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Abstract

BACKGROUND
Respiratory syncytial virus (RSV) is a leading cause of lower respiratory
infections among children.

AIM
To investigate the proportion of RSV and non-RSV respiratory viral infections
among hospitalized children <5 years.

METHODS

Hospitalized children aged < 5 years, with a diagnosis of acute lower respiratory
infections (ALRI), admitted between August 2011-August 2013, were included.
Cases were defined as laboratory-confirmed RSV and non-RSV respiratory
viruses by direct fluorescence assay from the nasopharyngeal wash.

RESULTS

Of 383 1-59 mo old children hospitalized with an acute lower respiratory
infection, 33.9% (130/383) had evidence of viral infection, and RSV was detected
in 24.5% (94/383). Co-infections with RSV and other respiratory viruses
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(influenza A or B, adenovirus, para influenza 1, 2 or 3) were seen in children 5.5%
(21/383). Over 90% of the RSV-positive children were under 2 years of age. RSV
was detected throughout the year with peaks seen after the monsoon season.
Children hospitalized with RSV infection were more likely to have been exposed
to a shorter duration of breastfeeding of less than 3 mo. RSV positive children
had a shorter hospital stay, although there were significant complications
requiring intensive care. Use of antibiotics was high among those with RSV and
non-RSV viral infections.

CONCLUSION

Our study provides evidence of a high proportion of RSV and other virus-
associated ALRI among hospitalized children in India. RSV infection was
associated with fewer days of hospital stay compared to other causes of lower
respiratory infections. A high level of antibiotic use was seen among all
respiratory virus-associated hospitalizations. These results suggest the need for
implementing routine diagnostics for respiratory pathogens in order to minimize
the use of unnecessary antibiotics and plan prevention strategies among pediatric
populations.

Key words: Respiratory syncytial virus; Acute lower respiratory infections; Children;
Epidemiology; India; Respiratory viral infection
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Core tip: The study shows that a significant proportion of young children hospitalized for
acute lower respiratory tract infection were associated with respiratory syncytial virus
(RSV) and other viral infections. Early diagnosis of viral infections using a simple test
such as the RSV and viral direct fluorescence assay test, in settings where PCR is not
feasible, would be useful in the timely institution of appropriate care, minimization of
antibiotic overuse, and appropriate follow-up care for complications and sequelae,
potentially leading to a reduction of costs of medical care.
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INTRODUCTION

Globally, acute lower respiratory infections (ALRI) are an important cause of
morbidity and mortality in children < 5 years of agel'. Molecular diagnostic methods
have identified respiratory syncytial virus (RSV), as the most common viral cause of
ALRI-related death; other prominent viruses are human metapneumovirus,
parainfluenza viruses, influenza viruses A and B and adenoviruses*’. In 2015, Shi et
al"l reported an estimated annual burden of RSV of 33.1 million globally (22% of all
episodes of ALRI) resulting in 3.2 million hospitalizations and 59600 deaths of
children < 5 years, with about 99% of RSV-related childhood mortality occurring in
low and middle-income countries (LMICs)!.

Recent literature on pediatric ALRI in LMICs highlights increasing incidence of
RSV, a major cause of death of infants < 1 year of age and of ALRI during the first few
months of an infant’s lifel’l. RSV is also gaining prominence in India; recent hospital-
based studies indicate that RSV constitutes up to 16% of children hospitalized with
acute lower respiratory tract infections (LRTIs), with incidence highest in infants aged
below 6 mol’. The common respiratory symptoms are recurrent episodes of wheezing
mimicking early childhood asthma and may persist as lung function abnormality till
adolescencel’l. Known risk factors include low birth weight, smoking during
pregnancy, attendance at a child care facility, crowded household, low parental
education, exposure to second-hand smoke, history of atopy and lack of breast-
feeding!l. Furthermore, RSV infections tend to be associated with hospitalization and
mortality in high-risk casesl’l.
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Detection of RSV using rapid, sensitive and specific diagnostic tests aids good
clinical management. Viral isolation by tissue culture is regarded as the gold standard
but has limited availability. Real-time reverse transcriptase PCR (RT-PCR) is more
sensitive but not routinely performed in clinical diagnostic laboratories in LMICs due
to high expense, the need for technical expertise and high laboratory standards to
prevent contamination”). Direct fluorescent antibody assay (DFA) has been used as a
simple detection tool for RSV antigen detection!'’). DFA has a sensitivity and
specificity of 77.8% and 96.8% respectively and can detect RSV antigens even in
conditions where the virus cannot be isolated!"'".

