 ± 106.3 0.036
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influenza virus-associated pneumonia complicated with 
bacterial infection [7]. Therefore, clinicians should pay 
greater attention to concomitant influenza virus-associ-
ated pneumonia and bacterial infection in children, par-
ticularly in children with severe illness. In our study, the 
average age of the observation group was significantly 
lower than that of the control group, indicating that 
younger age is associated with a higher risk of secondary 
bacterial infection in severe influenza virus-associated 
pneumonia. We also found that children aged ≤ 5 years 
comprised 95.5% (42/44) of the patients in the observa-
tion group, which was similar to the findings reported 
by Zhou et al. [1]. Besides, the observation group had a 
higher proportion of patients with underlying diseases 
than the control group. There was also one death in the 
observation group, which occurred in a patient with a 
history of epilepsy.

Given these findings, the possibility of concomitant 
bacterial infection in patients aged ≤ 5 years with severe 
influenza virus-associated pneumonia should be taken 
seriously. Relevant guidelines developed by experts in 
China and other countries have stated that children 
aged ≤ 5 years are not only susceptible to influenza 
virus infection but are also a high-risk population for 
secondary bacterial infection [8, 9]. This susceptibility 
may be explained partly by the fact that influenza virus 
replication in the respiratory tract reduces ciliary beat 
frequency in the airway, and the haemagglutinin and 
neuraminidase proteins of the virus alter the surface pro-
tein receptors of infected cells, thereby providing bind-
ing sites for bacterial adhesion [10]. Another key cause is 
immune cell dysfunction induced by the influenza virus 
or host factors. Previous research has indicated that 
immune cells such as alveolar macrophages, neutrophils, 
and natural killer cells form the second line of defence 
of the human body against bacterial invasion. However, 
influenza virus infection can destroy this line of defence, 
resulting in the weakening of phagocytosis, chemotaxis, 
and intracellular killing; such a mechanism is especially 
prominent in infected patients with reduced immune 
function [11]. In addition, these findings also suggest that 
children with underlying diseases may be more prone to 
developing concomitant bacterial infection when they 

have severe influenza, and the presence of underlying 
diseases is a risk factor for progression to severe disease 
or even death in paediatric patients with influenza [12]. 
Therefore, particular attention should be paid to paedi-
atric patients with influenza and underlying diseases in 
clinical practice.

The reported incidence rates of influenza virus infec-
tion complicated with bacterial infection have varied 
over recent years. In a 2009 multicentre study conducted 
at 17 hospitals in China, 14.0% of children with influ-
enza virus infection had a concomitant bacterial infec-
tion [13]. A 2018 study involving 838 paediatric patients 
with influenza in 35 PICUs in the United States reported 
the presence of concomitant bacterial infection in 274 
(32.7%) patients, [14] a higher incidence rate than that 
reported in the 2009 study. Our results showed that the 
proportion of patients with influenza virus infection 
and with concomitant bacterial infection was 68.74% 
(44/64), which was higher than the aforementioned inci-
dence rates. Certain biases may exist in our study due to 
its single-centre design and small sample size; however, 
the overall increasing trend in the proportion of pae-
diatric patients with severe influenza virus-associated 
pneumonia complicated with bacterial infection can-
not be ignored, especially in severe paediatric cases. We 
also observed clear changes in the bacterial spectra of 
patients with concomitant influenza and bacterial infec-
tion. The previously mentioned multicentre study con-
cerning patients with influenza and bacterial coinfection 
in China found that gram-positive bacteria accounted 
for > 60% of all cases [13]. The results of a meta-analysis 
of > 3000 cases of influenza and bacterial coinfection in 
various countries in 2003–2014 also showed that gram-
positive bacteria predominated, with Streptococcus pneu-
moniae and Staphylococcus aureus infections being the 
most common [15]. Our results differed from those of 
the aforementioned studies in that gram-negative bac-
terial infections accounted for 75% (33/44) of patients 
with severe influenza virus-associated pneumonia com-
plicated with bacterial infection, with H. influenzae and 
M. catarrhalis accounting for 40.9% (18/44) and 27.3% 
(12/44) of patients, respectively. Possible reasons for the 
predominance of gram-negative bacteria in the present 

