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Summary Objectives: Though respiratory viruses are thought to cause substantial morbidity
globally in children aged <5 years, the incidence of severe respiratory virus infections in chil-
dren is unknown in India where 20% of the world’s children live.
Methods: During August 2009eJuly 2011, prospective population-based surveillance was con-
ducted for hospitalizations of children aged <5 years in a rural community in Haryana State.
Clinical data and respiratory specimens were collected. Swabs were tested by RT-PCR for influ-
enza and parainfluenza viruses, respiratory syncytial virus (RSV), human metapneumovirus,
coronaviruses, and adenovirus. Average annual hospitalization incidence was calculated using
census data and adjusted for hospitalizations reported to occur at non-study hospitals accord-
ing to a comunity healthcare utilization survey.
Results: Of 245 hospitalized children, respiratory viruses were detected among 98 (40%), of
whom 92 (94%) had fever or respiratory symptoms. RSV accounted for the highest virus-
associated hospitalization incidence (34.6/10,000, 95% CI 26.3e44.7) and 20% of hospitaliza-
tions. There were 11.8/10,000 (95% CI 7.9e18.4) influenza-associated hospitalizations (7% of
hospitalizations). RSV and influenza virus detection peaked in winter (NovembereFebruary)
and rainy seasons (July), respectively.
Conclusion: Respiratory viruses were associated with a substantial proportion of
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hospitalizations among young children in a rural Indian community. Public health research and
prevention in India should consider targeting RSV and influenza in young children.
Published by Elsevier Ltd on behalf of The British Infection Association.
Introduction

Acute respiratory infections are recognized as an important
cause of mortality, hospitalization, and healthcare utiliza-
tion in young children globally.1e3 Respiratory virus infec-
tions are increasingly recognized as major contributors to
the burden of severe acute respiratory illness in many coun-
tries due to expanding global surveillance and the advent of
improved molecular diagnostic testing for respiratory vi-
ruses.4e8 In studies of respiratory virus detection among
children hospitalized with respiratory illness from different
parts of the world, RSV and influenza are frequently associ-
ated with a substantial proportion of hospitalizations.9e14

These findings are of public health importance because
effective and safe influenza vaccines are available but
not widely used in many countries, and development of res-
piratory syncytial virus (RSV) vaccines continues to be an
area of intense study although no licensed RSV vaccine is
available.12,15,16 Understanding the incidence of respiratory
virus-associated severe illness and the timing of respiratory
virus circulation is critical to inform research priorities and
policy decisions about introduction of available respiratory
virus vaccines for children.

India is the second most populous country in the world
with 20% of the world’s population of children aged <5
years, and almost a third of global pneumonia cases among
children aged<5 years are thought to occur in India.3 Public
health policies that effectively address causes of severe
respiratory illness among children in India would have a sub-
stantial impact on global child morbidity and mortality.
However, the burden of respiratory virus-associated severe
illness among young children in India is unknown. In addi-
tion, the few studies that evaluated respiratory viral etiol-
ogies of severe illness among children in India were
conducted before the advent of newer and more sensitive
diagnostic tests, including tests to detect more recently
discovered viruses.17e20 Using data from population-based
surveillance of approximately 9500 children for hospitaliza-
tions for acute medical illness in rural northern India and
concomitant testing for respiratory viruses by real-time
reverse transcription polymerase chain reaction (rRT-PCR),
we estimate the incidence of respiratory virus-associated
hospitalizations among children aged <5 years. We also
describe the timing of virus circulation and clinical presenta-
tion of children hospitalized with predominant viruses.
Patients and methods

Study setting

The Comprehensive Rural Health Services Project (CRHSP),
Ballabgarh study site includes a 323 square kilometer area
in Haryana State, about 40 km south of New Delhi. The
climate is temperate with a defined colder winter season
during NovembereMarch and rainy season during
JulyeSeptember. As part of the CRHSP, a Health and
Demographic Surveillance System (HDSS) was maintained
under which all residents of the CRHSP study site were
enrolled in a computerized database with unique identifi-
cation numbers. The HDSS tracked major events such as
births, deaths, marriages and migrations. During the study
period, the CRHSP study site included a population of
approximately 88,000 persons including approximately
9500 children aged <5 years in 28 villages.

