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ABSTRACT

Background: Acute respiratory infections (ARI) are a leading cause of morbidity and mortality among under-
five children, particularly in urban slum settings. Evidence from Kerala's urban slums remains limited, neces-
sitating context-specific research.

Methods: A community-based cross-sectional study was conducted across ten urban slums of Kozhikode
Municipal Corporation from July 2020 to July 2021. Using cluster sampling, 150 children aged <5 years were
enrolled. ARI prevalence was assessed using two-week symptom recall. Associations between risk factors and
ARI were evaluated using chi-square tests and odds ratios.

Results: ARI prevalence was 38% (95% CI: 23.3-55.1%), with upper respiratory tract infections predominat-
ing (75.4%). Birth order greater than two (OR: 2.4; p=0.03), contact with an ARI case (OR: 5.8; p=0.017), and
low maternal educational status (OR: 2.6; p=0.008) showed significant associations in bivariate analysis.
However, no independent predictor was identified in multivariate logistic regression.

Conclusion: ARI burden among under-five children in urban slums is shaped by overlapping sociodemo-
graphic determinants. Targeted interventions addressing maternal education, household exposure reduction,
and improved surveillance are essential to mitigate ARI in vulnerable urban populations.
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INTRODUCTION

Acute respiratory infections (ARI) account for nearly
20.0% of deaths among Under-Five children world-
wide.l In 2019, acute respiratory tract infection
(ARI) contributed to 4.0% of global disability-
adjusted life-years (DALYs) and caused approxi-
mately 2.5 million deaths.2 Children are at a higher
risk with an estimated 740000 deaths of children
younger than five years attributable to ARIs in
2019.%2 Prior to the COVID-19 pandemic, low- and
middle-income countries accounted for approxi-
mately 83% of global acute respiratory infection-
related deaths.? India continues to report a high
prevalence of ARI among children. According to re-
cent national estimates based on NFHS-5 (2019-21),
the prevalence of ARI among Under-Five children
was 2.8%, with significant interstate variations.3
Studies also highlight persistent regional inequalities
in ARI prevalence, and identify sociodemographic
and environmental determinants such as maternal
education, child nutritional status, household fuel
use, and ambient air pollution that significantly in-
fluence risk across India.#5 Urban slums constitute a
particularly vulnerable setting due to overcrowding,
poor ventilation, indoor air pollution, inadequate
sanitation, and limited access to timely healthcare.
According to the 2011 Census, 17.4% of India’s ur-
ban population resided in slums?, living under condi-
tions conducive to rapid transmission of respiratory
infections. Kozhikode Municipal Corporation in-
cludes several densely populated slum clusters,
where these risk factors are highly prevalent, mak-
ing children especially susceptible to recurrent res-
piratory infections. Although multiple studies from
different parts of India have explored ARI prevalence
and risk factors among slum-dwelling children, there
is a marked paucity of evidence from Kerala, particu-
larly from North Kerala. Most existing studies are ei-
ther hospital-based or conducted in rural settings,
leaving a critical knowledge gap regarding environ-
mental and social determinants specific to urban
slum communities.”# This gap limits the ability of lo-
cal health authorities to design targeted, context-
specific preventive interventions.

The present study aims to address this gap by as-
sessing the risk factors associated with ARI among
Under-Five children residing in slum areas of Kozhi-
kode Municipal Corporation. The findings are ex-
pected to provide evidence to strengthen urban pri-
mary healthcare services, inform preventive strate-
gies, and support policy decisions aimed at reducing
the ARI burden in vulnerable urban populations.

METHODOLOGY

Study design and setting: A community-based
cross-sectional study was conducted in the urban
slum areas of Kozhikode Municipal Corporation,
Kerala, India. Kozhikode is a coastal district located
on the southwest coast of India. The Corporation in-
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cludes 62 notified slums, accommodating approxi-
mately 12% of the city’s population, with a substan-
tial proportion located along the 15-km coastal belt.
Ten urban slums were selected for the study. The
study was conducted from July 2020 to July 2021

Study participants: The study population com-
prised children aged <5 years who were permanent
residents of the selected slums (defined as families
residing for 26 months).

Eligibility criteria: Households with at least one
child aged <5 years and families residing in the slum
for 26 months were included in the study. Children
whose parents/guardians did not provide consent or
children who were not available even after two fol-
low-up visits during household survey were exclud-
ed.

If more than one eligible child was present in a
household, all were included.

