S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Environmental Pollution 266 (2020) 115250

Contents lists available at ScienceDirect 2

ENVIRONMENTAL
POLLUTION

Environmental Pollution

journal homepage: www.elsevier.com/locate/envpol

Indoor air pollution (IAP) and pre-existing morbidities among under-5 )
children in India: are risk factors of coronavirus disease (COVID-19)?* | i

Jay Saha *, Pradip Chouhan

Department of Geography, University of Gour Banga (UGB), Malda, West Bengal, 732103, India

ARTICLE INFO ABSTRACT

Article history:

Received 20 May 2020
Received in revised form

5 July 2020

Accepted 12 July 2020
Available online 15 July 2020

Globally, the Coronavirus disease (COVID-19) outbreak is linked with air pollution of both indoor and
outdoor environments and co-morbidities conditions of human beings. To find out the risk factor zones
associated with Coronavirus disease among under-five children using pre-existing morbidity conditions
and indoor air pollution (IAP) environmental factors and also with current fatality and recovery rate of
COVID-19 disease in India. Data was utilized from the 4th round of the National Family Health Survey
(NFHS), 2015—16, and from the Ministry of Health and Family Welfare (MoHFW) on 18th May 2020.
Mean, standard deviation, and Z-score statistical methods have been employed to find out the risk factor

ffg(‘:;orrg; pollution zones i.e. to execute the objective. Findings of this study are, the states and UTs which have more likely to
Morbidity very higher to higher risk factors or zones of Coronavirus disease (COVID-19) are Mizoram (1.4),
COVID-19 Meghalaya (1.27), Uttarakhand (0.92), West Bengal (0.73), Uttar Pradesh (0.66), Jammu and Kashmir
Case Fatality Ratio (0.44), Odisha (0.33), Madhya Pradesh (0.21), Jharkhand (0.20), Bihar (0.19), Maharashtra (0.16 risk score),
Risk Factor compared to UTs like Assam (-0.12), Rajasthan (-0.13), Goa (-0.14), Manipur (-0.17), Chandigarh (-0.19),

India Haryana (-0.22), Delhi (-0.27) have moderate risk factors of COVID-19, and the states and UTs like Daman
and Diu (-1.18), Sikkim (-0.98), Andaman and Nicobar Islands (-0.84), Kerala (-0.69), Dadra and Nagar
Haveli (-0.68), Arunachal Pradesh ( 0.-53), Karnataka (-0.42), and Nagaland (-0.36) have very low-risk
zones of COVID-19 deaths. From a research viewpoint, there is a prerequisite need for epidemiological
studies to investigate the connection between indoor air pollution and pre-existing morbidity which are
associated with COVID-19. Well-built public health measures, including rapidly searching in high focus
areas and testing of COVID-19, should be performed in vulnerable areas of COVID-19.
© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Coronavirus disease (COVID-19) outbreak is a global pandemic
frightening the whole world amid unexpected emergence and
massive spreading of novel Coronavirus (2019-nCoV) or the severe
acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) (WHO,
20204, 2020b; Al-Dadah & Hing, 2020; Cucinotta & Vanelli, 2020;
Jin et al., 2020; Lai et al., 2020; Peeri et al., 2020; Saha et al., 2020;
Singhal, 2020; Sohrabi et al., 2020; Stahel, 2020; Wang et al., 2020).
The COVID-19 is a vastly contagious disease rapidly spreading from
its origin in Wuhan City, Hubei Province of China to the rest of the
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world in December 2019. As of May 18, 2020, the COVID-19
outbreak has hit South-East Asia with 143,750 confirmed cases;
India has the 11th-largest number of confirmed cases (96,169
cases), already crossing China (WHO, 2020a, 2020b).

In indoor air pollution (IAP), from the indoor biomass combus-
tion, the air pollutants which are emitted include suspended par-
ticulate matter (SPM), nitrogen oxides (NOx), carbon monoxide
(CO), benzene (C6H6), 1, 3-butadiene (C4H6), methanol (CH20),
polycyclic aromatic hydrocarbons (PAHs), and several toxic organic
compounds (World Health Organization, 2006; Sukhsohale et al.,
2013; Chakraborty et al., 2014; Air Quality Expert Group, 2017).
The cooking fuels which are generally burned for cooking mostly in
a rural home and also in urban areas are coal, lignite, charcoal,
wood, straw/shrubs/grass, agricultural crop, animal dung, etc. (IIPS,
2017) which are sufficient for the concentration of indoor air pol-
lutants. Smoking of cigarettes, bidis, and pipes within the home or
indoor environment are also other responsible factors for the in-
crease of smoky indoor environment (Bruce et al., 2000; Gilmour
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et al., 2006; Chaouachi, 2009), a risk factor of the Coronavirus
disease among under-five children.

