PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Boo YY, Rai K, Cupp MA, Lakhanpaul M,
Factor-Litvak P, Parikh P, et al. (2021) What are the
determinants of childhood infections in India’s peri-
urban slums? A case study of eight cities. PLoS
ONE 16(10): 0257797. https://doi.org/10.1371/
journal.pone.0257797

Editor: Marufa Sultana, International Centre for
Diarrhoeal Disease Research, BANGLADESH

Received: May 13, 2020
Accepted: September 11, 2021
Published: October 15, 2021

Copyright: © 2021 Boo et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Our study uses third
party data, which we cannot legally distribute. This
study used globally authorized, publicly available,
and nationally representative DHS data sets from
India collected in 2015 and 2016. All data used in
this study were obtained from DHS Program
website (https://dhsprogram.com/data/available-
datasets.cfm). The data sets are publicly available
free of cost for research purposes upon
registration and request. The study used children’s
files for the analysis. The DHS is a global program
supported by the United States Agency for

RESEARCH ARTICLE

What are the determinants of childhood
infections in India’s peri-urban slums? A case
study of eight cities

Yebeen Ysabelle Boo® "3+, Kritika Rai'2*, Meghan A. Cupp?*, Monica Lakhanpaul®®,
Pam Factor-Litvak®, Priti Parikh’, Rajmohan Panda®, Logan Manikam?°®#*, On Behalf of
the Childhood Infections & Pollution (CHIP) Consortium™

1 Nuffield Department of Population Health, University of Oxford, Oxford, United Kingdom, 2 Aceso Global
Health Consultants PTE Ltd., Singapore, Singapore, 3 Population, Policy and Practice, UCL Great Ormond
Street Institute of Child Health, London, United Kingdom, 4 Brown University School of Public Health,
Providence, Rhode Island, United States of America, 5 Whittington Health NHS Trust, London, United
Kingdom, 6 Columbia University Mailman School of Public Health, New York, New York, United States of
America, 7 Engineering for International Development Centre, Bartlett School of Construction and Project
Management, Faculty of Built Environment, University College London, London, United Kingdom, 8 The
Public Health Foundation of India, Delhi, India, 9 Department of Epidemiology and Public Health, University
College London Institute of Epidemiology and Health Care, London, United Kingdom

@® These authors contributed equally to this work.
9 Membership of the Childhood Infections & Pollution (CHIP) Consortium is listed in the Acknowledgments.
* logan.manikam.10@ucl.ac.uk (LM); ysabelle0121 @ gmail.com (YYB)

Abstract

Background

Respiratory Tract Infections (RTIs) and Gastro-Intestinal (Gl) infections are the leading
causes of child mortality and morbidity. This study investigates the associations between
the individual, household and slum-level determinants of children’s health and vulnerability
to RTIs and Gl infections in peri-urban slums in India; an area of research interest at the
Childhood Infections and Pollution Consortium.

Methods

The 2015—16 Indian National Family Health Survey was used for data analysis on children
aged 0-5 years. NFHS-4 includes data on slums in eight Indian cities, including Delhi, Mee-
rut, Kolkata, Indore, Mumbai, Nagpur, Hyderabad, Chennai. The outcome variables, having
fever and cough (FeCo) and diarrhoea in the last two weeks, were used to define the pheno-
type of infections; for this analysis fever and cough were measures of RTls and diarrhoea
was used to measure Gl infections. Exposures considered in this study include variables at
the individual, household and slum level and were all informed by existing literature. Multi-
level models were used to estimate the association between exposures and outcomes vari-
ables; a prior of Cauchy distribution with a scale of 2.5 was selected when building the
multilevel logistic models.
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Results

The total sample size of the number of children included in the analysis was n = 1,424. Data
was imputed to account for missingness, and the original and imputed sample showing simi-
lar distributions. Results showed that diarrhoea and FeCo were both found to be more pres-
ent in younger children than older children by a few months. In fixed effects, the odds of
developing FeCo were higher if the mother perceives the child was born smaller than aver-
age (AOR 4.41,1.13-17.17, P<0.05) at individual level. On the other hand, the odds of the
diarrhoea outcome were lower if the child was older (AOR 0.97, 0.96—-0.98, P<0.05) at indi-
vidual level, and household’s water source was public tap or standpipe (AOR 0.54, 0.31—
0.96, P<0.05) at household level.

Conclusion

The determinants of health, both social and related to health care, at all levels demonstrated
linkages to child morbidity in RTls and Gl infections. The empirical evidence highlights the
need for contextualised ideas at each level, including one health approach when designing
interventions to improve child health.

Introduction

Reducing child mortality is one of the main aims in achieving Sustainable Development Goal
3: To ensure healthy lives and promote well-being for all at all ages [1]. This is an important
task for India in particular, a rapidly growing country, which in 2015, saw the highest rate of
child mortality with 1.2 million deaths occurring in under-5 (U5) children (47.8 per 1000 live
births). Infectious diseases, particularly Respiratory Tract Infections (RTIs) and Gastro-Intesti-
nal (GI) infections are the leading cause of child mortality in India, with disparities in child
mortality across both states and regions [2]. More than nine percent of all U5 mortality in
2015 was due to diarrhoea, and 15.9% was due to pneumonia. These figures indicate that
understanding the current infection pathways are important to design interventions for
decreasing morbidity and mortality from these infections. This includes tackling a complex
network of multiple factors, including the built environment, nutrition, Water and Sanitation
Hygiene (WASH), animal husbandry practices, vector control open defecation, and air and
water pollution due to open defecation and drainage. As children’s health is intertwined in a
complex network between people, animals and their environment (Fig 1), it is important to
consider the One Health paradigm. This is particularly vital in the current climate, whereby
the burdens of emerging infections as well as traditional infection co-exist.

As per 2011 census data, 30.8% of India’s total population fall between 0 and 15 years of
age, while 26.5% of its population live in urban areas. With the rapid, unchecked increase in
rural-urban migration, it is now estimated that between 11.2 and 21.1% of India’s urban popu-
lation are currently living in slums, with a significant portion of this population being children
as reflected in India’s total youth population [4]. The UN-Habitat currently defines slums or
informal settlements as following [5, 6]:

“household[s] where the inhabitants suffer one or more of the following ‘household depriva-
tions’: 1) Lack of access to improved water source, 2) Lack of access to improved sanitation
facilities, 3) Lack of sufficient living area, 4) Lack of housing durability and, 5) Lack of security
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Fig 1. A conceptual map of one health factors associated with infections and AMR in U5s living in urban slums [3].
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of tenure, 6) Lack of separate space for animals, 7)Lack of separate space for cooking, 8)Lack
of open space for recreation/playing).”

Children living in slums are not only exposed to the environmental hazards of disease-caus-
ing bacteria, viruses and parasites, but the health effects of these infections are exacerbated by
the social and environmental determinants driving health inequalities [7, 8]. For example, the
living environments of U5 children often involve high levels of pollution and antimicrobial
resistance compared to non-slums; slum environments suffer from severe urban poverty and
lack of basic infrastructure [9]. As life course epidemiology posits that childhood exposures are
detrimental to later life health increased morbidity, decreased socio-economic positions and
higher mortality [10], understanding these variables in slums has significant public health
importance.

Despite the strength of evidence for the link between the social and environmental determi-
nants of children’s health and vulnerability to RTIs and GI infections, this association has not
been explored intensively in peri-urban slum settings in India [11-14].

This study aims to take an in-depth look at social determinants of health in slums, its effect
on the risk of RTIs and GIs in children, which are the leading causes of child mortality in
India. This research builds on ongoing work by the Childhood Infections and Pollution Study
(CHIP), which aims to reduce infections and antimicrobial resistance in U5 urban slum
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populations through low-cost behaviour change and slum-upgrading interventions using One
health and technology enabled citizen science approaches.

Moreover, this study will aim to explore the social and environmental determinants of chil-
dren’s health in peri-urban slums in India, using a multilevel logistic regression analysis of
child-, household-, and slum-level determinants associated with phenotypic symptoms of
RTIs and GI infections in U5 children. Identified protective or risk factors will also be used to
inform the explanatory variables of CHIP formative research, from theoretical deduction. This
study is innovative in its holistic view of environmental, socio-economic and biological factors
of children’s health to examine how different factors simultaneously influence each other and
determine outcomes of fever and cough and diarrhoea.

Methods
Dataset

This study uses the 2015-2016 National Family Health Survey, India (NFHS-4), this survey is
conducted under the Indian Ministry of Health and Family Welfare to date. NFHS-4 includes
data on slums in eight Indian cities, including Delhi, Meerut, Kolkata, Indore, Mumbai, Nag-
pur, Hyderabad, Chennai [15]. The details of the survey methodology can be reviewed at DHS
Methodological Reports No. 26 [16].

We included households if: they had children aged five or under and if they were within a
cluster defined as “slum designation by observation”. The identification of slum and non-slum
cluster was only conducted in eight Indian cities when administering NFHS-4, therefore, we
could not select any children’s data outside of these eight cities. To minimise selection bias, we
included all available children’s data that met our criteria collected during NFHS-4. Some cit-
ies in this dataset are defined as ‘tier 1’ in size, with a population 100,000 and above (Delhi,
Kolkata, Mumbai, Hyderabad, Chennai) while some are ‘tier 2’ with a population 50,000 to
99,999 (Meerut, Indore, Nagpur); for we control for random effects in regression modelling.

Phenotype

As clinical or laboratory confirmed diagnosis of RTIs or GI infections at a population level is
extremely difficult, self-reported responses from structured surveys can be used as a way of
phenotyping these infections. To robustly phenotype RTIs and GI infections, this study uses
phenotypes derived from previous published studies and clinician input. Three outcome vari-
ables were carefully chosen after reviewing a similar peer-reviewed article that used 1998-1999
NFHS data to “understand determinants of health services utilization for children suffering
from diarrhoea and respiratory illness in rural Bihar” [17] and expert advice from by Dr Mani-
kam (last author), a senior doctor at Public Health England with paediatric training.

