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Abstract. Respiratory syncytial virus (RSV) pneumonia is a 
leading cause of hospitalization and mortality among neonates 
worldwide, and there are currently no specific clinical 
treatments for RSV infection. Interferons  (IFNs) possess 
broad‑spectrum antiviral properties, and the present study 
aimed to evaluate the efficacy and safety of IFN‑α1b for the 
treatment of neonatal RSV pneumonia. Neonates with RSV 
pneumonia were divided into the treatment (126 neonates) 
and control (160 neonates) groups, the former of which were 
treated with IFN. Aside from IFN administration, both groups 
received the same routine treatments. There were no significant 
differences in patient characteristics between the two groups. 
All neonates in the two groups displayed symptoms such as a 
cough (93.0%), tachypnea (90.1%), perilabial cyanosis (67.8%), 
choking on milk (62.9%) and moist rales (58.4%), and no 
significant differences in the occurrence of these symptoms 
were observed between the groups (P>0.05). The percentage 
of cases with bacterial co‑infection was 66.8%  (191/286), 
and the bacterial species in the spectrum primarily included 
Escherichia  coli (21.5%), Klebsiella  pneumonia  (20.4%), 
Staphylococcus  aureus (17.2%), Acihetobacter  baumanii 
(13.1%) and Pseudomonas aeruginosa  (9.9%). There were 
no significant differences in the co‑infection rate or bacte‑
rial spectrum between the two groups. The remission time 
of cough, tachypnea, choking on milk, perilabial cyanosis, 
moist rales and oxygen inhalation in the treatment group was 
significantly lower compared with the control group (P<0.05). 
Although the hospitalization time in the treatment group was 
shorter compared with the control group, the difference was 
not significant. There were two patients in the treatment group 

that developed fever within 2‑6 h after receiving IFN‑α1b, 
though no other adverse effects were observed. In conclusion, 
IFN‑α1b treatment improved the symptoms associated with 
neonatal RSV pneumonia with minimal adverse effects.

Introduction

Respiratory syncytial virus (RSV) is one of the most common 
causative pathogens of infant respiratory tract infection 
worldwide (1,2), and RSV pneumonia is a leading cause of 
hospitalization and mortality among neonates  (3,4). RSV 
is a segmented, negative‑sense, single‑stranded RNA virus 
belonging to the family Paramyxoviridae (genus, Pneumovirus). 
The RSV genome encodes 11 proteins, among which the trans‑
membrane proteins G and F are the primary determinants of 
pathogenicity (5,6). Protective antibodies and cellular immu‑
nity are induced against these two proteins, promoting T helper 
(Th)1/Th2 imbalance and the release of a series of cytokines, 
such as interferon (INF)‑γ, interleukin (IL)‑4, IL‑5 and IL‑13, 
which ultimately results in immunopathological injury of 
the lower respiratory tract (7‑10). RSV can also stimulate the 
production of asthma‑associated factors, enhance allergen 
sensitization and induce Th1 and Th2 reactions, which may 
result in the development of asthma (11,12). RSV is primarily 
transmitted via air‑borne droplets, but also via indirect contact 
with contaminated respiratory secretions from children with 
RSV. RSV‑associated pathological changes include congestion 
and edema of the nasal and pharyngeal mucosa, necrosis and 
exfoliation of the bronchial mucosa, degeneration of alveolar 
epithelial cells, and necrosis and atrophy of the alveoli (7). 
Infants and young children are susceptible to RSV, though 
neonates are susceptible to more severe infections (3,13). The 
neonatal airway is not fully developed, with a narrow internal 
diameter, poor elastic support and increased mucus secretion 
following inflammation, making it more easily blocked than 
that of older children (7,14,15). In addition, neonatal immune 
function, and especially that of the local airway, is also under‑
developed with lower levels of secretory IgA, which serve an 
anti‑infectious role (16). Maternally transmitted antibodies can 
effectively protect neonates from RSV infection but the degree 
of protection is directly associated with the RSV antibody 
titer of the mother (17). Moreover, immune complexes formed 
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with RSV and maternally transmitted antibodies deposit in 
the lungs causing airway inflammation and hyperresponsive‑
ness (18), which may increase susceptible to RSV infection in 
the neonatal period.

