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A B S T R A C T   

UN-Habitat identified the present COVID-19 pandemic as ‘city-centric’. In India, more than 50% of the total cases 
were documented in megacities and million-plus cities. The slums of cities are the most vulnerable due to its 
unhygienic environment and high population density that requires an urgent implementation of public health
care measures. This study aims to examine habitat vulnerability in slum areas to COVID-19 in India using 
principal component analysis and Fuzzy AHP based technique to develop slum vulnerability index to COVID-19 
(SVIcovid-19). Four slum vulnerability groups (i.e. principal components) were retained with eigen-values greater 
than 1 based on Kaiser criterion - poor slum household status; lack of social distance maintenance; high con
centrations of slum population and towns and mobility of the households. This study also mapped composite 
SVIcovid-19 on the basis of PCA and Fuzzy AHP method at the state level for a better understanding of spatial 
variations. The result shows that slums located in the eastern and central parts of India (particularly Uttar 
Pradesh, Bihar, Jharkhand, Odisha, West Bengal) were more vulnerable to COVID-19 transmission due to lack of 
availability as well as accessibility to the basic services and amenities to slum dwellers. Thus, the findings of the 
study may not only help to understand the habitat vulnerability in slum areas to COVID-19 but it will also teach a 
lesson to implement effective policies for enhancing the quality of slum households (HHs) and to reduce the 
health risk from any infectious disease in future.   

1. Introduction 

From the global scenario of the COVID-19 pandemic, it has been 
observed that the cities are more vulnerable to COVID-19 in terms of 
both confirmed cases and deaths. More than 95% of the total COVID-19 
cases were recorded from more than 1430 cities across the world [1]. In 
India, the big cities such as Mumbai, Delhi, Kolkata, Ahmedabad, 
Indore, Pune, Jaipur, Thane, Hyderabad, Chennai and Agra are the 
worst hit by COVID-19 cases [2]. More than half of the total COVID-19 
cases were recorded from these 10 cities in India [3]. This is surely a big 
challenge to public health because once it starts spreading in slum areas; 
it will be out of control. Therefore, the slum areas of the cities are likely 
to be more vulnerable to COVID-19 due to poor infrastructure, un
availability of medical equipment and high population density. For 
example, Asia’s largest slum Dharavi in Mumbai recorded more than 
1400 COVID-19 cases in May 2020 [4]. This clearly indicates how much 
vulnerable the slum areas are, to COVID-19 in India. It was mentioned 

earlier that cities across the world are more vulnerable to COVID-19. As 
of the date of 10th June, 3.5 million confirmed cases were recorded from 
New York with more than 30000 deaths (The New York Times, 2020). In 
Unite Nations, more than one-fourth of the total cases were recorded 
from London [5]. In India too, more than 50% of the total COVID-19 
confirm cases were reported from ten large cities (Fig. 1). The house
holds living in cities are more vulnerable due to poor living conditions 
and deprivation [6]. 

With the rapid increase of population in cities of developing coun
tries, the utmost importance is being provided to the availability as well 
as accessibility to basic services and amenities and provisions of infra
structure in cities. The provision of infrastructure is not only alleviating 
poverty but promote economic growth and environmental sustainability 
[7,8]. As an estimate, it was reported that the slum population will in
crease by about 2 billion by 2030 with the highest in developing 
countries [9]. As per the Census of India [10]; about 93 million popu
lation lives in slum areas. Indian slums are characterized by inadequate 
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infrastructural facilities, poor housing conditions and poor neighbor
hood status [11]. Apart from these, in many research studies, it was well 
recognized that the accessibility to the basic services and amenities was 
limited to the slum households [8,12]. Thus from the previous research 
studies, it was cleared that the access to amenities like: water, sanitation 
facilities, housings, etc for the slum population is limited. Therefore, it is 
essential to examine how far the Indian slums are vulnerable to respi
ratory disease with special reference to COVID-19. According to the 
census of India [10]; Tamil Nadu has the maximum number of slum 
reporting towns (507) followed by Madhya Pradesh (307), Uttar Pradesh 
(293). Karnataka (206) and Maharashtra (189) respectively. More than 
55% of the total slum reporting towns was located in these five states. 
The highest proportion of slum population lives in Maharashtra (18%) 
followed by Andhra Pradesh (15.6%), West Bengal (10%), Uttar Pradesh 
(9.5%), Tamil Nadu (8.92%) and Madhya Pradesh (8.75%) respectively. 
The current scenario of COVID-19 cases showed that maximum numbers 
of COVID-19 cases as well as deaths were recorded from these states. The 
major cities of these states became the major COVID-19 hotspot of the 
country. Thus a common research question that arises in this context 
is-how far the Indian slums are vulnerable to the COVID-19 trans
mission? How the living conditions of the slum dwellers may be 
vulnerable to COVID-19 transmission in the slum areas? To address 
these research questions, a SVIcovid-19 has been developed to understand 
the vulnerability of the slum population in India across states. The 
findings of the study have immense scope to understand how far the 
Indian slums are vulnerable to COVID-19. Apart from this, this study will 
surely assist planners and policy makers to implement strategies to cope 
with respiratory disease in the future. The top 10 COVID-19 affected 
cities in India are presented in Fig. 1. During the second wave of 
COVID-19, large cities such as Mumbai, Delhi, Pune, Thane became the 
major hotspot cities in India. 

The word slum was firstly used in London to mean “room of low 
repute” and since then this word was widely applied in various kinds of 
literature [13]. As per the definition of UN-HABITAT [13]; slums were 
defined as the social, physical as well as spatial aspects of poverty. As per 
the revised definition of UN-HABITAT [14]; the slum was defined as 
“one or a group of individuals living under the same roof in an urban 

