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Abstract
Coronavirus disease 2019 (COVID-19) has emerged as a significant public health emergency in recent times. It is a
respiratory illness caused by the novel virus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which
was initially reported in late December 2019. In a span of 6 months, this pandemic spread across the globe leading to high
morbidity and mortality rates. Soon after the identification of the causative virus, questions concerning the impact of
environmental factors on the dissemination and transmission of the virus, its persistence in environmental matrices, and
infectivity potential begin to emerge. As the environmental factors could have far-reaching consequences on infection
dissemination and severity, it is essential to understand the linkage between these factors and the COVID-19 outbreak. In
order to improve our current understanding over this topic, the present article summarizes topical and substantial obser-
vations made regarding the influences of abiotic environmental factors such as climate, temperature, humidity, wind
speed, air, and water quality, solid surfaces/interfaces, frozen food, and biotic factors like age, sex, gender, blood type,
population density, behavioural characteristics, etc. on the transmission, persistence, and infectivity of this newly recog-
nized SARS-CoV-2 virus. Further, the potential pathways of virus transmission that could pose risk to population health
have been discussed, and the critical areas have been identified which merits urgent research for the assessment and
management of the COVID-19 outbreak. Where possible, the knowledge gaps requiring further investigation have been
highlighted.
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Introduction

The recent outbreak of the novel coronavirus disease 2019
(COVID-19) has become a public health emergency of interna-
tional concern in the real sense. COVID-19 is a respiratory
disease known to be caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) (Peng et al. 2020;
Siddiqui et al. 2020a). On 31st December 2019, China was
the first country who notifies WHO about the occurrence of
this disease in Wuhan City, Hubei Province of China (China
CDC 2020; WHO 2020a). Soon after that report, other coun-
tries like Thailand, Japan, and the Republic of Korea, also re-
ported similar cases (WHO 2020a). Since then, the cases of
COVID-19 have been increasing, leading to high morbidity
and mortality rates across the globe. In recent decades, this
pandemic is the 3rd major outbreak, after the SARS (severe
acute respiratory syndrome) outbreak in 2002–2003 and the
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MERS (Middle East respiratory syndrome) outbreak in 2012
(Adhikari et al. 2020; Nghiem et al. 2020) (Fig. 1). The out-
break ranges for COVID-19 are much greater than the previous
epidemics. As of December 5, 2020, more than 65,257,760
confirmed cases, including 1,513,179 deaths, have been regis-
tered worldwide due to COVID-19, affecting 218 countries and
territories around the world and two international conveyances
(3:02 pmCEST, 5 December 2020,WHO 2020b; https://www.
worldometers.info/coronavirus/. Accessed 15 July 2020).

One of the primary concerns of this outbreak is the relation-
ship between environmental factors and the transmission, stabil-
ity/vitality, and infectivity of the virus (Qu et al. 2020; Bontempi
et al. 2020). The influence of environmental factors on COVID-
19 prevalence could have across-the-board consequences for
public health as well as for pandemic mitigation policies and
strategies (Eslami and Jalili 2020; Usman et al. 2020). It is now
confirmed that SARS-CoV-2 is primarily transmitted through
respiratory droplets and close contact with the infected person
and contaminated objects (WHO, 2020c). Though human to
human transmission has been recognized as the main pathway
of SARS-CoV-2 infection, however, the possible environmental
spread via bioaerosols, aquatic environment, faecal-oral route,
etc., is still under investigation (Eslami and Jalili 2020; Usman
et al. 2020). In relation to SARS-CoV-2, the association of cli-
matic factors such as temperature, humidity, precipitation, wind
speed, solar radiation, etc. with virus prevalence and spread is
much complicated and is currently under debate (Oliveiros et al.
2020; Ahmadia et al. 2020; Coccia 2020a; Yao et al. 2020). The
link between air pollution and COVID-19 prevalence has also
been highlighted in several studies, suggesting air pollution as an
additional co-factor of SARS-CoV-2 lethality (Conticini et al.
2020; Coccia 2020a; Wu et al. 2020c). The particulate matter

has been identified as potential carriers for viral particles, increas-
ing the possibility of virus diffusion over long distances affecting
COVID-19 prevalence in the communities (Martelletti and
Martelletti 2020). The association between concentration of air
pollutants like PM10 and PM2.5, SO2, NO2, CO, O3, and
COVID-19 fatality rates specifies that population residing in
highly polluted areas likemetropolitan cities aremore susceptible
to respiratory diseases and are at much greater risk (Zhu et al.
2020; Ogen 2020). Recently, viral RNA has been reported in
sewage/wastewater, raising the concern over contamination of
receiving water bodies and exposure risk to human health asso-
ciated with waterways (Wu et al. 2020a; Medema et al. 2020;
Ahmed et al. 2020). Also, the detection of viable viral particles in
faces and stool samples signifies the possibility of faecal-oral
transmission as an additional pathway of infection (Heller et al.
2020; Senapati et al. 2020). Although airborne transmission of
SARS-CoV-2 via contaminated wastewater has not been
established yet, however, the previous super-spreading event of
SARS in Hong Kong housing block (Peiris et al. 2003) points to
the likelihood of its transmission via exposure to aerosolized
wastewater (Usman et al. 2020). The persistence of SARS-
CoV-2 on solid surfaces is highly variable, ranging from a few
hours up to several days (Kampf et al. 2020). A limited number
of clinical studies investigated the aerosol and surface distribution
of SARS-CoV-2 in a hospital environment (Guo et al. 2020; Ong
et al. 2020; Liu et al. 2020c). Their findings revealed the ubiqui-
tous presence of the virus in air and surface samples and the
potential of virus transmission through aerosols was proposed.
Further, research is still needed to study the viability and infec-
tivity of SARS-CoV-2 on solid surfaces/interfaces. Another
mode of viral transmission via cold chain transportation in the
frozen food industry grabbed worldwide attention after several

Fig. 1 Major disease outbreaks in recent decades
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incidences of COVID-19 re-emergence at various places (Liu
et al. 2020d; Han et al. 2020b). Besides these factors, biotic
factors like age structure, gender, blood type, population density,
behavioural characteristics, cultural characteristics, and hygiene
practices have also been known to significantly impact viral
transmission, persistence, and infectivity in the environment
(Coccia 2020a; Bontempi et al. 2020).

The present article summarizes topical and substantial ob-
servations made regarding the influence of various environ-
mental abiotic factors (climatic factors, air quality, aquatic
environment, surfaces/interfaces) and biotic factors (age, gen-
der, blood type, population density, behavioural characteris-
tics, etc.), on the transmission, prevalence, stability, and infec-
tivity of SARS-CoV-2. Where possible, the knowledge gaps
requiring further investigation have been highlighted.