The acute respiratory infection (ARI), i.e. executes signs like
short and rapid breaths (IIPS, 2017), cold & cough, and fever among
human beings are the primary symptoms of the Coronavirus dis-
ease (COVID-19) and the severe acute respiratory syndrome Coro-
navirus 2 (SARS-CoV-2) which have widespread effects because it is
hazardous or risk factor for children and human beings health
having a weak immune system (Jin et al., 2020; Lai et al., 2020;
Peeri et al., 2020; Singhal, 2020; Wang et al., 2020; WHO, 2020a,
2020b). These symptoms are quite common among under-five
children of developing countries and also in India which have im-
pacts on children’s health (Ramani et al., 2016; Thota et al., 2018;
Krishnan et al., 2015). Globally, and also in developing countries
like India, the under-five children are most vulnerable groups
compared to the other age classes, so we considered only under-
five age group and in 2018 an estimated 5.3 million children un-
der the age of 5 years died (UNICEF, 2019), mostly from preventable
childhood morbidities. For that very reason, areas with these
symptoms are vulnerable/risk zone for the COVID-19 deaths in the
coming days.

Several previous studies that have analyzed the indirect effect of
the COVID-19 on-air (Fattorini & Regoli, 2020; Bashir et al., 2020;
Collivignarelli et al., 2020; Zambrano-Monserrate et al., 2020) and
few studies specifically from that have analyzed the effect of lock-
down during the COVID-19 pandemic on air quality in India i.e.
PM> 5 had the highest reduction in most of the regions amid the
COVID-19 lockdown (Sharma et al., 2020); again, PMyo and PM 5
concentrations over megacity Delhi, have reduced by above 50% in
comparison to the before-lockdown period in India i.e. improve-
ment of air quality during the COVID-19 lockdown (Mahato et al.,
2020).

So, compared to the other previous studies in India, this type of
study is yet not done, considering this huge research gap and
novelty, this study also aims to find out the risk factors associated
with the Coronavirus disease (COVID-19) among under-five chil-
dren using pre-existing morbidity conditions and indoor air
pollution environmental factors which are solid biomass cooking
fuel and indoor smoking cigarettes and also with current case fa-
tality ratio (CFR) and recovery rate (RR) of the COVID-19 disease in
the high focusing states and union territories of India which are in a
risk zone. This very research would be helpful for policymakers,
strategy developers, environmentalists, and public health workers
to combat the future pandemic situation.

2. Data and methods
2.1. Data sources

For this study, data were utilized from the 4th round of the
National Family Health Survey, 2015—16, consisting of nationally
representative sample surveys. A total of 247,743 living children
(0—59 months) were surveyed by the National Family Health Sur-
vey (NFHS)-4, among them the under-five children having pre-
existing morbidities and indoor air pollution characteristics of the
states and union territories of India were considered for this study
(IIPS, 2017). The data used for this study were retrieved from the
public domain after describing the objective of the study.

Data on the COVID-19 is use from the https://www.mohfw.gov.
in/naming ‘COVD-19 state-wise status’, provides the most updated
figures on the daily and a total number of confirmed cases, recov-
ered or cured cases, and deaths (MoHFW, 2020) for each affected
states and union territories of India. This data is provided by the
Ministry of Health and Family Welfare (MoHFW), Government of
India. We have collect information on confirmed cases, the number

of deaths, and cured cases as on May 18, 2020, 08:00 IST
(GMT+5:30) of affected states and union territories of India.

2.2. Variables used

For the analysis of the study, a selection of pre-existing mor-
bidities indicators and indoor air pollution or domestic smoky
environmental indicators among under-five children household
and recent COVID-19 rates were included. Pre-existing morbidities
indicators include symptoms of acute respiratory infection (ARI) in
the two weeks before the survey, the prevalence of cold and cough,
and the prevalence of fever among under-five children. Indoor
domestic smokes indicators include children’s family used smoky
domestic cooking fuel and children’s mother smoke cigarettes and
recent COVID-19 rates include Case Fatality Ratio (CFR) and Re-
covery Rate (RR) of different affected states and union territories of
India (Fig. 1).

2.2. Methods

The prevalence of pre-existing childhood morbidities and the
percentage of children’s family used indoor domestic smokes were
computed using the Statistical Package and Data Science software
STATA version 13.1 (StataCorp LP, College Station, TX, USA).