The objective of the study was to investigate the proportion of RSV and non-RSV
respiratory viral infections as a cause of ALRI among 1-59 mo old children admitted
to a tertiary care hospital in southern India. The study also sought to assess the
seasonality, clinical features, risk factors and outcome of RSV and non-RSV
respiratory viral infections among these hospitalized children.

MATERIALS AND METHODS

Patients and settings

This prospective study was conducted at a tertiary care center in south India between
August 2011 and August 2013, on children aged between 1 mo and 5 years,
hospitalized for ALRI The study site, St. John’s Medical College Hospital, Bengaluru,
Karnataka, India center to local as well as to referred cases from neighboring states
like Andhra Pradesh and Tamil Nadul"?. ALRI was defined as acute respiratory
infection with evidence of respiratory distress and age-specific fast breathing (<2 mo
age: 2 60 breaths/min; 2-12 mo, > 50 breaths/min; 1-5 years, > 40 breaths/min)!"’l.
Features of respiratory distress include chest indrawing, stridor, nasal flaring or
grunting, inability to breastfeed or drink, with or without danger signs such as central
cyanosis, lethargy or unconsciousness. Bronchiolitis was defined as a viral LRTI in
children < 2 years of age characterized byclinical features of small airways obstruction
causing symptoms of ALRI. Bronchopneumonia was defined as symptoms of ALRI
with chest X-ray findings of hyperinflation with bilateral interstitial infiltrates and
peribronchial cuffing. Lobar pneumonia was defined as symptoms of ALRI with
confluent lobar consolidation. Reactive airway disease was defined as respiratory
illness associated with wheeze secondary to allergen exposure. The study excluded
children with empyema, hydropneumothorax or tuberculosis and those with non-
respiratory causes of respiratory distress. Informed consent was obtained from the
caregivers of eligible children. Detailed patient history and clinical observations were
recorded. Vital signs and oxygen saturation were monitored and routine laboratory
investigations were performed as indicated. Ethical clearance was obtained from the
Institutional Ethics Committee (IRB No 134/2008) at St. Johns Medical College
Hospital prior to initiating the study.

Sample collection

Nasopharyngeal (NP) wash were collected using a 5 French infant feeding tube cut to
4 cm length, 1.5 mL of sterile saline was quickly introduced into each nostril and
immediately aspirated back into a 2 mL disposable sterile syringe. The aspirated
sample was transferred into a sterile centrifuge tube, maintained at 4 °C and
transported to the microbiology laboratory immediately on an ice pack (4 °C) within 1
h of collection.

Slide preparation and direct immunofluorescence assay

The NP sample was centrifuged and the pallet was smeared on a slide, air dried and
placed in cold acetone (-20 °C) for a minimum of 30 min for fixation. Slides were
stained using SimulFluor Respiratory Screen kit (Chemicon International, United
States), in accordance with the manufacturer’s instructions.

Statistical analysis

The data was compiled in an excel spreadsheet. Descriptive statistics were reported
using mean and standard deviation for variables with a normal distribution, and
median for variables without a normal distribution. The association between the
presence of RSV infection and RSV-related risk factors were assessed by y? test or
Fisher’s exact test (for categorical variables) and by independent ¢-test (for continuous
variables). The analysis was done by using the Statistical software STATA /IC version
12.1 and P < 0.05 was considered significant.
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RESULTS

Study population

Between August 2011 and August 2013, 9600 children were admitted to the inpatient
ward; of these 408 were 1-59 mo old at the time of admission, had ALRI, and were
considered eligible for the study. There were 20 caregivers of patients who declined
consent citing reasons of non-interest or refusal of permission for the NP wash
procedure, and 5 were excluded due to the presence of other diagnoses (2 were
diagnosed with pulmonary tuberculosis, and 3 were diagnosed with bacterial
pneumonia (one blood culture positive for Staphylococcus aureus and two broncho-
alveolar lavage fluid positive for Pseudomonas aeuruginosa and Enterobacter species).
The remaining 383 children were included in the study. The median age of subjects
was 8 mo (inter quartile range 5-15 mo), and 89.0% were less than 2 years of age.
There were 68.7% males, and the subjects resided in Karnataka (64.2%), Andhra
Pradesh (19.1%) and Tamil Nadu (15.9%). The majority lived in urban areas (66.8%).