Characteristics of SARS-CoV2

SARS-CoV-2 is an enveloped, non-segmented, positive-sense,
single-stranded RNA virus, approximately 65–125 nm in diam-
eter (Shereen et al. 2020). It belongs to the family of
Coronaviridae, which is further divided into subfamily
Orthocoronavirinae. This subfamily belongs to four genera, i.e.
alpha-coronavirus, beta-coronavirus, gamma-coronavirus, and
delta-coronavirus (Ye et al. 2020). Till date, seven types of

human coronaviruses (HCoVs) are known that can infect the
human. These include HCoV-229E and HCoV-OC43, severe
acute respiratory syndrome-CoV (SARS-CoV), HCoV-NL63,
HCoV-HKU1, Middle East respiratory syndrome-CoV
(MERS-CoV), and novel SARS-CoV-2 (Mohammadi
et al. 2020; Hasoksuz et al. 2020; Decaro and Lorusso 2020;
Siddiqui et al. 2020b). CoVs can infect humans and animals such
as camels, cattle, cats, civets, bats, and other animals, causing
respiratory, hepatic, neurologic, and gastrointestinal diseases
(Mohammadi et al. 2020). SARS-CoV-2 has been reported to
be genetically similar to the SARS-CoV and is similarly sup-
posed to cross the species barrier from animal to human (Yuen
et al. 2020). Although its specific origin is yet to be determined,
the studies suggest bats as the natural reservoir hosts of SARS-
CoV-2 and pangolins as the possible intermediary hosts (Liu
et al. 2020a). Much like SARS-CoV, SARS-CoV-2 uses the
angiotensin-converting enzyme ACE2 (a membrane exopepti-
dase) as a receptor to gain entrance into human cells (Xu et al.
2020b). The chief characteristics of SARS-CoV-2 are represent-
ed in Table 1. The clinical symptoms of this virus include high
fever, chills, dry cough, dyspnoea, fatigue, and lymphopenia.
Other symptoms like diarrhoea, myalgia, expectoration, and
haemoptysis has also been observed in the infected person. In
severe cases, the patients may develop pneumonitis, acute lung
damage, acute respiratory distress syndrome. In old age patients,
serious complications such as heart failure, respiratory failure,

Table 1 Characteristics of SARS-
CoV-2 Particulars Characteristics

Family Coronaviridae

Sub family Orthocoronavirinae

Order Nidovirales

Genera Four: αCoV, β-CoV, γ-CoV, and δ-CoV

RNA Linear, single-stranded RNA genomes of positive polarity

Infection

α-CoV and β-CoV Infect the respiratory, gastrointestinal, and CNS of humans and mammals

γ-CoV and δ-CoV Infect the birds

β-CoV SARS-CoV (2002–2003)

MERS-CoV (2012)

2019-nCoV (2019)

Nucleotide sequence
similarity

79% with SARS-CoV and 50% with MERS-CoV

Natural host Bat; 96.2% genome sequence similarity to RaTG13, a bat coronavirus detected in,
Rhinolophus affinis

Intermediate hosts Pangolins; 99% genome sequence similarity with pangolin-CoV

Protein structure Spike protein (S-protein)

Receptor Human angiotensin converting enzyme 2 (ACE2)

Binding affinity High affinity between ACE2 and SARS-CoV-2 S protein

Population with higher expression of ACE2 might
be more susceptible to COVID-19
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and liver failure are most likely to occur (Pal et al. 2020; Zu et al.
2020; Huang et al. 2020).

Environmental factors

The transmission of a virus is influenced by various factors
such as virus infectivity, host behaviours, host defence mech-
anism, environmental factors, etc. (Pica and Bouvier 2012).
The modes by which the virus is transmitted from one person
to another are very critical for understanding the impact of the
environment on transmission, survival, and infectivity of the
virus. The major pathway of virus transmission is contact
transmission, which includes direct and indirect ways
(Teymoori-Rad et al. 2020). Direct transmission refers to the
transfer of viruses from an infected person to another person
without any intermediate object, whereas indirect transmis-
sion is the transfer through contact with a contaminated inter-
mediate object. Another major pathway/mode is airborne
transmission, which encompasses droplet spray transmission
and aerosol transmission. In droplet spray transmission, the
virus is transferred via air droplets produced at the time of
breathing/sneezing/coughing/talking, followed by its deposi-
tion on the mucous membrane (Pica and Bouvier 2012; WHO
2020c; Teymoori-Rad et al. 2020). In the case of SARS-CoV-
2, human to human transmission (direct and indirect, both) is
the primary mechanism of infection when a person is in an
incubation state; parallelly, there are other cases where

individuals remain infectious while being asymptomatic
(superspreaders) (WHO 2020c; Yuen et al. 2020; Cave
2020). The present concern regarding the transmission of
SARS-CoV-2 is not limited to direct contact with infected
people or indirect contact with infected surfaces, but recent
studies suggested transmission via droplets spray and aerosols
(Teymoori-Rad et al. 2020). In aerosols, SARS-CoV-2 re-
mains viable up to 3 h, while on solid surfaces, it could survive
up to 72 h though the infectious titre gets reduced (van
Doremalen et al. 2020). In highly polluted areas, the acceler-
ated transmission dynamics of SARS-CoV-2 is major because
of air pollution to human transmission (airborne viral infectiv-
i t y ) r a the r than human- to -human t r ansmis s ion
(Coccia 2020a). Besides, some studies reported fragments of
viral RNA in faeces and anal swabs of infected persons
(Holshue et al. 2020; Xiao et al. 2020), indicating the possi-
bility of newer routes of transmission like faecal-oral trans-
mission. Also, the likelihood of environmental dissemination
of SARS-CoV-2 via water, bioaerosols, and food should be
taken into consideration. Figure 2 depicts possible transmis-
sion routes of SARS-CoV-2 in different environmental matri-
ces. Apart from these transmission modes, pre-symptomatic
and asymptomatic transmission have been identified as anoth-
er pathway of COVID-19 infection (Zhang 2020). The find-
ings of Arons et al. (2020) indicate that pre-symptomatic res-
idents may contribute to the widespread transmission of
SARS-CoV-2 in nursing facilities. Gao et al. (2020), Xu
et al. (2020a), and Kronbichler et al. (2020) also displayed

Fig. 2 Various possible transmission routes of SARS-CoV-2 in environment
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asymptomatic transmission as a source of COVID-19
infection.

The transmission intensity, persistence in the environmen-
tal matrices, and infection potential of the virus could be in-
fluenced by a variety of factors. Among them, some are com-
mon factors that remain the same for all the regions. These
include biological properties of SARS-CoV-2, its incubation
state, effects on infected and susceptible persons, etc., while
there are some factors wherein the longevity, transmissivity,
and infectivity of SARS-CoV-2 will vary from region to re-
gion. These include pollutant concentration levels in the air,
meteorological conditions, atmospheric conditions, and to-
pography affecting pollutant dispersion, population density,
age structure, gender, blood type, hygiene procedures, health
status, health care facilities, economic wealth, cultural charac-
teristics, personal protection measures, etc. (Coccia 2020a,

Bontempi et al. 2020) (Fig. 3). The following sections sum-
marize recent and significant observations made regarding the
influence of varied abiotic and biotic factors on SARS-CoV-2
transmission, persistence, and infectivity and discuss the
existing knowledge gaps.