Compared with older children, the neonatal symptoms 
of RSV pneumonia are more serious and often atypical, 
with prominent manifestations including a cough, choking 
on milk, spitting and tachypnea (19). Currently, there are no 
specific clinical treatments for RSV infection, and symptom‑
atic supportive treatments are still the primary therapeutic 
methods for neonates with RSV pneumonia. These include 
oxygen inhalation, atomization and keeping the respira‑
tory tract unobstructed. Moreover, the American Academy 
of Pediatrics and the National Institute for Health and Care 
Excellence guidelines agree on supportive management only, 
which consists of respiratory support and hydration (20‑22). 
Ribavirin, which is a commonly used antiviral drug, selec‑
tively inhibits RSV, though its efficacy is controversial (23,24). 
A previous study used ribavirin and a placebo to conduct a 
prospective, double‑blind controlled trial on 83 infants with 
RSV pneumonia (25). The clinical indicators of the treatment 
group, including hospitalization time, oxygen inhalation and 
mechanical ventilation time, were not significantly different 
compared with those of the control group (25). Therefore, 
ribavirin is not currently recommended for routine clinical 
use. Palivizumab is the only prophylactic treatment available 
for RSV, but is not used to treat acute infection (7,26). In 1957, 
Alick Isaacs discovered IFN, which was confirmed to exhibit 
broad‑spectrum antiviral effects (27). Following viral infec‑
tion in vivo, the levels of IFN tend to increase (28). IFN binds 
to specific receptors and activates antiviral protein genes, 
which results in the generation of antiviral proteins that inhibit 
viral replication and prevent the spread of inflammation (28). 
IFN can also promote the phagocytic and antigen‑presenting 
functions of alveolar macrophages, and increase the secre‑
tion of inflammatory cytokines in the alveoli, enhancing the 
immune response and promoting viral inhibition and clear‑
ance (29). Previous studies have confirmed the role of IFN in 
RSV pneumonia (30,31), and some practitioners in China have 
used IFN to treat RSV pneumonia, though efficacy and safety 
data for its use remains limited. In order to provide a clinical 
basis for the use of IFN in infants with RSV pneumonia, the 
efficacy and safety of IFN were retrospectively analyzed in the 
present study.

Materials and methods

The present study is a retrospective analysis approved by the 
Ethics Committee of Children's Hospital of Chongqing Medical 
University. Neonates with RSV pneumonia were divided into 
two groups according to the use of IFN therapy, and all other 
routine treatments remained the same during hospitaliza‑
tion. Finally, the general clinicopathological characteristics, 
clinical signs and symptoms, auxiliary examination results, as 
well as the efficacy and adverse effects of IFN treatment were 
collected and analyzed.

Inclusion criteria. The neonates were hospitalized in the 
Neonatal Diagnosis and Treatment Center of the Children's 
Hospital of Chongqing Medical University (Chongqing, China) 

between February 2011 and March 2012, and were diagnosed 
with RSV pneumonia. The diagnostic criteria for neonatal 
RSV pneumonia were as follows: i) Clinical symptoms and 
signs, such as cough, rhinorrhea, tachypnea, spitting, wheezing 
and dry or moist rales; ii) chest X‑ray manifestations, such as 
small patch shadows in both lungs, coarsening of the lung 
texture, irregular linear shadow and emphysema; iii) routine 
blood test results with normal or slightly reduced white blood 
cell counts, and a relatively elevated proportion of lympho‑
cytes; and iv) on the day of admission, a disposable sterile 
sputum suction tube was used to absorb part of the laryngeal 
secretion for examination after tracheal intubation. The direct 
immunofluorescence method was used to detect RSV‑Ag in 
the laryngeal secretion samples (32), and an RSV‑Ag‑positive 
sample was considered to be an affirmative diagnosis of RSV 
infection. Normal full‑term neonates with complete medical 
history data were 37 to 42 weeks (260 to 293 days) of age, 
weighed >2.5 kg but ≤4.0 kg, and the age at admission was 
<28 days.