Table 3  Comparison of treatment between the observation and control groups

M(P25-P75) nterquartile range, no.(%) number (percent), PICU paediatric intensive care unit

Observation group (n = 44) Control group (n = 20) P-value

Bronchoscopic treatment, No. (%) 18 (40.9) 6 (30) 0.316

Treatment in PICU, No. (%) 26 (59.1) 5 (25) 0.011

Length of hospital stay [M (P25–P75), days] 12 (9, 14) 7 (6, 12.8) 0.032

Length of hospital stay ≥ 7 days, No. (%) 34 (77.3) 12 (60) 0.154
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study are as follows. First, in recent years, changes have 
occurred in the bacterial spectra of lower respiratory 
tract infections in children, causing the incidence rate 
of gram-negative bacterial infections to exceed that 
of gram-positive bacterial infections. A 2015 Chinese 
study by Li et al. [16] reported that gram-negative bacte-
ria accounted for approximately 74.1% of lower respira-
tory tract infections in children, which was significantly 
higher than the incidence rate for gram-positive bac-
terial infections. In 2019, Lim et  al. [17] reported that, 
in Korea, H. influenzae accounted for 25.6% of cases of 
community-acquired pneumonia with viral and bacterial 
coinfection and that the rate of coinfection exhibited an 
increasing trend, which is consistent with the H. influen-
zae infection rate of 40.9% (18/44) observed in our study. 
Second, differences in bacterial strains causing second-
ary bacterial infections may exist between patients with 
severe influenza virus-associated pneumonia and those 
with common influenza virus infection. Kim et  al. [18] 
reported that secondary bacterial infections in mechani-
cally ventilated patients with influenza type A infection 
were most commonly due to Acinetobacter baumannii, 
Klebsiella pneumoniae, and Pseudomonas aeruginosa, 
which are all gram-negative bacteria. Third, factors such 
as differences in regional climate and sample size may 
also affect the conclusions obtained in different studies. 
Nonetheless, paying attention to changes in the bacte-
rial spectra of concomitant bacterial infection in paedi-
atric influenza virus-associated pneumonia is of practical 
significance for early diagnosis confirmation and timely 
administration of targeted antibacterial treatment.

Influenza and bacterial coinfection lack specific mani-
festations in the early stage and can only be confirmed 
through a combined analysis of clinical symptoms, aetiol-
ogy, and other laboratory examination results. Our findings 
showed that patients in the observation group were more 
prone to longer pyrexia duration and clinical symptoms 
such as gasping, seizures, and consciousness disturbance 
than patients in the control group. This suggests that the 
development of the aforementioned symptoms in children 
with severe influenza virus-associated pneumonia may 
serve as a warning sign of the possibility of concomitant 
bacterial infection. The observation group also exhibited 
significant increases in inflammatory indicators such as 
C-reactive protein and procalcitonin levels, indicating that 
these elevated levels in paediatric patients with severe influ-
enza virus-associated pneumonia may assist in the early 
identification of bacterial infection. In addition, lactate 
dehydrogenase (LDH) levels were also significantly elevated 
in the observation group compared with the control group. 
A retrospective study of Japanese patients with pneumo-
nia showed that the LDH level can serve as an indicator of 
lung tissue damage in children [19]. Our study results also 

suggest that LDH may also be used as a predictive indica-
tor of the presence or absence of concomitant bacterial 
infection in children with severe influenza virus-associated 
pneumonia. However, further deliberation is required for 
the establishment of specific quantitative criteria.

In this study, the bacterial species most commonly 
detected in the patients were H. influenzae and M. catarrh-
alis. We found that H. influenzae was susceptible to cefotax-
ime, ceftriaxone, and meropenem but exhibited a resistance 
rate of 61.7% to ampicillin, which is close to the resistance 
rate of 69.19% reported by Mai et al. [20]. This result sug-
gests that ampicillin may no longer be considered the drug 
of choice for the treatment of H. influenzae infection. Third-
generation cephalosporins may instead be selected for initial 
empiric treatment. M. catarrhalis was susceptible to ampi-
cillin/sulbactam, amoxicillin/clavulanate potassium, and 
ciprofloxacin, and exhibited resistance rates of 59.4% and 
13.3% to ampicillin and co-trimoxazole, respectively. There-
fore, we recommend the use of penicillin-based compound 
formulations as first-choice drugs for initial empiric treat-
ment of M. catarrhalis infection in children. Ricketson et al. 
[21] reported that patients who did not receive standardised 
antibiotic treatment had a 5.6-fold increase in case fatality 
rates compared with a standardised treatment group. Simi-
larly, we found that satisfactory therapeutic effects could 
be achieved with early administration of antibiotics against 
susceptible bacteria in the observation group.