Etiology of respiratory illness

Viral etiology (RSV, influenza A or B, adenovirus, para influenza 1, 2 or 3) was
confirmed in 130 (33.9%) of 383 children hospitalized for ALRI. RSV was positive in 94
(24.5%), non-RSV viruses in 57 (14.8%), while co-infection with RSV and non-RSV
viruses was seen in 21 (5.5%) children (Table 1). Among the children with RSV
infection, 86 (91.5%) children were in the age group 1 mo to 24 mo, and 32 (34%) were
children 1-6 mo of age. A peak of RSV positive cases was seen after the rainy season
during the months of August through November (Figure 1). A smaller peak was also
noted during January and February. The seasonality of other viruses mirrored the
pattern of RSV infection.

Clinical features and correlates

The predominant physician-assigned clinical diagnosis was bronchiolitis (173/383,
45.1%). Others were bronchopneumonia (135/383, 35.2%), lobar pneumonia (24/383,
6.2%) and reactive airway disease (51/383, 13.3%). Those with RSV infection had fever
(23.8%), rhinorrhea (24.6%), cough, (23.5%), chest retractions (25.6%), auscultatory
wheeze (22.9%), and auscultatory crepitations (25.7%). Chest radiographs were
obtained in 189 of 383 children who had severe ALRI at admission or those who did
not respond to first-line treatment. Radiographic abnormalities were detected in 162
children; 135 had evidence of hyperinflation with bilateral interstitial infiltrates
suggestive of bronchopneumonia, 24 had focal lung consolidative changes and 3 had
evidence of cardiomegaly without lung field abnormalities.

In univariate analysis, RSV infection was significantly associated with being
exclusively breastfed for less than 3 mo, compared to those exclusively breastfed for 3-
12 mo (unadjusted OR 1.98, 95%CI: 1.69-3.22). There was no significant association
between RSV infection and independent variables such as low birth weight,
prematurity, complicated neonatal course, family history of asthma, household
smoking or indoor wood fuel usage (Tables 2 and 3). There was no significant
association between other viruses (influenza A or B, adenovirus, para influenza 1, 2 or
3) and risk factors mentioned in Table 2. Laboratory parameters including total white
blood cell count, and absolute lymphocyte count was similar between RSV-positive
and RSV-negative patients.

Outcome

Mean hospital stay was 4.6 d (SD 5.1); and 8.3 d (SD 6.5) in RSV-positive and RSV-
negative children, respectively (P = 0.031) (Table 4). The length of PICU stay (P =
0.547), oxygen use (P = 0.176), and qualitative antibiotic use (P = 0.110) were similar in
both groups. Antibiotics were used among 56 (59.5%) and 21 (36.8%) of RSV-positive
and non-RSV virus-positive children, respectively. Most commonly used first-line
antibiotics were amoxicillin/amoxicillin-clavulanic acid/or ceftriaxone. Respiratory
complications such as acute respiratory distress syndrome and respiratory failure
requiring PICU admission took place among 13.8% (13/94) of RSV-positive, 8.7%
(5/57) of non-RSV positive and 16.6% (42/253) of viral negative children. Of the 57
children admitted to PICU, 46 recovered well while 11 had residual respiratory
symptoms including persistent tachypnea and persistent oxygen requirement. There
was no mortality recorded in this study (Table 5).

