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Abstract

Background: Pneumonia is a serious problem that threatens the health of newborns. This study aimed to investigate
the clinical characteristics of hospitalized term and preterm infants with community-acquired viral pneumonia.

Methods: This was a retrospective analysis of cases of community-acquired viral pneumonia in the Neonatal Depart-
ment. Nasopharyngeal aspirate (NPA) samples were collected for pathogen detection, and clinical data were col-
lected. We analysed pathogenic species and clinical characteristics among these infants.

Results: RSV is the main virus in term infants, and parainfluenza virus (PIV) 3 is the main virus in preterm infants.
Patients infected with PIV3 were more susceptible to coinfection with bacteria than those with respiratory syncytial
virus (RSV) infection (p < 0.05). Preterm infants infected with PIV3 were more likely to be coinfected with bacteria than
term infants (p <0.05), mainly gram-negative bacteria (especially Klebsiella pneumonia). Term infants with bacterial
infection were more prone to fever, cyanosis, moist rales, three concave signs, elevated C-reactive protein (CRP) levels,
respiratory failure and the need for higher level of oxygen support and mechanical ventilation than those with simple
viral infection (p <0.05). The incidence of hyponatremia in neonatal community-acquired pneumonia (CAP) was high.

Conclusions: RSV and PIV3 were the leading causes of neonatal viral CAP. PIV3 infection is the main cause of viral
CAP in preterm infants, and these individuals are more likely to be coinfected with bacteria than term infants, mainly
gram-negative bacteria. Term infants with CAP coinfected with bacteria were more likely to have greater disease
severity than those with single viral infections.
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Introduction

Pneumonia is one of the most common infectious dis-
eases in the neonatal period and accounts for 46% of
all neonatal diseases [1]. Moreover, the mortality rate
of pneumonia is 1.2%, which ranks highest among all
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neonatal infectious diseases; thus, pneumonia is a seri-
ous problem that threatens the health of newborns [2].
The main pathogens of neonatal pneumonia are bacte-
ria, viruses, and fungi [3]. In recent years, many studies
of bacterial pneumonia in neonates have been published
[4], but information on viral pneumonia in neonates is
limited. Many viruses can damage the airway epithelial
layer, thus increasing the likelihood of both adherence to
the respiratory tract and bacterial translocation, two of
the critical first steps in causing infection [5]. Viruses can
also lead to dysfunction of the immune system, thereby
promoting bacterial infection [6]. We retrospectively
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analysed all preterm and term neonates with community-
acquired viral pneumonia over a 5-year period to study
the aetiology and clinical features of these infants.

Materials and methods

Patients

The present study was a retrospective analysis of new-
born patients with community-acquired viral pneu-
monia. The general clinical data, clinical signs and
symptoms, auxiliary examination results, complications
and prognoses were collected and analysed from the hos-
pital medical records system.

The inclusion criteria were as follows: the patients were
hospitalized in the Neonatal Department of Children’s
Hospital of Soochow University (Suzhou, China) between
January 2017 and December 2021 and were diagnosed
with community-acquired pneumonia (CAP); and the
aetiology of these cases must be positive for respiratory
syncytial virus (RSV), adenovirus, influenza virus (Inf) A,
Inf B, or parainfluenza virus (PIV1, PIV2, and PIV3).

The exclusion criteria were as follows: patients with
incomplete clinical data and severe basic diseases, such
as congenital heart disease, congenital immunodeficien-
cies and incomplete medical data [7, 8].

Diagnostic criteria and data collection

CAP refers to clinical signs and symptoms of pneumonia
acquired outside a hospital setting [9] and is diagnosed
based on clinical findings (fever, cough, and difficulty
in breathing), physical examination findings (tachyp-
noea, chest retraction, and decreased breath sounds or
rales), and radiological findings [10]. Chest radiographs
were evaluated by a radiologist trained in reading and
interpreting radiographs according to the World Health
Organization’s (WHO) guidelines [11]. Respiratory
failure is defined as the failure to maintain either nor-
mal delivery of oxygen to the tissues or normal removal
of carbon dioxide from the tissues. Respiratory failure
occurs when there is an imbalance between the respira-
tory workload and ventilatory strength and endurance.
The suggested cutoffs for diagnosing respiratory failure
include two or more of the following: PaCO2 > 60 mmHg,
Pa02 <50 mmHg or O2 saturation<80% with an FiO2
of 1.0 and pH < 7.25 [12]. Heart failure (HF) is defined as
the failure of the heart when it supplies blood to either
systemic or pulmonary circulation at an appropriate rate
of flow, or to receive venous return at an appropriate fill-
ing pressure, but produces adverse effects on the heart,
the circulation, and the patient [13]. The diagnosis and
treatment of HF are based on Canadian Cardiovascular
Society Guidelines [13]. Pulmonary air leak syndrome
(PALS) comprises several different clinical condi-
tions, such as pulmonary interstitial emphysema (PIE),
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pneumomediastinum, pneumothorax and pneumoperi-
cardium, which all results from alveolar over distension
and air leakage outside the lungs [14]. In this study, PALS
is comprised of pneumothorax and pneumomediasti-
num. The treatment of mechanical ventilation (MV) in
this research includes invasive MV and non-invasive
ventilation (NIV), and invasive MV includes high fre-
quency oscillatory ventilation (HFOV) and conventional
mechanical ventilation (CMV).