After that, the case fatality ratio has been calculated as the ratio
of the total figure of deaths due to COVD-19 to the total figure of
confirmed cases of the COVID-19. Likewise, the COVID-19 recovery
rate is calculated as the ratio of the total figure of recovered cases of
the COVID-19 to the total figure of confirmed cases of the COVID-19.

For identification of risk factors zone of the Coronavirus disease,
the mean composite Z-score technique has been employed. All the
factors which are taken for this study are positively influenced by
the COVID-19 except the factor recovery rate of the COVID-19. For
composing, all the selected variables must be working unidirec-
tional manner. So, the factor recovery rate has been converted into
a non-recovery rate i.e. each recovery rate of the COVID-19 of all
states and UTs is subtracted from 100. After that, for each variable
(X7 or X, and so on) number of observations (states and UTs) are
sum up and mean was calculated, then standard deviation was
calculated as the root mean square deviation from the mean. The Z-
score i.e. risk score also be calculated for identification of risk or
vulnerable zones of the COVID-19 using the following formula-

. Individual value — Mean value
Z - Score (RlSk Score) ~ Standard deviation (o)

All the Z-score values of all variables for each state and UTs have
been calculated then mean was calculated using total Z-score value.
High Z-score value indicates high-risk factors of the COVID-19 and
vice versa.

3. Results

3.1. Indoor air pollution and pre-existing prevalence of morbidities
among under-five children and case fatality ratio and recovery rate
of the COVID-19

Table 1 represents the percentage of under-five children with
indoor domestic smokes and pre-existing childhood morbidities
and the COVID-19 CFR and RR in states and UTs of India. Symptoms
of ARI was higher in the states like Meghalaya (5.8%), Jammu and
Kashmir (5.4%), Uttar Pradesh (4.7%), Uttarakhand (4.6%), Punjab
(4.1%), West Bengal ()3.3%), Jharkhand (3.2%), Haryana (3.2%)
compared to other states and UTs. The prevalence of cold & cough
was higher in Uttarakhand (22.15%), Meghalaya (20.21%), Mizoram
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Fig. 1. Conceptual framework of the study.

Percentage of under-five children with IAP and pre-existing morbidities and the COVID-19 Case Fatality Ratio (CFR) and Recovery Rate (RR) in India

States & Union Pre-existing morbidities

Indoor domestic smoky environment COVID-19 Case COVID-19

Territories Symptoms Prevalence of Cold Prevalence of Percentage of children family = Percentage of children’s Fatality Ratio (CFR) ﬁggt))very Rate
of ARI (%) & Cough (%) Fever (%) use smoky cooking fuel mother smoke cigarettes
Andaman & 1.5 12.89 8.62 25.83 0.00 0.00 100
Nicobar
Islands
Andhra Pradesh 0.5 5.38 833 41.02 0.00 2.08 60.49
Arunachal 21 10.54 1145 59.41 0.59
Pradesh
Assam 1.0 8.77 8.97 81.68 0.03 1.98 40.59
Bihar 2.5 1033 12.24 88.18 0.14 0.63 37.64
Chandigarh 2.8 10.35 9.69 10.08 0.00 1.57 26.70
Chhattisgarh 2.2 1249 13.35 80.77 0.02 0.00 68.60
Dadra and Nagar 1.9 5.53 5.63 49.62 0.00
Havel
Daman and Diu 0.6 543 6.57 11.11 0.00
Delhi 24 10.8 134 2.77 0.08 1.59 44.61
Goa 14 14.07 16.2 17.39 0.15
Gujarat 14 9.02 8.94 55.74 0.01 5.79 39.54
Haryana 32 8.87 9.24 55.69 0.04 1.54 61.76
Himachal 1.6 10.78 11.84 71.87 0.02 3.75 55.00
Pradesh
Jammu and 54 14.97 13.87 51.66 0.2 1.10 48.61
Kashmir
Jharkhand 3.2 10.42 12.62 86.94 0.02 1.35 50.67
Karnataka 1.2 5.76 7.05 47.57 0.07 323 44.38
Kerala 0.8 8.59 10.54 47.96 0.12 0.67 82.70
Lakshadweep 0.9 12.97 13.87 59.04 0.6
Madhya Pradesh 2.1 1045 11.36 76.03 0.04 4.98 48.28
Maharashtra 24 9.24 12.62 42.53 0.07 3.62 23.26
Manipur 0.7 12.8 8.25 60.99 0.25 0.00 28.57
Meghalaya 58 20.21 23.29 83.67 0.1 7.69 84.62
Mizoram 2.2 19.46 1142 37.69 15.1
Nagaland 14 8.55 7.13 75.44 0.16
Odisha 24 12.73 12.86 84.10 0.04 0.48 26.57
Puducherry 3.0 14.5 11.81 13.69 0.00 7.69 69.23
Punjab 4.1 13.18 13.36 39.31 0.02 1.78 69.55
Rajasthan 2.1 8.53 9.82 74.61 0.00 2.52 57.52
Sikkim 03 341 3.8 46.46 2.29
Tamil Nadu 2.8 14.37 10.75 25.91 0.03 0.69 3717
Telangana 2 13.89 16.59 30.07 0.00 2.19 63.96
Tripura 2.6 12.88 11.67 70.76 0.03 0.00 50.90
Uttar Pradesh 4.7 14.26 19.67 73.48 0.04 244 57.31
Uttarakhand 4.6 22.15 245 57.39 0.03 1.09 56.52
West Bengal 33 11.00 12.57 78.09 0.01 8.89 35.82