DISCUSSION

Viral-associated respiratory illness among hospitalized children 1-59 mo old at our
single center tertiary care hospital in southern India was seen among a third of those
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Table 1 Respiratory syncytial virus and non-respiratory syncytial viruses associated with lower

respiratory tract infection in young children

RSV 94 (24.5%)
All virus (RSV and/or other virus') 130 (34.0%)
Co-infection with multiple viruses 21 (5.5%)

Non-RSV viruses alone' 57 (14.8%)
Virus-negative 253 (66%)

Total enrolled 383

10ther viruses include infection with parainfluenza viruses, influenza viruses A and B and adenoviruses.
RSV: Respiratory syncytial virus.

with ALRI. RSV was the predominant viral etiological agent, and over a quarter had
evidence of mixed viral pathogens in the respiratory tract that may be etiologically
linked to the respiratory illness.RSV and other respiratory viruses are a major cause of
pediatric ALRI in India. ALRI constitutes one of the principal causes of death among
children under-five of the developing countries!®'”! and RSV has been documented as
an important cause of ALRI in pediatric age group!®'l. In India, studies have shown
high ALRI incidence rates of 15.0 per 1000 child years in the under-five age group
with the incidence being 3.6 times higher among boys as compared to girls!'’l. The
highest rates of ALRI generally occur in the first year of life. RSV infection in the very
young causes substantial complications such as respiratory failure, prolonged
hospitalization, and high mortality similar to seasonal influenza. Previous hospital-
based studies from India reported hospital RSV prevalence of 11.4-26.0% (22.1%!"*);
20.2%1'71; 21.3%U"51; 12.0%!""); 26.0%"1), although the variability in these studies
precludes any direct comparison with the present study. RSV-associated ALRI
incidence ranging from 2.4% to 21.2% have been reported in different countries!”!l.
Hospital-based studies have reported a significant association between being male
and having RSV-related ALRI™!. Nair et al”! concluded in a recent meta-analysis that
RSV is the most common cause of childhood LRTI and a major cause of admission to
hospital as a result of severe LRTI and that 99.0% of the RSV-related deaths take place
among resource-limited countries. The study showed that India, China, Nigeria,
Pakistan, and Indonesia together account for a total of 16 million cases of RSV
infections, accounting for half of the global cases of under-5 childhood deaths in the
world!'.

In India, routine laboratory diagnoses of viral ALRI remains unavailable and
unexplored, even in tertiary care centers. Viral etiology of ALRI largely remains
unknown and most cases are empirically treated with antibiotics. Gold standard test
like viral isolation and RT-PCR are more sensitive but not routinely performed in
clinical diagnostic laboratories in LMICs due to high expense LMICs due to high
expense. However, in resource-limited settings, DFA still has value for the diagnosis
of ALRI®. Compared to culture, DFA has sensitivities of 72% to 94% and specificities
of 95% to 100%*1. The DFA kit used in this study, SimulFluor Respiratory Screen Kit
(Chemicon) was easy to perform and results were available within 4-5 h. It tested for a
panel of seven respiratory viruses; RSV, Influenza A, and B, Parainfluenza 1 to 3 and
Adenovirus!'"''l. Limitations of DFA include the degree of subjectivity in the
evaluation of the result, as well as the need for a high level of technical skill and
sample quality for the assay™!.

Early diagnosis facilitates early management and helps combat ALRIs. In India,
antibiotics use in pediatric ALRI is very common even if a viral cause is suspected. A
Cochrane review on the effectiveness of antibiotics in children fewer than two years
old diagnosed with bronchiolitis did not find enough evidence to support the use of
antibiotics*’l. Antibiotics can be used if there is clear documented evidence of
secondary bacterial infections!”l. Early diagnosis of a viral respiratory infection has the
potential to reduce the rampant use of antibiotics.

As established by the results, this study demonstrates that exclusive breastfeeding
for over 3 mo of age, seems to have some protective effect against RSV and other
respiratory viral infections. Significance between exclusive breastfeeding and
decreased incidence of RSV positive illnesses have been reported”!. However, there is
no association between exclusive breastfeeding and wheezing illnesses associated
with RSV as wheezing can be secondary to a maternal history of allergy and asthma
or pet exposurel®l. This possibly can be explained by the fact that RSV is caused by
infection and breastfeeding is often thought to confer some protection against it!*”,
whereas wheezing may be immune to any protective effects of breastfeeding since
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Figure 1 Seasonality patterns of respiratory syncytial virus-positive and non-respiratory syncytial virus viral-
associated lower respiratory tract infection in young children.'Other viruses include infection with influenza A, B,
parainfluenza 1, 2, 3 and adenovirus.

high IgE levels have been found to share an association with the presence of
wheezing.