area, lacking in one or more of the following five amenities: 1) Durable 
housing (a permanent structure providing protection from extreme cli
matic conditions); 2) Sufficient living area (no more than three people 
sharing a room); 3) Access to improved water (water that is sufficient, 
affordable, and can be obtained without extreme effort); 4) Access to 
improved sanitation facilities (a private toilet, or a public one shared 
with a reasonable number of people), and 5) Secure tenure (de facto or 
de jure secure tenure status and protection against forced eviction)”. 
Thus, slums area is characterized by limited availability as well as 
accessibility to basic services and amenities such as water supply, 
sanitation, drainage system and electricity that largely affect the quality 
of life and well-being of the slum dwellers [15–19]. In India, slums were 
defined as” the areas having inadequate infrastructure, poor housing 
conditions, poor neighborhood condition and limited accessibility to 
WaSH (water, sanitation and hygiene) provision respectively [11,15–17, 
20]. Thus, limited availability as well as accessibility to basic services 
and amenities is the main reason for vulnerability and slums were 
considered as one of the vulnerable habitat to transmission of COVID-19 
[21,22]. According to UN-HABITAT [1]; “The impact of Covid-19 will be 
most devastating in poor and densely populated urban areas, especially 
for the one billion people living in informal settlements and slums 
worldwide”. Now the question is-why slums are vulnerable to COVID-19 
transmission? Let’s start with few examples, then it would be clear. 
Example 1: According to Ray [23]; more than 600 people collect water 
from a community tape in Kolkata (Kankulia Road slum and Pan
chanantala). Thus, only from a person, COVID-19 can transit others even 
spread to all slums areas. The slum people are dependent on community 
taps due to the lack of water facilities within the premises. Example 2: 
the slum people are socio-economically poor and not aware due to the 
lack of educational knowledge (illiteracy). Thus, it is very difficult for 
them to maintain guidelines (such as the usage of masks, washing hands 
with sanitizers, and frequent wash of hands with soaps) to curb 
COVID-19 transmission. Maintenance guidelines become more difficult 
as they are dependent on the informal sector and day-to-day earnings for 
their livelihood [24]. Example 3: According to Bag et al. [25]; about 
70% of the slum dwellers were dependent on public toilet facilities 
across three megacities namely Kolkata Delhi and Mumbai. Thus, slum 

Fig. 1. Scenario of COVID-19 status in India across 10 severely affected cities (a) % of COVID-19 cases to country and (b) % of COVID-19 cases to state (Source: 
Business insider, 2020). 
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dwellers are highly exposed to COVID-19 transmission. Therefore, from 
the above evidence, it can be easily understood that slums in India are 
highly vulnerable to COVID-19 transmission. 

Although the global cities are severely affected by this deadly disease 
but particularly the cities of the global south are more vulnerable due to 
high population density and limited access to affordable services [26]. 
Recently UN-Habitat [1]; published a report stating that the cities of 
global (add something) are the most vulnerable due to rapid urbaniza
tion as well as large concentrations of slum population. Recently, it was 
well documented that the areas (like slums) with high population are 
more vulnerable to COVID-19 transmission [6,15–17,27–30]. Even after 
a quick review of the previous works of literature, few research gaps 
were identified that inspired us to conduct this study over slum 
vulnerability in India. Firstly, most of the studies revealed that the cities 
were more vulnerable in India [6,31]. Secondly, the cities were the 
major COVID-19 hotspot across the world. But till now no studies were 
performed to examine the slum vulnerability in response to COVID-19 
transmission. Apart from this, the second wave of COVID-19 has 

become dangerous in comparison to 2020. There are no beds in hospi
tals, people are dying without oxygen. In the second wave of COVID-19, 
the implementation of nationwide lockdown may be a great challenge to 
the government. Therefore, maintenance of social distancing, wearing 
masks are urgently required. Thus, slums may be the COVID-19 hotspots 
during the second wave of COVID-19 due to a high population density, 
lack of awareness and low accessibility to the basic services and amen
ties, respectively. 

2. Materials and methods 

2.1. Study area 

This study focuses on the assessment of habitat vulnerability in slum 
areas across the states in India (Fig. 2). In India, the slums located in 
cities are vulnerable to multiple disasters such as floods, malaria, fires 
and the recent pandemic (COVID-19) respectively. The urban people 
residing in slum areas are socially, economically and physically most 

Fig. 2. Location map of the study area (State of India).  
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vulnerable than other people of the urban environment. According to 
the Census of India [10]; more than 80% of the total slum population 
was concentrated over nine states only. These states were- Tamilnadu, 
Madhya Pradesh, Uttar Pradesh, Karnataka, Andhra Pradesh, West 
Bengal, Maharastra, Rajasthan and Gujrat respectively. 

2.2. Data source 

In this study, 12 variables have been selected which are directly or 
indirectly related to COVID-19 transmission in slum areas. The variables 
have been discussed under four broad heads i.e. (i) % of slum population 
concentrations and the number of slum reported towns (ii) maintenance 
of social distance (iii) households (HH) status and (iv) mobility of slum 
HHs (Table 1). State-wise data have been collected from primary Census 
abstract (2011) and house listing and housing’s primary census abstract 
(2011). The data on COVID-19 to support the study were collected from 
various secondary sources such as newspapers (such as Times of India, 
Hindustan Times), https://www.covid19india.org/and Ministry of 
Family and Health Welfare, Government of India. 

2.3. Rationale of selection indicators 

In this study, 12 indicators have been selected from four major do
mains namely- (i) % of slum population concentrations and the number 
of slum reported towns (ii) maintenance of social distance (iii) 

Households status and (iv)mobility of slum HHs, respectively. (i) In
dicators related to slum population concentrations (%) and the number 
of slum reported towns: three indicators have been selected under this 
criteria-concentration of slum population to the total urban population 
of state and country (%). Slums are characterized by high population 
density and lack of availability as well as accessibility to basic services 
and amenities. Thus higher concentrations of slum population increase 
the risk of health hazards in urban areas [32–35]. In recent studies, it 
was also well documented that the urban slums are more vulnerable to 
COVID-19 transmission [6,15–17,27]. (ii) Indicators related to mainte
nance of social distance: Maintenance of social distance is considered as 
one of the key factors in controlling infectious diseases as well as 
COVID-19 transmission [36–40]. In slum areas, slum households has 
very limited access to exclusive rooms. In this case, it is very difficult to 
maintain the social distance that increases the risk of COVID-19 trans
mission. Even home quarantine for those slums HHs having no exclusive 
room or single room is not possible. Thus, these slums HHs are more 
vulnerable to COVID-19 transmission. (iii) Indicators related to slum HH 
status: The transmission of infectious diseases are largely determined by 
HHs characteristics (such as HHs size, housing conditions, illiteracy rate 
of slum HHs, rented HHs, etc). There are close linkages between respi
ratory diseases and slum household’s status [33,35,41]. For example, to 
reduce the transmission of COVID-19 one must have to be very conscious 
regarding the severity of COVID-19. People must follow the guidelines 
suggested (such as the usage of masks, washing hands frequently, 
maintaining social distance). Thus, people ignore the proper guidelines 
related to the reduction of COVID-19 transmission due to a lack of 
proper health science knowledge and education [42,43]. (iv) Indicators 
related to the mobility of slum HHs: The most severely affected countries 
of the world imposed lockdown to reduce the rapid transmission of 
COVID-19 and the motto of lockdown was “stay home, stay safe”. But 
the slums HHs having no drinking water or bathroom facilities, is it 
possible to stay at home? How they would be safe? In many previous 
studies in India, it was well documented that there is a lack of avail
ability, accessibility as well as inequality of these basic services and 
amenities in slum areas [44,45]. Thus, limited access to these services 
makes slum HHs more vulnerable to infectious diseases and most of the 
slum HHs are dependent on community toilets or water taps as well. The 
mobility of people increases the risk of COVID-19 transmission [46–49]. 
The households having no drainage facilities are more vulnerable due to 
a poor living environment and therefore, are susceptible to a higher 
exposure to COVID-19 [43]. Thus, from the overall analysis, it was well 
recognized that the selected indicators used in this study are directly or 
indirectly linked with COVID-19 transmission in slum areas. 