The main providers of inpatient care to the CRHSP
population are a government-funded secondary level facil-
ity with 60 beds that provides outpatient and inpatient care
and serves 15e20% of the CRHSP population, two other
government-funded secondary level facilities, and a large
number of private health facilities (ranging in size from 5 to
35 beds) that provide inpatient and outpatient health
services. Health facilities are largely situated outside
CRHSP villages within a range of 3e20 km and largely
accessible by two/three wheelers. Most facilities have the
resources to care for patients requiring supplemental oxy-
gen but transfer patients requiring mechanical ventilation
and intensive level to tertiary care facilities outside the
district.

Hospitalized patient enrollment

Hospitalized patients were enrolled from the three second-
ary level facilities and 18 private facilities in Ballabgarh and
Faridabad towns where patients from the CRHSP area were
likely to seek inpatient care corroborated by health utili-
zation survey. Patients were eligible for enrollment if they
were residents of the CRHSP area and were being hospital-
ized overnight with any acute medical illness, excluding
hospitalizations for the following conditions assumed to be
unlikely to be related to respiratory infection: trauma,
diarrhea without fever, elective surgery, accidental poi-
sonings, elective blood transfusions, or orthopedic or
ophthalmologic conditions. During August 2009eJuly 2011,
patients were prospectively enrolled in the study as previ-
ously described.21 Data on demographic characteristics,
medical history, and clinical symptoms were obtained by
interview of patients’ caregivers. Data on clinical signs
were abstracted from the medical record using a standard-
ized data collection form. Respiratory specimen samples
were collected by study doctors from enrolled patients
within 24 h of admission using polyester swabs.

Healthcare utilization survey

During AugusteDecember 2010, study investigators visited
all houses in the 28 villages of the CRHSP area to conduct a
healthcare utilization survey using a standardized question-
naire that was field testing in previous years; 90% of
households in the area completed the survey. The survey
asked whether any member of the household had been
admitted to a hospital for an overnight stay during the
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preceding year (using a reference period of August 1,
2009eJuly 31, 2010). For each reported hospitalization,
the survey asked about the location and reason for hospi-
talization, and field workers attempted to validate reports
with any available documentation related to the
hospitalization.

Respiratory sample collection and testing

Combined throat and nasal swabs were collected from each
participant (nasal swabs alone in infants). The swabs were
transported in viral transport media on ice to the All India
Institute of Medical Sciences (AIIMS) laboratory within 24 h.
Samples were then divided into aliquots for respiratory virus
detection by rRT-PCR. Testing for influenza viruses and
influenza virus subtyping was conducted at AIIMS using US
Centers for Disease Control and Prevention (CDC) protocols22

and after laboratory staff received CDC-sponsored training
and the laboratory underwent quality control assessment
by CDC. Testing for non-influenza respiratory viruses was
also conducted at AIIMS using highly sensitive rRT-PCR assays
for respiratory syncytial virus (RSV), human metapneumovi-
rus (hMPV), human parainfluenza viruses 1e3 (PIV 1e3),
adenovirus, and human coronavirus 229E using CDC proto-
cols23e25; protocol are available from CDC upon request.

Data analysis

Baseline characteristics, clinical symptoms and signs, and
length of hospitalization were compared between children
with and without respiratory virus detection using bivariate
analysis. Frequencies of clinical symptoms and signs and
median length of hospitalization were also calculated for
children with RSV and influenza, the most commonly
Table 1 Baseline characteristics and virus detection among child
Comprehensive Rural Health Services Project, Ballabgarh, India,

Total (n Z 245) Virus n

n % n

Age group
<6 months 68 28% 36
6e11 months 68 28% 48
1e4 years 109 44% 63

Male 176 72% 101
�1 underlying medical conditiona 4 2% 3
Time from symptom onset to specimen collection (days)b