Sample size calculation: As it is a cross-sectional
study, the sample size was calculated using the
standard prevalence formula taking prevalence of
ARI (p) 59.1% (Kumar SG et al®, Puducherry study)
and absolute precision 10%. At 95% confidence in-
terval the calculated sample size was 99.68 = 100.

Since cluster sampling was used, the sample was ad-
justed using design effect D=1+ (b-1)p, where b is
15 (cluster size decided for feasibility) and p is intra-
cluster correlation coefficient 0.02. So the design ef-
fect D is 1.28. Hence, the sample size was 128. After
adding additional 10% for non-response or sample
loss, the final rounded sample size taken as 150. To
obtain 150 participants with a cluster size of 15, 10
clusters (slums) were selected.

Sampling procedure: Selection of clusters: There
are about 62 slums in Kozhikode Municipal Corpora-
tion. Each slum was considered as a cluster. List of
these slums were taken. From these listed slums, 10
slums were selected by simple random sampling.

Selection of households: From a major junction with-
in the selected slum, the number of roads from the
junction will be counted. The road to proceed was
selected randomly. The first household on the se-
lected road was included in the study. The adjacent
houses on the same side were the subsequent hous-
es included in the study, till the required sample was
obtained from each slum. In case of households on
both side of the road, one was selected randomly us-
ing a coin and adjacent houses on same side of se-
lected house was included. If a second junction was
seen on the road selected, the direction to proceed
will be chosen randomly and same procedure will be
followed. At the point where the road ends, another
major junction was identified. The households in
which there is at least one child aged < 5 years,
were selected for the study.

Selection of study participants: From each of the
selected households, children aged <5years were en-
rolled in the study after following inclusion and ex-
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clusion criteria. If an eligible child was not present at
the time of survey, a maximum of two follow up vis-
its were done to ascertain their inclusion in the
study. The children who were not available even af-
ter 2 visits, were excluded from the study. If a
household contained more than one under 5 chil-
dren, all of them were included in the study. This
method was continued till 15 participants were ob-
tained from each cluster.

Data collection tools: A pre tested semi structured
interview schedule was used for collecting details of
socio-demographic and other characteristic, 2-week
symptom recall for ARI and the risk factors for de-
velopment of ARI.

The interview scheduled had 5 sections. Section 1):
Socio demographic characteristics of study partici-
pants including age, gender, type of family, number
of members including children in the household, so-
cio economic status. Section 2): Antenatal /Natal
and post-natal details including age at conception,
health care facility approached and services availed,
type and place of delivery, complications during
pregnancy and postnatal period, birth weight of
child and breastfeeding. Section 3): Details regard-
ing immunization like immunization status, health
facility approached, source of information and ad-
verse events following immunization. Section 4):
Prevalence of ARI using 2-week symptom recall. De-
tails regarding treatment, health facility approached,
total ARI episodes in a year. Section 5): Anthropo-
metric measurements like height, weight were
measured to the nearest 0.1cm, 0.1kg using the
standard method prescribed in WHO field manual.

Methods of data collection: The selected partici-
pants and their guardian were met in person at their
place of residence. After establishing a good rapport
with the child and guardian, purpose of the study
was explained to the guardian in detail. Informed
consent was obtained from the guardian and they
were interviewed by one-to-one interview method.
Data was collected using study tools. Each interview
lasted for 30-40 minutes.

Height was measured using a Stadiometer (Portable
Height -length measuring board) participant was
asked to stand on the board facing the investigator
keeping their feet together, heels against the back
board and knees straight. The participant was told to
look straight ahead and not to look up, making the
eyes at the same level as ears. The measuring plate
was moved down and placed on top of head. Height
was read in centimeters to the nearest 0.1cm.

Weight is measured using Health sense. Weighing
Scale. Product code PS 117 with high precision of
0.1kg. Measurement was taken on a level and hard
surface. Participant was asked to remove foot ware,
and step on to the scale putting one foot on each of
the foot prints and stand still facing forward and
arms on the side and wait until told to step off. The
weight was measured in kilograms to the nearest of
0.1 kg.
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Variables under the study included Socio demo-
graphic details, Antenatal, natal, and postnatal de-
tails, Immunization details, Developmental assess-
ment, Parental risk factors, Environmental risk fac-
tors, and Prevalence of ARI using 2-week recall.