2.4. Methodology 

In this study, a composite vulnerability approach has been adopted 
to map SVIcovid-19 across the states in India. Indicators related to COVID- 
19 vulnerability have been calculated for each state in India. By 
aggregating four domains, the cumulative COVID-19 slum vulnerability 
index has been developed to identify the states from highest to lowest 
vulnerability to COVID-19. 

2.4.1. Normalization of the indicators 
Normalization of indicators is important for multivariate statistical 

analysis due to the large and small range of variance [50]. The indicators 
selected to measure SVIcovid-19; different indicators with different 
measuring units have been used. Therefore, it is essential to make them 
unit-free [15–17,51]. A similar kind of approach has been used for the 
human development index (HDI) and life expectancy [52,53]. The 
normalization of indicators has been performed using the following 
equation: 

IndexXi=
Xi − Xmin

Xmax − Xmin
(Positive variables) (1) 

Table 1 
Indicators selected for construction t of SVIcovid-19.  

Dimensions Variables Descriptions Relationship 
with COVID- 
19 

Slum population 
concentration 
and number of 
towns 

% of Slum 
Population in 
Urban Population 
of state 

% of slum 
population to the 
total urban 
population of the 
respective state 

Positive 

% of State Slum 
Population in 
Total Slum 
Population of 
India 

% of slum 
population to the 
total urban 
population of the 
respective India 

Positive 

Slum Reported 
Towns 

Total number of 
slum reported 
towns as per as 
Census of India [10] 

Positive 

Maintenance of 
social distance 

No exclusive room % of slum HHs 
having no separate 
living rooms 

Positive 

One room % of slum HHs 
having only single 
dwelling room 

Positive 

HHs status Household Size 
(9+) 

Total number of 
HHs members living 
in slums area 

Positive 

Rented % of slum HHs 
residing on rent 

Positive 

Illiteracy HHs % of illiterate slum 
population living in 
slums areas 

Positive 

Mobility of HHs No Bathroom 
facility 

% of slum HHs 
having no bathroom 
facility within 
premises 

Positive 

No drainage % of HHs having no 
drainage facilities 

Positive 

Location of 
Drinking Water 
(away from 
house) 

% of HHs having no 
drinking water 
facilities within 
premises 

Positive 

Availability of 
Latrine Facility 
(open) 

% of HHs having 
open larine 
facilities 

Positive  
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IndexYi=
Ymax − Yi

Ymax − Ymin
(Negative variables) (2)  

Where, XI is the observed value of indicator i; Xmin and Xmax indicate the 
minimum and maximum value within the same array respectively. On 
the other hand, YI is the observed value of indicator i; Ymin and Ymax 
indicate the minimum and maximum value within the same array 
respectively. 

2.5. PCA based slum vulnerability index to COVID-19 (SVIcovid-19) 

PCA was conducted to reduce the factor after extracting indicators 
and standardizing the value of selected indicators. COVID-19 vulnera
bility data from all the states have been normalized before statistical 
analysis. In this study, a composite COVID-19 vulnerability index in 
slum areas has been devised using PCA. PCA is a multivariate statistical 
technique and this technique is used to find out the principal factors or 
variable that explains this phenomena. 

All the indicators are generally used to examine the vulnerability of 
any phenomena are not equally important i.e. there are few factors that 
trigger the vulnerability. In this context, we must consider the maximum 
number of factors and select the most effective ones. For this, PCA 
multivariate technique is used to obtain the most significant factors. For 
each state, the value of each indicator has been derived by a standard
ized value multiplied by corresponding factor loading. PCA techniques 
were widely used in previous studies for vulnerability assessment such 
as climatic vulnerability [50,54–57]. For retention of principal compo
nents, several statistical tests are performed to find out the suitability of 
representative data in the case of PCA analysis. These are (i) 
Kaisar-Meyer-Olkin (KMO) test- KMO is basically used to measure 
sampling adequacy and the value of KMO ranges from 0 to 1. The KMO 
value > 0.50 is considered as suitable for PCA analysis. (ii) Bartlett’s test 
– Bartlett’s test is basically used to assess the significance level (‘p’ value 
< 0.5 is considered as significant). In this study, the PCA method was 
used for several potential advantages firstly, PCA can aggregate spatially 
explicit variables, more particularly incommensurable variables and 
reduces the trade of richness of information with communicability 
(Abson et a., 2012). Secondly, PCA plays a significant role to provide 
flexibility in reducing data through subjective choice PCs [58]. Thirdly 
and more importantly, PCA can be associated to original variables 
through factor loading of the principal components. In the case of 
habitat vulnerability mapping in slum areas, PCA scores related to 
multiple variables were conceptualized. The number of habitat vulner
ability variables can be generated by accounting substantial proportion 
of variability within the original data. In this study, the spatial maps 
were developed for the variables as well as PCA and Fuzzy-AHP map
pings. The spatial maps were developed using IDW techniques in the 
ArcGIS environment. 

2.6. Fuzzy AHP based slum vulnerability index (SVI) 

For the construction of a composite index, not all indicators are 
equally important. Therefore, the weight for each indicator must be 
provided for any modeling [31]. In this context, AHP is a very efficient 
method to calculate the weight for each indicator to solve complex de
cisions [59]. AHP method was widely used as multi-criteria decision 
making (MCDM) in different fields because of its feasibility and it highly 
assists the decision-making framework [60]. Thus, the AHP method is 
held to integrate the ‘domain-related knowledge’ in the model [60]. 
Thus, because of flexibility, the AHP method was widely used for 
vulnerability assessment such as urban vulnerability [6], climate change 
vulnerability [61], ecological health assessment [15–17] respectively. 
Apart from this, AHP was also used in health science such as ZIKA and 
dengue risk assessment [62,63]. These previous pieces of literature 
inspired us to implement the AHP method to assess slum vulnerability 
mapping. In this method, the input variables are provided weight on the 

basis of relative importance through pair-wise comparison based on 
which weights are computed [59,64–66]. In this study, for the con
struction of the slum vulnerability index, the weights for each variable 
have been calculated following Saaty [59]. The corresponding weights 
of variables have been computed by dividing the cell values and sum of 
column values of the pair-wise comparison matrix (Tables 2 and 3). For 
the validation of the weights, the consistency ratio (CR) has been 
calculated. The weights of the thematic layers have been normalized 
associated with maximum eigen values. The value of CR < 0.1 indicates 
the reliability of the analysis. The following equations have been used to 
calculate pair-wise comparison and CR, respectively. 