0e3 days 91/220 41% 56/128
3e6 days 61/220 28% 35/128
>6 days 68/220 31% 37/128

Respiratory virus detection
RSV 50 20% e

Influenza 17 7% e

Adenovirus 13 5% e

Coronavirus 13 5% e

Parainfluenza 10 4% e

Human metapneumovirus 3 1% e

a Includes 1 child with asthma and chronic diarrhea, 2 children with
b Denominators indicate patients for whom dates of symptom onset
detected viruses. Tachypnea was defined based on Inte-
grated Management of Childhood Illness criteria for fast
breathing as �60 breaths per minute in children aged <2
months, �50 in children aged 2e11 months, and �40 in
children aged 1e5 years.26 Hypoxia was defined as an oxy-
gen saturation of <92% by pulse oximetry at admission. Chi-
squared test or Fisher’s exact test was used to calculate p-
values for categorical variables and the Wilcoxon test was
used to compare continuous variables (SAS, version 9.2,
SAS Institute Inc., Cary, NC).

Since all children hospitalized with acute medical illness
were enrolled, the proportion of respiratory virus detec-
tions among children with and without fever or key respi-
ratory signs or symptoms was evaluated. Fever was defined
as either measured temperature >38.0 Celsius at admission
or parental report of fever because antipyretic use was
common in the study community. Key respiratory symptoms
or signs were defined as parental report of cough or fast
breathing or physician exam findings of tachypnea, crepi-
tations, wheezing, nasal flaring, chest indrawing, grunting,
or stridor. Inclusion of nasal discharge did not change the
proportion of children meeting criteria for key respiratory
symptoms or signs. All children, regardless of symptoms or
signs, were included in all subsequent analyses.

Using data from the healthcare utilization survey, the
proportion of hospitalizations among children in the study
community that occurred at study facilities was calculated
as reported hospitalizations at study facilities divided by
total reported hospitalizations; 95% confidence limits were
calculated using the Wald method. Average annual cumu-
lative incidences of hospitalizations associated with detec-
tion of each respiratory virus were calculated for children
aged <1 year, 1e4 years, and <5 years. Incidences were
also calculated for children aged <6 months for RSV and
influenza since maternal immunization with RSV and
ren hospitalized with acute medical illness at study facilities,
August 2009eJuly 2011, N Z 245.

egative (n Z 147) Virus positive (n Z 98) p-Value

% n %

24% 32 33% 0.09
33% 20 20%
42% 46 47%
69% 75 77% 0.18
2% 1 1% 0.53

44% 35/92 38% 0.36
27% 26/92 28%
29% 31/92 34%

e 50 51%
e 17 17%
e 13 13%
e 13 13%
e 10 10%
e 3 3%

chronic diarrhea, and 1 child with a seizure disorder.
were available.
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influenza vaccines has been proposed for protection of
children in this age group.27e29 Incidences unadjusted for
healthcare utilization patterns were calculated by dividing
total hospitalizations at study facilities by child-years of
observation calculated from January 2010 population esti-
mates. Incidences were then adjusted for missed hospital-
izations occurring at non-study facilities by dividing the
unadjusted incidence by the proportion of hospitalizations
among HDSS area residents occurring at study facilities.

Human subjects review

Written informed consent was obtained from the parent/
legal guardian of each participant prior to enrollment. The
study protocol was reviewed and approved by the Institu-
tional Review Boards (IRB) of the Indian Council of Medical
Research and AIIMS. The Human Research Protection Office
of the U.S. Centers for Disease Control and Prevention
approved reliance on the AIIMS IRB in accordance with 45
CFR 46.114.

