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Epidemiology of viral acute lower respiratory 
infections in a community-based cohort of rural  
north Indian children

Background In India, community-based acute lower respiratory infections 
(ALRI) burden studies are limited, hampering development of prevention 
and control strategies.

Methods We surveyed children <10 years old at home weekly from Au-
gust 2012-August 2014, for cough, sore throat, rhinorrhoea, ear discharge, 
and shortness of breath. Symptomatic children were assessed for ALRI using 
World Health Organization definitions. Nasal and throat swabs were obtained 
from all ALRI cases and asymptomatic controls and tested using polymerase 
chain reaction for respiratory syncytial virus (RSV), human metapneumovi-
rus (hMPV), parainfluenza viruses (PIV), and influenza viruses (IV). We esti-
mated adjusted odds ratios (aOR) using logistic regression to calculate etio-
logic fractions (EF). We multiplied agent-specific ALRI incidence rates by EF 
to calculate the adjusted incidence as episodes per child-year.

Results ALRI incidence was 0.19 (95% confidence interval (CI) = 0.18-0.20) 
episode per child-year. Association between virus and ALRI was strongest for 
RSV (aOR = 15.9; 95% CI = 7.3-34.7; EF = 94%) and least for IV (aOR = 4.6; 
95% CI = 2.0-10.6; EF = 78%). Adjusted agent-specific ALRI incidences were 
RSV (0.03, 95% CI = 0.02-0.03), hMPV (0.02, 95% CI = 0.01-0.02), PIV (0.02, 
95% CI = 0.01-0.02), and IV (0.01, 95% CI = 0.01-0.01) episode per child-
year.

Conclusions ALRI among children in rural India was high; RSV was a sig-
nificant contributor.
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The online version of this article contains supplementary material.
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Acute lower respiratory infections (ALRI) are the single largest infectious cause of 
death among children worldwide, with 1-2 million under-five deaths and 12 mil-
lion hospitalizations globally [1,2]. In India, 17% of all deaths in children <5 years 
old are due to pneumonia [3]. In a study from India conducted in 2013, the direct 
cost of an ALRI-associated hospitalization episode was high and estimated to be 
34% of the annual per capita income [4]. This high disease and economic burden 
call for evidence-based public health approaches for prevention and treatment of 
ALRI including a better understanding of etiology.

Unfortunately, the burden and etiology of acute respiratory infection (ARI) includ-
ing ALRI in India has not been well studied. In a large systematic review of child-
hood pneumonia in low and middle-income countries (LMICs), India contributed 
seven of 200 studies identified, despite bearing 20% of all childhood pneumonia 
deaths globally [5,6]. A review of Indian studies on ARI among children since 1994 
highlighted the lack of community-based studies [7]. Some hospital-based studies 
on pneumonia etiology have been published recently from India [8,9]; however, 
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hospital-based studies suffer from selection bias due to skewed health care seeking based on gender and 
socio-economic status, especially in LMICs .

Despite limited information, many public health measures for pneumonia control have been initiated in 
India starting from case management of pneumonia using community-based health workers in the 1990s. 
However, persistent treatment gaps, concerns of antibiotic overuse, and availability of newer vaccines 
have prompted advocacy for a more comprehensive strategy including use of vaccines [10]. Haemophilus 
influenzae type b (Hib) vaccine has been introduced as a part of pentavalent vaccine, and pneumococcal 
vaccine is currently being rolled out as a pilot project in selected districts of India. Influenza vaccine is 
currently not part of the national immunization schedule. New vaccines are in various stages of develop-
ment including those for respiratory syncytial virus (RSV) [11]. Evidence-based decisions on the judicious 
use of these vaccines require agent-specific community-based disease burden estimates.

We established an Acute Respiratory Infection Surveillance Platform in Ballabgarh, India to assess the 
burden of ARI and ALRI and associated viral etiologies among a community dwelling open cohort of chil-
dren <10 years old in rural north India.

METHODS
The study was conducted in rural Ballabgarh and has been described previously [12]. In brief, all children 
aged <10 years old during the two-year period who were residents of four study villages were approached; 
and written informed consent to participate was obtained from their guardian/parent. The study was ap-
proved by the Institutional Ethics Committee of All India Institute of Medical Sciences (AIIMS), New 
Delhi (approval letter number IEC/NP-272/2012) and the Institutional Review Board of the U.S Centers 
for Disease Control and Prevention (CDC), Atlanta (protocol number 6296).