Pathogen testing

Nasopharyngeal aspirates (NPA) were collected under
strict aseptic operations within 24 h from all hospital-
ized patients (n=375) to identify the pathogen. The
samples were divided into three subsamples for patho-
gen detection. One subsample was used to detect seven
common respiratory viruses as previously described by
direct immunofluorescence analysis, and the remaining
two subsamples were used to detect and identify bacte-
ria using bacterial culture and Mycoplasma by using PCR
analysis. The study period overlapped with coronavirus
disease 2019 (COVID-19) pandemic, COVID-19 real-
time polymerase chain reaction (RT-PCR) test was per-
formed by nasopharyngeal swab method for the infants
from March 2020 to December 2021(n7=89).

Immunofluorescence analysis for respiratory virus pathogen
detection

A total of 1-2 mL of NPA was mixed with PBS and cen-
trifuged at (400-600) x g for 15 min. Then, the super-
natant was discarded, and the remaining sample was
washed three times with PBS (5 mL). PBS (0.5 to 1 mL)
was added after centrifugation to make the cell suspen-
sion. Subsequently, seven wells (25 uL/well) were spotted
on the slide, air-dried at room temperature, and fixed in
cold acetone for 10 min. Then, 20 puL of immunofluores-
cent reagent (containing fluorescein-FITC-labelled mon-
oclonal antibody) was added to each of the wells. After
incubation at 37 °C for 30 min and rinsing 3 times with
PBS, the glycerol buffer solution was air-dried and ready
for further analysis. Seven common respiratory viruses
(including RSV, adenovirus, InfA, Inf B, PIV1, PIV2, and
PIV3) were detected by direct immunofluorescence anal-
ysis. A positive negative control is provided by the kit (D3
Ultra DFA respiratory virus screening and identification
kit, Athens, Ohio, USA). Bright yellow—green fluores-
cence and/or fluorescent spots in the nucleus/cytoplasm
were considered positive.

RT-PCR for COVID-19

Laboratory confirmation of the Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-CoV-2) RNA
was performed by RT-PCR. Briefly, according to the
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manufacturer’s instruction, we extracted the nucleic acid
from nasopharyngeal swab samples by using the Viral
Nucleic Acid Kit (Health, Ningbo, China). We also used
COVID-19 detection kits (Bioperfectus, Taizhou, China)
in detecting the ORFlab and the N genes. At the same
time, we adopted the procedure of RT-PCR assay from
the WHO protocol (2020b). A positive test was defined
as a cycle threshold value (Ct value) less than 35 and
laboratory confirmation of COVID-19 was based on the
positive results for both ORF1lab and the N genes.

Bacterial culture for bacterial detection

Bacteria were tested by inoculating NPA samples on
blood plates that were read after incubating for 18—20 h.
If bacterial growth was>10* colony forming units/mL,
it was considered significant. Morphology selection
depended on experienced clinical laboratory physicians.

PCRs for Mycoplasma

Mycoplasma pneumoniae were detected by PCR. NPA
samples were centrifuged at 12,000 x g for 5 min. DNA
was obtained from the NPA samples (200 pL) using
DNA-EZ Reagents (Sangon Biotech, Shanghai, China) in
accordance with the manufacturer’s instructions. A final
volume of 100 pL containing DNA was eluted for detec-
tion of Mycoplasma pneumoniae gene amplification via
real-time PCR.

Statistical analysis

Statistical analysis was performed using SPSS v.17.0 for
Windows (SPSS Inc., Chicago, IL). Normally distributed
data are expressed as the mean=standard deviation,
and nonnormally distributed data are expressed as the
median and interquartile range. Normally distributed
data were compared using the independent samples t
test, and nonnormally distributed data were compared
using the Kruskal-Wallis test. Categorical data are pre-
sented as numbers and percentages. The chi-square and
Fisher exact tests were used to compare categorical data.
All tests were two-tailed, and P<0.05 was considered sta-
tistically significant.

Results

Three hundred seventy-five newborns were enrolled and
retrospectively analysed in this study. No deaths were
reported. There were 248 males and 127 females. Of the
375 patients, 344 were term infants, and 31 were preterm
infants. All term infants were younger than 28 days old at
admission. The postmenstrual age (PMA) of all preterm
infants was less than 44 weeks after birth.
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Comparison of pathogens in preterm and term infants

Of the 375 community-acquired viral pneumonia cases,
140 patients were coinfected with bacteria, 3 patients
were coinfected with mycoplasma. The types of bacteria
included Staphylococcus aureus (n=42), Escherichia coli
(n=32), Klebsiella pneumoniae (n=22), Streptococcus
viridans (n=20), Moraxella catarrhalis (n=13), Aero-
bacter cloacae (n=5), Enterobacter aerogenes (n=3),
Haemophilus influenzae (n=2) and Proteus mirabilis
(n=1). All admitted infants through the pandemic were
tested negative for COVID-19.

Full-term infants were more likely to be infected with
RSV than preterm infants (p<0.001). Preterm infants
were more likely to be infected with PIV3 than term
infants (p <0.001). In addition, preterm infants were more
likely to be coinfected with bacteria than term infants
(p<0.001), especially Gram-negative bacteria (p <0.001),
such as Klebsiella pneumoniae (p <0.001) (Table 1).

In all cases of community-acquired viral pneumonia,
regardless of the viral infection, newborns with coinfec-
tion, especially bacterial infection, were more prone to
respiratory failure (43/140). The probability of respiratory
failure in children with simple virus infection (30/232)
was lower (x2=17.51, p<0.001) than in those coinfected
with bacteria (Table 2).