Results

During August 2009eJuly 2011, 245 children aged <5 years
were hospitalized with acute medical illness at study
hospitals, of whom, 68 (28%) were aged <6 months, 176
Table 2 Clinical presentation and duration of hospitalization o
Comprehensive Rural Health Services Project, Ballabgarh, India,

Virus negative
(n Z 147)

Virus posit
(n Z 98)

n % n

Symptoms
Fever (reported) 117 80% 81
Cough 80 54% 72
Nasal congestion/nasal
discharge

33 22% 38

Fast breathing 28 19% 37
Vomiting 101 69% 44
Inability/refusal to feed 42 29% 29
Diarrhea 89 61% 47
Lethargy 21 14% 14
Seizures 6 4% 5

Signs
Fever (measured) 21 14% 19
Hypoxia (oxygen
saturation <92%)

24/141 17% 27/95

Tachypnea 26 18% 20
Crepitations 23 16% 36
Wheezing 21 14% 25
Nasal flaring/grunting/
chest indrawing

9 6% 19

Stridor 6 4% 9
Median length of
stay (IQR, days)

3 (3e4) 4

a Positive for any respiratory virus (RSV, influenza, adenovirus, coro
b Comparison of virus negative and virus positive children using chi-s

Wilcoxon test for continuous variables.
(72%) were male, and 4 (2%) had �1 underlying medical
conditions (Table 1). Respiratory viruses were detected
among 98 (40%), including 50 (20%) with RSV and 17 (7%)
with influenza viruses (9 with influenza A and 8 with influ-
enza B). Eight of 98 (8%) children with respiratory virus
detection had co-detection of two respiratory viruses. Chil-
dren with and without respiratory virus detection did not
differ significantly with respect to age, sex, or presence
of underlying conditions. The median days from symptom
onset to respiratory specimen collection among children
with and without respiratory virus detection was the same
(4, IQR 3e7 vs. 4 IQR 2e7, p 0.22).

Of the 245 children hospitalized with acute medical
illness, 223 (91%) had reported or measured fever or key
respiratory symptoms or signs (i.e. cough, fast breathing,
tachypnea, crepitations, wheezing, nasal flaring, chest
indrawing, grunting, or stridor). Respiratory viruses were
detected among 92 of 233 (41%) children with fever or key
respiratory symptoms or signs and 6 of 22 (27%) children
without. Of the 6 children with respiratory virus detection
without fever or key respiratory symptoms or signs, 4 had
RSV and 2 had adenovirus; all had vomiting and diarrhea.

Among the 98 children with respiratory virus-associated
illness, history of fever (82%) and cough (69%) were the
most commonly reported symptoms. Parental report of
cough, nasal discharge or congestion, and fast breathing
and exam findings of hypoxia, crepitations, wheezing, and
f children with respiratory virus-associated hospitalizations,
August 2009eJuly 2011.

ivea p-Valueb RSV
(n Z 50)

Influenza
(n Z 17)

% n % n %

83% 0.7 39 78% 16 94%
73% <0.01 40 80% 15 88%
39% <0.01 20 40% 8 47%

38% <0.01 25 50% 5 29%
45% <0.01 19 38% 9 53%
30% 0.86 18 36% 5 29%
48% 0.05 21 42% 7 41%
14% 0.97 7 14% 3 18%
5% 0.71 3 6% 2 12%

19% 0.29 9 18% 3 18%
28% 0.04 17/48 35% 4/16 25%

20% 0.59 11 22% 3 18%
37% <0.01 26 52% 6 35%
26% 0.03 20 40% 3 18%
19% <0.01 16 32% 2 12%

9% 0.1 7 14% 0 0%
(3e5) 0.05 4 (3e5) 4 (3e4)

navirus, parainfluenza virus, or human metapneumovirus).
quared test or Fisher’s exact test for categorical variables and the
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increased work of breathing were more common in children
with respiratory virus-associated hospitalizations than
those without (Table 2); the median length of hospitaliza-
tion was similar in both groups (4 vs. 3 days, p Z 0.05).
None of the children died. A larger proportion of children
with RSV detection compared to children with other respi-
ratory viruses had a reported history of fast breathing (51%
vs. 26%, p Z 0.01) and exam findings of increased work of
breathing (32% vs. 6%, p < 0.01), crepitations (52% vs.
21%, p < 0.01), and wheezing (40% vs. 10%, p < 0.01).
Health utilization and incidence rates of
hospitalization