From the 13th August 2012 to the 9th August 2014, each child was visited weekly at home by trained 
surveillance workers who asked about ARI defined using the European Centers for Disease Control and 
Prevention case definition as the presence of cough, sore throat, rhinorrhea, or shortness of breath; and 
among infants <1-year-old, earache or ear discharge was included [13]. If the symptom started in the past 
week or had worsened from the previous week, trained nurses obtained a detailed clinical history from an 
adult caregiver and conducted a physical examination to determine if the child had ALRI as is required 
under the World Health Organization’s (WHO) Integrated Management of Childhood Illnesses (IMCI) for 
children <5 years old and Integrated Management of Adolescent and Adult (IMAI) Illness for children 5 to 
10 years of age [14,15]. Per these WHO guidelines, ALRI was defined as either “possible serious bacterial 
infection,” “severe pneumonia or very severe disease” or “pneumonia” while “no pneumonia” were clas-
sified as acute upper respiratory infections (AURI) (Appendix S1 in Online Supplementary Document) 
[12,14,15]. No chest auscultation or radiographical confirmation of pneumonia was performed. Nurses 
provided clinical treatment and referral to all sick children as recommended under national guidelines. 
If a child was hospitalized or died in the hospital during the study, admission records were reviewed by 
a study physician to decide whether the cause of hospitalization or death was related to ALRI. All deaths 
were investigated using a validated verbal autopsy tool by trained supervisors [16]. For each ALRI case, 
another child of similar age (±six months) from the same village who did not have ARI/ALRI the same 
week was selected as a control. A random selection of 10% of all children were re-visited by the field su-
pervisors to ascertain the quality of data collection.

Nasal and throat swabs were collected from all ALRI cases and age-matched asymptomatic controls. Spec-
imens were transported on ice in triple sealed containers within 24 hours to the virology laboratory in 
Delhi and processed according to standard protocols. Specimen aliquots were stored at -80°C until testing 
was initiated. Total nucleic acid was extracted from each specimen with the Roche LC 2.0 TNA extractor 
platform using the Roche MagNa Pure LC 2.0 Total Nucleic Acid Isolation kit (Roche Inc., Mannheim, 
Germany). Real-time reverse transcription polymerase chain reaction (rRT-PCR) was performed using 
CDC protocols for the detection of the following respiratory viruses: human metapneumovirus (hMPV), 
influenza viruses (IV), parainfluenza viruses 1-3 (PIV), and RSV. In early 2014, due to unanticipated and 
unavoidable events, the laboratory was temporarily closed and relocated which hampered testing for up 
to six months. To reduce the work load on the laboratory, we tested only a random sample of controls 
from each week and did not test for human rhinoviruses (hRV) in the second year; thus, hRV results are 
not included in this analysis. However, tested controls were spread evenly across the study period.

Data were entered into a MySQL database and encrypted data was regularly backed up. A new episode of 
ARI was defined as presence of new symptoms after a symptom-free interval of 7 days. All weekly data on 
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symptoms for each child were linked to delineate each episode of ARI. Children left 
the cohort once they were 10 years old, migrated out of the study area, died, or if 
their guardians withdrew consent. Andersen-Gill method of Cox-regression mod-
el was used to measure person-time for estimating ARI episodes and person time 
contribution to allow for recurrent events [17]. Data were arranged to account for 
recurrent episodes of ARI/ALRI with an assumption that children were not at risk 
for experiencing a new ARI episode during an ongoing ARI episode. Person-time 
(child-year) of risk was used as the denominator for the estimation of incidence of 
ARI, ALRI, hospitalization, and deaths with 95% confidence intervals (CIs) using 
the normal approximation method and z-test was used for check for significant 
difference in proportions. Age of the child was taken as the age during the start of 
the illness event.