Model and variable specification

Outcome variables are binary in nature and were defined as 0 for No and 1 for Yes, for this
analysis fever and cough were measures of RTIs and diarrhoea was used to measure GI
infections.

1. A child had both fever and cough in the last two weeks (recoded using: had a fever in the
last two weeks and had a cough in the last two weeks). Hereby onwards referred to as FeCo.

2. A child had diarrhoea in the last two weeks. Hereby onwards referred to as diarrhoea.

Multilevel models were used in the analyses the consider the association between exposures
and outcomes variables; a prior of Cauchy distribution with a scale of 2.5 was selected when
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building the multilevel logistic models. Exposures were categorised into three levels: individ-
ual, household, and slum level [18, 19] as per the World Health Organisation (WHO) Social
Determinants of Health Framework (Fig 2), that both structural and intermediary determi-
nants of health, with structural determinants influencing the health inequalities in the wider
society [20].

Explanatory variables informed by existing literature (selection rationale for individual and
household level variables are explained in further detail in Tables 1 and 2 in the S1 File):

1. Individual level: Sex of child; Child’s age in months, Birthweight (mother’s perception of
child’s size at birth); The month of the interview; Never breastfed.
The sex of the child was included as a variable due to sex-differences in virulence of infec-
tions being observed in epidemiological studies. The child’s age was also included in the
analysis as it has been observed that older children have more mature immune systems to
fight off pathogens [21, 22]. Next, Birthweight (mother’s perception) was also used as epide-
miological studies point towards children with low-birthweight having an increased risk of
contracting RTIs and GI infections. Since there is a significant incidence of home delivery
(M15), a mother’s opinion of the birthweight was used as a variable instead of the actual
birth weight [23, 24]. The month of the interview was also used to account for how India
faces heavy rainfall during the Monsoon season, which has associations with RTIs and GI
infections if there are inadequate sanitation or water sources (related to slum environment)
[25-27]. Finally, at the individual level, never breastfed was used as a variable in the analysis
to account for the difference in immunity of breastfed children and non-breastfed children
as observed in epidemiological studies [28].

2. Household level: Highest year of maternal education attained; Source of drinking water;
Type of toilet facility; Wealth index (a composite score with various ownership overlapping
with other household variables listed here as calculated by the NFHS dataset [15]; house-
hold has mosquito bed net for sleeping in the household; covered by health insurance; main
material of floor; wall; roof; Religion; Caste or tribe; type of cooking fuel; maternal smoking
and current marital status of the mother.
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Highest year of education of a mother was included in the analysis as epidemiological studies
point towards positive effects of maternal education on childhood health outcomes [29, 30].
Source of drinking water was also added in the analysis as different levels of contaminants
(linked to infections) are found in different water sources in LMIC urban slums [31]. Type
of toilet facility was also included in this study as previous studies has shown how it has
been linked to health and social benefits in LMIC [32]. Furthermore, the Wealth Index was
used to present a composite measure of a household’s cumulative living standard; this
includes the following variables: household has electricity; radio; television; refrigerator; tele-
phone (landline); bicycle; motorcycle/scooter; car/truck; mosquito bed net for sleeping in the
household; covered by health insurance. Next, the main material of floor wall and roof was
used to account for the findings of associations between housing materials on children’s
health [33, 34]. Type of cooking fuel was also included in the analysis to account for its asso-
ciations with children’s respiratory infections [35]. Additionally, Religion; Caste or Tribe
was included so as to account for possible associations of health outcomes with Scheduled
Caste status (that play an important role in social determinants in India) [36, 37]. Finally,
the marital status of the mother was chosen for the analysis to observe any associations
between single motherhood and vulnerability in children as observed in previous studies
[38].

3. Slum (cluster) level: State; The aggregated mean of years of maternal education attained;
wealth index; perceived distance to health facilities. These aggregated means were calculated
by slum cluster.

Missing data & imputation

In the dataset, missing data was observed in ten variables. We chose not to do complete case
analysis as the potential for bias is present.

Hot-deck imputation [39] was used for the variables where 50% of observations or more
were listed as no answer or not applicable (NA) to create the final dataset. After the imputa-
tion, the variance was inflated to account for the imputation method.

Statistical methods

The units of analysis were U5 children, households within a cluster defined as “slum designa-
tion by observation” and slum clusters. Slum-level variables were created by aggregating the
mean of the respondents’ characteristics within the NFHS-4 clusters. Data analysis was carried
out using R Studio 1.2.5033 and R 3.6.3.

First, the descriptive analysis was completed for each variable of interest and the gathered
data were used to inform the best statistical modelling method according to the data. Descrip-
tive analysis revealed that the dataset contained a low prevalence of the outcomes of FeCo and
diarrhoea at only 6% and 11%, respectively. Therefore, variables that did not have enough data
to compute meaningful coefficient estimates were removed from the final model. The
Adjusted Odds Ratios (AORs) were computed via coefficients obtained from a Bayesian gener-
alised linear model (individual- and household-level) and a random-effects Bayesian general-
ised linear model (slum-level). The random effects were selected due to determinants at an
individual, household and societal level; to reflect this, cluster ID was used to control its effects.
To address the two-level hierarchical structure with individual- and household- levels (level 1)
embedded within each cluster (level 2), two models were fitted for each outcome. To justify
the use of random-effects modelling at the cluster level, variance was measured against the
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cluster ID. For both outcomes, a variance of 0.4% (with a standard deviation of 0.03) was
observed.

o Model 1 fits a non-hierarchical logistic regression of the FeCo binary outcome using a weakly
informative default prior distribution setting built by Gelman et al., which gives a better
model when there is separation in the logistic regression [40]. The default setting (Cauchy
distribution with scale of 2.5) and bayesglm function of the arm package were explained in
detail in Gelman’s book and was deemed most appropriate for this study’s statistical model-
ling [41].

o Model 2 fits a random-effects (by clusters identified with the cluster id: v001) multilevel
logistic regression of the FeCo binary outcome with df = 1 (Cauchy distribution) and
scale = 2.5 as the prior distribution, using the brm function in the brms package. This pack-
age allows to fit Bayesian generalised multivariate logistic multilevel models using stan. Total
number of four Markov chains Monte Carlo (MCMC) were applied to fully explore the tar-
get posterior distribution.

« Model 3 fits a non-hierarchical logistic regression of the diarrhoea binary outcome, the same
method as model 1.

« Model 4 fits a random-effects multilevel logistic regression of the diarrhoea binary outcome,
the same as method as model 2.

Ethics

A data archivist of The DHS Program authorised the author to access the NFHS India dataset
(NFHS is a publicly available dataset on request) for the sole purpose of statistical reporting
and analysis and for this registered study.

Results

The descriptive analysis of all variables is presented in Table 1. Chi-squared was used for cate-
gorical variables and Kruskal-Wallis test was used for numeric variables. The total sample size
of the number of children involved in the analysis was 1,424; from a total of 259,627 total chil-
dren in the NFHS-4 and 4,168 U5 population in eight cities (slum and non-slum). The distri-
bution of both our imputed and original sample are shown in Table 1. In comparison with the
distribution of individuals with FeCo and Diarrhoea in the original sample, our imputed sam-
ple show a similar distribution.

Table 1 also shows that both diarrhoea and FeCo were found to be present in younger chil-
dren more than older children by a few months (mean age 25 months; 29 months respectively
and 22 months; 30 months, respectively).

Table 2 represents the AORs (95% confidence interval) of final models 1, 2, 3 and 4. In
fixed effects (model 1 and 3), the odds of developing FeCo were higher if the mother perceives
the child was born smaller than average (AOR 4.41, 1.13-17.17). On the other hand, the odds
of the diarrhoea outcome were lower if the child was older (AOR 0.97, 0.96-0.98) and house-
hold’s water source is public tap or standpipe (AOR 0.54, 0.31-0.96).

Although we report on statistically significant finding here, it is noteworthy that many of
our variables at individual, slum and household level were not statistically significant in our
models.
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Table 1. Descriptive analysis of under-5 children in total slum population of eight Indian cities, NFHS-4, 2015-16.