Data analysis: Data was coded, entered in Microsoft
Excel and analyzed using SPSS software version 18.
Qualitative variables were expressed in frequency
and percentages and quantitative variables were ex-
pressed as mean and standard deviation. Prevalence
of ARI was expressed in percentage and confidence
interval of prevalence was calculated by Cochran’s
procedure using WinPepi software. Association of
selected variables with prevalence of ARI was statis-
tically tested using Pearson chi square test and
strength of association was expressed as odds ratio
and 95%confidenceinterval. The level of significance
of association was set at p value<0.05.

Ethical aspects: Study protocol was approved by
the Institutional Research Committee and the Insti-
tutional Ethics Committee of Government Medical
College, Kozhikode (GMCKKD/RP2019/IEC/255).
Permission was obtained from the Mayor, Kozhikode
Municipal Corporation. Informed consent was ob-
tained from the guardian of the study participants.
The information collected was used only for the pur-
pose of study and strict confidentiality was main-
tained throughout the study. The children who were
found to have respiratory symptoms were referred
to the nearby health facility for further evaluation
and appropriate management.

RESULTS

Socio-demographic Profile: Among the children
studied, 48.7% were boys and 51.3% were girls,
with ages ranging from 4.5 months to 5 years. The
majority (56.0%) belonged to the 3-5-year age
group, with an almost equal distribution between
boys and girls. The mean age of the study population
was 2.6 + 1.4 years, with boys having a mean age of
2.7 + 1.2 years and girls 2.5 * 1.5 years. Most families
were joint families (44.7%), followed by nuclear
families (23.2%). Households in urban slums had an
average of 7.1 + 2.8 members, with the majority
(59.3%) having two or more children. Socioeconom-
ically, most households (76.7%) belonged to the
lower-middle class, followed by the upper-lower
class (20.7%) and upper-middle class (2.6%).

Antenatal history: The mean age of the mothers at
conception was 25 * 4.5 years, with ages ranging
from 18 to 42 years. Majority 148(98.7%) had com-
pleted minimum of 4 antenatal checkups. (Table 1).

Most of the mothers were visited by AWW (49.3%)
followed by ASHA worker (23.3%), whereas 5.3 % of
the mothers were not visited by any of the field
staffs. Iron and Folic Acid (IFA) supplementation and
Tetanus Toxoid (TT) vaccination had 100% coverage
each (Figure 1).
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Table 1: Number of antenatal check-ups done
during pregnancy

Number of antenatal checkups Frequency (%)
<4 2(1.3)

5-10 92(61.3)

>10 56(37.4)

Total 150 (100)

Among the mothers, 123 (82.0%) experienced
weight gain of at least 10 kg during pregnancy. Addi-
tionally, 26.6% had associated conditions, including
gestational diabetes mellitus (19 cases, 51.3%), hy-
perthyroidism (5.4%), hypotension (2.7%), and
COVID-19 (2.7%).
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Figure 1: Type of Antenatal services availed dur-
ing pregnancy (n=150)
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Natal and Postnatal History: The mean birth weight
of the study participants was 2.9 * 0.4 kg, ranging
from 1.6 to 4 kg. Low birth weight (<2.5 kg) was ob-
served in 16 (10.6%) cases. Nearly half of the moth-
ers had full-term vaginal deliveries (46.0%), while
54.0% underwent lower segment caesarean section
(LSCS). A majority (80.0%) of children had an une-
ventful postnatal period, whereas 10.6% experi-
enced neonatal jaundice. Exclusive breastfeeding
was reported in 127 (84.7%) of infants, while 7.3%
were partially immunized due to reasons such as
minor illness, forgetfulness, or lack of proper infor-
mation. Most households relied on government facil-
ities for both delivery (83.3%) and immunization
(96.0%).
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Figure 2: Symptoms during the past two weeks
(n=72)

Table 2: Household, demographic and maternal factors associated with ARI

Variable ARI present ARI absent OR (95%CI) p-value
(n=57) (%) (n=93) (%)

Type of family
Extended 46(40.0) 69(60.0) 1.4(0.6-3.2) 0.8 (0.3)
Nuclear 11(31.4) 24(68.6) Ref

Number of members in the family
=5 members 49(36.0) 87(64.0) 0.4 (0.13-1.2) 2.4 (0.12)
<5 members 8(57.1) 6(42.9) Ref

Overcrowding
Present 45(42.5) 61(57.5) 1.9(0.9-4.2) 3(0.08)
Absent 12(27.3) 32(72.7) Ref