The distribution of virus species and monthly distribution
of respiratory virus detection

Among the 375 enrolled patients, 322 were infected with
RSV alone (85.9%), 2 were infected with both RSV and Inf
A (0.5%), 1 was infected with both RSV and PIV3 (0.3%),
35 were infected with PIV3 alone (9.3%), 10 were infected
with Inf A alone (2.7%) and 5 were infected with Inf B
alone (1.3%). No patient was infected with adenovirus,
PIV1 or PIV2. RSV infection mainly occurred in January,
February, November and December, which showed obvi-
ous seasonal prevalence. However, PIV3 infection did not
show significant seasonal prevalence (Fig. 1).

Patients infected with PIV3 were more prone

to co-infection with bacteria than those with RSV infection.
Preterm infants were more susceptible to co-infection

with bacteria than term infants

In all children with community-acquired viral pneumo-
nia, their combined bacterial infection was compared.
One child with mixed infection of RSV and PIV3 was
excluded because he had no bacterial infection. The
prevalence of RSV pneumonia complicated with bacte-
rial infection was 33.0% (107/324), and the prevalence
of PIV3 pneumonia complicated with bacterial infection
was 60% (21/35). Because the total number of children
with other types of viral (Inf A and Inf B) pneumonia
was small, statistical analysis was carried out together,



Guan et al. BMC Pediatrics (2022) 22:452 Page 4 of 10

Table 1 Comparison of pathogens in preterm and term infants

Clinical Parameters Term infants n=344 Preterm infants n=31 Pvalue

Demographic data
Sex (male, %) 224(65.1) 24(77.4) 0.166
Age at admission (median, IQR, days) 19.0(13.3-24.0) 28(26-40) <0.001
PMA (mean = std, weeks) 47£15 378+23 <0.001

Virus type
RSV (n, %) 308(89.5) 16(51.6) <0.001
PIV3(n, %) 24(7.0) 11(35.5) <0.001
Other viruses (n, %) 12(3.5) 3(9.7 0.228
RSV and PIV3 coinfection (n, %) 1(0.3) 0(0.0 0.999

Co-infection distribution
Co-infection with bacteria (total, n, %) 117(34.0) 23(74.2) <0.001
Gram positive bacteria (n, %) 56(16.3) 6(19.4) 0.659
Staphylococcus aureus (n, %) 39(11.3) 3(9.7) 0.999
Streptococcus viridans (n, %) 17(4.9) 3(9.7) 0.480
Gram negative bacteria (n, %) 61(17.7) 17(54.8) <0.001
Escherichia coli (n, %) 26(7.6) 6(19.4) 0.055
Klebsiella pneumoniae (n, %) 14(4.1) 8(25.8) <0.001
Moraxella catarrhalis (n, %) 12(3.5) 1(3.2) 0.999
Aerobacter cloacae (n, %) 5(1.5) 0(0) 0.999
Enterobacter aerogenes (n, %) 2(0.6) 1(3.2) 0.596
Haemophilus influenzae (n, %) 2(0.6) 0(0) 0.999
Proteus mirabilis (n, %) 0(0) 1(3.2) 0.129
Mycoplasma (n, %) 2(0.6) 1 0.59

PMA postmenstrual age, RSV respiratory syncytial virus, PIV parainfluenza virus

and the prevalence of combined bacterial infection was
80% (12/15). Statistical analysis showed that patients
infected with PIV3 and other viruses were more likely to
be coinfected with bacteria than patients infected with
RSV (p<0.05). Among RSV-infected patients, preterm
infants were more likely to be complicated (p <0.01) with
bacterial infection than term infants. The same trend was
found in PIV 3-infected infants (p < 0.05) (Fig. 2).

Clinical characteristics of coinfected with bacteria in term
infants and premature infants with viral pneumonia

Of the 375 patients with community-acquired viral pneu-
monia, two cases of coinfection with mycoplasma in term
infants and one case of coinfection with mycoplasma in
preterm infants were excluded from the analysis. There-
fore, the clinical features of coinfection with bacteria
among term infants (342 cases) and premature infants (30
cases) with viral pneumonia are summarized in Table 2.
The percentage of coinfection with bacteria was different
between term and preterm infants (p <0.05). There were
117 term infants coinfected with bacteria (117/342), and
there were 23 preterm infants coinfected with bacteria

(23/30). Our results suggested that premature infants are
more likely to be complicated with bacterial infection.

For laboratory tests, the white blood cell (WBC) count
was not affected by coinfection with bacteria in term or
preterm infants. The proportion of neutrophils to WBCs
was not different between term infants with coinfection
with bacteria and those with simple virus infection. How-
ever, in preterm infants, the prevalence of neutrophils to
WBCs was different between those with coinfection with
bacteria and those with simple virus infection. The level
of C-reactive protein (CRP) in term infants was different
between those with coinfection with bacteria and those
with simple virus infection. The level of CRP was not
affected in preterm infants with co-infection with bacte-
ria and those with simple virus infection.