Fever and Cough Fever and Cough | P Value | Diarrhoea Absent | Diarrhoea Present | P Value | Total
Absent (N = 1347) Present (N = 77) (N =1268) (N =156) (N =1424)
Sex 0.126 0.393
Male 684 (50.8%) 46 (59.7%) 645 (50.9%) 85 (54.5%) 730 (51.3%)
Female 663 (49.2%) 31 (40.3%) 623 (49.1%) 71 (45.5%) 694 (48.7%)
Child’s Age in Months 0.044 <0.001
Mean (SD) 29 (17) 25 (15) 30 (17) 22 (15) 29 (16.896)
Median (Q1, Q3) 30 (15, 44) 23 (15, 37) 31 (16, 45) 20 (9, 33) 29 (15, 44)
Min—Max 0-59 2-58 0-59 0-59 0-59
Size of Child at Birth 0.078 <0.001
Very Large 103 (7.6%) 1(1.3%) 98 (7.7%) 6(3.8%) 104 (7.3%)
Larger Than Average 178 (13.2%) 8(10.4%) 172 (13.6%) 14 (9.0%) 186 (13.1%)
Average 909 (67.5%) 53 (68.8%) 865 (68.2%) 97 (62.2%) 962 (67.6%)
Smaller Than Average 102 (7.6%) 9(11.7%) 89 (7.0%) 22 (14.1%) 111 (7.8%)
Very Small 55 (4.1%) 6(7.8%) 44 (3.5%) 17 (10.9%) 61 (4.3%)
Month of Interview 0.032 <0.001
March 25 (1.9%) 1(1.3%) 26 (2.1%) 0 (0.0%) 26 (1.8%)
April 372 (27.6%) 11 (14.3%) 362 (28.5%) 21 (13.5%) 383 (26.9%)
May 588 (43.7%) 33 (42.9%) 564 (44.5%) 57 (36.5%) 621 (43.6%)
June 295 (21.9%) 27 (35.1%) 251 (19.8%) 71 (45.5%) 322 (22.6%)
July 12 (0.9%) 0 (0.0%) 9 (0.7%) 3 (1.9%) 12 (0.8%)
Sept 55 (4.1%) 5 (6.5%) 56 (4.4%) 4 (2.6%) 60 (4.2%)
State <0.001 <0.001
Madhya Pradesh 306 (22.7%) 3(3.9%) 294 (23.2%) 15 (9.6%) 309 (21.7%)
Maharashtra 283 (21.0%) 20 (26.0%) 281 (22.2%) 22 (14.1%) 303 (21.3%)
Delhi 110 (8.2%) 4 (5.2%) 101 (8.0%) 13 (8.3%) 114 (8.0%)
Tamil Nadu 104 (7.7%) 5(6.5%) 99 (7.8%) 10 (6.4%) 109 (7.7%)
Uttar Pradesh 341 (25.3%) 35 (45.5%) 290 (22.9%) 86 (55.1%) 376 (26.4%)
West Bengal 101 (7.5%) 7 (9.1%) 104 (8.2%) 4 (2.6%) 108 (7.6%)
Telangana 102 (7.6%) 3 (3.9%) 99 (7.8%) 6 (3.8%) 105 (7.4%)
Highest Year of Education of Mother 0.929 0.915
Mean (SD) 4.1(1.6) 4.1(1.7) 4.1(1.6) 4.1(1.7) 4.1(1.6)
Median (Q1, Q3) 4(3,5) 4(3,5) 4(3,5) 4(3,5) 4(3,5)
Min—Max 0-7 1-7 0-7 1-7 0-7
Source of Drinking Water (Accessible in 0.871 0.193
The House or Within Community)
Piped Water Dwelling 467 (34.7%) 35 (45.5%) 434 (34.2%) 68 (43.6%) 502 (35.3%)
Piped Water Yard or Plot 282 (20.9%) 13 (16.9%) 261 (20.6%) 34 (21.8%) 295 (20.7%)
Public Tap or Standpipe 290 (21.5%) 13 (16.9%) 284 (22.4%) 19 (12.2%) 303 (21.3%)
Tube Well Water 214 (15.9%) 13 (16.9%) 204 (16.1%) 23 (14.7%) 227 (15.9%)
Dug Well: Open or Protected 3(0.2%) 0(0.0%) 3(0.2%) 0(0.0%) 3(0.2%)
Surface Water 2 (0.1%) 0 (0.0%) 2 (0.2%) 0 (0.0%) 2 (0.1%)
Rainwater 2(0.1%) 0 (0.0%) 2(0.2%) 0 (0.0%) 2(0.1%)
Tanker Truck 35 (2.6%) 1(1.3%) 31 (2.4%) 5(3.2%) 36 (2.5%)
Cart with Small Tank 4(0.3%) 0 (0.0%) 3(0.2%) 1 (0.6%) 4(0.3%)
Bottled Water 42 (3.1%) 2 (2.6%) 38 (3.0%) 6 (3.8%) 44 (3.1%)
Community RO Plant 6 (0.4%) 0 (0.0%) 6 (0.5%) 0 (0.0%) 6 (0.4%)
Type of Toilet Facility (Accessible in 0.564 0.186
The House or Within Community)
(Continued)
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Table 1. (Continued)

Fever and Cough Fever and Cough | P Value | Diarrhoea Absent | Diarrhoea Present | P Value | Total
Absent (N = 1347) Present (N = 77) (N =1268) (N =156) (N =1424)
Flush Toilet 1170 (86.9%) 72 (93.5%) 1096 (86.4%) 146 (93.6%) 1242 (87.2%)
Pit Toilet Latrine 47 (3.5%) 2 (2.6%) 47 (3.7%) 2(1.3%) 49 (3.4%)
No Facility 109 (8.1%) 2(2.6%) 103 (8.1%) 8(5.1%) 111 (7.8%)
Composting Toilet 4(0.3%) 0(0.0%) 4(0.3%) 0(0.0%) 4(0.3%)
Dry Toilet 4(0.3%) 0 (0.0%) 4(0.3%) 0 (0.0%) 4(0.3%)
Other 13 (1.0%) 1(1.3%) 14 (1.1%) 0 (0.0%) 14 (1.0%)
Main Floor Material 0.415 0.755
Natural 84 (6.2%) 6(7.8%) 81 (6.4%) 9 (5.8%) 90 (6.3%)
Rudimentary 81 (6.0%) 8(10.4%) 82 (6.5%) 7 (4.5%) 89 (6.2%)
Finished 1181 (87.7%) 63 (81.8%) 1104 (87.1%) 140 (89.7%) 1244 (87.4%)
Other 1(0.1%) 0 (0.0%) 1(0.1%) 0(0.0%) 1(0.1%)
Main Wall Material 0.546 0.407
Natural 60 (4.5%) 2(2.6%) 59 (4.7%) 3(1.9%) 62 (4.4%)
Rudimentary 26 (1.9%) 3(3.9%) 26 (2.1%) 3(1.9%) 29 (2.0%)
Finished 1258 (93.4%) 72 (93.5%) 1180 (93.1%) 150 (96.2%) 1330 (93.4%)
Other 3(0.2%) 0 (0.0%) 3(0.2%) 0 (0.0%) 3(0.2%)
Main Roof Material 0.436 0.292
Natural 41 (3.0%) 0 (0.0%) 39 (3.1%) 2 (1.3%) 41 (2.9%)
Rudimentary 32 (2.4%) 2 (2.6%) 28 (2.2%) 6 (3.8%) 34 (2.4%)
Finished 1269 (94.2%) 75 (97.4%) 1196 (94.3%) 148 (94.9%) 1344 (94.4%)
Other 5(0.4%) 0 (0.0%) 5(0.4%) 0 (0.0%) 5 (0.4%)
Religion 0.121 <0.001
Hindu 795 (59.0%) 35 (45.5%) 764 (60.3%) 66 (42.3%) 830 (58.3%)
Muslim 521 (38.7%) 41 (53.2%) 478 (37.7%) 84 (53.8%) 562 (39.5%)
Christian 6(0.4%) 1(1.3%) 7 (0.6%) 0 (0.0%) 7 (0.5%)
Sikh 2(0.1%) 0 (0.0%) 1(0.1%) 1 (0.6%) 2(0.1%)
Buddhist/Neo-Buddhist 20 (1.5%) 0 (0.0%) 15 (1.2%) 5(3.2%) 20 (1.4%)
Jain 3(0.2%) 0 (0.0%) 3(0.2%) 0 (0.0%) 3(0.2%)
Caste or Tribe 0.489 0.533
Caste 1302 (96.7%) 74 (96.1%) 1224 (96.5%) 152 (97.4%) 1376 (96.6%)
Tribe 13 (1.0%) 0 (0.0%) 11 (0.9%) 2 (1.3%) 13 (0.9%)
No Caste or Tribe 32 (2.4%) 3 (3.9%) 33 (2.6%) 2 (1.3%) 35 (2.5%)
Number of Household Members 0.062 0.233
Mean (SD) 6.609 (3.202) 7.273 (3.401) 6.603 (3.183) 6.981 (3.463) 6.645 (3.215)
Median (Q1, Q3) 6(4,8) 7(5,9) 6(4,8) 6(4,8) 6 (4,8)
Min—Max 1-21 3-18 1-21 3-21 1-21
Type of Cooking Fuel 0.271 0.031
Electricity 21 (1.6%) 0 (0.0%) 17 (1.3%) 4 (2.6%) 21 (1.5%)
LPG, Natural Gas 1035 (76.8%) 63 (81.8%) 977 (77.1%) 121 (77.6%) 1098 (77.1%)
Biogas 5 (0.4%) 0 (0.0%) 5 (0.4%) 0 (0.0%) 5 (0.4%)
Kerosene 98 (7.3%) 2 (2.6%) 95 (7.5%) 5(3.2%) 100 (7.0%)
Coal, Lignite 5 (0.4%) 0 (0.0%) 4(0.3%) 1 (0.6%) 5(0.4%)
Charcoal 7 (0.5%) 0 (0.0%) 6(0.5%) 1 (0.6%) 7 (0.5%)
Wood 114 (8.5%) 5 (6.5%) 111 (8.8%) 8 (5.1%) 119 (8.4%)
Straw/Shrubs/Grass 4(0.3%) 0(0.0%) 3(0.2%) 1 (0.6%) 4(0.3%)
Animal Dung 55 (4.1%) 6 (7.8%) 47 (3.7%) 14 (9.0%) 61 (4.3%)
(Continued)
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Table 1. (Continued)