A=

a11 a12 a13 a1n
a21 a22 a23 a2n
.... .... aij .......

an1 an2 an3 ann

(3)  

Where 

aij =
Wi
Wj

=
weight ​ for ​ attribute ​ i
weight ​ for ​ attribute ​ j

(4) 

The consistency ratio is applied using the following equation: 

CR=CI/RI (5)  

where RI denotes random index and CI refers to the consistency index. CI 
can be calculated using the following equation: 

CI = λMax − n/n − 1 (6)  

where, λ indicates the largest eigen value and it can be computed from 
the matrix and n is the total number of thematic layers, respectively. 

3. Result and discussion 

3.1. Availability and accessibility of basic services to the slum households 

The slum population is more vulnerable as compared to the other 
communities of the city due to the lack or inadequacies of basic ame
nities and services. From the overall result of slum vulnerability, it was 
found that the central, western and some eastern states are more 
vulnerable to COVID-19 as compared to the other states of India. More 
particularly, the slum dwellers living in states like Maharashtra, Tamil 
Nadu, Karnataka, Madhya Pradesh, West Bengal, Uttar Pradesh, Bihar, 
Chhattisgarh were more vulnerable. More than 70% of the total states of 
the country fall under the category of very high vulnerability and high 
vulnerability categories. There were inadequacies of basic services and 
amenities that make them more vulnerable living in very high and high 
vulnerable states respectively. For example, in Gujrat and Maharashtra, 
more than 60% of the slum households had only one dwelling room. In 
this situation-is home quarantine is possible for any suspected COVID-19 
person? In Odisha, about 50% of the slum households had no bathroom 
facility within premises followed by Bihar (43.25%) and Jharkhand 

Table 2 
Relative weight for each variable of SVI generated through AHP method.  

Variables Weight 

1 % of Slum Population in Urban Population 0.116 
2 % of State Slum Population in Total Slum Population 0.059 
3 Slum Reported Towns 0.033 
4 No exclusive room 0.083 
5 One room 0.071 
6 Household Size (9+) 0.099 
7 Rented 0.041 
8 Illiteracy HHs 0.136 
9 No Bathroom facility 0.144 
10 No drainage 0.062 
11 Location of Drinking Water (away from house) 0.038 
12 Availability of Latrine Facility (open) 0.077  
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(43.07%) respectively. In Maharashtra, more than 60% of the total slum 
households had no latrine facility followed by Odisha (51.85%) Chhat
tisgarh (51.33%), Jharkhand (47.31%) respectively. From the overall 
analysis, it was clear that there is a huge lack of basic services and 
amenities and inadequacies of equipment may increase the risk of 
COVID-19 infection and make them more vulnerable to COVID-19 
(Figs. 4 and 5). The result also showed that the slum dwellers living in 
COVID-19 hotspot states are likely to be exposed to this vulnerability 

due to the lack of adequate equipment. Fig. 3 showed the accessibility to 
basic services across four large megacities in slum areas. Table 4 shows 
the descriptive statistics of selected variables used in this study 

3.2. PCA based slum vulnerability index to COVID-19 (SVIcovid-19) 

In this study, four principal components were retained from 12 
selected indicators for slum vulnerability assessment to COVID-19 in 

Table 3 
The weight of the variables are based on the principal eigenvector of the decision matrix.   

1 2 3 4 5 6 7 8 9 10 11 12 

1 1 4.00 3.00 0.50 1.00 3.00 3.00 2.00 0.33 2.00 2.00 1.00 
2 0.25 1 2.00 0.33 0.33 1.00 2.00 0.50 0.50 1.00 2.00 2.00 
3 0.33 0.50 1 0.50 0.33 0.50 0.50 0.33 0.50 0.50 0.50 0.50 
4 2.00 3.00 2.00 1 2.00 0.33 3.00 0.33 0.33 1.00 2.00 0.50 
5 1.00 3.00 3.00 0.50 1 0.50 2.00 0.50 0.50 0.50 1.00 2.00 
6 0.33 1.00 2.00 3.00 2.00 1 3.00 0.50 0.33 2.00 2.00 3.00 
7 0.33 0.50 2.00 0.33 0.50 0.33 1 0.50 0.33 0.50 2.00 0.33 
8 0.50 2.00 3.00 3.00 2.00 2.00 2.00 1 3.00 2.00 3.00 2.00 
9 3.00 2.00 2.00 3.00 2.00 3.00 3.00 0.33 1 3.00 3.00 2.00 
10 0.50 1.00 2.00 1.00 2.00 0.50 2.00 0.50 0.33 1 2.00 0.33 
11 0.50 0.50 2.00 0.50 1.00 0.50 0.50 0.33 0.33 0.50 1 0.50 
12 1.00 0.50 2.00 2.00 0.50 0.33 3.00 0.50 0.50 3.00 2.00 1 

Consistency ratio (CR) = 0.07. 

Fig. 3. Accessibility to basic services (%) of slum population across four megacities (a) HHs by persons per room used for sleeping (b) HHs by type of toilet facility (c) 
HHs by location of water source and (d) HHs access to water and soap (Source: National Family Health Survey-4, 2015–2016). 
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India. Among all the principal components, the first component 
accounted for the highest percentage of variance (24.34%) followed by 
the second principal component (20.52%) respectively. The details of 
loading for each retained principal factor were presented in Table 5. As 
per the result, it was recorded that the first principal component was 
highest loaded on household size, rented households, dilapidated 
households, illiteracy of households and availability of open latrine fa
cility. The second principal component was given heaviest load on % of 
slum population (in respect to India), the number of slum reported 
towns, households having no drainage facility and households having no 
drinking water facility within premises. The third principal component 
had the heaviest load on % of slum population (in respect to state), 
households having only one room, % of slum population (in respect to 
state) and households having no latrine facility within premises. The last 
i.e. fourth principal component was heavily loaded on those indicators 
whatever loads were given on principal component first and third 
(household size and illiteracy of households-first PC; % of slum popu
lation (in respect to India, % of slum population (in respect to state and 
number of slum reported towns- Third PC respectively). In this analysis, 
four dimensions of slum vulnerability to COVID-19 were identified on 
the basis of loadings of twelve variables. These four aspects of slum 
vulnerability to COVID-19 were termed as “slum household status” 
(PC1), “social distance” (PC2), “slum population and towns” (PC3) and 
“mobility of households” (PC4) respectively. In this analysis, four 

components have been extracted from twelve variables. These four 
components explained more than 70% of the total cumulative variance 
in slum vulnerability to COVID-19 in India. 