Abiotic factors

Climate

Recent studies argued the role of different factors, including
meteorological variables, health care facilities, age structure,
sex, population density, immunity, etc., in transmission inten-
sity and survival of SARS-CoV-2 (Wang et al. 2020a, Coccia
2020a, Bontempi et al. 2020). Previously in the case of influ-
enza, MERS, and SARS transmissions, besides the biotic

Fig. 3 Influence of
Environmental factors on SARS-
CoV-2 infection

6271Environ Sci Pollut Res (2021) 28:6267–6288



factors, weather parameters like seasonal variability of tem-
perature, solar radiation, along relative humidity showed im-
mense importance (Dalziel et al. 2018; Shaman et al. 2010,
2011; Chattopadhyay et al. 2018; Gardner et al. 2019; Tan
et al. 2005; Otter et al. 2016). Likewise, it is evidenced from
recent studies that COVID-19 positive cases within certain
regions are related to weather parameters like specific humid-
ity and mean temperature (Sajadi et al. 2020; Araujo and
Naimi 2020). However, some studies demonstrated limited
effects of climate of a certain location on COVID-19 outbreak
within local communities (O'Reilly et al. 2020). All of these
latest studies are confounding as it is also pertaining that
worldwide travelling network of people resulted in the de-
layed outbreak of COVID-19 in various regions having a
warmer climate (Lai et al. 2020). Till July 5, 2020, globally,
218 countries and territories had been affected by COVID-19
transmissions, among which several areas experienced active
community transmissions. All of these countries and terri-
tories represent different climatic zones expanding from hot
and humid to dry and colder regions. Hence, it is imperative to
contextualize the relatedness of meteorological conditions in
response to SARS-CoV-2 survival and spreading.

Basically, virus-induced respiratory infections mostly de-
pend on the physiological status of the host, persistence, dy-
namics, and ability of the virus to infect the host, and atmo-
spheric dispersion trends where meteorological variables, es-
pecially humidity and atmospheric temperature, are the prima-
ry regulators. Weather patterns are dependent on land surface
features, latitudes, and their interactivity with the earth sys-
tems. In temperate regions, aerosols can be effective virus
transmitters during winter due to a relatively lower tempera-
ture and humidity level, while in tropical areas during the
monsoon season, hot and humid conditions reduce the virus
transmission via aerosols (Tamerius et al. 2013). According to
the earlier study, temperate climate facilitates the survival and
transmission of the virus rather than tropical climate, which is
in accordance with the common viral respiratory infections
(Bloom-Feshbach et al. 2013). Other viruses belonging to
the Coronaviridae family like SARS CoV and MERS CoV
preferred cold climates having less humidity and lower tem-
perature (Casanova et al. 2010). It is also reported that higher
relative humidity (> 95%) and a specific range of temperature
(28–33 °C) cannot influence the effectivity of SARS-CoV-2
as it poses a comparatively stable structure (Chan et al. 2011).
Consistent community spreading of COVID-19 along a spe-
cific latitude (30–50° N corridor) was recorded at a mean
temperature of 5–11 °C along with limited specific (3–6
g/kg) and absolute humidity (4–7 g/m3) (Sajadi et al. 2020).
However, a recent study adopting a generalized additive
modelling approach using meteorological parameters in nine
Asian cities showed inconsistent relationships among the con-
firmed COVID-19 positive daily cases and humidity and av-
erage temperature (He et al. 2020). A negative association

between COVID-19 occurrence and atmospheric temperature
and absolute humidity was also reported in Hubei Province
China, during the cold and dry winter season, where a 1-unit
increment in minimum temperature reduced the COVID-19
positive cases by 72.47 units (Li et al. 2020). Long ago, it
was reported that higher UV irradiance has the potential to
limit the outbreak of SARS coronavirus within humans and
the environment (Duan et al. 2003). On the contrary, the cur-
rent research in Chinese cities revealed that solar radiation and
the higher temperature had no such association with the trans-
mission ability of COVID-19 (Yao et al. 2020). Currently,
worldwide studies are going on rapidly to find out the actual
climatic impact on survival and the spreading of COVID-19,
which has no geographical barrier. Scientific outputs of such
recent studies are summarized in Table 2.

These research studies include short-duration data sets,
small sample size, and different protocols for computations.
Thus, definite results from all of these studies are limited.
However, through this systematic review of current research,
we can document that there is no such evidence regarding the
specific relationship between survival and spreading of
COVID-19 and weather variables. However, absolute humid-
ity and the daily average temperature may have influences on
COVID-19 outbreaks in some specific locations. Yet long-
term investigations in this line are necessary to understand
the association between COVID-19 outbreaks and climate.

Air quality

The respiratory viral infections can be transmitted across dis-
tances by aerosols; hence viral diffusion via airways repre-
sents a significant pathway of disease spread. Depending on
the expert’s background, several definitions of airborne trans-
mission is present in the scientific literature (Bontempi
2020b); however, WHO refers airborne transmission as the
presence of microorganisms within droplet nuclei (particles
having < 5-μm diameter) which remains suspended in the
air for a longer period of time, while remaining infective and
be transmitted over distances greater than 1–2 m (WHO report
2020). Previous reports related to indoor case studies of SARS
indicated that airborne transmission is the chief route of infec-
tion (Li et al. 2005; Booth et al. 2005; Olsen et al. 2003).
Looking at the similarity of SARS-CoV-1 and SARS-CoV-
2, the likelihood of transmission of SARS-CoV-2 via airways
cannot be ruled out. It has been reported that SARS-CoV-2
could survive in aerosol for a few hours. In the study conduct-
ed by van Doremalen et al. (2020), the virus-laden aerosol was
generated through a three-jet collision nebulizer and fed into a
Goldberg drum. The finding revealed that SARS-CoV-2 re-
main viable in aerosols for 3 h, with a drop in infectious titre
from 103.5 to 102.7 TCID50/litre of air (tissue-culture infec-
tious dose). This reduction was reported similar to SARS-
CoV-1 reduction. A couple of studies confirmed the existence
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of SARS-CoV-2 RNA in air samples collected from Wuhan
Hospitals (Liu et al. 2020c) and Nebraska University Hospital
(Santarpia et al. 2020). Contrary to these findings, all the air
samples were tested negative in a study carried out in a hos-
pital in Iran (Faridi et al. 2020) and an outbreak centre in
Singapore (Ong et al. 2020). Although the evidence regarding
the airborne transmission of SARS-CoV-2 is scarce, still the
role it played in SARS-CoV-1 andMERS-CoV epidemiology
signifies airborne transmission as a possible additional factor
for COVID-19 outbreaks. As a precautionary measure, WHO
recommended universal masking in public for controlling the
infection at the source thereby impeding the disease outbreak;
however, the effectiveness of the masks against airborne trans-
mission of virus droplets/aerosols is still not apparent (Zhai
2020; Esposito et al. 2020). Drake (2020) revealed that the
cloth masks could reduce exposure by 50%, while surgical
and N95 masks reduce exposure up to 75% and 99%, respec-
tively (Drake 2020). The air simulation experiment also
showed that though the facial masks cannot block the viral
transmission completely, however, they do provide a signifi-
cant degree of protection against airborne transmission (Ueki
et al. 2020). Taking into account the global shortage of
surgical and N95 masks, Esposito et al. (2020) advocated
the use of cloth masks as a sustainable alternative. However,
the relationship between the protective efficiency of the masks
and the components of viral droplets/aerosols needs to be
investigated further.