Fever and Cough Fever and Cough P Value | Diarrhoea Absent | Diarrhoea Present | P Value | Total
Absent (N = 1347) Present (N = 77) (N =1268) (N =156) (N =1424)
No Food Cooked in House 1(0.1%) 0 (0.0%) 1(0.1%) 0 (0.0%) 1(0.1%)
Other 2(0.1%) 1(1.3%) 2(0.2%) 1 (0.6%) 3(0.2%)
Wealth Index 0.029 0.003
Mean (SD) 3.8 (1.0) 4.1(0.9) 3.8 (1.0) 4.1(0.9) 3.8 (1.0)
Median (Q1, Q3) 4(3,5) 4(4,5) 4(3,5) 4(4,5) 4(3,5)
Min—Max 1-5 1-5 1-5 1-5 1-5
Have Mosquito Bed Net for Sleeping in 0.437 0.865
The Household
No 1162 (86.3%) 64 (83.1%) 1091 (86.0%) 135 (86.5%) 1226 (86.1%)
Yes 185 (13.7%) 13 (16.9%) 177 (14.0%) 21 (13.5%) 198 (13.9%)
Does Not Use Tobacco 0.522 0.089
No 36 (2.7%) 3 (3.9%) 38 (3.0%) 1 (0.6%) 39 (2.7%)
Yes, Smokes Nothing 1311 (97.3%) 74 (96.1%) 1230 (97.0%) 155 (99.4%) 1385 (97.3%)
Covered by Health Insurance 0.321 0.008
No 1213 (90.1%) 72 (93.5%) 1135 (89.5%) 150 (96.2%) 1285 (90.2%)
Yes, Covered 134 (9.9%) 5(6.5%) 133 (10.5%) 6 (3.8%) 139 (9.8%)
Current Marital Status of Mother 0.83 0.945
Never in Union 1(0.1%) 0 (0.0%) 1(0.1%) 0 (0.0%) 1(0.1%)
Married 1334 (99.0%) 76 (98.7%) 1256 (99.1%) 154 (98.7%) 1410 (99.0%)
Widowed 5 (0.4%) 0 (0.0%) 4(0.3%) 1 (0.6%) 5 (0.4%)
Divorced 1(0.1%) 0 (0.0%) 1(0.1%) 0 (0.0%) 1(0.1%)
Separated 6 (0.4%) 1(1.3%) 6 (0.5%) 1 (0.6%) 7 (0.5%)
Perceived Distance to Health Facilities 0.618 0.026
No Problem 549 (40.8%) 32 (41.6%) 520 (41.0%) 61 (39.1%) 581 (40.8%)
Not A Big Problem 432 (32.1%) 21 (27.3%) 414 (32.6%) 39 (25.0%) 453 (31.8%)
Big Problem 366 (27.2%) 24 (31.2%) 334 (26.3%) 56 (35.9%) 390 (27.4%)
Breastfed 0.866 0.104
Ever Breastfed 1232 (91.5%) 70 (90.9%) 1154 (91.0%) 148 (94.9%) 1302 (91.4%)
Never Breastfed 115 (8.5%) 7(9.1%) 114 (9.0%) 8(5.1%) 122 (8.6%)
https://doi.org/10.1371/journal.pone.0257797.t001
Individual level

In model 1 and 2, the child was more protective towards FeCo, if they were born very large
(mother’s perception). There were lower odds of reported FeCo symptoms in U5, if the inter-
view was conducted in July (AOR 2.69, 0.54-13.36).
In models 3 and 4, older children were more protected. For example, for each month of
age, the odds of diarrhoea decreased by 3% (AOR 0.97, 0.96-0.98). The odds of diarrhoea were
higher when mothers perceived their child’s birth weight as smaller than average (AOR 1.78,
0.70-4.55) or very small (AOR 2.43, 0.89-6.65) while the odds of diarrhoea were less if the
interview was conducted in March compared to other months.

Household level

In model 1 and 2, a one-year increase in the highest level of maternal education showed
decreased odds of developing FeCo (AOR 0.99, 0.94-1.04). Households using Piped water into
dwelling were more likely to develop FeCo than other sources, except rainwater (AOR 1.12,
0.13-9.42) and tanker trucks (AOR 1.04, 0.57-1.88). Other sources of water include; water
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Table 2. Adjusted odd ratios (95% CI of all models).

AOR (95% CI)
Model 1 Model 2 Model 3 Model 4
Sex (Male)
Female 0.71 (0.43-1.15) 0.96 (0.82-1.11) 0.91 (0.63-1.31) 0.98 (0.84-1.15)
Age, Month 0.99 (0.97-1.00) 1.00 (0.99-1.00) 0.97* (0.96-0.98) 0.99 (0.99-1.00)

Birthweight (very large)

Larger than average 2.43 (0.63-9.28) 1.07 (0.74-1.54) 0.81 (0.31-2.08) 0.96 (0.67-1.38)
Average 2.69 (0.81-8.96) 1.07 (0.78-1.45) 0.95 (0.42-2.15) 0.97 (0.71-1.32)
Smaller than average 4.41* (1.13-17.17) 1.13 (0.75-1.70) 1.78 (0.70-4.55) 1.11 (0.73-1.67)
Very small 3.20 (0.75-13.75) 1.10 (0.68-1.78) 2.43 (0.89-6.65) 1.26 (0.77-2.06)
Interview Month (March)
April 0.74 (0.18-3.09) 1.04 (0.52-2.07) 1.61 (0.39-6.59) 1.39 (0.69-2.81)
May 1.45 (0.37-5.62) 1.00 (0.52-1.93) 2.72 (0.69-10.74) 1.35 (0.69-2.62)
June 1.54 (0.38-6.30) 0.95 (0.47-1.93) 5.90% (1.47-23.65) 1.33 (0.63-2.79)
July 0.41 (0.01-11.42) 0.89 (0.30-2.64) 4.74 (0.67-33.53) 1.45 (0.47-4.43)
Sept 2.69 (0.54-13.36) 1.00 (0.46-2.18) 1.35 (0.26-6.90) 1.26 (0.57-2.81)
Never breastfed 1.21 (0.52-2.81) 1.02 (0.77-1.36) 1.02 (0.91-1.14) 1.01 (0.95-1.06)
(

Maternal Education, Year

0.99 (0.85-1.15)

0.99 (0.94-1.04)

1.67 (0.99-2.84)

1.11 (0.87-1.40)

Water source (Piped water into dwelling)

piped water yard or plot

0.77 (0.37-1.59)

0.98 (0.78-1.23)

1.07 (0.57-2.02)

1.02 (0.78-1.33)

public tap or standpipe

1.10 (0.51-2.36)

0.99 (0.76-1.28)

0.54* (0.31-0.96)

0.85 (0.66-1.09)

Tube well water

0.67 (0.32-1.40)

0.95 (0.74-1.23)

0.65 (0.02-27.32)

0.99 (0.15-6.67)

Dug well: open or protected

0.72 (0.01-37.44)

0.92 (0.15-5.80)

0.73 (0.01-36.73)

1.03 (0.12-8.51)

Surface water

0.46 (0.02-14.03)

0.89 (0.11-7.04)

0.71 (0.01-36.32)

0.87 (0.11-7.23)

Rainwater

0.96 (0.01-106.36)

1.12 (0.13-9.42)

2.02 (0.61-6.74)

1.09 (0.61-1.95)

Tanker truck

0.89 (0.14-5.62)

3.52 (0.34-36.35)

1.35 (0.32-5.75)

Cart with small tank

0.56 (0.02-18.45)

0.90 (0.22-3.65)

2.29 (0.85-6.17)

1.11 (0.67-1.85)

(
(
(
1.04 (0.57-1.88)
(
(
(

Bottled water 0.92 (0.22-3.84-1.00) 1.00 (0.59-1.67) 0.39 (0.01-10.09) 0.83 (0.23-3.01)
Community RO plant 0.40 (0.01-10.79) 0.83 (0.23-2.97) 0.52 (0.11-2.43) 0.92 (0.58-1.47)
Toilet (Flush toilet)
Pit toilet latrine 0.99 (0.19-5.10) 0.98 (0.62-1.56) 1.10 (0.47-2.55) 1.04 (0.73-1.47)
No facility 0.38 (0.09-1.55) 0.97 (0.69-1.36) 0.52 (0.02-16.30) 0.90 (0.18-4.60)
Composting toilet 0.68 (0.01-31.65) 0.97 (0.20-4.82) 0.60 (0.02-21.13) 0.97 (0.23-4.14)
Dry toilet 0.61 (0.02-21.52) 0.85 (0.20-3.54) 0.22 (0.01-3.99) 0.83 (0.38-1.81)
Other 2.02 (0.27-15.23) 1.08 (0.49-2.35) 2.09 (0.41-10.58) 1.17 (0.62-2.19)

Floor (natural)

Rudimentary 1.06 (0.30-3.73) 1.04 (0.63-1.72) 0.96 (0.01-106.31) 1.15 (0.07-18.71)

Finished 0.56 (0.19-1.63) 0.93 (0.62-1.40) 1.49 (0.27-8.32) 1.09 (0.54-2.18)

Other 0.82 (0.01-54.91) 0.92 (0.06-14.42) 1.27 (0.33-4.93) 1.02 (0.63-1.67)
Wall (natural)

Rudimentary 3.59 (0.53-24.18) 1.14 (0.57-2.29) 0.77 (0.01-43.32) 1.07 (0.19-5.96)

Finished 0.89 (0.18-4.42) 0.97 (0.60-1.55) 1.72 (0.34-8.66) 1.15 (0.56-2.38)

Other 0.89 (0.01-75.60) 1.00 (0.18-5.40) 0.95 (0.24-3.70) 1.02 (0.60-1.72)
Roof (natural)

Rudimentary 2.44 (0.21-28.20) 1.09 (0.53-2.24) 0.60 (0.02-22.21) 1.12 (0.30-4.20)

Finished 5.00 (0.58-42.82) 1.15 (0.70-1.88) 1.73* (1.12-2.67) 1.10 (0.90-1.34)

Other 0.85 (0.01-62.87) 1.11 (0.28-4.38) 0.27 (0.01-5.93) 0.93 (0.30-2.86)

Distance to health centre (no problem)

(Continued)
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Table 2. (Continued)

Not a big problem

Big problem
Cooking fuel (electricity)

LPG, natural gas

Biogas

Kerosene

Coal, lignite

Charcoal

Wood

Straw, shrubs, grass

Animal dung

No food cooked in house

Other
Wealth Index (1, poorest-5, wealthiest)
Mosquito net (do not have a net)
Mother doesn’t smoke (smokes)
Health insurance (no insurance)
State (Madhya Pradesh)

Maharashtra

Delhi

Tamil Nadu

Uttar Pradesh

West Bengal

Telangana
Slum: Wealth Index (1, poorest-5, wealthiest)
Slum: Distance to health centre (no problem)

Slum: Maternal Education, Year

Model 1
0.74 (0.40-1.34)
1.14 (0.61-2.12)