We calculated the prevalence of each pathogen among children with ALRI as the 
proportion of specimens with agent-specific pathogens detected. We construct-
ed multivariable logistic regression models for each virus to estimate the adjusted 
odds ratio (aOR) with the dependent variable in each model being the child status 
of asymptomatic control or ALRI case. For the calculation of the aOR, the pres-
ence of a virus was considered as the exposure; we compared the odds of a posi-
tive detection of a specific virus between ALRI cases and asymptomatic controls, 
and adjusted for confounders (age, sex, enrollment month/y, and co-detection of 
any other virus). We used the aOR to calculate the virus-specific etiologic frac-
tion (EF) or the proportion of cases in the exposed population in which the expo-
sure has played a possible causal role in disease development using the equation 
EF = (aOR–1)/aOR). We did not account for clustering of ALRI events at individual 
level because overall incidence of viral ALRI was very minimal. The incidence of 
the event being so low we considered that the clustering effect is likely to be neg-
ligible. Agent-specific crude ALRI incidence rates were multiplied by EF to cal-
culate the adjusted ALRI incidence rates. All analyses were conducted in Stata 12 
(StataCorp, Texas, USA). Additional analysis with consideration of 14 days symp-
tom free interval for defining a new episode was done to estimate ALRI incidence 
and etiology specific adjusted ORs.

RESULTS

A total of 3765 children, 52.8% of which were boys, were followed for a total of 
5577 child-years of surveillance contributing to 4666 child-years of risk (Figure 
1). Attrition in the cohort due to death, migration, and loss to follow-up was 531 
child-years and was similar by gender. A total of 29 573 ARI episodes were report-
ed for an overall incidence of 6.3 episodes per child year (95% CI = 6.2-6.4) (Ta-
ble 1). ARI incidence decreased with increasing age, from 10.3 episodes per year 
(95% CI = 10.0-10.7) among children <1-year-old to 4.4 (95% CI = 4.3-4.5) in chil-
dren >5 years old. No significant gender differences were noted in ARI incidence. 
Among all 29 573 ARI episodes, 885 (3.0%) were determined to be ALRI of which 
57 (6.4%) resulted in hospitalization and 7 (0.8%) in death. Overall, ALRI inci-
dence was 0.19 episodes per child-year (95% CI = 0.18-0.20); with highest rates 
among children <1 year old (0.96 episodes per child-year (95% CI = 0.86-1.06)) 
and children 1-2 years old (0.52 episodes per child-year (95% CI = 0.46 – 0.59)), 
and lowest rates among children >5 years old (0.03 episodes per child-year (95% 
CI = 0.02-0.04). Incidence of ALRI was significantly lower among girls than boys, 
especially in children <3 years old (P < 0.05). Three hundred and seventy (9.8%) 
children had more than one episode of ALRI during the two-year period. One third 
of ALRI episodes (32.4%) occurred in children <1-year-old. The incidence rate of 
ALRI reduced to 0.17 episodes/child year (0.16-0.18) when a symptom free peri-
od of 14 days was considered for definition of an episode.

The overall incidence rate of ALRI-related hospitalization was 12.2 (95% CI = 9.3-
15.8) episodes per 1000 child-year (Table 1). ALRI hospitalization was approxi-Ta
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mately twice as high among boys (16.6; 95% CI = 11.9-22.4 
episodes per 1000 child-year) as girls (7.3; CI = 4.2-11.8 
episodes per 1000 child-year) (P < 0.001). Mortality rate 
due to ALRI in this cohort as determined by verbal autopsy 
was 1.5 episodes per 1000 child-years (95% CI = 0.2-3.4) 
and higher among girls (2.2; CI = 0-4.8 episodes per 1000 
child-years) than boys (1.4; CI = 0-3.2 episodes 1000 per 
child-year).

Among the 885 ALRI episodes, 10 episodes did not have 
swabs collected or had inappropriate samples. Among the 
875 ALRI episodes in which swabs were collected, at least 
one virus was detected in 316 (36.1%) and 19 (2.2%) had 
more than one virus detected. RSV (16% of ALRI episodes) 
was the most commonly detected virus and IV (4.8%) were 
the least commonly detected among the six viruses tested. 
Nasal/throat swabs were collected from 817 controls but 
only 500 could be tested due to temporary laboratory prob-
lems as described in methods. Among the 500 asymptom-
atic controls, 30 (6.0%) had at least one virus detected (2 
(0.4%) co-detection), including hMPV – 9 (1.8%), PIV – 9 
(1.8%), RSV – 7 (1.4%), and influenza – 7 (1.4%).