Air pollution has been identified as an important risk factor
in cases of respiratory infections; thus, this section aims at
assessing the impact of the air pollutants on the transmission,
persistence, and infectivity of SARS-CoV-2. The air pollut-
ants induce their own distinctive toxic/hazardous effect in the
respiratory/cardiovascular system of the person, also some of
them are potent oxidants, and in those conditions when a
person got the viral infection, the situation becomes more
intensified, leading to a chain of immune disorders and dis-
eases in the exposed person. Air pollutants are also known to
suppress early immune responses to infection in the body. The
impact of the air pollutants can be assessed by the fact that the
SARS-infected patients residing in areas having a high air
pollution index had an 84% higher risk of mortality in com-
parison with those who are living in areas having a lower air
pollution index (Cui et al. 2013). Similarly, Kan et al. (2005)
found a positive relationship between air pollution and SARS
mortality. The positive correlation between high concentra-
tions of air pollutants and fatalities due to respiratory viral
infections has been established in several other epidemiolog-
ical analysis. In fact, Lombardy, and Emilia Romagna regions
of Italy, which witnessed the highest COVID-19 fatalities in
the world, are among Europe’s most polluted areas (Conticini
et al. 2020). Their findings suggested that atmospheric pollu-
tion should be considered an additional co-factor of SARS-
CoV-2 lethality. Similarly, Coccia (2020a) observed that in

North Italy, those cities which had greater than 100 days of
air pollution (exceeding the PM10 standard values), the aver-
age number of infected persons was very high, while the cities
having less than 100 days of air pollution witnessed a much
lesser average number of infected persons. The study also
discovered that the transmission dynamics of SARS-CoV-2
are highly associated with air pollution in cities accompanied
with low wind speed. It was further suggested that hot and
sunny weather enhances transmission of SARS-CoV-2 infec-
tivity, while sunny days and summer season helps in coping
up with viral infectivity owing to higher generation of Vit D
that enhances a person’s immunity. In another study, the rela-
tionship between historical exposure to air pollution exposure
and the COVID-19 mortality rate was investigated and found
that even a small increase (1 g/m3) in the concentration of
PM2.5 raises the COVID-19 mortality rate by 8%. (Wu et al.
2020a). Contrary to these findings, in the study of Bontempi
(2020a) wherein PM10 concentration and COVID-19 cases in
Lombardy (Italy) were assessed from February 10 to
March 27, 2020, no association between PM10 values and
COVID-19 diffusion mechanism was established. Besides
air pollution and other factors, Bontempi (2020b) speculated
commercial exchanges between Italy and China, as one of the
contributing factors responsible for the initial diffusion of the
virus in Northern Italy.

Among the air pollutants, particulate matter (PM10 and
PM2.5), ozone, sulphur dioxide, nitrogen dioxide, and carbon
monoxide have been reported to affect the respiratory airways,
intensifying the vulnerability and the severity of the infec-
tions. Also, these pollutants are likely to assist the prolonged
existence of the viral particles in favourable climate settings.
A recent study suggested that the presence of these pollutants
at higher concentration level along with certain climatic con-
ditions may assist in the elongated longevity of SARS-CoV-2
in the air, which in turn will open the possibility of its indirect
transmission in addition to the direct contact transmission
(Frontera et al. 2020). Similarly, the possibility of SARS-
CoV-2 for the exploitation of “highways” made up of atmo-
spheric particulates has been hypothesized in another article
(Sanità di Toppi et al. 2020). In the same line, Martelletti and
Martelletti (2020) hypothesized that the air pollutant particles
act as fertile territory for the SARS virus, and in a linear
association, the virus lasts for a longer period and turns out
to be more hostile in an immune system already injured by
hazardous air pollutants. This is evidenced from a recent study
held in Italian Northern Regions by SIMA (Società Italiana di
Medicina Ambientale). The study depicted that the COVID-
19 effect was more pronounced in those areas which had an
excessive concentration of PM10 and PM2.5 (Setti et al. 2020).
It was further explained that the particulate matter in the at-
mosphere serves as a carrier or transporter for virus particles
enabling them to float in the airflows for a larger period of
time, promoting its diffusion to longer distances. In airflows,
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the virus particles could survive for hours to days (Martelletti
and Martelletti 2020). When a person inhales SARS-CoV-2
laden-PM, the virus enters into the deeper tracheobronchial
and alveolar regions, causes cytokine storm syndrome leading
to the death of the person infected and also increase the pos-
sibility of its transmission (Mehta et al. 2020). Pro-inflamma-
tions, injuries, and fibrosis from inhaled particulate matter in
combination with cytokine storm induced by SARS-Cov-2
infection could further enhance the infection severity. The
association of PM with increased respiratory morbidity and
mortality is well documented in literature; however, the po-
tential effect of PM on SARS-CoV-2 diffusion has been pro-
posed only as an experimental evidence of potential risks and
has not been confirmed yet (Qin et al. 2020; Bontempi
2020b). Hence, more studies are needed to better understand
the interaction of SARS-CoV-2 with particulate matter.

Recently Zhu et al. (2020) found a positive association
between the concentration of five air pollutants, i.e. PM2.5,
PM10, CO, NO2, and O3, and daily cases of COVID-19 in
120 cities of China, however, SO2 concentration was reported
to be negatively associated with COVID-19. Similarly, anoth-
er study revealed that long-term exposure to NO2 is an impor-
tant contributor to the mortalities caused by the SARS-CoV-2
across European countries (Ogen 2020). The fatality data was
collected from several regions in Italy, Spain, France, and
Germany, and spatial distribution of tropospheric NO2 was
obtained using Sentinel-5P satellite. The findings revealed
that the areas having the highest concentration of NO2 togeth-
er with downward airflow recorded the highest fatalities.
Apart from NO2 concentration, the topography of the study
area along with the conditions of temperature inversion (lim-
iting the dispersion of NO2), further aggravated the problem
affecting the population even more severely.

All these pieces of evidence advocate that SARS-CoV-2 is
highly prevalent and lethal in the areas having a high level of
air pollution; thus, the inhabitants residing in areas with a
higher concentration of air pollutants experiencing chronic
exposure are more susceptible to respiratory diseases and
hence are at more risk. Along with the concentration of con-
taminants in the atmosphere and biotic factors, other factors
such as topographical features, airflows, atmospheric condi-
tions also play a critical role in determining the SARS-CoV-2
longevity, transmissivity, and infectivity. Besides, the mecha-
nism through which the air pollutants modify the viral patho-
genesis after inhalation needs an in-depth experimental inves-
tigation to verify the impact of the COVID-19 pandemic.
Atop, far-sighted measures for reducing the pollution load
from the environment is much more critical.