Exclusion criteria. Neonates with congenital heart disease, 
congenital immunodeficiencies, bronchial and pulmonary 
dysplasia and incomplete medical data were excluded. 
Premature neonates were also excluded. A number of studies 
have reported that these are risk factors for severe RSV 
pneumonia which may affect the accuracy of the current 
study (13,33,34).

Grouping method. Neonates eligible for enrollment were 
divided into the treatment and the control groups according 
to the use of IFN. In the treatment group, IFN‑α1b (1 µg/kg; 
Beijing Tri‑Prime Gene Pharmaceutical Co., Ltd.) was intra‑
muscularly injected once a day for 3 days. The neonates in 
the control group were not administered IFN. During hospi‑
talization, both groups received warmth preservation, sputum 
aspiration, atomization with 10% saline, hydration, oxygen 
support, antibiotics for bacterial co‑infections (confirmed by 
sputum bacterial culture; Table IV) and other symptomatic 
supportive therapies (backslapping and posture changing).

Patients. All neonates were examined and treated at the 
Children's Hospital of Chongqing Medical University 
(Chongqing, China). A total of 2,381 neonates were diagnosed 
with neonatal pneumonia at the Neonatal Diagnosis and 
Treatment Center between February 2011 and March 2012, 
among which 1,196 cases received sputum examination, and 
a total of 428 cases (35.8%) were RSV‑Ag‑positive. According 
to the inclusion and exclusion criteria, 286 neonates with RSV 
pneumonia were included and 126 (69 male and 57 female 
neonates) received IFN‑α1b treatment. By contrast, 160 
neonates in the control group (87 male and 73 female patients) 
did not receive IFN treatment. Aside from IFN, all patients in 
both groups received the same routine treatments.

RSV‑Ag examination and sputum bacterial culture. Laryngeal 
secretion specimens were tested using the D3 Ultra DFA 
Respiratory Virus Screening & ID Kits (Diagnostic Hybrids, 
Inc.) in the department of clinical laboratory of the Children's 
Hospital of Chongqing Medical University, and the specimens 
were prepared in strict accordance with the manufacturer's 
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instructions. Sputum was oscillated and mixed with a oscil‑
lating mixer (NHWY‑200F, Aipu Food Industry Co., Ltd.) 
for 10‑15  sec and centrifuged (400‑600  x  g; Heraeus 
Labofuge 400R; Thermo Fisher Scientific, Inc.) for 5‑10 min 
at room temperature. The supernatant was discarded and 
the precipitate was washed three times with 5% PBS and 
centrifuged (400‑600 x g) for 5‑10 min at room temperature. 
The supernatant and mucus layer were absorbed, and the 
washing and centrifugation steps repeated until all mucus 
was completely absorbed. Subsequently, 0.5‑1 ml 5% PBS 
was added to the precipitate and a suspension was formed by 
repeated blowing and suction; the cell suspension was then 
added to an eight‑well plate (25 µl per well). The specimens 
were completely air‑dried, fixed with 100% acetone for 
5‑10 min at 20‑25˚C, and then air‑dried once more. Finally, the 
specimens were stained with the DFA reagent, which contains 
fluorescently‑labeled monoclonal antibodies against RSV 
antigen and is part of the aforementioned kit, for 15 min at 
37˚C. The results were observed by fluorescence microscopy 
(magnification, x200; Nikon TE2000‑S, Nikon Corporation). 
The nucleus and/or cytoplasm of RSV‑Ag‑positive cells were 
distinguished by green fluorescence, while the cells without 
an antigen‑antibody reaction were stained red (Fig. 1). For 
scoring, specimens with >10 cells were determined to be 
positive (+), 20‑0 cells were considered as positive (++) and 
>50 cells were considered to be positive (+++), with the cells 
being counted manually. The specimens were also cultured 
on chocolate agar plates and (Autobio Diagnostics Co., Ltd.) 
and blood agar plates (Autobio Diagnostics Co., Ltd.) at 37˚C. 
After inoculation, the specimens were placed in an incubator 
containing 3‑10% CO2 and cultured for 18‑24 h at 37±2˚C. The 
results were analyzed using a bacterial identification instru‑
ment (VITEK® 2 COMPACT; bioMérieux).