1.95 (0.43-8.87)
0.58 (0.02-20.81)
0.75 (0.12-4.83)
0.65 (0.02-27.31)
0.76 (0.01-41.84)
1.95 (0.37-10.42)
0.76 (0.01-42.20)
3.02 (0.55-16.72)
0.75 (0.01-40.64)
20.61 (0.47-901.21)
1.31 (0.84-2.04)
1.51 (0.76-3.01)
0.42 (0.11-1.57)
0.93 (0.35-2.46)

AOR (95% CI)

Model 2
0.96 (0.79-1.17)
0.97 (0.76-1.24)

1.09 (0.62-1.91)
0.93 (0.21-4.18)
0.99 (0.53-1.88)
0.97 (0.25-3.79)
1.00 (0.31-3.25)
1.14 (0.61-2.14)
1.03 (0.23-4.58)
1.17 (0.60-2.29)
0.94 (0.05-16.88)
2.08 (0.29-14.75)
1.02 (0.87-1.19)
1.01 (0.79-1.29)
0.88 (0.53-1.44)
1.00 (0.76-1.32)

1.16 (0.79-1.69)
1.14 (0.73-1.78)
1.11 (0.72-1.72)
1.18 (0.76-1.86)
1.20 (0.79-1.82)
0.95 (0.63-1.43)
1.05 (0.87-1.27)
1.09 (0.86-1.36)
1.04 (0.92-1.18)

(
(
(
(

Model 3
0.94 (0.31-2.86)
0.68 (0.26-1.80)

0.48 (0.02-14.15)
0.56 (0.15-2.04)
2.13 (0.20-22.23)
1.11 (0.14-8.90)
0.65 (0.20-2.13)
1.98 (0.18-21.60)
1.09 (0.34-3.51)
0.54 (0.02-18.75)

7.52 (0.31-180.32)

1.18 (0.86-1.64)
1.05 (0.60-1.84)
2.17 (0.39-12.28)
0.55 (0.23-1.30)
0.74 (0.08-6.90)

Model 4
1.03 (0.62-1.71)
0.92 (0.51-1.66)

0.81 (0.19-3.42)
0.93 (0.48-1.81)
1.30 (0.32-5.25)
1.07 (0.31-3.69)
0.92 (0.48-1.77)
1.23 (0.26-5.91)
1.03 (0.51-2.08)
0.78 (0.05-12.07)
1.57 (0.22-11.21)
1.03 (0.88-1.19)
0.98 (0.76-1.25)
1.04 (0.65-1.67)
0.96 (0.73-1.25)
1.00 (0.16-6.15)

1.01 (0.70-1.47)
1.19 (0.77-1.84)
1.10 (0.72-1.68)
1.39 (0.88-2.20)
0.97 (0.62-1.50)
0.89 (0.59-1.36)
1.02 (0.85-1.22)
1.09 (0.87-1.36)
0.97 (0.85-1.10)

AOR: adjusted odd ratios; LCI: lower confidence interval; UCI: upper confidence interval; figures in bold* indicate statistically significant at the p<0.05 level; blue

shade: different direction of odd ratios between models.

https://doi.org/10.1371/journal.pone.0257797.t002

piped from water yard or plot, public taps or standpipes, tube well water, open or protected dug

wells, surface water, carts with small water tanks, bottled water or a community Reverse Osmosis

(RO) plants.

Households with a flush toilet did not seem to have significant differences in odds when
compared to other types of toilets (Flush toilet, Pit toilet latrine, No facility, Composing toilet,
and other), having a dry toilet showed protective trends against FeCo (AOR 0.85, 0.20-3.54).
The implications of this result will be further discussed in the Discussion section. The rudi-
mentary material type for wall and floor showed trends of adverse effects for FeCo. Among

cooking fuel, households using animal dung had the highest odds of developing FeCo (AOR
1.17, 0.60-2.29). Lastly, on par with the WHO’s current initiative, children with mothers that
do not use tobacco had lower odds of developing FeCo (AOR 0.88, 0.53-1.44).
In model 3 and 4, in comparison, households that use tanker trucks showed the highest
odds of reporting diarrhoea (AOR 1.35, 0.32-5.75). Similar to model 1 and 2, households with

a flush toilet did not seem to have significant differences in odds when compared to other
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types of toilets, however, having a dry toilet showed protective trends against diarrhoea (AOR
0.83, 0.38-1.81). However, these inferences results will be further explored in the discussion.
The finished materials for wall and floors showed adverse associations, in contrast to what we
can observe in FeCo. This association will be further discussed below. With cooking fuels, no
food cooked in house (AOR 1.57, 0.22-11.21) were associated with odds of diarrhoea. Although
many of the findings lack significance, they are indicative of trends that can be explored by
CHIP in future.

Slum level

As model 2 and 4 suggest, the state Telangana was most protected from FeCo, while FeCo was
more prevalent in the slums where the community perceived the greatest distance between
their home and the healthcare centre (AOR 1.09, 0.86-1.36). In contrast, Delhi and Uttar Pra-
desh were more likely to develop diarrhoea than other states; Uttar Pradesh showed the highest
odds of all states, with an AOR of 1.39 (0.88-2.20). Furthermore, slum-level increases in the
highest year of maternal education seems to reduce odds of children’s diarrhoeal symptoms by
3% (for every increase in total education year).

Discussion

The descriptive analysis reflects the challenging socio-economic settings of Indian slums. For
example, the mean number of total household members was 6.65 (SD: 3.21), which may indi-
cate a problem of overcrowding as most slum households are unlikely to have sufficient space
even if the mean number is similar to non-slum households. Additionally, the mean of the
highest year of education completed by mother was 4.1 years out of a possible 15 years.

This study finds that children who are younger in months of age and/or male were discov-
ered to be at higher risk of developing both morbidities; reaffirming results from other epide-
miological studies [27-31]. Having very small- or smaller-than-average maternally reported
birth weight also increased the odds of both morbidities. This echoes existing findings that
highlight associations between low birth weight and increased risk of infections and other
aspects of ill health [42]. Low birth weight is also a well-established determinant of child devel-
opment as well as decreased survival; and plays a major role on the onset of health conse-
quences in an individuals’ life course [43].

Interestingly, the month in which the survey interviews were conducted showed variation
in reporting both the morbidities; FeCo was most prevalent in May, whereas diarrhoea was
least prevalent in June. This suggests a seasonality in childhood infections, this has previously
been observed in past studies whereby infection transmission patterns are impacted by the
weather [44]. In addition to seasonal variations, climate conditions and environmental pollu-
tions may also make a contribution to childhood infections [45]. While it would have been
beneficial to explore this using multiple year data, it was not feasible to link NFHS-4 individual
code to NFHS-3, as many individuals were missing. This was mainly due to the fact that chil-
dren were not born at the time when NFHS-3 was conducted. Lastly, the odds of being
breastfed were protective towards any symptoms of infection, this has been affirmed by past
epidemiological studies that show breastfeeding to have several health benefits for children,
due to the protective factors in the breast milk against infections [46]. However, it is important
to note the lack of precision in the survey instrument; as children who were breastfed at least
once were simply recorded as ever breastfed, thus there is a possibility in underestimation of
association-meaning that the effect of association may have been bigger than presented in our
results.
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At the household-level, the type of housing material showed distinctive differences, finished
floor and wall materials showed highly protected trends for FeCo. However, the results also
showed, that for diarrhoea; finished materials for wall and floors showed adverse associations.
This finding does not sit in line with other studies conducted, whereby finished flooring
showed protective effects against the occurrence of diarrhoea [47]. The difference in results
may be due to the possibilities in that these results having uncontrolled confounding. For
instance, variables such as hand washing behaviour and proximity to sanitation facilities were
not controlled for [48]. This was due to the lack of data availability on these mentioned
determinants.

Interestingly, having a dry toilet in the household was protective for both morbidities; previ-
ous studies surrounding the use of dry toilets have observed a reduced risk of infection trans-
mission due to the waterless mechanism by sealing the faeces through creating a barrier
between faeces and the human [49]. This should be further explored in future epidemiological
research. The benefits of dry toilets also include: the usage of less water and environmental
benefits associated with less contamination of water sources reduction [50]. Thus, dry toilets
could be a good policy intervention that is both sustainable towards global water shortage,
whilst also affordable to be implemented for slum regeneration. However, we must note that
despite the environmental benefits dry toilets deliver, issues concerning social and cultural fac-
tors must be considered. Perceptions and prejudices regarding handling excreta that may not
provide modest coverage have an important and significant impact on individuals. Addition-
ally, gender issues are frequently discussed in literature surrounding the use of dry toilets.
Women use toilets for reasons other than excretion in many geographic locations: for instance,
during their menstrual cycles and for child care [51]. Thus, it is important to note that when
making suggestions about the use of dry toilets; the issues of inconvenience for women must
also be taken into serious consideration.

The results also showed that the use of tanker trucks for supplying water to the slums pre-
sented an increased odd in some morbidities. However, it must be stated that these results may
have been due to the tanker trucks sold in slum environments containing water that was con-
taminated, as well as further issues with water storage; this includes lack of hygiene upkeep
[52, 53]. For instance, in order for the water source to be safe from tanker trucks, the water
tank pumps must be rigorously cleaned before use, after major maintenance and at least every
3 months. If this is not completed under a correct cleaning procedure, the chances of clean
and safe water from tanker trucks are significantly lowered [52]. Additionally, we are able to
assume that this upkeep might not have been regularly maintained; this is due to the preva-
lence of individuals in our dataset that mention the use of tanker trucks being small (2.5% of
those residing in slums). Thus, there is a possibility that the safe delivery and management of
tanker trucks were limited and not operationalised to optimise sufficiency as explored by pre-
vious studies surrounding water safety and hygiene [52].