Water and wastewater

The spread of SARS-CoV-2 through waterways is a newer
possibility which must be explored in depth. The

contamination of water supplies with faeces has always been
a risk for human health. In several previous studies, pathogen-
ic viruses have been held responsible for different water-borne
diseases. Contaminated water supplies could act as a vehicle
for spreading virus particles, providing an opportunity for dis-
ease outbreaks. Although limited information is available over
the environmental persistence of SARS-Cov-2, however in
the last two decades, several studies have reported the
persistence and survival of other coronaviruses in the aquatic
environment at different temperatures. For instance, Wang
et al. (2005a) spiked the SARS-CoV in hospital wastewater,
sewage, tap water and found that the virus could survive for 2
days at 20 °C and ≥ 14 days at 4 °C in all the spiked matrices.
Similarly, Gundy et al. (2009) spiked Human Coronavirus
(229E), ATCC-740, and Feline Infectious Peritonitis Virus
(FIPV), ATCC-990, in tap water and sludge effluent and dem-
onstrated 99.9% reduction over 10 days in tap water at 23 °C
and over 100 days at 4 °C, whereas in sewage, 99.9% reduc-
tion was reported between 2 and 3 days at 23 °C. In a similar
line, Casanova et al. (2010) spiked surrogate coronavirus
named Transmissible Gastroenteritis Virus (TGEV) and
Murine Hepatitis Virus (MHV) in MiliQ water, lake water,
and human sewage and found that the TGEV significantly
reduced (99.9%) at 25 °C in MiliQ water after 33 days, lake
water samples after 13 days and sewage after 14 days, while
no significant reduction was observed at 4 °C in MiliQ water
after 49 days and a slight reduction was observed in other two
samples. Similarly, MHV was found to be reduced by 99.9%
at 25 °C in MiliQ water after 26 days, lake water samples, and
sewage after 10 days, however at 4 °C, no significant reduc-
tion was observed except in the case of sewage samples.
These studies indicated that higher temperature inactivates
the virus, probably via protein denaturation and increased ac-
tivity of extracellular enzymes. The study of Ye et al. (2016),
wherein Murine hepatitis virus (MHV) was spiked in munic-
ipal wastewater, also confirmed that the virus persistence de-
creases with the increase in the temperature. Likewise, the
persistence of coronavirus in stools and urine samples have
also been reported. Previously in 2005, Wang et al. (2005a)
revealed that SARS-CoV could persist in faeces samples for 3
days and in urine samples for 17 days at 20 °C, while at a
lower temperature (4 °C), it could persist for 17 days in faeces.
It was further confirmed in a study by Weber et al. (2016),
wherein the virus was observed to persist in stool samples for
4 days. In sewage, SARS-CoV remains viable for 14 days and
2 days at 48 °C and 20 °C, respectively, and its RNA could be
detected for 8 days although the virus itself becomes inactive
Wang et al. (2005b). The persistence of SARS-CoV in stool
and sewage has also been displayed in studies of Cheng et al.
(2004), Hung et al. (2004), and Wang et al. (2005c). These
studies imply that CoVs from the faecal discharge of infected
persons may remain infectious in wastewater/sewage for a
long period of time. Since these studies underlined the
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persistence of coronaviruses in water environment and faeces,
and the concerns over the possible transmission of SARS-
CoV-2 through wastewater/sewage has been raised.

Both viable and non-viable SARS-CoV-2 and their debris
like RNA fragments, mRNA, or capsid subunits could enter
wastewater via shedding of bodily excreta, including saliva,
sputum, and faeces of infected persons. This is evidenced
from the recent studies of Bowser (2020) and Pan et al.
(2020) who revealed the existence of SARS-CoV-2 in human
faeces. Similarly, Wang et al. (2020c) & Wu et al. (2020b)
also detected viable SARS-CoV-2 in infected persons’ faeces.
In fact, the viral RNA in the stools of an infected person was
reported in the range of 16.5 to 100% at a concentration up to
6.8 log10 genome copies/g of stool (Chen et al. 2020b; Lo
et al. 2020; Han et al. 2020a; Lescure et al. 2020). It was also
observed that SARS-CoV-2 RNA could persist in faeces for
22 days, while for respiratory airways and serum, this duration
is of 18 days and 16 days, respectively (Zheng et al. 2020a).
Subsequently, in sewage and sewage sludge, SARS-CoV-2
RNA showed its presence (Medema et al. 2020; Ahmed
et al. 2020; Peccia et al. 2020; Rimoldi et al. 2020). Similar
studies reporting the presence of SARS-CoV-2 in wastewater
have been displayed in Table 3. All the scientific evidence
uncovering the viral load of SARS-CoV-2 in wastewater
projected it as a potential instrument for wastewater-based
epidemiology (WBE). In this regard, monitoring of SARS-
CoV-2 in wastewater has been proposed as a complementary
approach for the investigation of virus circulation in the com-
munity at different places and times (Haramoto et al. 2020;
Ahmed et al. 2020; Medema et al. 2020). The wastewater/
sewage surveillance using WBE could be used to establish
trends in current outbreaks, identification of new outbreaks,
and the prevalence of infections. It could also serve as an early
warning system for community-wide emergence, subsidence,
or elimination of COVID-19 (La Rosa et al. 2020; Daughton
2020). The actual status of the outbreak could be estimated
using this approach, as it covers the excrement from both
asymptomatic and symptomatic patients, which may other-
wise go unnoticed during clinical surveillance (Kumar et al.
2020). Further, it could help in the identification of the infect-
ed individuals in WBE-revealed hotspots (Hart and Halden
2020). It is important to highlight that the wastewater/
sewage surveillance offers an economical solution for tracking
the outbreaks and could help in real-time monitoring and fore-
casting the emergence of any other pandemic of similar na-
ture; however, its precision and sensitivity is still not clear
(Kumar et al. 2020).

Although the presence of SARS-CoV-2 RNA has been
established in faeces and wastewater/sewage, still, the risk
for exposed population in association with the water cycle is
debatable, as the pathogenicity of the viral particles in these
matrices has not been reported yet. Furthermore, the influence
of environmental variables like temperature, light exposure,

organic matter, presence of other microorganisms, rainfall
events, hydraulic retention time in sewers, etc., on COVID-
19 prevalence also warrants thorough investigation (Randazzo
et al. 2020). Furthermore, the presence of SARS-CoV-2 in
faeces necessitates a detailed investigation of faecal-oral trans-
mission. Regarding this, Heller et al. (2020) proposed a frame-
work for the faecal-oral hypothesis revealing the possible
ways through which virus can be transmitted from faeces to
mouth organ, infecting the respiratory tract and or gastrointes-
tinal tract of the exposed person. The primary ways include
transmission through water wherein a person is exposed to the
virus via ingestion of contaminated water (waterborne) or wa-
ter-washed, which could be prevented via a sufficient supply
of water for maintaining domestic and personal hygiene. The
other route is faecal-oral non-bacterium infections, which
spread due to inadequate hygiene practices. Insect vectors
add another route of transmission. Besides, a water-cleaning
category has been included wherein the infection could spread
via contacting contaminated water used to clean the surfaces.
Senapati et al. (2020) supported this hypothesis of faecal-oral
transmission. In their study, the rectal swab and corresponding
nasopharyngeal swab was collected from 12 COVID-19 pa-
tients and tested for SARS-CoV-2 genome. Of the total sam-
ples, 80% asymptomatic and 28% symptomatic were tested
positive for the genome indicating the faecal dissemination of
the SARS-CoV-2 genome. These studies suggest that the
faecal-oral transmission should be taken into account while
preparing strategies to mitigate the virus outbreak. Also, the
mechanism of SARS-CoV-2 interaction with the gastrointes-
tinal tract merits urgent research.