The result also showed that the percentage of variance decreases 
successively in each component. The number of principal components 
(4) having Eigen-value of more than 1.558 were determined in four rows 
in this study. A composite SVI score to COVID-19 for each state was 
developed (adding the score of each indicator). The SVI to COVID-19 
value ranges from 0 to 1 where 0 indicates lower vulnerability and 
SVI value close to 1 refers to a relatively higher vulnerability. The states 
were also categorized into five vulnerable zones i.e. from highly 
vulnerable to very low vulnerability. The spatial mapping of major do
mains and composite PCA-based SVI were also developed (Fig. 8). 

3.3. Fuzzy AHP based slum vulnerability index to COVID-19 (SVIcovid-19) 

The availability as well as accessibility of the households to the basic 
services and amenities largely affects the transmission [27–29]. 
Recently the outbreak covid-19 has become significant global threats 
[15–17]. In India, large cities are mostly affected by this deadly disease 
due to high population density, unhygienic environment and the lack of 
accessibility to the services against COVID-19 transmission. Slums as an 
integral part of Indian cities are more vulnerable to COVID-19 due to a 
lack of accessibility to basic services. Therefore, assessment of 

Fig. 4. Indicators selected for the study (a) % of slum population in respect to state (b) % of slum population in respect to country (c) number of reported slum towns 
(d) households size (e) illiterate slum population and (f) slum rented households. 
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vulnerability to slum areas is essential to understand the pattern of 
accessibility to the basic services and COVID-19 vulnerability in Indian 
slums. For the assessment of slum vulnerability using the Fuzzy AHP 
method, 12 variables related to COVID-19 transmission have been taken 
into consideration (Fig. 6 and Fig. 7). From the Fuzzy AHP based slum 
vulnerability index, it was found that eastern and central states were the 
more vulnerable to COVID-19 transmission. These states were more 
vulnerable to COVID-19 transmission due to lack of availability as well 
as accessibility to basic services and amenities. Particularly Odisha, 
Bihar, West Bengal and Jharkhand are more vulnerable to COVID-19 
transmission due to poor household status. In these states, households 
have very limited access to basic services and amenities that are likely to 
be more vulnerable. From the PCA-based slum vulnerability index, it 
was observed that social distance maintenance (PC2) was highest in 
eastern, central as well as southern parts of India. As per the result of the 
study, it was observed that most of the households living in these states 
have no exclusive room and have only one room on sharing basis. In this 
situation, it is very difficult to maintain social distance even home 
quarantine is not possible for these households. 

As per Fig. 8, it was obvious that there were regional differences in 
slum vulnerability to COVID-19 in India. Slum households living in 
eastern India are more vulnerable due to relatively poor household 

Fig. 5. Indicators selected for the study (g) % of slum households having open toilet (h) % of slum households having no drainage (i) % of slum households having no 
bathroom (j) % of slum households having no water facility within premises (k) % of slum households having no exclusive rooms and (l) % of households having one 
dwelling room. 

Table 4 
Descriptive statistics of selected variables used in this study.  

Selected variables N Mean Max Min SD CV 

% of Slum Population in 
Urban Population of 
state 

12 14.88 36.10 1.30 8.59 57.73 

% of State Slum Population 
in Total Slum Population 
of India 

3.62 18.09 0.02 4.93 136.32 

Slum Reported Towns 92 507 1 116.38 126.01 
No exclusive room 3.13 11.75 0.73 2.53 80.81 
One room 37.28 67.00 12.38 13.71 36.78 
Household Size (9+) 4.86 6.40 4.00 0.54 11.18 
Rented 27.85 63.78 2.91 15.96 57.33 
Illiteracy HHs 79.29 97.82 67.72 8.15 10.27 
No Bathroom facility 21.91 49.66 5.48 14.66 66.91 
No drainage 24.13 62.32 4.88 16.77 69.49 
Location of Drinking Water 

(away from house) 
11.53 29.29 2.15 6.94 60.17 

Availability of Latrine 
Facility (open) 

16.63 48.34 0.49 13.79 82.90  
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status. Particularly Odisha, Bihar, West Bengal and Jharkhand are more 
vulnerable to COVID-19 transmission due to poor household status. In 
these states, households have very limited access to basic services and 
amenities hence, they are more likely to be vulnerable. Vulnerability 
due to social distance maintenance (PC2) was highest in eastern, central 
as well as southern parts of India. As per the result of the study, it was 

observed that most of the households living in these states have no 
exclusive room and have only one room. In this situation, it is very 
difficult to maintain social distance even home quarantine is not 
possible for these households. Vulnerability due to high concentrations 
of slum population and slum towns (PC3) dominates in eastern as well as 
north-eastern parts of India. PC4 also shows that vulnerability due to 

Table 5 
Total variance explained by 12 selected variables.  

Variables Initial Eigen-values Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

% of Slum Population in Urban Population of state 3.165 24.344 24.344 3.165 24.344 24.344 
% of State Slum Population in Total Slum Population of India 2.668 20.522 44.866 2.668 20.522 44.866 
Slum Reported Towns 1.941 14.931 59.797 1.941 14.931 59.797 
No exclusive room 1.558 11.984 71.781 1.558 11.984 71.781 
One room 0.913 7.021 78.802    
Household Size (9+) 0.607 4.672 83.474    
Rented 0.578 4.442 87.917    
Illiteracy HHs 0.382 2.939 94.284    
No Bathroom facility 0.306 2.354 96.637    
No drainage 0.233 1.794 98.431    
Location of Drinking Water (away from house) 0.152 1.166 99.597    
Availability of Latrine Facility (open) 0.052 0.403 100.000     

Fig. 6. Fuzzy-AHP based spatial distribution of indicators (a) % of slum population in respect to state (b) % of slum population in respect to country (c) number of 
reported slum towns (d) households size (e) illiterate slum population and (f) slum rented households. 
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lack of social distance maintenance also dominates in eastern, central as 
well as the southern part of India. From all the components, it was 
observed that the eastern and central parts of India were more vulner
able. A similar result also was recorded from the composite PCA-based 
slum vulnerability index (i.e. eastern and central India were more 
vulnerable than other regions) (Fig. 9). Table 6 represents the identifi
cation of states based on the level of vulnerability and weaknesses and 
strengths of indicators. 