This study had some limitations. First, this was a single-
centre retrospective study that included patients from 
the past four years. Therefore, the data used for analysis 
were limited and may not fully reflect the characteristics 
of severe influenza virus-associated pneumonia com-
plicated with bacterial infection in children. Second, all 
patients included in this study originated from Xiamen, 
Fujian Province, in Southern China, which may have cre-
ated certain biases given the existence of genetic variation 
and differences in prevalent viral and bacterial strains 
among different geographical regions. In future research, 
we aim to address these shortcomings and increase the 
sample size to enhance the accuracy of our results.

In conclusion, severe influenza virus-associated pneu-
monia complicated with bacterial infection was found to 
be more common in paediatric patients aged ≤ 5 years. 
Younger patients with underlying diseases were more sus-
ceptible to bacterial infection. Secondary bacterial infec-
tions were mainly due to gram-negative bacteria, with H. 
influenzae and M. catarrhalis being the most commonly 
detected pathogens in the patients. The clinical manifes-
tations of severe influenza virus-associated pneumonia 
complicated with bacterial infection lacked specificity. 
However, the following may serve as warning signs of the 
possibility of concomitant bacterial infection: severe clini-
cal manifestations such as persistent high-grade pyrexia, 
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consciousness disturbance, and gasping during the early 
stage; elevated C-reactive protein, procalcitonin and LDH 
levels; and non-improvement of disease condition or 
relapse following an initial response when antiviral treat-
ment was administered. Once the presence of bacterial 
infection has been confirmed, empiric antibiotic therapy 
should be initiated as soon as possible.

Abbreviations
PICU	� Paediatric Intensive Care Unit
LDH	� Lactate Dehydrogenase

Acknowledgements
Not applicable. We thank the patients, the nurses and clinical staff who are 
providing care for the patients.

Authors’ contributions
QYW, YL, XDW and ZM were involved in study design. QYW, YL, ZM and JYL wrote 
the main manuscript and prepared the tables and figures. QYW, YL, ZQZ, SSL and 
YMW facilitated data collection. All authors reviewed the manuscript.

Funding
This work was supported by Health Guidance Project of Xiamen Science 
and Technology Bureau(No: 3502Z20209223), Natural Science Foundation of 
Xiamen Science and Technology Bureau(No: 3502Z20227147) and 1125 Talent 
Project of Xiamen Children’s Hospital(No: 2020-1125-YQ-040).

Availability of data and materials
All data generated during this study are included in this published article.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of our Institute of Xia Men Chil‑
dren’s Hospital (No. XCSER [2022] 38). In this retrospective study, written informed 
consent from the patients were waived, which was approved by the Ethics Com‑
mittee of our Institute of Xia Men Children’s Hospital (No. XCSER [2022] 38).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Xiamen Children’s Hospital/Children’s Hospital of Fudan University at Xia‑
men, Xiamen 361006, Fujian, China. 2 University of Manchester, Oxford Road, 
Manchester M13 9PL, UK. 

Received: 20 February 2023   Accepted: 11 August 2023

References
	1.	 Zhou H, Wu YH, Yu Q, et al. Analysis of clinical characteristics and risk fac‑

tors of influenza virus complicated with gram-positive bacterial infection 
in children. Chin Pediatr Emerg Med. 2022;29(03):192–8. https://​doi.​org/​
10.​3760/​cma.j.​issn.​1673-​4912.​2022.​03.​008.

	2.	 Yu Q, Zhou H, Zhang T et al. Analysis of clinical characteristics and 
risk factors of influenza-related deaths in children. Chin J Pediatr 
2020,58(11):910–6. doi: 10.3760/cma.j.cn112140-20200526-00546.