Although the presence of SARS-CoV-2 has been con-
firmed in wastewater, its persistence in various types of water
at different temperature conditions warrants further investiga-
tion. Moreover, the possibility of virus transmission (airborne)
from contaminated wastewater through virus-laden aerosols
generated during wastewater flushing needs to be explored.
A previous study over SARS epidemic cluster in Amoy
Gardens, Hong Kong, demonstrated how the small droplets
containing viruses from the contaminated sewage leads to
infection outbreak in the community residing in a high-rise
housing estate (Peiris et al. 2003). Similarly, Gormley et al.
(2017) displayed the cross-transmission of aerosol-laden path-
ogens via building sanitary plumbing system airstreams.
Recently, Ong et al. (2020) proposed the likelihood of
SARS-CoV-2 transmission through bioaerosols generated
from toilet flushing. Looking at the substantial load of
SARS-CoV-2 in wastewater plumbing system together with
the probability for airborne transmission owing to virus aero-
solization, the wastewater plumbing systems should be taken
into consideration as a possible transmission route for
COVID-19 infection (Gormley et al. 2020).

With the increasing number of evidence of SARS-CoV-2
presence in wastewater, the concern over possible
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contamination of receiving water bodies (groundwater, rivers,
lakes, sea) has also been raised. In order to check that, effec-
tive disinfection of the wastewater at the point of the source
has to be ensured before their discharge into the other envi-
ronmental compartments. Also, the monitoring of wastewater/
sewage should be carried out through the implementation of a
surveillance system for measuring the presence and preva-
lence of COVID-19 in communities. Another important con-
cern is the detection of SARS-CoV-2. At present, standard-
ized methods for SARs-CoV-2 like enveloped virus is lack-
ing; thus, there is a need for developing efficient concertation
and detection method of the virus in water samples. Also, in
detection methods like RT-PCR, ELISA, both viable and non-
viable virus particles along with their degraded products
should be taken into account, to provide the actual status of
virus loadings in sewage/wastewater (Daughton 2020). The
judgement of viral infectivity/viability in contaminated matri-
ces is also an important aspect of research.

Solid surfaces

On solid surfaces like aluminium, metal, glasses, plastics, etc.,
viruses like SARS-CoV,MERS-CoV, or HCoV could persist for
hours to days that in turn increases the possibility of virus trans-
mission via touching (Kampf et al. 2020; Otter et al. 2016). The
stability of SARS-CoV-2 on solid surfaces and the interfaces is
reported to be highly inconsistent, varying from few hours up to
as high as 9 days, depending on virus strain and varying condi-
tions of temperature, humidity, type of surface (smooth or
rough), etc. (Kampf et al. 2020). To investigate the persistence
of SARS-CoV-2 on solid surfaces, van Doremalen et al. (2020)
applied SARS-CoV and SARS-CoV-2 on copper, cardboard,
stainless steel, and plastic and then kept them at 21–23 °C and
40% relative humidity for 7 days. In comparisonwith copper and
cardboard, SARS-CoV-2 showed more stability on the plastic
surfaces, followed by stainless steel. As far as viability is con-
cerned, SARS-CoV-2 stayed viable for 72 h and 24 h on plastic
and stainless-steel surface, respectively, while on the surfaces of
copper and cardboard, no viable virus was observed after 4 h and
24 h, respectively. It was further reported that the viability of the
virus decreases with the increase in time. A clinical study inves-
tigated aerosol and surface distribution of SARS-CoV-2 in hos-
pital wards of Wuhan, China (Guo et al. 2020). The surface and
air samples were collected from an intensive care unit (ICU),
having 15 patients, and a general COVID-19 ward (GW) having
24 patients. The virus showed wide distribution in air and on
object surfaces such as floors, soles of ICU medical staff shoes,
computer mice, trash cans, sickbed handrails, doorknobs, sleeves
cuffs, gloves, patient masks. In comparison with the general
ward, the concentration of virus was found much higher in the
intensive care unit. Ong et al. (2020) also reviewed the presence
of SARS-CoV-2 in air and surface objects (toilet bowls, sinks, air
outlet fans, door handle) present in isolation rooms of three

patients admitted to a COVID-19-outbreak centre in Singapore.
The surface samples were collected before and after routine
cleaning of the high-touch areas.Most of the pre-cleaning surface
samples were tested positive, whereas the post-cleaning samples
showed negative results. This evidence advocates that routine
cleaning procedures using effective disinfectant could limit the
surface contamination of SARS-CoV-2. Contrary to previous
findings, in this study, the air samples were found negative.
The reason may be ascribed to the small sample size and
inconsistent methodology. Another clinical study was carried
out in two Wuhan Hospitals by Liu et al. (2020c) for investigat-
ing the aerodynamics of SARS-CoV-2. Their findings revealed
the presence of high loads of SARS-CoV-2 viral RNA in aero-
sols collected from apparel changing rooms of the medical staff
and a mobile toilet room of the COVID-19 patients, which was
poorly ventilated, while the concentration was very low in isola-
tion wards and ventilated patient rooms. The study further sug-
gested that proper ventilation, less crowded space, proper saniti-
zation of protective apparel, and timely disinfection of the toilets
could help in containing the surface contamination. Though these
studies confirmed the presence of SARS-CoV-2 on varied sur-
faces, however, the information over infectivity of the virus over
solid surfaces/interfaces is yet to be explored.

Frozen food and cold chain transportation

Recent findings indicating the presence of SARS-CoV-2 in
frozen food and packaging surface has raised the concern over
the cold chain transportation of the virus. The first such report
came from Beijing’s Xinfadi market when SARS-CoV-2 was
detected on imported salmon’s surface (Han et al. 2020b).
Later, in China, several cases reported the existence of
SARS-CoV-2 on food packaging materials, food storage lo-
cations, surfaces of frozen foods such as shrimps, chicken
wings, seafood, etc. (SMHC 2020; Liu et al. 2020d). A similar
case has been reported in Qingdao Port, wherein 421 surface
swab samples of cod outer package were tested for the pres-
ence of SARS-CoV-2, and 50 of them were tested positive
(Liu et al. 2020d). All of these evidences suggest foodborne
transmission via cold chain transportation as a potential path-
way of SARS-CoV-2 transmission (Han et al. 2020b). In re-
sponse to the recurrent detection of SARS-CoV-2 in frozen
foods and packaging surfaces, China suspended the import of
frozen food products from Europe initially, and later from the
USA, Germany, and Brazil where most seafood processing
workers were found infected (Han et al. 2020b; Siregar
2020). Though foodborne transmission was speculated as a
possible risk factor in previous studies, it grabbed the attention
of the regulatory authorities and the consumers only after
reporting of the recent incidences of outbreak re-emergence
at various places linked with cold chain transportation
(Sharma et al. 2020). Notably, the lower temperature has been
associated with the spread of COVID-19 as a favourable
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condition, but their impact on frozen and packaged food has
been greatly disregarded since the onset of this viral disease
(Pang et al. 2020). This ignorance led to the occurrence of a
number of cases regarding the presence of SARS-CoV-2 in
frozen foods and their potential impacts worldwide (Liu et al.
2020d; Han et al. 2020b). In the UK, a poultry processing unit
and a food establishment were critically disrupted due to the
emergence of COVID-19 (Wales 2020). Similarly, Tuna can-
neries in Portugal and Ghana were suspended after the
workers tested positive for SARS-CoV-2 (Thomas 2020). In
another episode in Germany, more than 15000 labours, work-
ing for a slaughterhouse tested positive for the viral infection
resulting in the lockdown of two districts, populated with
more than 60,000 people (Thomas 2020; Fisher et al. 2020).