Our finding showed a high rate of respiratory complications in 13.8% (13/94), 8.7%
(5/57) and 16.6% (42/253) of children with RSV positive, non-RSV positive and viral
negative results. Out of these, 6 children were mechanically ventilated with a median
of 4 d (range 3-5 d). Our findings were consistent with previous studies done by
Kholy et al™ in which 10% (24/240) of patients were admitted to PICU with a median
duration of 6.5 d and 14 patients required mechanical ventilation.

Limitations of the study

In this study, we focused only on the viral causes of ALRI as they are the most
common etiological agents and there are limited studies from south India. However,
we did not address key questions about bacterial etiology and the possible role of
viral and bacterial co-infections. We had a small sample size which was insulfficient to
make finer observations regarding differences in age, clinical profile, or factors
determining severity between specific viral species.

We find that a significant proportion of young children hospitalized for acute LRTI
is associated with RSV and other viral infections. Early diagnosis of viral infections
using a simple test such as the RSV and viral DFA test, in settings where PCR is not
feasible, would be useful in the timely institution of appropriate care, minimization of
antibiotic overuse, and appropriate follow-up care for complications and sequelae,
potentially leading to a reduction of costs of medical care.
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Table 2 Risk factors for respiratory syncytial virus infection

Variable RSV negative (n = 289) RSV positive (n = 94) Pvalue

Birth weight (> 2500 g) No 55 (75.3) 18 (24.7) 0.980
Yes 234 (75.4) 76 (24.6)

Breast fed exclusively for >3 mo No 66 (68.0) 31 (32.0) 0.049
Yes 223 (77.9) 63 (22.1)

Gestational age (= 37 wk) No 33 (75.0) 11 (25.0) 0.940
Yes 256 (75.5) 83 (24.5)

Neonatal complications No 241 (74.8) 81 (25.2) 0.522
Yes 48 (78.6) 13 (21.4)

Family history of asthma No 256 (75.9) 81 (24.1) 0.532
Yes 33 (71.7) 13 (28.3)

History of smoking in the household No 220 (73.8) 78 (26.2) 0.165
Yes 69 (81.1) 16 (18.9)

Kitchen type Indoor with partition 202 (74.2) 70 (25.8) 0.484
Indoor without partition 85 (78.7) 23 (21.3)
Open air 2 (66.6) 1(33.4)

Cooking fuel Electric 2 (100) 0(0) 0.695
Kerosene 6 (66.6) 3(33.4)
Liquefied petroleum gas 241 (74.8) 81 (25.2)
Wood/dung 40 (80.0) 10 (20.0)

PICU admission No 245 (75.2) 81 (24.8) 0.741
Yes 44 (77.2) 13 (22.8)

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.

Table 3 Risk factors among respiratory viral infection

Variable No virus detected (n=253) Respiratory viral positive (n =130) P value
Birth weight (= 2500 g) No 48 22 0.623
Yes 205 108
Breast fed exclusively for >3 mo No 198 92 0.106
Yes 55 38
Gestational age (= 37 wk) No 30 14 0.752
Yes 223 116
Neonatal complications No 214 111 0.836
Yes 39 19
Family history of asthma No 214 114 0.751
Yes 27 16
History of smoking in the household No 195 106 0.315
Yes 58 24
Kitchen type Indoor with partition 174 99 0.313
Indoor without partition 77 30
Open air 2 1
PICU admission No 214 112 0.683
Yes &) 18

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.
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Table 4 Comparison of outcome between respiratory syncytial virus positive and respiratory syncytial virus negative

RSV
Days of Pvalue
Positive Negative
Hospital stay 4.0 (1.0-17.0) 4.0 (1.0-65.0) 0.031
Oxygen use 1.5 (1.0-9.0) 2.0 (1.0-65.0) 0.176
Antibiotic use 4.0 (1.0-12.0) 4.0 (1.0-29.0) 0.303
Nebulization use 3.0 (1.0-17.0) 4.0 (1.0-65.0) 0.012
PICU stay 2.5 (1.0-10.0) 2.00 (1.0-20.0) 0.547

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.