Recently in a number of studies, it was well recognized that the 
urban slums are more vulnerable to COVID-19 transmission due to high 
population density, poor living conditions and limited access to basic 
services [6,15–17,27–30]. More than 70% of the total confirmed 
COVID-19 cases were recorded from the states falling under the category 
of very high and high vulnerability zones. Maharashtra alone accounts 
for more than one-third of the total COVID-19 cases of the country. 
Mumbai has now become a significant COVID-19 hotspot city of the 
country [67]. In Mumbai, about 50% population lives in slum-like 
conditions [68] that makes the city more vulnerable. In Mumbai Dhar
avi (Asia’s largest slum), Santosh Nagar and Bharat Nagar slums are the 
most vulnerable to COVID-19 due to very high density of population. In 
these slum areas, more than a million people reside within an area of 
0.82 square miles [69]. Thus, maintenance of social distance and 
physical distance is very tough for authorities. 

In Kolkata, more than 32% of the total urban population lives in slum 

areas (locally known as ‘Bustee’). Most of the slum population resides in 
the eastern (along the eastern metropolitan bypass), Western (dock 
area) and Northern (Cossipore) areas of the city. A study was performed 
by Ray [23] over the selected slum areas (Kankulia Road slum and 
Panchanantala) of Kolkata city and the result of the study showed that 
there was a lack of basic physical infrastructure in both the slum areas of 
the city. For example, there was only a community tap for the whole 
slum area from where 600 persons collect water (5/1000 households). 
Even large numbers of slum households are dependent on community 
toilets. If there is only a single positive COVID-19 person, it will surely 
bring a public health threat to other slums dwellers. From this scenario, 
one can easily understand that the slum population is under great threat 
and most vulnerable to COVID-19. 

A study was performed by Bag et al. [25], on the assessment of living 
conditions of the slum population over Delhi, Kolkata and Mumbai. The 
result of their study showed that about 70% of slum dwellers were 
dependent on public sanitation facilities across three megacities. Is this 
situation not vulnerable to COVID-19 infection among slum dwellers? Of 
course, there is a high probability of spreading COVID-19 rapidly. In 
addition to this, a number of research studies were performed in 
different cities across the country and the result of those studies reported 
that most of the slum dwellers had very limited access to the basic ser
vices and amenities [70–73]. After the outbreak of COVID-19 due to 
lockdown, slum dwellers lost their income sources and their capability 

Fig. 7. Fuzzy-AHP based spatial distribution of indicators (g) % of slum households having open toilet (h) % of slum households having no drainage (i) % of slum 
households having no bathroom (j) % of slum households having no water facility within premises (k) % of slum households having no exclusive rooms and (l) % of 
households having one dwelling room. 
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to fight the pandemic gets destroyed. 
As per the result of SVIcovid-19, it was observed that the states located 

in eastern and central India were more vulnerable as compared to other 
regions. Odisha was the most vulnerable state among all the states of 
India followed by Bihar, West Bengal, Madhya Pradesh, Maharashtra, 
Uttar Pradesh, Jharkhand, etc. respectively. These states are more 
vulnerable to COVID-19 in slum areas due to lack of availability, 
accessibility as well as inequalities of basic services and amenities and 
large concentrations of slum population. 

Recently, in many pieces of literature, it was well documented that 
the slums are more vulnerable to infectious diseases [74,75]. In fact, for 
the slum population, the subsistence of livelihoods became more 
important than COVID-19 transmission. Most of the people living in 
slums are involved with informal activities and became economically 
vulnerable due to lockdown [76]. Slum households are highly relying on 
a robust social connection [77] for subsistence. Therefore, they cannot 
avoid the COVID-19 risk due to insecure economic activities during the 
lockdown. The access to basic services and amenities in slum areas is 
limited as compared to the other parts of the cities. In this circumstance, 
if one wants to follow the guidelines, it would be very difficult to 
maintain COVID-19 protocols due to space constraints, overcrowding 
lack of physical distancing maintenance and self-quarantine that may 
result in a rapid transmission of COVID-19. Thus, behavior of the people 
living in slum areas is largely influenced by poor economic conditions 

and lack of accessibility to basic services in comparison to other places 
as well as social groups of the city. Apart from India, in Bangladesh too, a 
study was performed by Ullah et al. [78] on Rohingya people and results 
of the study revealed that Rohingya camps were also vulnerable due to 
poor living conditions and it can be compared to slums as well. 

3.4. Policy implications for slum vulnerability reduction to COVID-19 

From the overall result of the study, it was well recognized that slums 
located in the eastern and central parts of India were more vulnerable to 
COVID-19. In most of the states located in eastern (such as Odisha, 
Bihar, West Bengal, Uttar Pradesh) and central (Madhya Pradesh, 
Chhattisgarh) part of India, there was a substantial lack of accessibility 
as well as availability to the basic services and amenities. In many 
previous studies, it was well recognized that there is a lack of better 
accessibility to the basic services in slum areas [6,27,51]. Thus, limited 
access to the basic services and amenities of the households may make 
them more vulnerable to COVID-19 transmission. 

The findings of this study will not only help to understand the slum 
vulnerability to COVID-19 but, also provides an immense scope to 
implement policies and plantings to combat other infectious diseases in 
the future. In fact, urban slums in India are characterized by unhealthy 
and unhygienic environmental conditions and a lack of proper WASH 
(water, sanitation and hygiene) provision. Therefore, the policy makers 

Fig. 8. PCA based slum vulnerability mapping in India (a) PC1-vulnerablity due to poor slum households’ status (b) PC2- vulnerability due to lack of social distance 
maintenance (c) PC3-vulnerability due to high concentrations of slum population and towns (d) PC4-vulnerability due to mobility of the households. 
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and planners must focus on adequate access to the basic services for the 
betterment of their quality of life, to control the rapid spread of COVID- 
19 in highly dense areas as well as to combat any infectious disease in 
the future. 

Indian government implemented a number of slum improvement 
and development schemes and policies such as the National Slum 
Development Program (NSDP), Basic Services to Urban Poor (BSUP), 
Housing for All etc. In all the schemes and programs, emphasis was given 
to provide basic services and amenities (such as water supply, latrine 
facilities, drainage, housings, etc.) to the slum dwellers. 