(19.46%), Jammu and Kashmir (14.97%), Puducherry (14.5%), Tamil and Goa (16.2%) compared to other states. The percentage of chil-
Nadu (14.37%), Uttar Pradesh (14.26%) compared to other states and dren family use smoky cooking fuel or biomass use was higher in
UTs. The prevalence of fever was higher in Uttarakhand (24.5%), the states and UTs like Bihar (88.18%), Jharkhand (86.94%), Odisha
Meghalaya (23.29%), Uttar Pradesh (19.67%), Telangana (16.59%), (84.1%), Meghalaya (83.67%), Assam (81.68%), Dadra and Nagar
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Haveli (80.77%), and West Bengal (78.09%) compared to other. The
percentage of children’s mother smoke cigarettes was higher in
Mizoram (15.15), Sikkim (2.29%), Arunachal Pradesh (0.59%)
compared to other states and UTs of India. The case fatality rate is
high in West Bengal (8.89%), Meghalaya (7.69%), Puducherry
(7.69%), Goa (5.79%), Madhya Pradesh (4.98%), Himachal Pradesh
(3.75%), and Maharashtra (3.62%); recovery rates are low in
Maharashtra (23.26%), Odisha (26.57%), Chandigarh (26.7%), Man-
ipur (28.57%), West Bengal (35.82%), Tamil Nadu (37.17%), Bihar
(37.64%), Gujarat (39.54%) the states & UTs of India.

3.2. Mean composite risk score factors of the coronavirus disease
(COVID-19) among under-five children

Table 2 represents, mean composite risk score of various in-
dicators of indoor domestic smoky environment or indoor air
pollution and pre-existing morbidities among under-5 children
with the COVID-19 Case Fatality Ratio (CFR) and Recovery Rate (RR)
in states & union territories of India. The states and UTs which have
more likely to very higher to higher risk factors or zones of the
Coronavirus disease (COVID-19) are Mizoram (1.4), Meghalaya
(1.27), Uttarakhand (0.92), West Bengal (0.73), Uttar Pradesh (0.66),
Jammu and Kashmir (0.44), Odisha (0.33), Madhya Pradesh (0.21),
Jharkhand (0.20), Bihar (0.19), Maharashtra (0.16 risk score),
showed in color ramp of red to yellow (Fig. 2(a)) compared to the

Table 2
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states and UTs like Assam (—0.12), Rajasthan (—0.13), Goa (—0.14),
Manipur (-0.17), Chandigarh (-—0.19), Haryana (-0.22), Delhi
(—0.27) have moderate risk factors of the COVID-19, showed in
color ramp of light yellow to light yellow-greenish (Fig. 2(a)) and
the states and UTs like Daman and Diu (—1.18), Sikkim (—0.98),
Andaman and Nicobar Islands (—0.84), Kerala (—0.69), Dadra and
Nagar Haveli (—0.68), Arunachal Pradesh (0.-53), Karnataka
(—0.42), and Nagaland (—0.36) showed in color ramp of green to
light greenish-yellow (Fig. 2(a)) have very low-risk factors of
COVID-19. The states and UTs with 0 to <1.35 composite score i.e.
high (0 to —0.06), moderate (—0.12 to —0.27), and low to very low
(-0.42 to —1.35) risk score factors of the Coronavirus disease
(Fig. 2(b)).