Birth order
>2 48(42.9) 64(57.1) 2.4 (1-5.5) 4.4 (0.03)
<2 9(23.7) 29(76.3) Ref

Contact withan ARI case
Contact present 27(93.1) 2(6.9) 5.8 (1.2-28) 5.7 (0.017)
No contact 30(69.8) 13(30.2) Ref

Number of children in the household
>2 30(37.5) 50(62.5) 0.9 (0.5-1.8) 0.01 (0.8)
>2 27(38.6) 43(61.4) Ref

Maternal education
Low educational status # 43(46.2) 50(53.8) 2.6 (1.2-5.4) 7.04 (0.008)
High educational status § 14(24.6) 43(75.4) Ref

TARI= Acute Respiratory Infections, OR= Odds ratio, 95% CI= 95% Confidence Interval
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Table 3: Environmental and nutritional risk factors associated with ARI

Variable ARI present ARI absent OR (95%(CI) Chi square
(n=57) (%) (n=93) (%) (p-value)

Pets at home
Present 7(25.9) 20(74.1) 0.5 (0.2-1.2) 2.03 (0.15)
Absent 50(40.7) 73(59.3) Ref

Indoor smoke
Present 16(40.0) 69(62.7) 0.8 (0.4-1.8) 0.09 (0.7)
Absent 24(37.5) 24(60.0) Ref

Burning of solid waste
Yes 24(37.5) 40(62.5) 0.9 (0.4-1.8) 0.01 (0.9)
No 33(38.4) 53(61.6) Ref

Low weight for age
Present 3(25.0) 9(75.0) 0.5 (0.13-2) 0.53 (0.3)
Absent 54(39.1) 84(60.9) Ref

Low height for age
Present 6(28.6) 15(71.4) 0.6 (0.2-1.6) 0.9 (0.3)
Absent (n=129) 51(39.5) 78(60.5) Ref

TARI= Acute Respiratory Infections, OR= Odds ratio, 95% CI= 95% Confidence Interval

ARI and Risk Factors: Based on the symptom recall
method, ARI was detected in 57 (38%; 95% CI =
23.3-55.1%) participants, of whom 43 (75.4%) had
upper respiratory tract infections and 14 (24.5%)
had lower respiratory tract infections. Running nose
was the most common symptom, affecting 59 chil-
dren (39.3%), followed closely by fever in 56 chil-
dren (37.3%) (Figure 2)

Among children with ARI, 92.9% received treatment,
with 11.4% requiring hospitalization due to severe
respiratory infection. Nearly half (44.4%) of those
exposed to a known ARI case had contact with their
siblings. Over the past year, the average number of
ARI episodes per child was 2.6 + 1.8, with a maxi-
mum of 10 episodes recorded. The average hospital
admissions per child were 1.1 £ 0.3. Additionally, 4%
of children had low weight for age, and 6% had low
height for age (WHO Z score >3SD). Birth order more
than 2 was significantly associated with ARI and
Contact with an ARI case showed the strongest asso-
ciation. The analysis showed that among environ-
mental and maternal factors, maternal education
was significantly associated with ARI. Children of
mothers with low educational status had significant-
ly higher ARI prevalence (Table 2). But none of these
factors retained significance in the multivariate lo-
gistic regression analysis.

Study couldn’t establish a statistically significant as-
sociation with environmental risk factors and nutri-
tional risk factors for the development of ARI (Table
3).

DISCUSSION

The prevalence of ARI in the present study was 38%
(95 C.I -23.3-55.1%), comparable to finding from
study by Majumdar A et all® (50.4%), Savitha et al!!
(41.6%), Murarkar et al'? (46.7%), and Vijayan B et
al” (31.9%). However, this study reported a higher
prevalence than studies by Mir A et al3 (21.4%),
Nirmolia N et al'* (16.34%), Prajapati B et all®
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(22%). Some studies have reported high prevalence
rates when compared to the present study.® Varia-
tions in prevalence may be influenced by difference
in study settings, sample sizes and methodologies,
and the socio-demographic characteristics of the
populations.

The prevalence of ARI in India reported in NFHS-5
was 2.8%, which was significantly lower than the
findings of the present study.?