Fig. 10 represents the factors that largely determine the health of any 
communities. In this study, this frame was proposed for habitat 
vulnerability in slum areas to understand the factors affecting health as 
well as implementation of measures to reduce health vulnerability. A 
part from material services (such as access to housing, water facilities, 
and sanitations), slums areas are also vulnerable to any health diseases 
due to their behavior and psychological aspects of lives. For example, 
socio-economic positions of the slum dwellers such as lack of education, 
income largely determine the inequality from the people living in other 
parts of the city. Most of the time, slums dwellers are not aware about 
using of mask to reduce transmission of COVID-19 and cannot use hand 
sanitizer, masks, shops due to their poor economic conditions. Thus, 
social factors affecting health must be prioritized in slum areas. 

In this connection, the strategies of Asia’s largest slum ‘Dharavi’ 
must be appreciated to combat COVID-19. Dharavi is located in Mumbai 
metro cities (Maharastra) with a geographical area of 2.1 km2 and 
population density over 277136 km2 respectively. Therefore, it is 
obvious that huge population density, health inequalities and socio- 
economic disparities may potentially convert the slum into one of the 
biggest hotspots of the country. The first confirm COVID-19 cases from 
Dharavi were reported on 1st April 2020 and after that, it started 
spearing very rapidly. At the end of April, a total of 491 new cases were 
reported in this slum. The local people, government and policymakers 
feared this as this area may become New York (USA) or Italy very soon. 
But a number of public health measures and proactive strategies were 
adopted by the local government to combat this deadly disease. Sur
prisingly, the growth rate of COVID-19 drooped from 12% (in April 

2020) to 4.3% (in May 2020) and 1.02% (in June 2020) respectively 
[80]. During the first week of July 2020, only one case was recorded 
since the first week April 2020. Thus Dharavi became the model to the 
entire world. World Health Organization (WHO) also recognized the 
model called “chasing the virus” applied to reduce the transmission of 
COVID-19 and stated that “Dharavi should be seen as an example across 
the world”. WHO also acknowledged that the motto of the Dharavi 
model was “testing, tracing, isolating, and treating for breaking the 
chain of transmission”. Since the last three-four months, the COVID-19 
cases and deaths were not so massive and everything is likely to be 
normal. During the second wave of COVID-19 (in February), the Dharavi 
model was again activated to curb COVID-19 transmission. As a result, 
COVID-19 cases significantly dropped and the Dharavi model’ of 
COVID-19 management as well as vaccination drive assisted success
fully. Screening of the people at the door, aggressive and regular testing 
of the slum dwellers worked effectively to control COVID-19 trans
mission [81]. Thus, the Dharavi slum became the model in India and it 
was appreciated by World Health Organization (WHO). The Dharavi 
model has clearly shown how COVID-19 transmission can be curbed 
through proper management strategies and puts a unique example for 
other slum areas in cities. Particularly, the states having large pro
portions of slum population (such as Andhra Pradesh, West Bengal, Uttar 
Pradesh, Tamil Nadu and Madhya Pradesh) must follow the Dharavi 
model not only to fight with COVID-19, rather with other infectious 
diseases in the future. 

From the result, it was well documented that the slums located in the 
central and eastern parts of India are more vulnerable in comparison to 
other states. Therefore, effective measures are needed to be imple
mented not only to curb COVID-19 transmission but, also to enhance the 
quality of life of slum dwellers by enlarging availability as well as 
accessibility to basic services and amenities. In India, the Central as well 
as State Government implemented several effective measures to curb the 
rapid spread of COVID-19 transmission in slum areas and successfully 
tackled the COVID-19 transmission. It can be stated that it is very 
difficult to implement ‘Dharavi model’ to control infectious diseases like 
COVID-19 rather it is better to ensure access to basic services of the slum 
residents and to make them conscious about health science. Thus, the 

Fig. 9. (a) Composite PCA based slum vulnerability index (b) Fuzzy AHP based slum vulnerability index (SVI).  
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transmission of infectious diseases like COVID-19 can also be (to some 
extent) controlled. 

3.5. Limitations of the study and future research directions 

The study has an immense potentiality to understand the impact of 
infectious diseases (like COVID- 19) on human health living in slums 
areas in Indian cities. Thus, this study reveals significant findings on how 
far slums are vulnerable to infectious diseases due to highly dense, un
hygienic environments and where to implement effective public health 
measures for ensuring health well-being. In spite of this, this study has 
few drawbacks. Firstly, the habitat vulnerability in slum areas was 
assessed using data extracted from Census of India, 2011 and its linkages 
were presented using the recent COVID-19 scenario in India. Secondly, 

in this study, twelve variables closely related to COVID-19 (directly and 
indirectly) were considered to assess habitat vulnerability in slum areas. 
Thus, these variables may not sufficient for habitat vulnerability 
assessment. Thirdly, in this study, only slums were assessed for vulner
ability assessment. The non-slum areas have not been taken into 
consideration for vulnerability assessment. 

In spite of these limitations, this study will surely inspire the re
searchers and scientists to explore more research on the nexus between 
infectious diseases and habitat vulnerability particularly people living in 
highly dense unhygienic environments. Apart from slum areas, partic
ularly cities in developing countries (like India) can be vulnerable due to 
high population density and limited accessibility as well as availability 
to basic services and amenities. Thus, from the limitations of the study, 
few suggestions can be proposed for further research in the future. 
Firstly, the researchers can utilize the recent data (from the next Census 
of India data) to examine the habitat vulnerability in slum areas. Sec
ondly, more relevant as well as sufficient variables related to infectious 
diseases (COVID-19) can be incorporated to develop habitat vulnera
bility mapping in slum areas. Thirdly, some advance machine learning 
techniques can also be utilized to develop habitat vulnerability in slum 
areas. 

4. Conclusion 

The present paper mainly deals with the assessment of slum 
vulnerability to COVID-19 (SVI covid-19) across the states of India. Prin
cipal component analysis (PCA) and Fuzzy AHP based methods have 
been used to assess the SVIcovid-19 India. From the result, it was well 
documented that the slums located in the eastern and central Indian 
states were more vulnerable to COVID-19 due to limited access to basic 
services and a relatively higher concentration of slum population. The 
findings of this research study have immense scope to understand the 
relationship between living environment and respiratory disease (like 
COVID-19). Thus, it is an urgent task for policy-makers and city planners 
to integrate the urban slum improvement strategies for a better quality 
of life and to combat serious health disasters like COVID-19. Hence, in 
India, the second wave of COVID-19 spread more rapidly and a huge 
number of cases as well as deaths were reported from large cities. 
Therefore, slums due to high population density, unhygienic environ
ment and limited access to the basic services and amenities may result in 
rapid transmission of COVID-19 and massive losses of lives. Therefore, it 
is important to understand the factors leading to the vulnerability of 
slum dwellers and to adopt necessary actions to curb the rapid trans
mission as well as deaths. 