	3.	 Dananche C, Sanchez PV, Bente T, et al. Burden of influenza in less than 
5-year-old children admitted to hospital with pneumonia in developing 
and emerging countries: a descriptive, multicenter study. Am J Trop Med 
Hyg. 2018;98(6):1805–10. https://​doi.​org/​10.​4269/​ajtmh.​17-​0494.

	4.	 Iuliano AD, Jang Y, ones J, et al. Increase inhuman infectinons with avin 
influenceza A (H7N9) virus during the fifth epidemic-China, October 
2016-February 2017. Morb Mortal WklyRep. 2017;66(9):254–5. https://​doi.​
org/​10.​15585/​mmwr.​mm660​9e2.

	5.	 Chen Y. Research progress of sencondary bacterial infection after viral 
infection [J]. Chin J Practical Intern Med. 2012;09:726–8.

	6.	 Dawood FS, Fiore A, Kamimoto L, et al. Influenza-associated pneumonia in 
children hospitalized with laboratory-confirmed influenza, 2003–2008. Pediatr 
Infect Dis J. 2010;29(7):585–90. https://​doi.​org/​10.​1097/​inf.​0b013​e3181​d411c5.

	7.	 Kondrich J, Rosenthal M. Influenza in children. Cur Opin Pediatr. 
2017;29(3):297–302. https://​doi.​org/​10.​1097/​MOP.​00000​00000​000495.

	8.	 Qin Q, Xie ZD, Shen KL. Interpretation of the 2018 guidelines for diagno‑
sis, treatment, chemoprophylaxis and institutional outbreak manage‑
ment of seasonal influenza for children, updated by the infectious 
Diseases Society of America. Chin J Appl Clin Pediatr. 2019;34(2):87–90. 
https://​doi.​org/​10.​3760/​cma.j.​issn.​2095-​428X.​2019.​02.​003.

	9.	 Respiratory Group of Pediatric Branch of Chinese Medical Association. 
Editorial Board of Chinese Journal of practical pediatrics. Expert consen‑
sus on diagnosis and treatment of influenza in children(2015). Chin J 
Appl. Clin Pediatr. 2015;30(17):1296–303. https://​doi.​org/​10.​3760/​cma.j.​
issn.​2095-​428X.​2015.​17.​005.

	10.	 Bakaletz LO. Viral-bacterial co-infections in the respiratory tract. Curr Opin 
Microbiol. 2017;35:30–5. https://​doi.​org/​10.​1016/j.​mib.​2016.​11.​003.

	11.	 Xu J, Yu J, Yang L, et al. Influenza Virus in Community-Acquired Pneumo‑
nia: current understanding and knowledge gaps. Semin Respir Crit Care 
Med. 2020;41(4):555–67. https://​doi.​org/​10.​1055/s-​0040-​17105​84.

	12.	 Fang C, Chen XJ, Zhou MM, et al. Clinical characteristics and antimicrobial 
resistance of pneumococcal infections from 9 children’s hospitals in 2016. 
Chin J Pediatr. 2018;56(08):582–6. https://​doi.​org/​10.​3760/​cma.j.​issn.​0578-​
1310.​2018.​08.​005.

	13.	 Zhen YJ, Cao L, Ji W, et al. Multi-center investigation of the hospitalized chil‑
dren with 2009 influenza A(H1N1)infection. Chin J Pediatr. 2010;48(10):733–
8. https://​doi.​org/​10.​3760/​cma.j.​issn.​0578-​1310.​2010.​10.​004.

	14.	 MacIntyre CR, Chughtai AA, Barnes M, et al. The role of pneumonia and 
secondary bacterial infection in fatal and serious outcomes of pandemic 
influenza a(H1N1) pdm09. BMC infect Dis. 2018;18(1):637. https://​doi.​org/​
10.​1186/​s12879-​018-​3548-0.

	15.	 Klein EY, Monteforte B, Gupta A, et al. The frequency of influenza and bac‑
terial coinfection: a systematic review and meta-analysis. Influenza Other 
Respir Viruses. 2016;10(5):394–403. https://​doi.​org/​10.​1111/​irv.​12398.