In the term infant group, children with bacterial infec-
tion are more likely to have fever and cyanosis symptoms
than children with simple virus infection. The three con-
cave signs are more obvious among term infants with
bacterial infection, their CRP values are higher (p <0.01),
they are more likely to be complicated with respiratory
failure, and they are more likely to need oxygen support
and mechanical ventilation treatment, including inva-
sive and non-invasive mechanical ventilation. The signs
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Table 2 Comparison of clinical characteristics of term infants and premature infants with viral pneumonia based on coinfection with

bacteria
Clinical Parameters Term infants (n=342) Preterm infants (n =30)
Co-infection with Simple virus Pvalue Co-infection with Simple virusinfection(n=7) P value
bacteria(n=117) infection(n=225) bacteria(n =23)
Demographic data
Gestational age (mean +std, 392414 3894+1.2 0.058 325424 31.7£20 0441
weeks)
Sex (male, %) 74(63.2) 148(65.8) 0.642 18(78.3) 6(85.7) 0.999
Birth weight (mean +std, g) 3279+£409 3295+359 0.709 1911 £421 1890 £ 445 0.908
Age at admission (median, 20(13-24) 19(13.5-24) 0579 28(25-36) 31(26-60) 0.631
IQR, days)
PMA (mean =+ std, weeks) _ _ _ 378424 379422 0.965
Clinical symptoms
Fever (n, %) 32(27.4) 30(13.3) 0.001 2(8.7) 1(14.3) 0.999
Cough (n, %) 112(95.7) 223(99.1) 0.090 23(100) 7(100) 0.999
Apnoea (n, %) 7(6.0) 8(3.6) 0.298 9(39.1) 1(14.3) 0372
Cyanosis (n, %) 18(15.4) 9(4.0) <0.001 10(43.5) 2(28.6) 0.669
Tachypnoea (n, %) 74(63.2) 125(55.6) 0.171 19(82.6) 6(85.7) 0.999
Refusal to feed (n, %) 23(19.7) 56(24.9) 0.276 9(39.1) 2(28.6) 0.999
Vomit/diarrhoea (n, %) 4(3.4) 20(8.9) 0.060 4(17.4) 2(28.6) 0.603
Physical examination
Moist rales (n, %) 68(58.1) 155(68.9) 0.047 21091.3) 4(57.1) 0.068
Wheezing rales (n, %) 36(30.8) 68(30.2) 0917 9(39.) 0(0) 0.071
Three concave sign (n, %) 60(51.3) 59(26.2) <0.001 12(52.2) 6(85.7) 0.193
Laboratory tests
WBC (mean = std, x 10%/L) 8.88+£3.02 857+2.75 0.327 11.24£4.75 9.38+3.29 0.344
Proportion of neutrophils to 26.70(19.20-34.45) 26.70(20.80-33.60) 0.617 26.00(22.60-31.40) 55.70(28.90-63.80) 0.001
WBC (median, IQR, %)
CRP (median, IOR, mg/L) 2.49(0.77-6.95) 0.38(0.08-1.33) <0.001 1.59(0.52-9.87) 1.11(0.05-5.33) 0311
Complication
Respiratory failure (n, %) 31(26.5) 25(11.1) <0.001 12(52.2) 5(71.4) 0427
Supplemental oxygen (n, %)  29(24.8) 30(13.3) 0.008 9(39.1) 3(42.9) 0.999
MV (n, %) 4(34) 0(0) 0.024 5(21.7) 2(28.6) 0.999
HFOV (n, %) 1(0.9) 0(0) 0.342 0(0) 0(0) —
CMV (n, %) 0(0) 0(0) 2(8.7) 1(14.3) 0.999
NIV (n, %) 3(2.6) 0(0) 0.072 3(13.0) 1(14.3) 0.999
HF (n, %) 6(5.1) 3(1.3) 0.085 3(13.0) 2(28.6) 0.565
Diuretic agents (n, %) 6(5.1) 3(1.3) 0.085 3(13.0) 2(28.6) 0.565
Inotropic agents (n, %) 6(5.1) 3(1.3) 0.085 3(13.0) 2(28.6) 0.565
Vasodilator agents (n, %) 5(4.3) 2(0.9) 0.090 3(13.0) 1(14.3) 0.999
PALS (n, %) 3(2.6) 3(1.3) 0.698 2(8.7) 0(0) 0.999
Pneumothorax (n, %) 3(2.6) 2(0.9) 0453 2(8.7) 0(0) 0.999
Pneumomediastinum (n, %) 2(1.7) 1(04) 0.563 0(0) 0(0) _
Hyponatremia (n, %) 35(29.9) 63(28.0) 0.710 14(60.9) 4(57.1) 0.999
Duration of hospital stay 11(9-13) 11(9-13) 0.692 22.13+£11.01 12864720 0.046

(median, IQR, days)

PMA postmenstrual age, CRP C-reactive protein, WBC white blood cell, MV mechanical ventilation, HFOV invasive high frequency oscillatory ventilation, CMV invasive
conventional mechanical ventilation, NIV non-invasive ventilation, HF heart failure, PALS pulmonary air leak syndrome
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Fig. 2 The proportion of coinfection with bacteria of different viruses in preterm and term infants

of pulmonary moist rales in children with simple virus In the preterm infant group, the hospitalization time
infection were significantly more common than those in  of infants with bacterial infection was longer than that
children with bacterial infection. of infants with simple virus infection, and the prevalence
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of neutrophils to WBC was lower (p <0.014) than that of
infants with simple virus infection.

Discussion

Neonatal immune dysfunction, as well as neonatal lung
development, is not fully developed and vulnerable to
the invasion of external pathogens [15]. Pathogens can
be transmitted to newborns through droplets and con-
tact [16]. Because of the complexity of the community
environment and the variation in regions and seasons,
the distribution of pathogens also differs. In addition, the
incidence of disease increases rapidly, which is the focus
of current research [17].