Of 9509 children aged <5 years residing in CRHSP area, 8773
(92%) were included in the health utilization survey, and
75% (95% CI 74e76%) of all acute medical hospitalizations
reported on the health utilization survey occurred at study
facilities (Table 3). During August 2009eJuly 2010, the un-
adjusted and adjusted average annual incidences of hospi-
talization for acute medical illness among children aged <5
years were 128.8/10,000 (95% CI 114.1e146.2) and 169.5/
10,000 (95% CI 150.0e192.1), respectively. The highest
virus-associated hospitalization incidences were those asso-
ciated with RSV (adjusted incidence 34.6/10,000, 95% CI
26.3e44.7), followed by influenza viruses (adjusted inci-
dence 11.8/10,000, 95% CI 7.9e18.4) (Table 4). Compared
to children aged 1e4 years, children aged <1 year had
more than 5-fold higher all-cause and RSV-associated hospi-
talization incidences. Among infants aged <6 months, the
adjusted incidences of hospitalization for RSV and influenza
were 136.8 hospitalizations/10,000 (95% CI 91.1e207.6) and
17.8 hospitalizations/10,000 (95% CI 6.3e51.9),
respectively.
Seasonality of respiratory virus detection

Respiratory viruses were detected almost year-round
among children hospitalized with acute medical illnesses
(Fig. 1). RSV detection occurred from November through
May with a longer period of detection during 2009e2010
than during 2011 (Fig. 1). In contrast, influenza virus detec-
tion peaked during the rainy season in JuneeJuly when
influenza accounted for 20e42% of monthly acute medical
Table 3 Study population and healthcare utilization survey cov
garh, India, August 2009eJuly 2011.

Age Population in catchment area Population
with HUSa

n n

0e5 months 1064 993
6e11 months 848 754
1e4 years 7597 7025
Total (<5 years) 9509 8773
a HUS: Healthcare utilization survey.
b As reported on HUS.
c 95% CI calculated using the Wald method.
illness hospitalizations. Detection of other respiratory vi-
ruses occurred sporadically throughout the year.
Discussion

Based on surveillance of approximately 9500 children, this
study is the first prospective, population-based study to
measure the incidence of respiratory virus-associated
hospitalizations among children aged <5 years in rural
India. We found that respiratory virus infections were
associated with 40% of acute medical illness hospitaliza-
tions among children aged <5 years, and one in five
children hospitalized for acute medical illness had RSV
infection. Consistent with prior studies, we also found that
virus-associated hospitalization rates were highest among
children aged <1 year. RSV was the predominant virus
identified among children aged <1 year. Among children
aged 1e4 years, incidence rates of RSV and influenza
viruses were similar. RSV and influenza viruses circulated
with clearly defined but different seasonality and were
infrequently detected among children without fever or
respiratory symptoms or signs, similar to prior studies.9,10,30

The incidence of RSV-associated hospitalizations in our
study community was substantial, with an incidence of 35
per 10,000 child-years among children aged <5 years and 99
per 10,000 child-years among children aged <1 year. Many
studies have reported RSV as the most common respiratory
virus resulting in hospitalization in young children, but
relatively few have estimated the incidence of RSV-
associated hospitalizations. RSV-associated hospitalization
rates per 10,000 children ranged from 109 to 274 among
children aged <1 year in studies from rural Thailand,
Indonesia, the United Kingdom, and the United States;
25e30 among children aged <5 years in Hong Kong and the
United States; and 194 and 450 among children aged <5
years without and with HIV infection in South Africa. Our
estimates are similar to those of prior studies from the
United States, Europe and Asia. Given the high incidence of
RSV-associated hospitalization in our study, availability of
an effective and accessible RSV vaccine for young children
in India would profoundly impact hospitalization rates in
this age group. Because the incidence of RSV-associated
hospitalization is highest in infants aged <6 months in
whom maternal antibody interference with immune re-
sponses may make vaccination challenging, RSV vaccination
erage, Comprehensive Rural Health Services Project, Ballab-

surveyed % of hospitalizations that occurred at
study hospitalsb

(%) % (95%CI)c

(93%) 79% (77e81%)
(89%) 79% (77e81%)
(92%) 73% (72e74%)
(92%) 75% (74e76%)



Table 4 Hospitalizations among children aged <5 years at study hospitals and average unadjusted and adjusteda inciden per 10,000 child-years by respiratory virus,b

Comprehensive Rural Health Services Project, Ballabgarh, India, August 2009eJuly 2011.