Each virus was significantly more commonly detected 
among cases than controls. This association was strongest 
for RSV (aOR = 15.9; 95% CI = 7.3-34.7) and least for IV 

(aOR 4.6; 95% CI = 2.0- 10.6) (Table 2) resulting in an EF of 94% for RSV and 78% for IV. The adjusted 
ORs for RSV and HMPV decreased to 15.3 and 6.8 respectively, while for PIV it increased to 7.5 and for 
influenza the adjusted OR remained unchanged when a symptom free interval of 14 days was consid-
ered for definition of a new episode. The adjusted prevalence based on EF among children with ALRI was 
14.9% (95% CI = 13.7-15.4) for RSV, 8.7% (95% CI = 7.2-9.4) for PIV, 8.4% (95% CI = 7.0-9.1) for hMPV, 
and 3.7% (95% CI = 2.4-4.4) for IV. The adjusted ALRI incidence for each virus in episodes per child-year 
was 0.03 (95% CI = 0.02-0.03) for RSV; 0.02 (95% CI = 0.01-0.02) for hMPV; 0.02 (95% CI = 0.01-0.02) 
for PIV; and 0.01 (95% CI = 0.01-0.01) for IV (Table 3).

Figure 1. Flowchart depicting the assembly and fol-
low-up of cohort.

Table 2. Attributable Etiologic fraction for different viruses in acute lower respiratory infections in children under-ten in rural Ballab-
garh, northern India, 2012-14

pAThogen
ToTAl deTec-
Tions Among 
Alri cAses

prevAlence (%) Among 
Alri cAses (95% ci) 

(n = 875*)

prevAlence (%) Among 
conTrols (95% ci) 

(n = 500)
Aor (95% ci)†

AdjusTed eTiologic 
frAcTion % (95% 

ci)

AdjusTed prevAlence 
(%) Among Alri cAses 

(95% ci)
Respiratory syncytial virus (RSV) 139 15.9 (13.5-18.5) 1.4 (0.6-2.9) 15.9 (7.3-34.7) 94 (86-97) 14.9 (13.7-15.4)

Para-influenza viruses (PIV) 88 10.1 (8.1-12.2) 1.8 (0.8-3.4) 7.1 (3.5-14.4) 86 (71-93) 8.7 (7.2-9.4)

Human meta-pneumo virus (hMPV) 86 9.8 (7.9-12.0) 1.8 (0.8-3.4) 7.1 (3.5-14.3) 86 (71-93) 8.4 (7.0-9.1)

Influenza viruses (IV) 42 4.8 (3.5-6.4) 1.4 (0.6-2.9) 4.6 (2.0-10.6) 78 (50-91) 3.7 (2.4-4.4)

ALRI – Acute lower respiratory infection, aOR – Adjusted odds ratio, CI – confidence interval
*10 ALRI episodes did not have swabs collected or had inappropriate sample.
†Adjusted for age, gender, month of illness and viral co-detection.

Both ARI and ALRI incidence peaked in winters (November-January) and troughed in summers (May-Ju-
ly), before the rainy season during both years of surveillance (Figure 2). hMPV demonstrated a clear winter 
peak (December-January) and RSV usually peaked in the preceding months of September-October. PIV was 
present throughout the year whereas IV demonstrated varied seasonality during the two years (Figure 3).

DISCUSSION

This is one of the first studies with a large sample size and two years of community-based surveillance to 
have demonstrated a substantial burden of ARI and ALRI in children <10 years old in rural India. Viruses 
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were significantly more commonly detected among children with ALRI as compared with asymptomatic 
controls. Our study adds to the evidence base that several viruses, especially RSV, contributed substantially to 
ALRI in children <5 years old in India and presents data for children 6-10 years old for the first time in India.