In our study, the peak incidence of RSV pneumonia
occurred during the winter and early spring. Similar
results were reported in our previous study with a sub-
tropical climate [18, 19], and the peak of RSV activity was
in the winter and spring seasons [19].

In Suzhou, China, the infection rate of COVID-19
was low, epidemic data is obtained from the Sina Real-
Time Epidemic website (https://news.sina.cn/zt_d/yiqin
g0121) [20]. We had tested hospitalized children for
SARS-CoV-2 and there were no positive cases during
study period. The current research showed that RSV and
PIV3 were the major viral pathogens in neonatal com-
munity-acquired viral pneumonia, especially RSV. Few
patients were infected with InfA or InfB. RSV was the
main virus in term newborns. PIV3 was the main virus
in preterm infants. Unfortunately, there are currently no
vaccines available against pathogens (RSV, PIVs, influ-
enza virus) for infants under 6 months of age [21]. In
newborns, especially in preterm infants, palivizumab is
the only licenced treatment to help reduce the burden
of RSV [22]. Unfortunately, palivizumab use is limited in
the Suzhou area. Additionally, Preterm infants are more
likely to co-infect with bacteria than term infants, espe-
cially gram-negative bacteria, such as Klebsiella pneu-
moniae. Therefore, in clinical work, we can preliminarily
distinguish potential pathogens for newborns with CAP
based on whether they are preterm or term infants and
thus select the targeted treatment schemes.

In the present study, patients with PIV3 infection were
more likely to be infected with bacteria than patients with
RSV infection (60.0% vs. 33.0%). Additionally, patients
with other virus (InfA, InfB) infections were more likely
to be infected with bacteria than patients with RSV infec-
tions (80.0% vs. 33.0%). Among RSV-infected patients,
preterm infants were more likely to be complicated with
bacterial infection than term infants, and the same trend
was found in PIV3-infected infants. This result suggested
that preterm infants are more susceptible to coinfection
with bacteria than term infants. Therefore, in the clinic,
when treating patients with PIV3 and other virus (InfA,
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InfB) infections or preterm infants, we should be alert to
the possibility of combined bacterial infection and relax
the indications for the use of antibiotics on the basis of
support and symptomatic treatment. For patients with
RSV infection, antibiotics should be used as soon as a
concurrent bacterial infection is detected.

Not everyone with neonatal viral pneumonia will have
prodromal symptoms, as the incidence of these symp-
toms usually varies between 30 and 65% depending on
the pathogen [23]. In this study, patients with mild infec-
tions only showed symptoms of mild cough and low fever,
while patients with severe infections had serious cough,
high fever, apnoea, cyanosis, tachypnoea, refusal to feed,
vomit or diarrhoea, three concave signs, increased moist
rales, wheezing in the lungs, and complications with res-
piratory failure, HF and PALS.

This study also showed that preterm infants are more
susceptible to coinfection, especially for bacteria, which
is related to the lower immune function of preterm
infants than that of term infants [24, 25]. The trachea of
premature infants is narrow, and the wall of the trachea
easily collapses. The abundant capillaries and weak cili-
ary movement function provide a good environment for
the attachment and reproduction of pathogenic bacteria
[26]. Because the immune system of premature infants
is not fully developed, their immune function is low
[27, 28]. Neonatal immune function, especially that of
the local airway, is also underdeveloped with lower lev-
els of secretory IgA, which serves an anti-infectious role
[29]. Foetal immunoglobulins are mostly transmitted
from the mother, but this physiological process mainly
occurs in the middle and late stages of pregnancy. The
IgG level of full-term newborns can reach the maternal
level [30]. Respiratory virus infection is often accompa-
nied by bacterial infection [31]. Because the humoral and
cellular immunity of premature infants at small gesta-
tional age are at a low level [24], the damaged respiratory
mucosa and inhibited immune function by respiratory
viruses induce the risk of bacterial infection. Therefore,
newborns are more easily infected by a variety of path-
ogens. Therefore, targeted measures, such as perinatal
detection and health care, should be taken to reduce the
birth of premature infants. When pneumonia occurs in
premature infants, corresponding treatment measures,
including respiratory support, immune support, enteral
nutrition, parenteral nutrition support and sodium sup-
plements, should be actively adopted.

Hyponatremia is relatively common in pneumonia,
with one large Italian series reporting a rate of 45% [32].
In our study, the overall incidence of hyponatremia was
30.9% (116/375); however, hyponatremia was mild in
the majority of cases, from 130 mmol/l to 135 mmol/L
Studies in developing countries have shown this to be
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associated with increasing severity of pneumonia and
risk of death. Factors increasing the risk of dehydration
and potentially hyponatremia include reduced nutrient/
water intake and increased evaporative losses as a result
of both increased respiratory rate and increased core
temperature. Sometimes it may be a result of additional
losses from vomiting and diarrhoea. Pneumonia is widely
cited as a potential cause of syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH) [33], but
no studies have examined the biochemistry and patho-
physiology of hyponatremia in children with pneumonia
with sufficient rigor to be able to differentiate adequately
between SIADH and salt depletion; therefore, hypona-
tremia has frequently been ascribed to SIADH. Some
scholars suspect that hyponatremia principally occurs
secondarily to dehydration in most children considered
to have SIADH. This has major implications for acute
patient management, as SIADH is managed with fluid
restriction, and dehydration clearly requires rapid vol-
ume replacement. Further studies are urgently required
to address this question in the future.