Thus, from the overall analysis, it was well documented that there 
was a substantial lack of availability as well as accessibility to basic 
services and amenities in slum areas. Thus, limited access to basic ser
vices increases the chances of infection due to lack of maintenance social 
distance, poor housing conditions, and limited infrastructural opportu
nities respectively. 

(i) As per the study, it was found that the states having a high con
centration of slum population were highly affected by COVID-19 
such as Maharashtra, Tamil Nadu, West Bengal, Karnataka, etc. 
As per the reports published by Business Insider [82]; more than 
50% of the total COVID-19 cases were reported from large cities 
(such as Mumbai, Delhi, Pune, Thane etc.). In slum areas, there is 
significantly more scope of social mixing and limited scope for 
physical distancing due to high population density. As per the 
study of Chen et al. (2019), it was a high density of population 
that was linked with higher peaks of influenza in Delhi. The 
current pandemic (COVID-19) transmitted more rapidly in highly 
dense large cities due to high population density. Thus, slum 
areas are more vulnerable due to high population density and a 
poor living environment. Therefore, the government must adopt 

Table 6 
Identification of states based on level of vulnerability and weaknesses and 
strengths of variables.  

Level of 
vulnerability 

SVI score Number of States Weaknesses and strengths 
of variables 

Highly 
vulnerable 

>0.80 Odisha, Bihar and 
West Bengal  

(i) Lack of bathrooms, 
closed drainage, 
latrine facilities, 
sufficient dwelling 
rooms, illiteracy, 
dilapidated houses.  

(ii) In these states, more 
than 40% of 
households don’t 
have a bathroom, 
42% of households 
have only one room, 
34% of households 
have an open latrine.  

(iii) In these zones, the 
highest % of 
households with 
‘open latrine’, ‘no 
drainage’, ‘no 
bathroom’ were 
reported. 

Moderately 
vulnerable 

0.60–0.80 Madhya Pradesh, 
Maharashtra, Tamil 
Nadu, Chhattisgarh, 
Jharkhand, Tripura  

(i) In the states, 
prioritization must 
have been given to 
latrine facilities, 
drainage systems, 
bathrooms facilities, 
drinking water 
facilities within 
premises and 
dwelling rooms of the 
households.  

(ii) In these zones, the 
highest % of 
households with only 
one room were 
reported. 

Vulnerable 0.40–0.60 Delhi, Uttar Pradesh, 
Gujrat, Karnataka, 
Andhra Pradesh, 
Assam, Meghalaya, 
Arunachal Pradesh  

(i) In these zones, 
prioritization must be 
given to bathroom 
facilities followed by 
dwelling rooms, 
dilapidated houses. 

Low 
vulnerable 

0.20–0.40 Haryana, Rajasthan, 
Sikkim, Mizoram, 
Manipur, Nagaland  

(i) In this zone, the 
effective focus must be 
given to drinking 
water facilities within 
premises followed by 
dwelling rooms. 

Very low 
vulnerable 

<0.20 Himachal Pradesh, 
Punjab, Uttarakhand, 
Goa, Kerala, Jammu 
and Kashmir  

(i) In this zone, special 
focus should be given 
to drainage systems, 
dwelling rooms, 
dilapidated houses 
respectively.  

M. Das et al.                                                                                                                                                                                                                                     



International Journal of Disaster Risk Reduction 65 (2021) 102553

14

effective starategies in highly dense slum areas to reduce the 
transmission of such infectious diseases in the future. 

(ii) In slum areas, among most of the households, there was no in
clusive room or having only one room. There were more than 
60% HHs in Gujrat, about 60% HHs in Maharashtra and about 
50% HHs in Tamil Nadu residing in slum areas with only one 
room. Among all the states, the highest % of slum HHs with no 
exclusive room was reported from Karnataka (11.75%) followed 
by Maharashtra (7.36%), Tamil Nadu (7.12%). The scenarios of 
COVID-19 showed that Ahmedabad, Mumbai, Chennai were 
some of the severely affected cities in India. Therefore, special 
focus needs to be given to slum areas to fight any health problems 
(like COVID-19).  

(iii) In slum areas, there is limited access to the basic infrastructural 
facilities (such as good conditions of house, drinking water fa
cility within premises, and availability of toilets) [27,28]. In
fections in a member of households increase the possibility of 
infecting other members in slum areas. The sizes of the HHs are 
highly responsible for a higher transmission of infectious dis
eases. Therefore, it is crucial to provide adequate basic infra
structural facilities for reducing the transmission of infectious 
diseases.  

(iv) During the second wave of COVID-19, it was found that the states 
located in eastern parts of India were highly affected such as West 
Bengal, Uttar Pradesh, Bihar, respectively. As per the result of the 
study, it was recorded that the slums located in the eastern states 
of the country were highly vulnerable to COVID-19. In these 
states, there was limited access to closed bathrooms, drainage 
facilities, water felicities respectively. Therefore, it is essential to 
provide basic infrastructural facilities to the slum HHs to tackle 
infectious diseases in the future for reducing the chances of a 
health risk. 

Thus, from the overall analysis, we came to know that the slum 
habitats are vulnerable to COVID-19 due to limited access to basic ser
vices and amenities and it is very urgent to provide adequate basic 

infrastructural facilities for a better quality of slum HHs in the future. 
Mapping of slum vulnerability is not only important to understand the 
scenario of living conditions of the slum dwellers but also, can be very 
impactful to understand slum vulnerability with respect to other dis
eases (particularly infectious diseases like COVID-19) in the future. 
Thus, from the result, it was observed that the eastern and central states 
were more vulnerable to COVID-19 in comparison to other parts of 
India. From the study, we can conclude that although the central and 
eastern states were more vulnerable to COVID-19, effective measures 
can help in reducing the transmission of COVID-19. Infectious diseases 
like COVID-19 can be successfully tackled through appropriate measures 
like ‘Dharavi Model’ in Mumbai (Maharastra). Of course, slums are 
vulnerable to the infectious diseases COVID-19 due to high population 
density, unhygienic environment and lack of basic services but, their 
lives from any kind of health problems can be saved through proper 
scientific measures. 
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