	16.	 Li JH, Jiang XY, Mao HZ, et al. Analysis of distribution and drug resistance 
of pathogens causing lower respiratory tract infections in adult and pedi‑
atric patients. Chin J Nosocomiology. 2015;25(20):4610–2. https://​doi.​org/​
10.​11816/​cn.​ni.​2015-​151076.

	17.	 Lim YK, Kweon OJ, Kim HR, et al. Impact of bacterial and viral coinfection 
in community-acquired pneumonia in adults. Diagn Microbiol Infect Dis. 
2019;94(1):50–4. https://​doi.​org/​10.​1016/j.​diagm​icrob​io.​2018.​11.​014.

	18.	 Kim S-H, Hong S-B, Yun S-C, et al. Korean society of critical Care Medicine 
H1N1 Collaborative. Corticosteroid treatment in critically ill patients with 
pandemic inflfluenza A/H1N1 2009 infection: analytic strategy using pro‑
pensity scores. Am J Respir Crit Care Med. 2011;83(93):1207–14. https://​
doi.​org/​10.​1164/​rccm.​201101-​0110OC.

	19.	 Kusubae R, Nomura Y, Hirabayashi M, et al. β2 microglobulin and lactate 
dehydrogenase are indices of different features of Mycoplasma pneumo‑
niae-associated community-acquired lower respiratory tract infection for 
severity evaluation in children. J Infect Chemother. 2019;25(12):1007–11. 
Epub 2019 Jun 18. PMID: 31227380.

	20.	 Mai WH, Yin FF, Zhuo ZL, et al. Drug resistance and molecular epidemiol‑
ogy of Haemophilus influenzae isolated from respiratory tract specimens 
of children with pneumonia in Haikou City. Chin J Infect Control. 
2022;21(12):1193–9. https://​doi.​org/​10.​12138/j.​issn.​1671-​9638.​20223​105.

	21.	 Ricketson LJ, Nettel-Aguirre A, Vanderkooi OG, et al. Factors influenc‑
ing early and late mortality in adults with invasive pneumococcal 
disease in Calgary, Canada: a prospective surveillance study. PLoS One. 
2013;8(10):e71924. https://​doi.​org/​10.​1371/​journ​ey.​pone.​00719​24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3760/cma.j.issn.1673-4912.2022.03.008
https://doi.org/10.3760/cma.j.issn.1673-4912.2022.03.008
https://doi.org/10.4269/ajtmh.17-0494
https://doi.org/10.15585/mmwr.mm6609e2
https://doi.org/10.15585/mmwr.mm6609e2
https://doi.org/10.1097/inf.0b013e3181d411c5
https://doi.org/10.1097/MOP.0000000000000495
https://doi.org/10.3760/cma.j.issn.2095-428X.2019.02.003
https://doi.org/10.3760/cma.j.issn.2095-428X.2015.17.005
https://doi.org/10.3760/cma.j.issn.2095-428X.2015.17.005
https://doi.org/10.1016/j.mib.2016.11.003
https://doi.org/10.1055/s-0040-1710584
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.08.005
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.08.005
https://doi.org/10.3760/cma.j.issn.0578-1310.2010.10.004
https://doi.org/10.1186/s12879-018-3548-0
https://doi.org/10.1186/s12879-018-3548-0
https://doi.org/10.1111/irv.12398
https://doi.org/10.11816/cn.ni.2015-151076
https://doi.org/10.11816/cn.ni.2015-151076
https://doi.org/10.1016/j.diagmicrobio.2018.11.014
https://doi.org/10.1164/rccm.201101-0110OC
https://doi.org/10.1164/rccm.201101-0110OC
https://doi.org/10.12138/j.issn.1671-9638.20223105
https://doi.org/10.1371/journey.pone.0071924

	Clinical characteristics of severe influenza virus-associated pneumonia complicated with bacterial infection in children: a retrospective analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Patients and methods
	Patients
	Methods
	Data collection
	Pathological examination methods
	Statistical analysis


	Results
	General data
	Clinical characteristics
	Bacterial culture and susceptibility to antibiotics
	Treatment and outcomes

	Discussion
	Acknowledgements
	References