4. Discussion

Worldwide, till May 18, 2020 as of 6:51 p.m. CEST, 4,628,903
confirmed cases of the Coronavirus disease, including 312,009
deaths have been reported and 216 countries, territories have been
affected by the COVID-19 pandemic (WHO, 2020a, 2020b). In India,
as of May 19, 2020 as of 08:00 IST (GMT+5:30), Ministry of Health
and Family Welfare, the Government of India reported, a total of
1,01,139 confirmed cases and 3163 deaths have been reported
speeded over 33 states and UTs (MoHFW, 2020).

The present study has examined the risk factors of the

Mean composite risk score of different indicators of indoor domestic smoky environment use and pre-existing morbidities among under-5 children with the COVID-19 Case

Fatality Ratio (CFR) and Recovery Rate (RR) in states & union territories of India

States & Union Territories X4 Xy X3 X4 X5 Xg X5 Mean composite risk-score
Andaman & Nicobar Islands -0.6 0.4 -0.7 -1.1 -0.2 -1 -2.6 -0.84
Andhra Pradesh -13 -1.5 -0.8 -0.5 -0.2 —0.86
Arunachal Pradesh -0.2 -0.2 -0.1 0.3 0 -1 -2.6 —0.53
Assam -1 -0.6 -0.6 1.2 -0.2 -0.2 0.6 -0.12
Bihar 0.1 -0.3 0.1 14 -0.2 -0.7 0.8 0.19
Chandigarh 04 -0.3 -0.5 -1.8 -0.2 -04 14 -0.19
Chhattisgarh -0.1 03 04 1.1 -0.2 -1 -0.9 —-0.06
Dadra and Nagar Havel -0.3 -14 -14 -0.1 -0.2 —0.68
Daman and Diu -1.3 -15 -1.2 -1.7 -0.2 -1.18
Delhi 0.1 -0.1 0.4 -21 -0.2 -04 0.4 -0.27
Goa -0.7 0.7 1 -1.5 -0.2 -0.14
Gujarat -0.7 -0.6 -0.7 0.1 -0.2 13 0.7 0.00
Haryana 0.7 -0.6 -0.6 0.1 -0.2 -04 -0.5 -0.22
Himachal Pradesh -0.5 -0.1 0 0.8 -0.2 0.5 -0.1 0.04
Jammu and Kashmir 23 0.9 0.5 -0.1 -0.1 -0.6 0.2 0.44
Jharkhand 0.7 -0.2 0.2 14 -0.2 -0.5 0.1 0.20
Karnataka -0.8 -14 -1.1 -0.2 -0.2 03 0.4 -0.42
Kerala -1.1 -0.7 -0.3 -0.2 -0.2 -0.7 -1.6 —0.69
Lakshadweep -1 0.4 0.5 0.2 0 0.02
Madhya Pradesh -0.2 -0.2 -0.1 0.9 -0.2 1 0.2 0.21
Maharashtra 0.1 -0.5 0.2 -04 -0.2 0.5 1.6 0.16
Manipur -1.2 0.3 -0.8 0.3 -0.1 -1 13 -0.17
Meghalaya 2.6 22 2.7 1.2 -0.2 2.1 -1.7 1.27
Mizoram -0.1 2 -0.1 -0.6 5.8 1.40
Nagaland -0.7 -0.7 -1.1 0.9 -0.2 —0.36
Odisha 0.1 0.3 0.3 1.3 -0.2 -0.8 14 033
Puducherry 0.5 0.8 0 -1.6 -0.2 2.1 -0.9 0.10
Punjab 13 0.4 04 -0.6 -0.2 -0.3 -0.9 0.02
Rajasthan -0.2 -0.7 -0.5 0.9 -0.2 0 -0.3 -0.13
Sikkim -1.5 -2 -1.8 -0.3 0.7 —-0.98
Tamil Nadu 0.4 0.7 -0.2 -1.1 -0.2 -0.7 0.8 -0.05
Telangana -0.2 0.6 1.1 -0.9 -0.2 -0.1 -0.6 —0.06
Tripura 0.2 04 0 0.7 -0.2 -1 0.1 0.02
Uttar Pradesh 1.8 0.7 1.8 0.8 -0.2 0 -0.3 0.66
Uttarakhand 1.7 2.6 29 0.2 -0.2 -0.6 -0.2 0.92
West Bengal 0.7 -0.1 0.2 1 -0.2 2.6 0.9 0.73
Mean 2.3 114 11.8 53.2 0.6 2.5 47.5

Standard Deviation (o) 13 41 43 24.5 2.5 2.5 18.6

Xi = Prevalence of Acute Respiratory Infections (ARI) (%), Xz = Prevalence of cold & cough (%), X3 = Prevalence of Fever (%), X4 = Percentage of children family use smoky
cooking fuel (smoky environment), Xs = Percentage of children’s mother smoke cigarettes (smoky environment), Xg = Case Fatality Ratio (CFR), X; = Non-Recovery Rate (RR).
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Fig. 2. States and union territories across India with risk factors of Coronavirus disease (COVID-19) among Under-five children.