Table 5 Association of signs and symptoms with respiratory syncytial virus infection

Variable RSV positive(n = 94) RSV negative(n = 289) P value

Fever Yes 63 (23.8) 201 (76.2) 0.645
No 31 (26.0) 88 (74.0)

Rhinorrhea Yes 81 (24.6) 248 (75.4) 0.931
No 13 (24.0) 41 (76.0)

Cough Yes 85 (23.5) 276 (76.5) 0.066
No 9 (40.9) 13 (59.1)

Fast breathing Yes 62 (24.5) 191 (75.5) 0.981
No 32 (24.6) 98 (75.4)

Wheezing Yes 45 (22.9) 151 (77.1) 0.461
No 49 (26.2) 138 (73.8)

Auscultatory crepitations Yes 73 (25.7) 210 (76.3) 0.338
No 21 (21.0) 79 (79.0)

Chest retractions Yes 52 (25.6) 151 (74.4) 0.604
No 42 (23.3) 138 (76.6)

RSV: Respiratory syncytial virus; PICU: Pediatric intensive care unit.

ARTICLE HIGHLIGHTS

Research background

Respiratory syncytial virus (RSV) is the most frequent agent of viral-associated acute lower
respiratory diseases (ALRI) and is known to be associated with hospitalization and mortality
among high-risk cases.

Research motivation

Early diagnosis of viral infections using a simple test such as the RSV and viral fluorescent
antibody assay (DFA) test, in settings where PCR is not feasible, would be useful in the timely
institution of appropriate supportive care, minimization of antibiotic overuse, and appropriate
follow-up care for complications and sequelae, potentially leading to a reduction of costs of
medical care.

Research objectives

The principal objective of the study was to investigate the proportion of RSV and non-RSV
respiratory viral infections as a cause of ALRI among 1-59 mo old children admitted to a tertiary
care hospital in India. The study also assesses the seasonality, clinical features, risk factors and
outcome of RSV and non-RSV respiratory viral infections among these hospitalized children.

Research methods

The prospective study was conducted on hospitalized children aged < 5 years, with a diagnosis
of acute lower respiratory infections (ALRI), admitted between August 2011-August 2013, were
included. Nasopharyngeal (NP) swabs were obtained from eligible children, and transported to
the laboratory in suitable media. Slides were prepared from the media, and DFA staining was
performed using SimulFluor Respiratory Screen kit on NP wash samples.

Research results
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The median age of subjects was 8 mo (inter quartile range 5-15 mo), and 89.0% were less than 2
years of age. Viral etiology (RSV, influenza A or B, adenovirus, para influenza 1, 2 or 3) was
confirmed in 33.9% (130/383) of children hospitalized for ALRI. RSV was positive in 24.5%
(94/383) non-RSV viruses in 14.8% (57/383) while co-infection with RSV and non-RSV viruses
was seen in 5.5% (21/383) children. A peak of RSV positive cases was seen after the rainy season
during the months of August through November. The RSV infection was significantly associated
with being exclusively breastfed for less than 3 mo. There was no significant association between
RSV infection and independent variables such as low birth weight, prematurity, complicated
neonatal course, family history of asthma, household smoking or indoor wood fuel usage. Mean
hospital stay was 4.6 £ 5.1 d and 8.3 + 6.5 d in RSV-positive and RSV-negative children,
respectively. The respiratory complications such as acute respiratory distress syndrome and
respiratory failure requiring PICU admission, were 13.8% (13/94), 8.7% (5/57) and 16.6%
(42/253) of children with RSV positive, non-RSV positive and viral negative results.

Research conclusions

A high proportion of RSV and other virus-associated ALRI were seen among hospitalized
children in India. The study demonstrates that exclusive breastfeeding for over 3 mo of age, may
have a protective effect against RSV and other respiratory viral infections. The viral DFA test
was easy to perform and results were available within 4-5 h.

Research perspectives

Early diagnosis of viral infections using a simple test such as the RSV and would be useful in the
timely institution of appropriate supportive care, minimization of antibiotic overuse, and
appropriate follow-up care for complications and sequelae, potentially leading to a reduction of
costs of medical care.
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