Data collection. Clinicopathological information including 
sex, age, gestational age, duration from onset to admission, 
birth weight, feeding methods and admission time were 
collected. Clinical symptoms and signs including fever, 
rhinorrhea, cough, tachypnea, perilabial cyanosis, choking on 
milk, spitting, three concave sign, wheezing, dry and moist 
rales were also assessed. Auxiliary examination results were 
collected, including those from RSV‑Ag testing, sputum 

bacterial cultures and chest X‑rays. Adverse effects after 
IFN‑α1b administration were also recorded, including fever, 
chills, tachycardia, rash, infection at the injection site, scler‑
edema and hemorrhage.

Statistical analysis. Statistical analysis was performed using 
SPSS (v23.0; IBM Corp.). The measurement data are presented 
as the mean ± standard deviation, and unpaired t‑tests were 
used to compare the means between samples. The counting 
data are presented as percentages, and the χ2 test was used 
to compare the percentages between samples. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Comparison of clinicopathological characteristics. There 
was no significant difference in the sex distribution between 
the two groups (χ2 =0.004; P=0.948). There were 51 (40.5%) 
breastfed neonates in the treatment group and 70 (43.8%) in 
the control group, and there was no significant difference in 
these results (χ2=0.310; P=0.578). There were also no signifi‑
cant differences in age, gestational age, weight and duration 
from onset to admission between the treatment and the control 
groups (Table I).

Comparison of signs and symptoms. From 286 total cases, 
there were 75 instances of fever, including 27 in the treatment 
group and 48 in the control group. Incidences of the primary 
respiratory symptoms in both groups [fever, cough, rhinor‑
rhea, tachypnea, perilabial cyanosis, choking on milk, spitting, 
wheezing, three concave sign (the upper sternal fossa, the 
supraclavicular fossa, and the intercostal space appearing 
obviously depressed on inhalation), and dry and moist rales] 
are presented in Table II. There were no significant differences 
in the aforementioned clinical symptoms between the two 
groups.

Comparison of auxiliary examination results. In total, 
286 neonates were RSV‑Ag‑positive. Among them, 102 
(35.7%) cases were positive (+), 138 (48.3%) were positive 
(++), and 46 (16%) cases were positive (+++). There were no 
significant differences in the degree of RSV‑Ag positivity 

Figure 1. Direct immunofluorescence detection of RSV. (A) RSV‑Ag‑negative cells without an antigen‑antibody reaction are stained red. (B) RSV‑Ag‑positive 
cells, where parts of the nucleus or/and cytoplasm exhibit green fluorescence. Magnification, x200. RSV, Respiratory syncytial virus.
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between the treatment and the control groups  (Table  II). 
Of the 286  cases, 191  (66.8%) were positive for bacterial 
co‑infection (sputum bacterial culture), including those with 
Escherichia  coli (21.5%, 41/191), Klebsiella  pneumoniae 
(20.4%,  39/191), Staphylococcus  aureus (17.2%, 33/191), 
Acinetobacter baumannii (13.1%, 25/191) and Pseudomonas 
aeruginosa (9.9%, 19/191). However, there were no signifi‑
cant differences in sputum bacterial culture‑positive rate 
and bacterial spectrum between the two groups (P>0.05; 
Tables  III  and  IV). There were 269  cases (94.1%) with 
abnormal chest X‑ray findings, including blurred pulmonary 
texture, hyperinflation and visible flocculent shadow in the 
middle and inner side of the lung (Fig. 2). However, there was 
no significant difference in the positive rate of chest X‑ray 
findings between the two groups (P>0.05; Table III).

Comparison of therapeutic effects. The relief time from 
primary symptoms (such as cough, tachypnea, choking on 
milk, perilabial cyanosis and moist rales) in the treatment 
group was significantly lower compared with the control group 
(P<0.05). The oxygen inhalation time of the treatment group 
was also decreased, compared with that of the control group, 
and the difference was statistically significant (P<0.05). 
Compared with the control group, the mean number of hospi‑
talization days was marginally decreased in the treatment 
group, but there was no significant difference between the two 

groups (P=0.132; Table V). All patients in both groups were 
cured and discharged, and no mortalities occurred.