In this study 42% of mothers were educated up to
high school, and 94.7% were home makers. All
mothers were literate (100%), a figure comparable
to NFHS 5 Kerala which reported a literacy rate of
95.5%.16.A significant association(p<0.05) was ob-
served between maternal literacy and the develop-
ment of ARI, as established in multiple stud-
ies.131517 18owever, this association was not con-
firmed in studies by Sharma et al'® and Arun et al.1®

In this study, although ARI cases were more frequent
in households with overcrowding, the association
was not statistically significant, contradicting find-
ings by Ramani VK et al.2® Conversely, Prajapati B et
alls reported overcrowding in 53.2% of households,
with a statistically significant association to devel-
opment of ARI. Multiple studies also have identified
overcrowding a significant risk factor for ARI.?1021

In the present study, no statistically significant dif-
ference was observed between age categories and
ARI development, whereas some studies have re-
ported a higher prevalence among infants.18

Females (28%) were more affected by ARI than
males (20.6%),aligning with findings from Islam F et
al,2! Prajapati B et al.’> Conversely, studies by Shar-
ma et al,’% Ramani VK et al,2 Mandal S et al,22 Arun et
al'® reported a higher prevalence among male chil-
dren(54.1%). Children with a birth order greater
than two has a higher likelihood of developing ARI,
with increasing birth order correlating with a great-
er risk.1s

Exposure to individuals with ARI symptoms was
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identified as a significant risk factor for ARI devel-
opment, as established in the study by Ramani et
al.20 Children, due to their close proximity to family
members, are particularly vulnerable to respiratory
infections. Among those exposed to an ARI case, the
majority had contact with their siblings- a variable
not widely considered in previous studies.

Although more children with ARI belonged to lower
socioeconomic class, no significant association found
in the present study. However previous studies have
reported a higher prevalence of ARI found among
lower Socio economic class.1923

While multiple studies have established a statistical-
ly significant association between parental smoking
and ARI development,81017.2223 the current study
couldn’t establish an association. This may be at-
tributed to the lower prevalence of smoking in in-
doors among parents in Kerala.Indoor smoke has
been identified as a significant risk factor for ARI in
several studies,8171922 but no significant association
was observed in the present study.Although previ-
ous research has demonstrated a significant link be-
tween malnutrition and ARI,1017-19 this study did not
establish such an association probably due to the
lower number of malnourished children in the study
population.

Although several variables showed significant asso-
ciations in bivariate analysis, including higher birth
order, maternal low educational status, and history
of contact with an ARI case, none of these factors re-
tained significance in the multivariate logistic re-
gression model. This suggests that the observed as-
sociations may be confounded by overlapping social
and environmental determinants inherent to urban
slum settings.

Overall, the findings highlight that ARI among Un-
der-Five children in urban slums is driven by a com-
plex interplay of household, maternal, and environ-
mental factors, many of which coexist. Although no
variable emerged as an independent predictor in
multivariate analysis, the trends observed under-
score the need for strengthened maternal aware-
ness, improved child-care practices, and enhanced
surveillance in crowded urban settings. Emphasis on
early detection, reducing household exposure, and
improving living conditions remains crucial in miti-
gating ARI burden among vulnerable slum popula-
tions.

STRENGTH AND LIMITATIONS

One of the major strengths of this study lies in its fo-
cus on a highly vulnerable and under-researched
population Under-Five children residing in the urban
slums of Kozhikod Municipal Corporation. The use of
a community-based cross-sectional design combined
with a cluster sampling method enhances the repre-
sentativeness and validity of the findings by captur-
ing data from diverse slum settings. The study em-
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ployed rigorous data collection procedures and a
comprehensive analytical approach, enabling a ro-
bust assessment of the determinants of Acute Res-
piratory Infections (ARI).

Furthermore, the study’s inclusion of a wide range of
socio-demographic, environmental, nutritional, and
parental factors provide a holistic understanding of
the multifactorial nature of ARI. This integrative ap-
proach adds novel insight to the limited body of evi-
dence on child health in urban slum settings, thereby
enhancing the reliability, relevance, and broader
public health significance of the findings. The study
may have overestimated ARI prevalence due to the
overlap with the COVID-19 pandemic, which could
have influenced healthcare-seeking behavior and re-
porting. Being a cross-sectional study, it cannot es-
tablish causal relationships between risk factors and
ARI. Additionally, as the research was confined to
urban slum areas of Kozhikode, the findings may
have limited generalizability to other settings. Nev-
ertheless, the study offers valuable insights to guide
targeted interventions and public health strategies
for under-five children.

CONCLUSION

This study identified higher birth order, lack of ma-
ternal education, contact with an ARI case, and
household overcrowding are associated with ARI
among Under-Five children in urban slums. These
findings highlight the strong influence of socio-
demographic and environmental factors on ARI risk.
Addressing these determinants through targeted
community-level interventions may help reduce the
burden of ARI in similar vulnerable settings.
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