<5 years <1 year 1e4 years

Hospitalizations Unadjusted
incidence

Adjusted
incidence

Hospitalizations Unadjusted
incidence

Adjusted
incidence

Hospitalizations Unadjusted
incidence

Adjusted
incidence

All-cause 245 128.8
(114.1e146.2)

169.5
(150.0e192.1)

138 360.9
(306.0e425.3)

456.8
(387.3e538.0)

107 70.4
(58.9e85.9)

96.5
(79.5e116.4)

Respiratory
syncytial virusc

50 26.3
(20.0e34.2)

34.6
(26.3e44.7)

30 78.5
(55.9e111.8)

99.3
(69.6e140.5)

20 13.2
(8.9e20.7)

18.0
(11.0e27.4)

Influenzad 17 8.9
(6.8e14.2)

11.8
(7.9e18.4)

7 18.3
(9.8e37.6)

23.2
(11.4e46.8)

10 6.6
(4.9e13.2)

9.0
(5.5e17.8)

Adenovirus 13 6.8
(4.2e12.1)

9.0
(5.3e15.8)

6 15.7
(7.8e35.0)

19.9
(8.9e44.3)

7 4.6
(2.0e10.9)

6.3
(2.7e13.7)

Coronavirus 229E 13 6.8
(4.2e12.1)

9.0
(5.3e15.8)

9 23.5
(13.1e45.5)

29.8
(16.5e57.0)

4 2.6
(1.3e7.2)

3.6
(1.4e9.6)

Parainfluenza 10 5.3
(3.2e9.9)

6.9
(3.9e11.8)

5 13.1
(6.2e30.8)

16.6
(7.6e38.0)

5 3.3
(1.3e7.2)

4.5
(1.4e9.6)

Human
metapneumovirus

3 1.6
(1.1e5.3)

2.1
(1.3e6.6)

2 5.2
(1.0e19.3)

6.6
(1.3e24.1)

1 0.7
(0e3.9)

0.9
(0e5.5)

a Adjusted to account for hospitalizations that occurred at non-study facilities based on data from healthcare utilization survey.
b Children with co-detection of more than 1 respiratory virus were included in the incidence estimate of each respiratory virus detect .
c Among infants aged <6 months, the adjusted incidence of hospitalization for RSV was 136.8 hospitalizations/10,000 (95% I

91.1e207.6).
d Among infants aged <6 months, the adjusted incidence of hospitalization for influenza was 17.8 hospitalizations/10,000 (95% I

6.3e51.9).
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of pregnant women has been suggested as another poten-
tial vaccination strategy.27e29 Though licensed RSV vaccines
are not currently available, candidate vaccines are under
development15,16 and data on RSV disease burden will be
important for policy decisions about RSV vaccine introduc-
tion if a licensed vaccine becomes available.

Although we found that influenza viruses were associ-
ated with a lower incidence of hospitalization than RSV
among children aged <5 years, influenza-associated hospi-
talizations accounted for 7% of all acute medical hospital-
izations and up to 42% of monthly hospitalizations during
peak circulation. A similar population-based study conduct-
ed in western India during the same time period as ours
found similar influenza-associated hospitalization rates
among children aged <1 year and higher rates among
children aged 1e4 years.31 The contribution of influenza
to severe respiratory illness among children in India de-
serves attention because influenza vaccines are not
currently recommended and are not widely available in In-
dia. Both traditional inactivated influenza vaccines32e34

and live attenuated influenza vaccines35e38 have been
shown to be effective against influenza in children in
high-income countries. Additional studies are needed to
further develop the evidence base for policy makers in In-
dia to decide whether to support influenza vaccination rec-
ommendations for children. These studies should include
data on the incidence of severe influenza in other regions
of India, the effectiveness of influenza vaccine among In-
dian children, and the costs of influenza in India. A study
of influenza vaccine effectiveness among children aged
<5 years in rural India is underway.39