Adverse effects of IFN administration. Adverse effects such 
as shivering, tachycardia, rash, infection at the injection site, 
scleredema and hemorrhage were not observed in the treatment 
group following IFN‑α1b administration. However, two cases 
experienced fever 2‑6 h after treatment. The temperatures 
of the neonates were all <38˚C, and after physical cooling 
(a warm water sponge bath for ~5 min), decreased to within 
a normal range. No special drug treatment was required and 
there were no recurrences of fever.

Discussion

RSV is one of the most common pathogens associated with 
infant respiratory tract infection. In the present study, the 
RSV‑Ag‑positive rate was 35.8%, suggesting that RSV is one of 
the primary causative agents of neonatal pneumonia. Infantile 
RSV pneumonia is largely characterized by symptoms such 
as high fever, marked dyspnea and wheezing; however, the 
symptoms and signs of neonatal RSV pneumonia lack speci‑
ficity (35). In the current study, the key clinical manifestations 
of RSV pneumonia in neonates were cough, tachypnea, choking 
on milk, perilabial cyanosis and moist rales, accounting for 
93.0, 90.9, 62.9, 67.8 and 58.4% of the total cases, respectively. 

Table II. The comparison of symptoms and signs between treatment and control group prior to treatment.

Clinical data	 Treatment group (%)	 Control group (%)	 χ2	 P‑value

Fever 	 27 (21.4)	 48 (30.0)	 2.677	 0.102
Cough	 120 (95.2)	 146 (91.3)	 1.724	 0.189
Rhinorrhea	 54 (42.9)	 77 (48.1)	 0.788	 0.375
Tachypnea	 119 (94.4)	 141 (88.1)	 3.406	 0.065
Perilabial cyanosis	 84 (66.7)	 110 (68.8)	 0.140	 0.708
Choking on milk	 72 (57.1)	 108 (67.5)	 3.242	 0.072
Spitting	 43 (34.1)	 58 (36.3)	 0.139	 0.709
Wheezing	 22 (17.5)	 35 (21.9)	 0.861	 0.353
Three concave sign	 24 (19.0)	 39 (24.4)	 1.165	 0.280
Moist rales	 81 (64.3)	 86 (53.8)	 3.220	 0.073
Dry rales	 11 (8.7)	 17 (10.6)	 0.287	 0.592

Table I. The comparison of general information between the treatment and control group.

General information	 Treatment group (n=126)	 Control group (n=160)	 χ2/(t) 	 P‑value

Age (day)	 15.7±5.2	 16.8±4.9	 1.821	 0.070
Gestational age (day)	 275.3±7.0	 274.8±7.7	 0.607	 0.544
Birth weight (g)	 3,258.8±404.1	 3,291.4±374.4	 0.705	 0.481
Duration from onset to admission (day)	 3.7±2.1	 3.9±2.3	 0.652	 0.515
Breast feeding rate, %	 40.5 (51/126)	 43.8 (70/160)	 0.310	 0.578
Sex			   0.004	 0.948
  Male	 69	 87
  Female	 57	 73
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The majority of the patients exhibited a normal temperature 
or low fever, and wheezing was not prominent. Therefore, 
it is difficult to distinguish RSV from non‑RSV pneumonia 
according to clinical manifestations only. In the present study, 
the RSV‑positive rate according to chest X‑ray examination 
was 94.1%, and the key manifestations were blurred lung 
texture, hyperinflation and flocculation in the middle and inner 
lung. There were no significant differences in chest X‑ray find‑
ings between neonates with RSV pneumonia and non‑RSV 
infection, and the specificity was poor (36). Therefore, in the 
epidemic season, neonates with cough, tachypnea, choking on 
milk (amongst other clinical manifestations) should be more 
vigilantly assessed, and a more definite diagnosis of RSV 
should aim to be achieved.