The low-temperature conditions which are maintained at cold
storages, for keeping the food products fresh for a longer period,
also provide favourable environment for the extended survival of
the virus. More than a few studies have demonstrated the
prolonged persistence of SARS-CoV-2 at lower temperature
conditions. For instance, Chin et al. (2020) assessed the stability
of SARS-CoV-2 at 4 °C and reported great viral stability,
exhibiting 0.7 log-unit reduction of infectious titre after 2 weeks
of incubation. Likewise, SARS-CoV-2was found to be stable on
polypropylene disks at 4 °C up to 48 h of duration (Matson et al.
2020). The study of Kratzel et al. (2020) was also found in
agreement with the findings of Matson et al. (2020). In order to
investigate the stability of SARS-CoV-2 in food samples at lower
temperatures, Fisher et al. (2020) spiked 200 μl of 3 × 106)
TCID50/ml SARS-CoV-2 in the pieces of salmon, chicken, and
pork and kept them refrigerated (4 °C) and frozen temperature (−
20 °C and − 80 °C) for 21 days. The titre of SARS-CoV-2 was
observed to persist on the food material at all three temperatures
for the entire duration of the experiment, indicating that the virus
could retain its virulence in cold storage conditions for up to three
weeks. This signifies that SARS-CoV-2 could survive transport
and storage conditions and thus represent a significant risk to the
individual working in the cold chain industry. In the absence of
personal safety measures, an individual could contract infection
with the contaminated food product or packaging via contact
route and could serve as a carrier of the virus, increasing the
possibilities of viral spread. Moreover, tracing the contamination
link is challenging since the spread transmits through a compli-
cated ‘farm-to-table’ life cycle (Han et al. 2020b). In this regard,
it is imperative that all the workers and employers connected
with the business of frozen and packaged foods stay vigilant
during the working hours and follow all the safety guidelines
and protocols recommended by health agencies for protection
from COVID-19 (Zhao 2020).

Although foodborne transmission has not been fully ex-
plored yet, it important to underline that the contaminated
cold storage food could serve as a long-range carrier of
SARS-CoV-2, presenting a systematic risk of its transmis-
sion across the regions and countries via cold chain

industries. In order to put a check on this pathway, the
regulatory authorities must reinforce strict scrutiny and
quarantine rules for the imported frozen foods along with
the emphasis on the adoption of proper safety measures in
the food supply chain.

Biotic factors

Age factor

Although individuals of each age group are infected with
SARS-CoV-2, however, the effects are much differentiat-
ed, and the chief deciding factors include age, gender, and
health conditions. Old age has been identified as one of the
predictors for high mortality among the population due to
COVID-19. Others include low lymphocyte count, high C-
reactive protein, and high D-dimer levels. The rate of mor-
tality has been observed to increases gradually with age
around 60 years of age. For instance, in China, the mortal-
ity rate was reported to be 0.2% only in the persons up to
40 years of age, while it increased up to 8% in the person
between 70–79 years of age, and the highest mortality rate
of 14.8% was reported from 80 years of age (China CDC
2020). Similarly, in Europe, 89% of mortality was reported
in patients ≥ 65 years of age (Weekly surveillance report
COVID-19, euro.who.int). Individuals with comorbidities
such as diabetes, high blood pressure, hypertension, chron-
ic respiratory disease, cardiovascular disease, cancer, etc.,
have a higher fatality rate than the average (Kluge 2020).
In New York state, 86.2%, and in Europe, 95% of deaths
due to COVID-19 were reported to have at least one co-
morbidity with cardiovascular disease, the leading comor-
bidity (Franki 2020; Weekly surveillance report COVID-
19, euro.who.int). As per WHO-China joint mission report
on COVID-19 (2019), patients with no comorbid condi-
tions had a crude fatality rate (CFR) of 1.4%, while pa-
tients with comorbid conditions experienced much greater
CFR rates (13.2%) for those with cardiovascular disease,
9.2% for diabetes, 8.4% for hypertension, 8% for chronic
respiratory disease, and 7.6% for cancer. Caramelo et al.
(2020) also made a similar observation regarding the
greatest risk to elderly patients, even higher than those
having any comorbidity, and cardiovascular disease was
reported to be the riskiest. Also, in infected persons over
60 years of age, greater clinical manifestations, higher se-
verity & longer disease courses have been noticed (Liu
et al. 2020b). In a study, the age dependence in suscepti-
bility to SARS-CoV-2 infection and in clinical symptoms
was shown (Davies et al. 2020). It was reported that the
individuals > 20 years are more susceptible to virus infec-
tion in comparison with individuals < 20 years of age.
Further, it was reported that clinical symptoms manifest
in 21% of infections in 10-19-year-old individuals,
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increasing to 69% of infections in individuals > 70 years of
age (Davies et al. (2020). Though the children are suscep-
tible to infection, they are more likely to be asymptomatic
or paucisymptomatic, referred to as sub-clinical infections.
The involvement of sub-clinical infections in the transmis-
sion of COVID-19 is uncertain yet, thus represents a cru-
cial topic to be taken into account in further investigations
(Bi et al. 2020; Davies et al. 2020). Also, a systematic
evaluation of age could help in the establishment of risk
stratification for all COVID-19 patients worldwide.