The timing of respiratory virus circulation varies glob-
ally. RSV and influenza viruses circulate during the colder
winter months in some but not all temperate countries.
However, influenza viruses circulate year-round in some
tropical countries and both RSV and influenza virus circu-
lation seems to coincide with increased rainfall in some
places.40,41 India is a large and geographically diverse coun-
try with temperate, sub-tropical and tropical climates. In
our study, conducted in a temperate area, we found that
RSV and influenza circulated during clearly defined but
different periods. Studies from western India suggest that
influenza virus circulation is less defined there, with peaks
0
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Figure 1 Number of acute medical illness hospitalizations among
ral Health Services Project, Ballabgarh, India, August 2009eJuly 20
during the rainy season but perennial influenza virus circu-
lation.20,31 Additional studies of influenza virus seasonality
in other regions of India are needed to determine optimal
timing for influenza vaccination and other prevention
measures.

The advent of highly sensitive PCR assays for respiratory
viruses allows easier detection of a wider array of viruses
but also presents the challenge of interpreting positive test
results. Prior studies have shown that some respiratory
viruses are frequently detected by PCR among children
without fever or respiratory symptoms.9,10,30 Respiratory
virus detection in these children may reflect acute infec-
tion with atypical symptoms or prolonged shedding of virus
from a prior infection highlighting the utility of a control
group of children without acute illness to aid interpretation
of test results. Our study did not have a control group, but
the large majority of children with respiratory virus detec-
tion had fever or respiratory findings that support the clin-
ical diagnosis of respiratory infection. Our estimates of RSV
and influenza-associated hospitalization incidence are sup-
ported by prior studies of hospitalized children in which
detection of these viruses was rare from control groups
comprised of hospitalized children without fever or respira-
tory symptoms or non-hospitalized children. Though adeno-
viruses, coronaviruses, human metapneumovirus, and
parainfluenza viruses have all been previously implicated
in the pathogenesis of severe illness, our hospitalization
incidence estimates for these viruses should be interpreted
with more caution as detection of these viruses has varied
among control groups in other studies.9,10,30

Several points should be considered when interpreting
our findings. First, our study was conducted at primary and
secondary level health facilities without capacity to pro-
vide mechanical ventilation and intensive care for critically
ill children. Thus, we may have missed hospitalizations of
children with more severe illness who were directly
admitted to tertiary care hospitals outside the study area.
Our study community may also have been too small to
evaluate the frequency of rare but severe outcomes such as
death. Second, although we attempted to collect the
discharge diagnosis of all enrolled children, these data
were largely absent from the medical record and therefore
could not be used to aid interpretation of respiratory virus
Virus negative

Other viruses

Influenza

RSV

children aged <5 years by month and virus, Comprehensive Ru-
11.
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testing results. Third, we included testing results for only a
select group of respiratory viruses previously identified as
being associated with a large proportion of respiratory
illnesses in children. Therefore, our results reflect the
burden of respiratory virus-associated hospitalizations
caused by this select group of viruses. We did not include
test results for rhinoviruses because interpretation of
rhinovirus detection in the absence of a control group is
difficult, although rhinovirus was the most commonly
detected virus in children with respiratory illness in some
prior studies. Additionally, we did not conduct testing for
coronaviruses other than coronavirus 229E, and may have
underestimated the incidence of coronavirus-associated
hospitalization in the study community. Lastly, respiratory
virus circulation and incidence is known to vary by year. Our
study was conducted over a two year period and we present
average annual cumulative incidences of virus-associated
hospitalization. Additional studies of respiratory virus-
associated disease burden during additional years will be
useful for comparison with our findings.
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