There are currently a number of methods that are used 
to diagnose RSV infection, such as virus isolation, electron 
microscopy and the detection of viral antigen, antibodies 
and nucleic acids  (37‑40). Antigen detection is reportedly 
more sensitive (41), especially immunolabeling technology 
(including direct or indirect immunofluorescence, immuno‑
enzymatic and ELISA assays), which can be used to quickly 
and effectively detect viral antigens. In the current study, RSV 
was qualitatively detected in laryngeal secretion samples 
using fluorescein‑labeled specific monoclonal antibodies. The 
method has been confirmed by three evaluation centers of the 
World Health Organization, with a sensitivity and specificity 
of 95 and 86%, respectively (42). Moreover, the method is 
rapid, simple and convenient for broad clinical application. 
In the present study, fluorescence (i.e. RSV infection) was 
categorized into three degrees (+, ++ and +++) according to 
the number of virus particles. To reduce bias, the proportions 
of neonates at each level were compared between the two 
groups, and no significant differences were observed.

A third of all cases of community acquired pneumonia are 
co‑infections with viruses and bacteria; as such, RSV pneu‑
monia is also often associated with bacterial infection (43). 
In the current study, 66.8% of neonatal RSV pneumonia was 
associated with bacterial infection, and the primary causative 
agents included Escherichia coli, Streptococcus pneumoniae 
and Staphylococcus aureus, accounting for 21.5, 20.4 and 
17.2% of the sputum culture‑positive cases, respectively. 
Similar studies have reported that gram‑negative bacteria are 

the most common cause of co‑infection in RSV pneumonia, 
followed by gram‑positive organisms, and the bacterial spec‑
trum was similar to that observed in the present study (44). 
However, a previous study reported that group B hemolytic 
streptococci are the predominant pathogens in neonates 
aged 0 to 21 days, and that Streptococcus pneumoniae is the 
predominant pathogen in neonates aged >3 weeks (45). Due 
to the high rate of bacterial co‑infection in neonates with 
RSV pneumonia, the use of antibiotic treatment is receiving 
increased attention. Once the results of sputum culture are clear 
(before those of drug sensitivity testing are clear), appropriate 
antibiotics for common bacteria can be empirically selected. 
These are predominantly against gram‑negative bacteria, 
though the treatment of gram‑positive organisms is also 
frequently required. A reduction in interfering factors (such as 
bacterial infection) allows for a more accurate evaluation of the 
efficacy and safety of IFN treatment, which is more effective 
in the absence of bacterial co‑infection. However, since ~2/3 
of hospitalized neonates also present with bacterial infections, 
such cases were not excluded from the present study. To limit 
experimental bias, the bacterial spectrum and the proportion 
of neonates with bacterial infections were compared, and 
no significant differences were observed between the two 
groups. Moreover, studies have demonstrated that type I IFNs 
(IFN‑α and ‑β) also serve an important role in antibacterial 
immunity (46,47). In the present study, 66.8% (191/286) of 
the neonates were infected with both bacteria and RSV, thus 
whether exogenous IFN has therapeutic effects in both types of 
infection requires further investigation. In addition, a variety 
of natural compounds have indicated antimicrobial potential 
in the treatment of pneumonia, both in clinical and research 
settings  (48,49). Therefore, the combined use of IFN with 
other therapeutic strategies may hold considerable potential 
for the treatment of RSV‑associated pneumonia.

Numerous studies have reported that the level of RSV‑Igor is 
increased in children with RSV pneumonia, while the levels of 
IFN‑α, IFN‑γ and IL‑2 are decreased or undetectable (50‑52). 
It is speculated that the inhibition of cellular immune function 
in the early stages of RSV infection may be associated with the 
reduced efficacy of IFN in vivo (53,54). Therefore, the admin‑
istration of exogenous IFN is particularly important. A further 
study has indicated that the use of IFN can alleviate clinical 

Figure 2. (A) Representative chest X‑ray of a normal, non‑infected neonate. (B) Representative chest X‑ray of a neonate with RSV pneumonia, the primary 
manifestations of which include blurred lung texture, hyperinflation and flocculation in the middle and inner lung. RSV, Respiratory syncytial virus.
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symptoms and reduce the duration of infantile RSV infection, 
and no associated complications were observed (47). In the 
present study, the remission time of primary RSV symptoms 
was significantly lower in the IFN treatment group compared 
with the control group (P<0.05), and the oxygen inhalation time 
was also significantly reduced (P<0.05). These results suggest 
that the use of IFN‑α1b in the treatment of neonatal RSV 
pneumonia may promote the relief of symptoms, which is in 
line with the findings of a similar study (55).