Our results demonstrate a high burden of ALRI among children in this rural Indian village in Northern 
India and are consistent with previously published data from this same area. In our study, we demonstrate 
an ALRI incidence of 0.53 per child-years in children <3 years old. Broor et al. reported 0.54 episodes 
per child-year in children <3 years old from 2003-05 in this same study area [18]. We report the ALRI 
incidence of 0.36 episodes per child-year among children <5 years old which is similar to the global es-
timates of pediatric community-acquired pneumonia in LMICs for 2010 based on the WHO definition 
which is approximately 0.22 (IQR; 0.11-0.51) episodes per child-year [19]. Our estimates of ARI inci-
dence of 6.3 episodes per child year among children <5 years old is much higher than 3.6 ARI episodes 
per child-year reported by Reddaiah et al in 1985-86 [20].

Compared with boys, girls had significantly lower rates of ALRI and ALRI hospitalization in our study. 
A gender differential among deaths was not found probably due to the small number of deaths in our 
study. The reasons for these findings are unclear but may be due to a reporting bias where caregivers re-
port or seek care for boys more as compared to girls. An earlier study from this area based on data from 
2002-2007 reported higher mortality among girls for diarrhea, prematurity, and malnutrition but not for 
ALRI [21]. Our concurrent study on measuring number and type of contacts did not show any gender 
differences in social contact patterns among children <5 years old [22]. Similar ARI incidence rates be-
tween genders but not ALRI or subsequent hospitalization indicate that these differences are likely due to 
differential care seeking. Previous studies from this study area have reported gender discrimination start-
ing before birth in the form of prenatal sex selection and extending to higher use of private facilities and 
higher expenditure on health care for boys as compared with girls [23,24].

Table 3. Age group and virus-specific adjusted* incidence of acute lower respiratory infection (episodes per child-year, 95% confi-
dence interval), Ballabgarh, northern India, 2012-14

Age group child- yeArs of follow up respirATory syncyTiAl virus (rsv) influenzA virus (iv) humAn meTA-pneumovirus (hmpv) pArAinfluenzA (pi) viruses

0-11 mo 359.9 0.14 (0.11-0.18) 0.02 (0.01-0.04) 0.08 (0.06-0.12) 0.08 (0.06-0.12)

1-2 y 457.3 0.09 (0.06-0.12) 0.02 (0.01-0.04) 0.05 (0.03-0.07) 0.05 (0.04-0.08)

2-3 y 480.9 0.03 (0.02-0.05) 0.01 (0-0.02) 0.01 (0.01-0.03) 0.01 (0.01-0.03)

3-4 y 465.1 0.02 (0.01-0.04) 0.01 (0-0.02) 0.01 (0.01-0.03) 0.02 (0.01-0.04)

4-5 y 482.7 0.02 (0.01-0.04) 0.01 (0-0.02) 0.01 (0-0.02) 0.0 (0.0-0.01)

<5 y 2245.9 0.06 (0.05-0.07) 0.01 (0.01-0.02) 0.03 (0.02-0.04) 0.03 (0.03-0.04)

≥5 y 2420.3 0 (0-0.01) 0 (0-0.01) 0 (0-0.01) 0.0 (0.0 - 0.0)

Total 4666.2 0.03 (0.02-0.03) 0.01 (0.01-0.01) 0.02(0.01-0.02) 0.02(0.01-0.02)

*Adjusted for etiologic fraction derived from Table 2 – 0.94 for RSV; 0.78 for IV, 0.86 for hMPV, 0.86 for PI.

Figure 2. Seasonal variation in incidence rates of acute 
respiratory infection and acute lower respiratory infec-
tion among study children in Ballabgarh, northern In-
dia, 2012-14. ARI – Acute respiratory infection, ALRI – 
Acute lower respiratory infection.

Figure 3. Seasonality of respiratory infections among the 
study children in Ballabgarh, northern India, 2012-14. 
hMPV – Human metapneumo virus, RSV – Respiratory 
syncytial virus, PIV – Para-influenza virus.
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In other studies, conducted in children from neighboring countries, the proportion of ALRI/pneumonia 
cases with a viral detection has ranged from 40%-98.6%; as compared to 36.1% in our study [25-29]. 
Meta-analyses conducted by Wang et al. among community-acquired pneumonia (CAP) and Luksic et 
al. in children hospitalized for pneumonia have estimated the proportion of cases with a virus detection 
at 57.4% and 50.4%, respectively [29,30]. This estimate is likely to vary depending upon the number 
of viruses tested; in our study we tested for only 6 viruses and did not include rhinoviruses which could 
have led to fewer virus detections.