In terms of cooking fuels, animal dung was associated with higher reporting of FeCo,
whereas 10 food cooked in house were adversely associated with diarrhoea. However, this may
also be associated with affluence, rather than only the type of fuel used; thus, further research
is required. Moreover, children with mothers who do not smoke were protective towards both
morbidities, this sits in line with many epidemiological studies whereby maternal smoking is
associated with increased risk of infant and childhood disease and mortality (through environ-
mental exposure and the diversion of household income) [54, 55]. Hence encouraging mothers
not to smoke could be another area to increase awareness as part of Indian public health cam-
paigns. For both morbidities, it was evident that owning health insurance was protective for
children, however, higher wealth index was only protective towards diarrhoea. This may indi-
cate that U5 children from households that have higher socio-economic status are more likely
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to get less diarrhoea, whereas FeCo could not be a main concern for many households, even if
their socio-economic status is higher. This implies that public health campaigns should
increase the awareness of the danger of RTIs and potential mortality or morbidity that U5 chil-
dren can face from infecting them. It is important to note how these morbidities are cared for
in each household; whether they sought clinical treatment or home remedies.

At the slum-level, there were clear differences between states in each morbidity, children in
Telangana were most protective from FeCo whereas children in Delhi and Uttar Pradesh were
most likely to develop diarrhoea. This can be explained by state differences in income inequal-
ity and level of air pollution [56]. It is recommended to further elaborate this outcome using
spatial epidemiology and neighbourhood effects in future. Lastly, diarrhoea was associated
with a slum-level increase of the highest maternal education year, whereas FeCo was more
prevalent in the slums where the community felt the distance between their home to the
healthcare centre was the greatest. This is also true in past epidemiological studies; specifically,
a qualitative study surrounding under-five child health services conducted in urban slums in
Malawi found that health-seeking behaviours were negatively impacted by long distances to
health facilities [57].

Most explanatory variables in our models were insignificant; with a P-value >0.05 (Deliv-
ery, birthweight, toilet type, floor type, wall type, distance to health centre and cooking fuel).
Wide confidence intervals suggest that insignificant results may have been due to the small
sample sizes in the analysed models. Although insignificant, it is important to address these
results with regard to its wider public and global health impact, and in order to evade issues
relating to underreporting bias. Our analyses therefore highlight how the explanatory variables
listed above had no significant effect on the odds of developing FeCo and diarrhoea.

There were some limitations identified in this study, which were primarily linked to the
dataset being a self-reported interview. Firstly, the dataset has a low prevalence of the out-
comes, causing potential data separation (whereby observations of a particular predictor have
the same outcome). This was controlled for using a Bayesian perspective generalised linear
regression model, both with fixed- and random-effects, to conduct multilevel logistic model-
ling. Mothers’ responses regarding children’s symptoms in the last two weeks may suffer from
recall bias or misinterpretation, which could have led to random misclassification and bias
toward the null value. We must also note, that the variable used as a proxy for birthweight of a
baby (mother’s perception) is open to issues such as measurement error; this is likely as it is
subject to personal perceptions and possible systematic errors [58]. However, such perceptions
from the NFHS-4 used in this study has been validated in various studies as aforementioned in
Table 1 in S1 File.

Lastly, some important variables that were chosen to be included in the initial model had to
be omitted at the final model, due to data limitations. For example, the Hot-deck imputation
method was used to handle missing data for variables that had 50% or less missingness. This
method is widely used for missing data in statistics as it reflects the real values and avoids
strong parametric assumptions [39]. Multiple Imputation by Chained Equations (MICE) was
also considered, however, due to MICE’s limitation on potential incompatible conditional dis-
tributions between categorical and continuous variables, it was concluded that it was not suit-
able for this study’s dataset [59]. It also incorporates the original dataset’s covariate
information and can provide strong inferences in regression models, if imputation uncertainty
is carefully considered beforehand. Variables with over 50% of values missing were excluded
from the analyses.

Current literature show that this method requires a good match of donors to be able to cre-
ate meaningful values. As this disadvantage is controlled better when there is a large dataset; a
sample size of 1424 can be limited in providing high quality covariate variables of Missing-
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Not-at-Random (MNAR) NAs. This is the suggested reason on why some values showed infi-
nite upper confidence intervals (values that were very low in proportion compared to other
values in the categorical variable) and needed to be omitted from the final modelling analysis.
It is recommended that a future study should use the MICE instead of hot-deck imputation for
qualified missing variables to investigate the changes raw bias and Root Mean Squared Error
(RMSE) in the dataset. This can improve the results in odds ratio and provide tighter models
with higher statistical significance.

Conclusions

This study has examined how the different social determinants of children’s health in peri-
urban slums in eight cities in India impact the phenotype of RTIs (proxy: FeCo) and GI infec-
tions (proxy: diarrheoa). In sum, the study found that at an individual level, the odds of devel-
oping FeCo were higher if the mother thinks the child was born smaller than average (AOR
4.41, 1.13-17.17). It was also found that the odds of the diarrhoea outcome were lower if the
child was older (AOR 0.97, 0.96-0.98), and at a household level; the diarrhoea outcome was
found to also be lower if the household’s water source is public tap or standpipe (AOR 0.54,
0.31-0.96).

This study provides valuable information for future policy interventions to lower the odds
of childhood morbidities in marginalised slum populations. It provides empirical evidence of
the need to approach each slum cluster with different ideas, firmly rooted in the local context.
Crucially, any intervention aiming to improve child health should tackle all levels, and all
areas, of the social determinants of health outcomes. Moreover, the protective and risk factors
identified in this study should provide a guide to state and national level policymakers to prior-
itise addressing to improve child health outcomes across these eight cities and serve as a tem-
plate for other Indian cities. The policies should utilise a cross-sector, yet multilevel approach.

Supporting information

S1 File. Selection rationale of variables.
(DOCX)

Acknowledgments

The authors are members of the Childhood Infections and Pollution (CHIP) Consortium
aimed at reducing the infection & antimicrobial resistance burden amongst children under
five in slums using One Health (i.e. human, animal, environment) and technology-enabled cit-
izen science approaches. The Consortium has undertaken work in urban slums in Jaipur,
Jakarta, Antofagasta & Istanbul. Dr Logan Manikam and Prof Monica Lakhanpaul are co-
directors of the CHIP Consortium.

In addition to the authors, members of the CHIP Consortium consists of Hemant Chatur-
vedi, Emma Maynard, Prof Muki Haklay, Dr Hector Altamirano-Medina, Dr Neha Batura, Dr
Alexander Albert, Dr Clare Llewellyn, Julia Vila, Dr Dewi Aisyah, Chynthia Mayadewi, Nata-
sha Mayandra, Anila Atin, Dr Rajensh Khanna, Sanjay Sharma, Satya Pattaniak, Sandeep Soni,
Dr Prejit, Dr Rajib Dasgupta, Dr Sanweer Khatoon, Dr Krishna Mohan, Dr Kaushik Sarkar,
Rajendra Prasad, Jacob Paulose, Dr Pradeep Srivastava, Radhika Sharma, Premraj Sharma,
Prof Erika Ota, Obaidur Rahman, Prof Joseph Malik Peiris, Prof Keiji Fukuda, Dr Hein Tun,
Dr Mahendra Perara, Dr Nancy Leung, Dr Rintaro Mori, Dr Wiku Adisasmito, Mariana
Wieske, Berkay Hacimustafa & Gizem Kulekcioglu.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257797 October 15, 2021 16/20


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257797.s001
https://doi.org/10.1371/journal.pone.0257797

PLOS ONE

Determinants of child health in India’s peri-urban slums

Organisations include; global universities (UCL, Columbia University, University of Hong
Kong, St Luke’s University Tokyo, Public Health Foundation India, University of Antofagasta,
Jawaharlal Nehru University, Rajasthan University of Veterinary &Animal Sciences), NGOs
(i.e. Save the Children India, Jeevan Ashram Sanstha, Tarlabasi Toplum Merkezi), private sec-
tor (Aceso Global Health Consultants PTE Ltd) & networks (India Center for One Health Edu-
cation, Advocacy, Research and Training & Indonesia One Health University Network).
Consortium members had an opportunity to critically review results and contribute to the pro-
cess of finalisation of this paper. The co-authors vouch for the accuracy and integrity of the
work and accept full responsibility for the content of the paper.

Author Contributions

Conceptualization: Yebeen Ysabelle Boo, Logan Manikam.

Data curation: Yebeen Ysabelle Boo.

Formal analysis: Yebeen Ysabelle Boo, Kritika Rai, Priti Parikh, Logan Manikam.
Investigation: Yebeen Ysabelle Boo, Pam Factor-Litvak, Logan Manikam.
Methodology: Yebeen Ysabelle Boo, Logan Manikam.

Resources: Priti Parikh, Logan Manikam.

Software: Yebeen Ysabelle Boo.

Supervision: Meghan A. Cupp, Monica Lakhanpaul, Pam Factor-Litvak, Priti Parikh, Rajmo-
han Panda, Logan Manikam.

Validation: Yebeen Ysabelle Boo, Meghan A. Cupp, Monica Lakhanpaul, Pam Factor-Litvak,
Rajmohan Panda, Logan Manikam.

Visualization: Yebeen Ysabelle Boo.
Writing - original draft: Yebeen Ysabelle Boo.

Writing - review & editing: Yebeen Ysabelle Boo, Kritika Rai, Meghan A. Cupp, Monica
Lakhanpaul, Pam Factor-Litvak, Priti Parikh, Rajmohan Panda, Logan Manikam.

References

1. United Nations. Transforming our World: The 2030 Agenda for Sustainable Development. 2015. https:/
sustainabledevelopment.un.org/post2015/transformingourworld/publication

2. Liul,ChuY, Oza S, Hogan D, Perin J, Bassani DG, et al. National, regional, and state-level all-cause
and cause-specific under-5 mortality in India in 2000—15: a systematic analysis with implications for the
Sustainable Development Goals. Lancet Glob Heal. 2019; 7: €721-e734. https://doi.org/10.1016/
S$2214-109X(19)30080-4 PMID: 31097276

3. Manikam L, Karim YB, Boo YY, Allaham S, Marwaha R, Parikh P, et al. Operationalising a one health
approach to reduce the infection and antimicrobial resistance (AMR) burden in under-5 year old urban
slum dwellers: the childhood infections and pollution (CHIP) consortium.