In all patients involved in this study, the main patho-
gens that were co-infected were Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae and Streptococ-
cus viridans, which was similar to other reports [34]. In
addition, this article also found that in term infants with
concurrent bacterial infections, the symptoms are more
severe and more likely to have respiratory failure. Some
of these patients require not only oxygen support but
also NIV or invasive MV. Therefore, term infants with
viral and bacterial infections are more severe than those
with pure viral infections [35, 36], and more attention
should be devoted to respiratory management [37, 38]
and supportive care. Once the results of NPA culture are
confirmed (before those of drug sensitivity testing are
clear), appropriate antibiotics for common bacteria can
be empirically selected. After the report of bacterial drug
sensitivity tests, the type of antibiotics should be adjusted
according to the treatment effect.

Neutrophils play an important and active role in the
body’s nonspecific immunity. In the present study, the
total number of leukocytes in preterm infants com-
bined with bacterial infection was numerically higher
than that in preterm patients with simple virus infection;
although the difference was not statistically significant,
the prevalence of neutrophils to WBC was lower than
that in patients with simple virus infection (p <0.05). The
hospital stay in preterm infants with bacterial infection
is also longer than that in preterm patients with sim-
ple virus infection. When bacteria and other microbial
pathogens invade and inflammatory reactions occur, they
can reach the inflammatory site under the influence of
chemokines, devour bacteria and tissue fragments, and
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prevent the diffusion of pathogenic microorganisms in
the body [39]. When the inflammatory reaction is strong,
a large number of neutrophils stored in bone marrow
are released into the blood, and the level of neutrophils
increases. However, neutrophils were depleted in bone
marrow when the infection was very serious, resulting in
a decrease in neutrophil expression levels [40]. Therefore,
when the prevalence of neutrophils to WBC is reduced
in preterm infants, the risk of bacterial infection may
increase, resulting in a prolonged hospital stay.

Conclusion

RSV and PIV3 are the main pathogens of neonatal viral
pneumonia. It is necessary to consider the possibility of
RSV infection in neonates with viral CAP in winter and
early spring. In PIV3-infected newborns and premature
infants, we should be alert to the possibility of com-
bined bacterial infection. Preterm infants are more prone
to PIV3 infection and coinfection with bacteria. Term
infants are more prone to be infected with RSV. Term
infants with bacterial infection are more prone to res-
piratory failure than simple virus infection. Patients with
respiratory failure should be closely monitored and sup-
ported in a timely manner by inhaling oxygen and ven-
tilation. When the prevalence of neutrophils to WBCs
in preterm infants is reduced, it is easily complicated by
bacterial infection. Additionally, hyponatremia cannot be
ignored in children with pneumonia.

However, this study also has some shortcomings: the
number of patients involved, especially preterm infants,
was small. In the future, we will conduct more joint
research with hospitals and communities in multiple
regions. We will expand the inclusion criteria and include
some children with insignificant performance in the
study.

Abbreviations

NPA: Nasopharyngeal aspirates; CAP: Community-acquired pneumonia; RSV:
Respiratory syncytial virus; PIV: Parainfluenza virus; Inf: Influenza virus; CRP:
C-reactive protein; WHO: World Health Organization; PMA: Postmenstrual age;
SIADH: Syndrome of inappropriate antidiuretic hormone secretion; RT-PCR:
Real-time polymerase chain reaction; SARS-CoV-2: Severe Acute Respiratory
Syndrome Coronavirus 2; COVID-19: Coronavirus disease 2019; HF: Heart
failure; PALS: pulmonary air leak syndrome; PIE: Pulmonary interstitial emphy-
sema; MV: Mechanical ventilation; HFOV: High frequency oscillatory ventila-
tion; CMV: Conventional mechanical ventilation; NIV: Non-invasive ventilation.

Acknowledgements
This work was supported by Jiangsu maternal and child health research
project [Shenglin Yu, grant number F202021].

Authors’ contributions

Xinxian Guan and Shasha Gao wrote the main manuscript text and analysed
the data. He Zhao and Huiting Zhou collected laboratory data and prepared
Figs. 1 and 2.Yan Yang collected clinical data and prepared Tables 1 and 2.
Shenglin Yu and Jian Wang have made substantial contributions to the con-
ception and design. All authors reviewed the manuscript. All authors read and
approved the final manuscript.



Guan et al. BMC Pediatrics (2022) 22:452

Funding
Financial support for this study was provided by the Foundation of Jiangsu
Province Health Committee (F202021).

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to the datasets need to be kept confidential, but they
are available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were
carried out in accordance with the Committee on Publication Ethics and the
International Committee of Medical Journal Editors. This study was approved
by the Ethics Committee of Children’s Hospital of Soochow University (under
number 2020CS004). The study was retrospective, and the data were anony-
mous, so the requirement for informed consent was waived by the Ethics
Committee of Children’s Hospital of Soochow University.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no conflicts of interest.

Received: 31 March 2022 Accepted: 18 July 2022
Published online: 27 July 2022

References

1. Malarbi S, Gunn-Charlton JK, Burnett AC, Prentice TM, Williams A, Mitchell
P, Wray A, Hunt RW. Outcome of vein of Galen malformation presenting
in the neonatal period. Arch Dis Child. 2019;104(11):1064-9.