Coronavirus disease (COVID-19). As the Coronavirus has been
associated with indoor air pollution and a smoky environment, so,
there has a relationship between indoor cooking fuel used with
biomass and the Coronavirus disease (COVID-19) (Afshari, 2020).
The under-five children living in indoor smoky environmental
conditions are most vulnerable and risk of the Coronavirus disease.
This study is consistent with the study done by Ahmed et al. (2020),
and a significant relationship between exposure to air pollution and
deaths due to the COVID-19 was found in United States (Wu et al.,
2020). They use of solid biomass for cooking fuels and burning
inside their houses with poor vitalization system and no chimneys
were found to direct the smoke outside in urban slums of Banga-
lore, India (Ghergu et al., 2016). So, we found that these indoor air
pollution conditions are extremely at risk or vulnerable to the

COVID-19 infection. Those people staying in an area with intense
high amounts of pollutants are, therefore, more likely to develop
severe respiratory conditions and also at risk of any infective dis-
ease (Conticini et al., 2020).

In this study among children’s mothers with smoking cigarettes
is a risk factor of the COVID-19 among under-five children in India.
This finding is in agreement with another study conducted in
China, where hospitalized patients of the COVID-19 with smoking
behavior were 14 times high likely to expire or die compared to the
patients those were non-smokers (Liu et al., 2020), and in Saudi
Arab (Alraddadi et al., 2016). The states and UTs with high case
fatality ratio and air pollution are risk factors of the COVID-19 in
affected states and UTS of India. This finding was similar to another
study in the people’s Republic of China i.e. the high prevalence of
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confirmed/infected cases and deaths of severe acute respiratory
syndrome Coronavirus 1 (SARS-CoV-1) were associated with air
pollution (Cui et al., 2003) and in Northern Italy, higher prevalence
and mortality of the COVID-19 was also associated with air pollu-
tion (Conticini et al., 2020).

Indoor air pollution or indoor domestic smoky environment and
pre-existing morbidities are the risk factors of health among chil-
dren with under-five age. Indoor air quality directly linked to the
respiratory system of living peoples and dependence on hard
biomass for cooking and burning or heating exposes respiratory
health problem of children of developing countries as well as in
India due to use lofty levels of indoor air pollution (Padhi and
Padhy, 2008; Bruce et al., 2015; Mandal et al., 2020). Pre-existing
morbidities like acute respiratory infection (ARI), cold & cough,
and fever among under-five children in India have also risk factors
of the Coronavirus disease (COVID-19). In earlier studies, it is found
that pre-existing co-morbidities among children are risk factors of
the COVID-19 death (Sinha et al., 2020; Shekerdemian et al., 2020).

5. Limitations of the study

The measurement of CFR amid the COVID-19 outbreak is not
very suitable, because it is sensitive to under-reporting, testing of
the COVID-19 cases and moment of reporting and robust estimation
of CFR is likely possible only at the end of the COVID-19 pandemic.
Recovery Rate also varies and daily changes during the pandemic
situation, so these are few limitations of this study. Surveyed
women have self-reported about their children’s pre-existing
childhood morbidities, so there is a possibility of recall bias dur-
ing the collection of information about children.

6. Conclusion

From a research viewpoint, there is a prerequisite for epidemi-
ological studies to investigate the relationship between indoor air
pollution and pre-existing morbidity which are associated with the
COVID-19. More focus needs to place on improving cooking stoves
and use clean indoor cooking fuels should become a top concern in
the high focus vulnerable region. The children should be kept away
from the kitchen during the cooking and burning of fuels. The
kitchen room should have extensive space so that air pollutants
smokes are not being capable to concentrate within the room for a
long period, which reduces indoor air pollution, which is the risk
factor of the COVID-19. Smokers of the family should also stay away
from indoor house environment when smoking. Finally, well-built
public health proceedings, including rapidly searching in high focus
areas and testing of the COVID-19, should be performed in
vulnerable areas of the COVID-19.
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