4. Census of India. Primary census 2011 abstract for slums. New Delhi: Office of the Registrar General
and Census Commissioner; 2013.

5. UN-Habitat. Habitat lii Issue Papers 22 —Informal Settlements. United Nations Conf Hous Sustain
Urban Dev. 2015. http://dx.doi.org/10.3402/gha.v5i0.19065

6. Programme UNHS, Observatory GU. Slums of the World: The Face of Urban Poverty in the New Millen-
nium? United Nations Human Settlements Programme (UN-HABITAT); 2003. https://books.google.co.
uk/books?id=lve7AAAAIAAJ

7. Ezeh A, Oyebode O, Satterthwaite D, Chen Y-F, Ndugwa R, Sartori J, et al. The history, geography,
and sociology of slums and the health problems of people who live in slums. Lancet. 2017; 389: 547—
558. https://doi.org/10.1016/S0140-6736(16)31650-6 PMID: 27760703

PLOS ONE | https://doi.org/10.1371/journal.pone.0257797 October 15, 2021 17/20


https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
https://doi.org/10.1016/S2214-109X%2819%2930080-4
https://doi.org/10.1016/S2214-109X%2819%2930080-4
http://www.ncbi.nlm.nih.gov/pubmed/31097276
http://dx.doi.org/10.3402/gha.v5i0.19065
https://books.google.co.uk/books?id=Ive7AAAAIAAJ
https://books.google.co.uk/books?id=Ive7AAAAIAAJ
https://doi.org/10.1016/S0140-6736%2816%2931650-6
http://www.ncbi.nlm.nih.gov/pubmed/27760703
https://doi.org/10.1371/journal.pone.0257797

PLOS ONE

Determinants of child health in India’s peri-urban slums

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.
21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Lilford RJ, Oyebode O, Satterthwaite D, Melendez-Torres GJ, Chen Y-F, Mberu B, et al. Improving the
health and welfare of people who live in slums. Lancet. 2017; 389: 559-570. https://doi.org/10.1016/
S0140-6736(16)31848-7 PMID: 27760702

Vlahov D, Freudenberg N, Proietti F, Ompad D, Quinn A, Nandi V, et al. Urban as a Determinant of
Health. J Urban Heal Bull New York Acad Med. 2007; 84: i16—i24. https://doi.org/10.1007/s11524-007-
9169-3 PMID: 17356903

Kuh D, Ben-Shlomo Y, Lynch J, Hallgvist J, Power C. Life course epidemiology. J Epidemiol Community
Health. 2003; 57: 778-783. https://doi.org/10.1136/jech.57.10.778 PMID: 14573579

Chopra M, Mason E, Borrazzo J, Campbell H, Rudan |, Liu L, et al. Ending of preventable deaths from
pneumonia and diarrhoea: an achievable goal. Lancet. 2013; 381: 1499-1506. https://doi.org/10.1016/
S0140-6736(13)60319-0 PMID: 23582721

Walker C, Rudan |, Liu L, et al. Global burden of childhood pneumonia and diarrhoea. Lancet. 2013;
381: 1405-1416. https://doi.org/10.1016/S0140-6736(13)60222-6 PMID: 23582727

Campbell H, Nair H. Child pneumonia at a time of epidemiological transition. Lancet Glob Heal. 2015; 3:
€65-66. https://doi.org/10.1016/52214-109X(14)70308-0

Bhutta Z, Das J, Walker N, Group for the LD and PIS, et al. Interventions to address deaths from child-
hood pneumonia and diarrhoea equitably: what works and at what cost? Lancet. 2013; 381: 1417—
1429. https://doi.org/10.1016/S0140-6736(13)60648-0 PMID: 23582723

International Institute for Population Sciences. National Family Health Survey (NFHS-4), 2015-16:
India. 1IPS Mumbai; 2017.

Pullum TW. Strategies to assess the quality of DHS data. DHS Methodological Reports No. 26. Rock-
ville, Maryland, USA: ICF; 2019. http://dhsprogram.com/pubs/pdf/MR26/MR26.pdf

Thind A. Health Service Use by Children in Rural Bihar. J Trop Pediatr. 2004; 50: 137—142. https://doi.
org/10.1093/tropej/50.3.137 PMID: 15233188

Smith T, Shively G. Multilevel analysis of individual, household, and community factors influencing child
growth in Nepal. BMC Pediatr. 2019; 19: 91. https://doi.org/10.1186/s12887-019-1469-8 PMID:
30953501

Khanam M, Shimul SN, Sarker AR. Individual-, Household-, and Community-Level Determinants of
Childhood Undernutrition in Bangladesh. Heal Serv Res Manag Epidemiol. 2019; 6:
2333392819876555. https://doi.org/10.1177/2333392819876555 PMID: 31555719

Solar O, Irwin A. A conceptual framework for action on the social determinants of health. 2007.

Ashby B, Bruns E. The evolution of juvenile susceptibility to infectious disease. Proc R Soc B Biol Sci.
2018; 285: 20180844. https://doi.org/10.1098/rspb.2018.0844 PMID: 29925619

Simon AK, Hollander GA, McMichael A. Evolution of the immune system in humans from infancy to old
age. Proceedings of the Royal Society B: Biological Sciences. Royal Society of London; 2015. https:/
doi.org/10.1098/rspb.2014.3085 PMID: 26702035

Ittiravivongs A, Songchitratna K, Ratthapalo S, Pattara-arechachai J. Effect of low birth weight on
severe childhood diarrhea. Southeast Asian J Trop Med Public Health. 1991; 22: 557-62. Available:
http://www.ncbi.nIm.nih.gov/pubmed/1820644 PMID: 1820644

Kandelaki E, Kherkheulidze M, Kavlashvili N, Chkhaidze |. Late preterm and low birth weight—possible
impact on respiratory system at age of 12 month. Eur Respir J. 2014; 44.

Chowdhury FR, Ibrahim QSU, Shafiqul Bari M, Jahangir Alam MM, Dunachie SJ, Rodriguez-Morales
AJ, et al. The association between temperature, rainfall and humidity with common climate-sensitive
infectious diseases in Bangladesh. PLoS One. 2018; 13. https://doi.org/10.1371/journal.pone.0199579
PMID: 29928056

Bhavnani D, Goldstick JE, Cevallos W, Trueba G, Eisenberg JNS. Impact of rainfall on diarrheal dis-
ease risk associated with unimproved water and sanitation. Am J Trop Med Hyg. 2014; 90: 705-711.
https://doi.org/10.4269/ajtmh.13-0371 PMID: 24567318

Paynter S, Ware RS, Weinstein P, Williams G, Sly PD. Childhood pneumonia: A neglected, climate-
sensitive disease? Lancet. 2010; 376: 1804—1805. https://doi.org/10.1016/S0140-6736(10)62141-1
PMID: 21111894

Hanson LA. Breastfeeding provides passive and likely long-lasting active immunity. Ann Allergy,
Asthma Immunol. 1998; 81: 523-534. https://doi.org/10.1016/S1081-1206(10)62704-4 PMID: 9892025

Caldwell J, McDonald P. Influence of maternal education on infant and child mortality: Levels and
causes. Health Policy Educ. 1982; 2: 251-267. https://doi.org/10.1016/0165-2281(82)90012-1 PMID:
10256648

Barrera A. The role of maternal schooling and its interaction with public health programs in child health
production. J Dev Econ. 1990; 32: 69-91. https://doi.org/10.1016/0304-3878(90)90052-D

PLOS ONE | https://doi.org/10.1371/journal.pone.0257797 October 15, 2021 18/20


https://doi.org/10.1016/S0140-6736%2816%2931848-7
https://doi.org/10.1016/S0140-6736%2816%2931848-7
http://www.ncbi.nlm.nih.gov/pubmed/27760702
https://doi.org/10.1007/s11524-007-9169-3
https://doi.org/10.1007/s11524-007-9169-3
http://www.ncbi.nlm.nih.gov/pubmed/17356903
https://doi.org/10.1136/jech.57.10.778
http://www.ncbi.nlm.nih.gov/pubmed/14573579
https://doi.org/10.1016/S0140-6736%2813%2960319-0
https://doi.org/10.1016/S0140-6736%2813%2960319-0
http://www.ncbi.nlm.nih.gov/pubmed/23582721
https://doi.org/10.1016/S0140-6736%2813%2960222-6
http://www.ncbi.nlm.nih.gov/pubmed/23582727
https://doi.org/10.1016/S2214-109X%2814%2970308-0
https://doi.org/10.1016/S0140-6736%2813%2960648-0
http://www.ncbi.nlm.nih.gov/pubmed/23582723
http://dhsprogram.com/pubs/pdf/MR26/MR26.pdf
https://doi.org/10.1093/tropej/50.3.137
https://doi.org/10.1093/tropej/50.3.137
http://www.ncbi.nlm.nih.gov/pubmed/15233188
https://doi.org/10.1186/s12887-019-1469-8
http://www.ncbi.nlm.nih.gov/pubmed/30953501
https://doi.org/10.1177/2333392819876555
http://www.ncbi.nlm.nih.gov/pubmed/31555719
https://doi.org/10.1098/rspb.2018.0844
http://www.ncbi.nlm.nih.gov/pubmed/29925619
https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.1098/rspb.2014.3085
http://www.ncbi.nlm.nih.gov/pubmed/26702035
http://www.ncbi.nlm.nih.gov/pubmed/1820644
http://www.ncbi.nlm.nih.gov/pubmed/1820644
https://doi.org/10.1371/journal.pone.0199579
http://www.ncbi.nlm.nih.gov/pubmed/29928056
https://doi.org/10.4269/ajtmh.13-0371
http://www.ncbi.nlm.nih.gov/pubmed/24567318
https://doi.org/10.1016/S0140-6736%2810%2962141-1
http://www.ncbi.nlm.nih.gov/pubmed/21111894
https://doi.org/10.1016/S1081-1206%2810%2962704-4
http://www.ncbi.nlm.nih.gov/pubmed/9892025
https://doi.org/10.1016/0165-2281%2882%2990012-1
http://www.ncbi.nlm.nih.gov/pubmed/10256648
https://doi.org/10.1016/0304-3878%2890%2990052-D
https://doi.org/10.1371/journal.pone.0257797