No significant differences in hospitalization time were 
revealed between the two groups in the present study, which 
may be associated with the need for a more adequate observa‑
tion time (and the detection of adverse effects of IFN) during 
hospitalization. However, it was also observed that the hospital‑
ization times of neonates with simple RSV infection (without 

bacterial co‑infection) were shorter than those for neonates 
with co‑infections (RSV and bacteria). This may be associated 
with the bacteriological imbalance after antibiotic use, and 
may be the primary reason for the prolonged hospitalization 
time. Antibiotic‑associated diarrhea is a recognized adverse 
reaction to antibiotics such as amoxicillin, which is more 
likely to occur in neonates (24). Additionally, only 2 neonates 
experienced low fever during the IFN treatment period. After 
physical cooling, the temperatures of these individuals returned 
to normal without any other adverse effects, suggesting that 
the short‑term use of IFN in neonates is safe.

In conclusion, IFN effectively alleviates the signs and 
symptoms of neonatal RSV pneumonia with few short‑term 
adverse effects. However, these findings were not all observed 
in the same time period, and the number of cases was limited, 

Table V. The comparison of therapeutic effect between the treatment and control group.

	 Treatment group	 Control group
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical data	 n	 Time (day)	 n	 Time (day)	 t value	 P‑value

Cough	 120	 4.4±1.8	 146	 7.8±3.7	 9.763	 <0.001
Tachypnea	 119	 5.2±2.1	 141	 6.2±3.1	 2.953	 0.003
Choking on milk	 72	 3.9±2.1	 108	 5.3±3.4	 3.463	 0.001
Perilabial cyanosis	 84	 5.1±2.3	 110	 6.3±3.9	 2.579	 0.011
Moist rales	 81	 6.5±2.1	 86	 7.5±3.3	 2.386	 0.018
Oxygen inhalation time	 126	 5.6±1.7	 160	 6.1±1.8	 2.110	 0.036
Hospitalization time	 126	 9.6±2.7	 160	 10.3±4.7	 1.510	 0.132

Table III. The comparison of auxiliary examination between the treatment and control group.

	 Total	 Treatment group	 Control group
Auxiliary examination	 (n=286) (%)	 (n=126) (%)	 (n=160) (%)	 χ2	 P‑value

RSV‑Ag
  + 	 102 (35.7)	 40 (31.7)	 62 (38.8)	 1.507	 0.220
  ++	 138 (48.3)	 64 (50.8)	 74 (46.3)	 0.583	 0.445
  +++	 46 (16.0)	 22 (17.5)	 24 (15.0)	 0.316	 0.574
Sputum bacterial culture (+)	 191 (66.8)	 81 (64.3)	 110 (68.8)	 0.633	 0.426
Chest X‑ray exhibiting pneumonia	 269 (94.1)	 115 (91.3)	 154 (96.3)	 3.127	 0.077
or increased lung texture

RSV, respiratory syncytial virus.

Table IV. The comparison of bacterial spectrum between the treatment and control group.

Bacterial spectrum	 Total, n=191	 Treatment group, n=81	 Control group, n=110	 χ2	 P‑value

Escherichia coli (%)	 41 (21.5)	 19 (23.4)	 22 (20.0)	 0.331	 0.565
Klebsiella pneumoniae (%)	 39 (20.4)	 18 (22.2)	 21 (19.1)	 0.281	 0.596
Staphylococcus aureus (%)	 33 (17.2)	 12 (14.8)	 21 (19.1)	 0.597	 0.440
Acinetobacter baumannii (%)	 25 (13.1)	 9 (11.1)	 16 (14.5)	 0.484	 0.487
Pseudomonas aeruginosa (%)	 19 (9.9)	 9 (11.1)	 10 (9.1)	 0.213	 0.645
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thus, the results do not completely represent the clinical condi‑
tions of RSV pneumonia in neonates. Therefore, it is necessary 
to design further multi‑center prospective studies to accurately 
analyze the therapeutic, as well as the long‑term adverse 
effects of IFN for the treatment of neonatal RSV pneumonia.

The format and content of the manuscript have been 
checked in accordance with STROBE guideline (56).
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