2. Backhaus E, Berg S, Andersson R, Ockborn G, Malmstrom P, Dahl M, Nasic
S, Trollfors B. Epidemiology of invasive pneumococcal infections: manifes-
tations, incidence and case fatality rate correlated to age, gender and risk
factors. BMC Infect Dis. 2016;16:367.

3. Zhang DS, Chen C, Zhou W, Chen J, Mu DZ. Pathogens and risk factors
for ventilator-associated pneumonia in neonats. Chin J Contemp Pediatr.
2013;15(1):14-8.

4. Viasus D, Ramos O, Ramos L, Simonetti AF, Carratala J. Solithromycin for
the treatment of community-acquired bacterial pneumonia. Expert Rev
Respir Med. 2017;11(1):5-12.

5. Cawcutt K, Kalil AC. Pneumonia with bacterial and viral coinfection. Curr
Opin Crit Care. 2017;23(5):385-90.

6. Deng JC. Viral-bacterial interactions-therapeutic implications. Influenza
Other Respir Viruses. 2013;7(Suppl 3):24-35.

7. Breese C,Weinberg GA, Blumkin AK, Edwards KM, Staat MA, Schultz AF,
Poehling KA, Szilagyi PG, Griffin MR, Williams JV, et al. Respiratory Syncytial
Virus-Associated Hospitalizations Among Children Less Than 24 Months
of Age. Pediatrics. 2013;132(2):E341-8.

8. Mori M, MorioT, Ito S, Morimoto A, Ota S, Mizuta K, Iwata T, Hara T, Saji
T. Risks and prevention of severe RS virus infection among children
with immunodeficiency and Down’s syndrome. J Infect Chemother.
2014;20(7-8):455-9.

9. Temel MT, Demiryurek S, Temel L, Saracaloglu A, Eke N, Baysalman E,
Mammadov A, Coskun ME, Demiryurek AT. Dynamic thiol/disulfide
homeostasis in children with community-acquired pneumonia. Pediatr
Int. 2019,61(3):252-7.

10. Neuman MI, Monuteaux MC, Scully KJ, Bachur RG. Prediction of pneumo-
nia in a pediatric emergency department. Pediatrics. 2011;128(2):246-53.

11. Azab SF, Sherief LM, Saleh SH, Elsaeed WF, Elshafie MA, Abdelsalam SM.
Impact of the socioeconomic status on the severity and outcome of
community-acquired pneumonia among Egyptian children: a cohort
study. Infect Dis Poverty. 2014;3:14.

12. Wen SW, Smith G, Yang Q, Walker M. Epidemiology of preterm birth and
neonatal outcome. Semin Fetal Neonatal Med. 2004;9(6):429-35.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 9 of 10

. Kantor PF, Lougheed J, Dancea A, McGillion M, Barbosa N, Chan C,

Dillenburg R, Atallah J, Buchholz H, Chant-Gambacort C, et al. Pres-
entation, diagnosis, and medical management of heart failure in
children: Canadian Cardiovascular Society guidelines. Can J Cardiol.
2013;29(12):1535-52.

. Markovic-Sovtic G, Nikolic T, Sovtic A, Martic JM, Rakonjac Z. Pulmonary

air leak syndrome in term and late preterm neonates. Srp Ark Celok Lek.
2019;147(9-10):578-82.

. Sow FB, Gallup JM, Meyerholz DK, Ackermann MR. Gene profiling stud-

ies in the neonatal ovine lung show enhancing effects of VEGF on the
immune response. Dev Comp Immunol. 2009;33(6):761-71.

. Mawdsley JL, Bardgett RD, Merry RJ, Pain BF, Theodorou MK. Pathogens in

livestock waste, their potential for movement through soil and environ-
mental pollution. Appl Soil Ecol. 1995;2(1):1-15.

. George EK, Mearin ML, Franken HC, Houwen RH, Hirasing RA, Vandenb-

roucke JP. Twenty years of childhood coeliac disease in The Netherlands:
a rapidly increasing incidence? Gut. 1997,40(1):61-6.

. Chen Z, ZhuY,Wang Y, Zhou W, YanY, Zhu C, Zhang X, Sun H, JiW.

Association of meteorological factors with childhood viral acute respira-
tory infections in subtropical China: an analysis over 11 years. Arch Virol.
2014;159(4):631-9.

. LuL,YanY,Yang B, Xiao Z, Feng X, Wang Y, Ji W, Mize M, Hao C, Chen Z.

Epidemiological and clinical profiles of respiratory syncytial virus infection
in hospitalized neonates in Suzhou. China BMC Infect Dis. 2015;15:431.
Zhao Z, Zhou Y, Li W, Fan X, Huang Q, Tang Z, Li H, Wang J, Li J, Wu J.
Discussion on China’s anti-epidemic response based on the Protocol

on Prevention and Control of Coronavirus Disease 2019 from Chinese
Authority. Int J Health Plann Manage. 2022;37(3):1205-20.

Crofts KF, Alexander-Miller MA. Challenges for the Newborn Immune
Response to Respiratory Virus Infection and Vaccination. Vaccines (Basel).
2020;8(4):558.

Luna MS, Manzoni P, Paes B, Baraldi E, Cossey V, Kugelman A, Chawla R,
Dotta A, Fernandez RR, Resch B, et al. Expert consensus on palivizumab
use for respiratory syncytial virus in developed countries. Paediatr Respir
Rev. 2020;33:35-44.