PLOS ONE

Determinants of child health in India’s peri-urban slums

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Irda Sari SY, Sunjaya DK, Shimizu-Furusawa H, Watanabe C, Raksanagara AS. Water Sources Quality
in Urban Slum Settlement along the Contaminated River Basin in Indonesia: Application of Quantitative
Microbial Risk Assessment. Dobaradaran S, editor. J Environ Public Health. 2018; 2018: 3806537.
https://doi.org/10.1155/2018/3806537 PMID: 30319697

Mara D, Lane J, Scott B, Trouba D. Sanitation and Health. PLoS Med. 2010; 7: e1000363. https://doi.
org/10.1371/journal.pmed.1000363 PMID: 21125018

Escombe AR, Oeser CC, Gilman RH, Navincopa M, Ticona E, Pan W, et al. Natural Ventilation for the
Prevention of Airborne Contagion. Wilson P, editor. PLoS Med. 2007; 4: e68. https://doi.org/10.1371/
journal.pmed.0040068 PMID: 17326709

Florey L, Taylor C. Using household survey data to explore the effects of improved housing conditions
on malaria infection in children in Sub-Saharan Africa. DHS Analytical Studies No. 61. Rockville, Mary-
land, USA: ICF International; 2016. http://dhsprogram.com/pubs/pdf/AS61/AS61.pdf

Mishra V, Smith KR, Retherford RD. Effects of Cooking Smoke and Environmental Tobacco Smoke on
Acute Respiratory Infections in Young Indian Children. Popul Environ. 26: 375-396.

Waughray A. Caste discrimination and minority rights: The case of India’s dalits. Int J Minor Gr Rights.
2010; 17: 327-353. https://doi.org/10.1163/157181110X495926

Bhalotra S, Valente C, van Soest A. The puzzle of Muslim advantage in child survival in India. J Health
Econ. 2010; 29: 191-204. https://doi.org/10.1016/j.jhealeco.2009.11.002 PMID: 19969383

Clark S, Hamplova D. Single Motherhood and Child Mortality in Sub-Saharan Africa: A Life Course Per-
spective. Demography. 2013; 50: 1521-1549. https://doi.org/10.1007/s13524-013-0220-6 PMID:
23839100

Andridge RR, Little RJA. A review of hot deck imputation for survey non-response. International Statisti-
cal Review. NIH Public Access; 2010. pp. 40-64. https://doi.org/10.1111/j.1751-5823.2010.00103.x
PMID: 21743766

Gelman A, Jakulin A, Pittau MG, Su YS. A weakly informative default prior distribution for logistic and
other regression models. Ann Appl Stat. 2008. https://doi.org/10.1214/08-A0OAS191

Gelman A, Hill J. Data Analysis Using Regression and Multilevel/Hierarchical Models. Cambridge:
Cambridge University Press; 2006. https://doi.org/10.1017/CB0O9780511790942

Kader M, Perera NKPP. Socio-economic and nutritional determinants of low birth weight in India. N Am
J Med Sci. 2014; 6: 302. https://doi.org/10.4103/1947-2714.136902 PMID: 25077077

Anil KC, Basel PL, Singh S. Low birth weight and its associated risk factors: Health facility-based case-
control study. PLoS One. 2020; 15: €0234907. https://doi.org/10.1371/journal.pone.0234907 PMID:
32569281

Farrar DS, Awasthi S, Fadel SA, Kumar R, Sinha A, Fu SH, et al. Seasonal variation and etiologic infer-
ences of childhood pneumonia and diarrhea mortality in India. Elife. 2019; 8: e46202. https://doi.org/10.
7554/eLife.46202 PMID: 31453804

Mutisya M, Orindi B, Emina J, Zulu E, Ye Y. Is mortality among under-five children in Nairobi slums sea-
sonal? Trop Med Int Heal. 2010; 15: 132—139. https://doi.org/10.1111/j.1365-3156.2009.02419.x
PMID: 19883400

Lamberti LM, Walker CLF, Noiman A, Victora C, Black RE. Breastfeeding and the risk for diarrhea mor-
bidity and mortality. BMC Public Health. 2011; 11: 1-12.

Melese B, Paulos W, Astawesegn FH, Gelgelu TB. Prevalence of diarrheal diseases and associated
factors among under-five children in Dale District, Sidama zone, Southern Ethiopia: a cross-sectional
study. BMC Public Health. 2019; 19: 1-10.

Adane M, Mengistie B, Kloos H, Medhin G, Mulat W. Sanitation facilities, hygienic conditions, and prev-
alence of acute diarrhea among under-five children in slums of Addis Ababa, Ethiopia: baseline survey
of a longitudinal study. PLoS One. 2017; 12: e0182783. https://doi.org/10.1371/journal.pone.0182783
PMID: 28854200

LiY, Wang J-X, Chen X. Can a toilet promote virus transmission? From a fluid dynamics perspective.
Phys Fluids. 2020; 32: 65107. https://doi.org/10.1063/5.0013318 PMID: 32574232

Garcia-Ubaque CA, Vaca-Bohdrquez ML, Garcia-Ubaque JC. Dry toilets: a means of alternative sanita-
tion. Rev Salud Publica. 2014; 16: 638—689. PMID: 25791313

Warner WS. Cultural Influences that affect the acceptance of compost toilets: Psychology, religion and
gender. Int Compost Toilet News [online] Sept. 1998; 2.

Reed B, Shaw R, Chatterton K. Delivering safe water by tanker. Tech Notes Drink Sanit Hyg Emergen-
cies; World Heal Organ Water, Eng Dev Cent Loughborough, UK. 2013; 12: 11-12.

Davis J, Lambert R. Engineering in emergencies. IT publications on behalf of RedR; 1995.

PLOS ONE | https://doi.org/10.1371/journal.pone.0257797 October 15, 2021 19/20


https://doi.org/10.1155/2018/3806537
http://www.ncbi.nlm.nih.gov/pubmed/30319697
https://doi.org/10.1371/journal.pmed.1000363
https://doi.org/10.1371/journal.pmed.1000363
http://www.ncbi.nlm.nih.gov/pubmed/21125018
https://doi.org/10.1371/journal.pmed.0040068
https://doi.org/10.1371/journal.pmed.0040068
http://www.ncbi.nlm.nih.gov/pubmed/17326709
http://dhsprogram.com/pubs/pdf/AS61/AS61.pdf
https://doi.org/10.1163/157181110X495926
https://doi.org/10.1016/j.jhealeco.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/19969383
https://doi.org/10.1007/s13524-013-0220-6
http://www.ncbi.nlm.nih.gov/pubmed/23839100
https://doi.org/10.1111/j.1751-5823.2010.00103.x
http://www.ncbi.nlm.nih.gov/pubmed/21743766
https://doi.org/10.1214/08-AOAS191
https://doi.org/10.1017/CBO9780511790942
https://doi.org/10.4103/1947-2714.136902
http://www.ncbi.nlm.nih.gov/pubmed/25077077
https://doi.org/10.1371/journal.pone.0234907
http://www.ncbi.nlm.nih.gov/pubmed/32569281
https://doi.org/10.7554/eLife.46202
https://doi.org/10.7554/eLife.46202
http://www.ncbi.nlm.nih.gov/pubmed/31453804
https://doi.org/10.1111/j.1365-3156.2009.02419.x
http://www.ncbi.nlm.nih.gov/pubmed/19883400
https://doi.org/10.1371/journal.pone.0182783
http://www.ncbi.nlm.nih.gov/pubmed/28854200
https://doi.org/10.1063/5.0013318
http://www.ncbi.nlm.nih.gov/pubmed/32574232
http://www.ncbi.nlm.nih.gov/pubmed/25791313
https://doi.org/10.1371/journal.pone.0257797

PLOS ONE Determinants of child health in India’s peri-urban slums

54. Strachan DP, Cook DG. Health effects of passive smoking. 1. Parental smoking and lower respiratory
illness in infancy and early childhood. Thorax. 1997; 52: 905. https://doi.org/10.1136/thx.52.10.905
PMID: 9404380

55. SembaRD, Kalm LM, De Pee S, Ricks MO, Sari M, Bloem MW. Paternal smoking is associated with
increased risk of child malnutrition among poor urban families in Indonesia. Public Health Nutr. 2007;
10: 7-15. https://doi.org/10.1017/S136898000722292X PMID: 17212837

56. Mosley WH, Chen LC. An analytical framework for the study of child survival in developing countries.
Popul Dev Rev. 1984; 10: 25-45.

57. Lungu EA, Biesma R, Chirwa M, Darker C. Healthcare seeking practices and barriers to accessing
under-five child health services in urban slums in Malawi: a qualitative study. BMC Health Serv Res.
2016; 16: 1-11. https://doi.org/10.1186/s12913-015-1254-9 PMID: 26728278

58. Saswata G. Indoor air pollution in India and a baby’s size at birth: is there a link? World Health Popul.
2006; 8: 34-50.

59. White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and guidance for
practice. Stat Med. 2011; 30: 377-399. https://doi.org/10.1002/sim.4067 PMID: 21225900

PLOS ONE | https://doi.org/10.1371/journal.pone.0257797 October 15, 2021 20/20


https://doi.org/10.1136/thx.52.10.905
http://www.ncbi.nlm.nih.gov/pubmed/9404380
https://doi.org/10.1017/S136898000722292X
http://www.ncbi.nlm.nih.gov/pubmed/17212837
https://doi.org/10.1186/s12913-015-1254-9
http://www.ncbi.nlm.nih.gov/pubmed/26728278
https://doi.org/10.1002/sim.4067
http://www.ncbi.nlm.nih.gov/pubmed/21225900
https://doi.org/10.1371/journal.pone.0257797