Most studies have identified RSV as a major contributor of hospitalization of children with CAP with 
proportion ranging from 15.1%-67.0%. For RSV, Wang et al. estimated 17.5% prevalence among chil-
dren with CAP [30]. In the meta-analysis conducted by Luksic et al. [31], it was estimated that 3% (95% 
CI = 2.2-4.0) of hospitalized ALRI had IV while Lafond et al. calculated IV prevalence to be between 4%-
6% among pediatric hospitalizations globally [32]. Wang et al. calculated a pooled estimate of influenza 
positivity to be 6.7% (95% CI = 4.7-8.0) among children with CAP as compared to 4.8% in our study 
[30]. Studies from hospitals in India have also reported similar estimates [9,10]. In an earlier study con-
ducted between 2009 -2011 among hospitalized children in Ballabgarh, RSV was detected in 20%, IV 
in 7%, and hMPV in 1% of children <5 years old [33]. The wide range of estimates reported from differ-
ent studies could be due to differences in age groups, settings (ie, hospital, outpatient, community), geo-
graphical locations, testing strategy, virus seasonality, case definitions, and study duration. Viral detection 
among asymptomatic children is uncommon except for hRV [34,35]. In a meta-analysis by Shi et al. to 
estimate the etiological role of common respiratory viruses in ALRI in children <5 years old, the EF for 
RSV was 90% and for IV was 80%, as compared with 94% and 78%, respectively in our study. The EF 
was 70% for PIV and 73% for hMPV in this meta-analysis as compared to 86% for both in our study [36].

Our study has several limitations. We used clinical and syndromic definitions of pneumonia and not ra-
diography which was practical and consistent with what has been done in most community-based stud-
ies in LMICs. Pneumonia etiology studies ideally should include specimens from the lung; however, we 
collected upper respiratory specimens as invasive sampling was not possible in this community. The de-
tection of pathogens in such specimens could represent carriage, infection limited to the upper respira-
tory tract, or convalescent-phase shedding, and thus detection may not denote causation [37]. Presence 
of co-infection with >2 pathogens also complicates the issue of attribution of causality. To overcome this, 
we tested for presence of pathogens among asymptomatic controls to help refine estimates of the attribu-
tion to pathogens to ALRI as has been previously applied in pneumonia etiology studies [38,39]. How-
ever, more recently based on the Pneumonia Etiology Research for Child Health (PERCH) study, Higdon 
et al. have proposed that randomly selected community controls, with or without respiratory symptoms, 
as long as they do not meet the criteria for case-defining pneumonia, are most likely to give an unbiased 
estimate of etiology. [40] Use of a higher viral load threshold among cases as compared with asymptom-
atic controls has shown varied results [41,42]. We could have underestimated the burden due to viruses 
as by the time an ALRI diagnosis is made, children may no longer be shedding the viruses. The controls 
who were tested were similar in gender to those not tested, but there were differences in age (children 
aged 2-4 years were less likely to have been tested) and specimens collected later in the study were more 
likely to be not tested; however, we did adjust for these variables in the equation during the estimation 
of odds ratio. Given India’s diverse population, studies delineating the epidemiology and etiology of ARI 
and ALRI in children from other parts of India are needed. Finally, two epidemiological considerations 
need to be kept in mind while interpreting our incidence rates. First, we used a 7-day symptom-free in-
terval to define a new episode as was performed earlier by Broor et al. [33] in a study in the same area 
as the definition of an ARI episode is not standardized globally. Second, unlike most studies, the period 
with ARI was excluded from the denominator time period which reduced the denominator by about 16%.

The results of this study reinforce the need for population-level access to treatment and preventive mea-
sures for respiratory infections. Although IV had a lower EF than RSV, it was still a cause of ALRI in this 
population and as there are influenza vaccines available, including in India, they warrant continued and 
further study. With multiple RSV candidate vaccines on the horizon, India and other similar LMICs should 
be considered as sites for evaluation and early implementation to help reduce the burden of ALRI glob-
ally. To make evidence-based decisions on use of vaccines, economic evaluations for the introductions of 
these vaccines into public health programs in India are also needed.

CONCLUSIONS

The burden of ARI and ALRI is our study was high and RSV was the major contributor.
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