Sanz F, Restrepo M, Fernandez-Fabrellas E, Cervera A, Briones ML, Novella
L, Aguar MC, Chiner E, Fernandez JF, Blanquer J. Does prolonged onset
of symptoms have a prognostic significance in community-acquired
pneumonia? Respirology. 2014;19(7):1073-9.

Ricci D, Romeo DM, Serrao F, Gallini F, Leone D, Longo M, Albamonte

E, Romeo MG, Mazzone D, Romagnoli C, et al. Early assessment of

visual function in preterm infants: How early is early? Early Human Dev.
2010;86(1):29-33.

Hentati N, Thabet AB, Bouraoui A, Ammous D, Gargouri A. PO-0689
Assessment Of Visual Function In Preterm Infants: Comparative Study
About 68 Cases. Arch Dis Child. 2014;99(Suppl 2):A479-A479.

Collins A, Weitkamp JH, Wynn JL. Why are preterm newborns at increased
risk of infection? Arch Dis Child Fetal Neonatal Ed. 2018;103(4):F391-4.
Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, Plavka R, Saugstad
OD, Simeoni U, Speer CP, Vento M, et al. European Consensus Guidelines
on the Management of Respiratory Distress Syndrome - 2016 Update.
Neonatology. 2017;111(2):107-25.

Rincon JC, Cuenca AL, Raymond SL, Mathias B, Nacionales DC, Ungaro R,
Efron PA, Wynn JL, Moldawer LL, Larson SD. Adjuvant pretreatment with
alum protects neonatal mice in sepsis through myeloid cell activation.
Clin Exp Immunol. 2018;191(3):268-78.

He L, Yang L, Zhang H, Luo Q. Efficacy and safety of interferon on
neonates with respiratory syncytial virus pneumonia. Exp Ther Med.
2020;20(6):220.

Pou C, Nkulikiyimfura D, Henckel E, Olin A, Lakshmikanth T, Mikes J, Wang
J,Chen, Bernhardsson AK, Gustafsson A, et al. The repertoire of maternal
anti-viral antibodies in human newborns. Nat Med. 2019;25(4):591-6.
Peltola VT, McCullers JA. Respiratory viruses predisposing to bacte-

rial infections: role of neuraminidase. Pediatr Infect Dis J. 2004;23(1
Suppl):S87-97.

Don M, Valerio G, Canciani M, Korppi M. Hyponatremia in radiologically
confirmed pediatric community-acquired pneumonia. Pediatr Emerg
Care. 2014;30(1):76.

Don M, Valerio G, Korppi M, Canciani M. Hyponatremia in pediatric
community-acquired pneumonia. Pediatr Nephrol. 2008;23(12):2247-53.



Guan et al. BMC Pediatrics

34.

35.

36.

37.

38.

39.

40.

(2022) 22:452

Stanley 1J, Kajumbula H, Bazira J, Kansiime C, Rwego B, Asiimwe BB.
Multidrug resistance among Escherichia coli and Klebsiella pneumoniae
carried in the gut of out-patients from pastoralist communities of Kasese
district, Uganda. PLoS ONE. 2018;13(7): €0200093.

Volakli E, Spies C, Michalopoulos A, Groeneveld AB, SakrY, Vincent JL.
Infections of respiratory or abdominal origin in ICU patients: what are the
differences? Crit Care. 2010;14(2):R32.

Koga M, Takahashi T, Kawai M, Fujihara K, Kanda T. A serological analysis
of viral and bacterial infections associated with neuromyelitis optica. J
Neurol Sci. 2011;300(1-2):19-22.

Orimoloye OA, Kambhampati S, Hicks AJ 3rd, Al Rifai M, Silverman MG,
Whelton S, Qureshi W, Ehrman JK, Keteyian SJ, Brawner CA, et al. Higher
cardiorespiratory fitness predicts long-term survival in patients with heart
failure and preserved ejection fraction: the Henry Ford Exercise Testing
(FIT) Project. Arch Med Sci. 2019;15(2):350-8.

Shook BC, Lin K. Recent Advances in Developing Antiviral Therapies for
Respiratory Syncytial Virus. Top Curr Chem (Cham). 2017,375(2):40.

Stella SL, Velasco-Acosta DA, Skenandore C, Zhou Z, Steelman A, Luchini
D, Cardoso FC. Improved uterine immune mediators in Holstein cows
supplemented with rumen-protected methionine and discovery of
neutrophil extracellular traps (NET). Theriogenology. 2018;114:116-25.
QiaoY, Liang X, YanY, Lu Y, Zhang D, Yao W, Wu W, Yan Z. Identification

of Exosomal miRNAs in Rats With Pulmonary Neutrophilic Inflammation
Induced by Zinc Oxide Nanoparticles. Front Physiol. 2018,9:217.

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

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Clinical characteristics of hospitalized term and preterm infants with community-acquired viral pneumonia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patients
	Diagnostic criteria and data collection
	Pathogen testing
	Immunofluorescence analysis for respiratory virus pathogen detection
	RT-PCR for COVID-19
	Bacterial culture for bacterial detection
	PCRs for Mycoplasma

	Statistical analysis

	Results
	Comparison of pathogens in preterm and term infants
	The distribution of virus species and monthly distribution of respiratory virus detection
	Patients infected with PIV3 were more prone to co-infection with bacteria than those with RSV infection. Preterm infants were more susceptible to co-infection with bacteria than term infants
	Clinical characteristics of coinfected with bacteria in term infants and premature infants with viral pneumonia

	Discussion
	Conclusion
	Acknowledgements
	References