Sex and gender

Sex and gender also played a crucial role in the COVID-19
outbreak. Jin et al. (2020) investigated the role of gender in
morbidity and mortality in COVID-19 patients and found that
males are comparatively more at risk in comparison with fe-
males, irrespective of their age. In China, the females were
found to be less susceptible towards this virus, having a fatal-
ity rate of 1.7% in comparison with males having a 2.8%
fatality rate (China CDC 2020). Similarly, in Europe, 57%
of the COVID-19 infected individuals and 72% of dead per-
sons belonged to the male community (Weekly surveillance
report COVID-19, euro.who.int). Though the exact reason
behind these differences is not known yet, sex-based immu-
nological differences may account for the lesser susceptibility
of females to COVID-19 infection (Chen et al. 2020a).
Oestrogen present in the female body stimulates the immune
system making them more resistant to the attack of virus,
whereas the testosterone in males suppresses the immune sys-
tem, putting them at risk. Also, the females have two X chro-
mosomes, which have the genes responsible for the recogni-
tion of pathogens, and the males have only one, the female
body could better combat the virus attack (Cunningham
2020). Besides, gender-specific behavioural differences such
as a relatively lesser prevalence of smoking and drinking in
females and males developing comorbid conditions such as
cardiovascular disease, hypertension, etc., at a younger age in
comparison with the females, could have contributed to the
greater mortalities in males (Gebhard et al. 2020). It is crucial
to understand the influence of sex and gender on SARS-CoV-
2 prevalence and to incorporate them into preparedness and
response efforts of health interventions.

Blood type

The blood groups are known to have a significant association
with infection severity, acting as receptors for pathogenic mi-
crobes. The linkage between the blood types and host suscep-
tibility towards varied infections depends on the expression of
blood group antigens (Cooling 2015). Previous findings have
revealed that the ABO blood group polymorphism plays a
significant role in disease acquisition and infection severity

(Lindesmith et al. 2003; Cheng et al. 2005; Cooling 2015;
Chen et al. 2016). The presence of an association between
blood type and susceptibility towards norovirus and
Helicobacter pylori infections (Lindesmith et al. 2003;
Boren et al. 1993) provoked the exploration of possible
linking among the coronavirus infections and blood type and
the first report highlighting the relationship between the blood
type and SARS infection, came during SARS-CoV outbreak
in 2002, in Hong Kong population (Cheng et al. 2005). The
findings revealed that the person having O blood type were
less susceptible towards SARS-CoV infection in comparison
with those having other blood types. A similar kind of asso-
ciation has been observed in the case of COVID-19. For in-
stance, Zhao et al. (2020) studied ABO blood group distribu-
tion among SARS-CoV-2 infected patients in three hospitals
in China and observed blood group A to be associated with a
higher risk of COVID-19 acquisition and mortality in com-
parison with non-A blood group whereas blood group O
showed the lowest risk of viral infection and severity.
Likewise, in another study, the percentage of blood group A
in COVID-19 patients was observed to be substantially higher
in comparison with the controls (0.38 vs. 0.32%, P < 0.001),
whereas the percentage of blood group O was found to be
lower as compared with the controls (0.26 vs. 0.34%, P <
0.001) (Liet al., 2020). One of the studies carried out in
Denmark also reported the positive relationship of the O blood
type with the lower risk of SARS-CoV-2 infection (RR 0.87,
95% CI 0.83–0.91) (Barnkob et al. 2020). Among the popu-
lation classified according to gender, Fan et al. (2020) reported
that the females with blood type A were associated with great-
er susceptibility to COVID-19. Similarly, several other studies
indicated that blood group A or AB is highly susceptible to
SARS-CoV-2 infection having a greater risk for requiring
mechanical ventilation, continuous renal replacement therapy
(CRRT), and prolonged ICU length of stay, compared with
blood groups O or B (Fan et al. 2020; Hoiland et al. 2020;
Hultström et al. 2020). Likewise, the Rh-negative blood group
was also reported to be linked with a lower risk for SARS-
CoV-2 infection and COVID-19 severity (Ray et al. 2020).

While ACE2 has been considered the primary receptor of
SARS-CoV-2 in the host cell (Lan et al. 2020), Arend (2020)
suggested that the SARS-CoV-2 more preferably binds to the
host cell through the formation of a hybrid structure, dominat-
ed by viral serine. The resulting intermediate structure gets
replaced by carbohydrates particularly to the ABO blood
groups. SARS-CoV-2 via hybridization of the ABO(H) blood
groups or bymimicking the glycosylationmetabolic pathways
bind to the cell surfaces of the blood group. As the viral serine
targets the saccharides of blood groups A, B, and AB in the
glycosylation process, the non-O blood group person seems to
develop relatively more disease symptoms than O blood
groups. Silva-Filho et al. (2020) hypothesized that mostly an-
tigen A and partly antigens B and AB promote the production
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of sialoside clusters in the target cells via cis carbohydrate-
carbohydrate interactions, which in turn amplifies the interac-
tion of these cells with the SARS-CoV-2 by enhancing the
feasibility of binding of the N-terminal domain (NTD) and
receptor-binding domain (RBD) to CD147 and ACE2 recep-
tors, respectively. Besides ACE2, transmembrane proteins
such as CD147 and TMPRSS2 (Transmembrane Protease
Serine type 2) has also been recognized as significant players
in SARS-CoV-2-human cell interaction (Wang et al. 2020d;
Matsuyama et al. 2020).

In contrast to these findings, Latz et al. (2020) found no
correlation between the blood type and SARS-CoV-2 infec-
tion severity leading to intubation or death. Nevertheless, sta-
tistical analysis displayed that individuals with B or AB blood
type and Rh-positive individuals were relativelymore likely to
test positive in comparisonwith O blood type and Rh-negative
individuals, respectively. The findings of Zietz et al. (2020)
were also in partial agreement with Latz et al.’s observations.
Hoiland et al. (2020) suggested that the variation in the find-
ings could be ascribed to the widely different mortality rates.
The variations either due to the factors specific to the disease
or the system-level community health, also represent a valid
concern regarding the comparability with studies of similar
nature (Hoiland et al. 2020). Although these studies supported
the association of ABO blood type and COVID-19, but most
of these have reported several limitations such as small sample
size, regional selection bias, presence of other potential dis-
eases, reliance over preliminary data, variability in study de-
sign and selected population, etc. (Fan et al. 2020, Liet al.,
2020; Barnkob et al. 2020; Zhao et al. 2020) and thus cannot
be considered conclusive.

The recent findings exploring the interlinking of SARS-
CoV-2 infection with ABO blood group system are present
at their preliminary stage, and the results are controversial,
thus determining an individual’s susceptibility based on their
ABO blood group affiliation will be too early at this stage.
Further in-depth investigations are required to explore the mo-
lecular mechanism underlying the susceptibility, which could
lead towards a better understanding of COVID-19 pathophys-
iology and its kinetics.

Population density

High population density act as a catalyst for the transmission
and subsequent spread of COVID-19. As per WHO safety
guidelines, a person should keep more than a 1-m distance
from a personwho is coughing and sneezing, but this becomes
much difficult in places having higher population-densities.
Highly dense slum areas are more prone to infection, as the
people residing there live in close association with each other
in unhygienic conditions without proper access to safe water
and sanitation. Limited space, low hygiene standards, and
shared community facilities (water taps, common toilets,

etc.) make the slum areas much vulnerable towards infection
and transmission of COVID-19. High-density urban agglom-
erations are also the hotspots of COVID-19 infection, where
the pace of the spread of the disease has been observed to be
much higher. For instance, large metropolitan cities like New
York, London registered the highest number of COVID-19
cases and associated fatalities in the US and UK (Desai
2020). Similarly, in China, the virus spread much faster in
densely populated cities as compared with less crowded cities.
A positive relationship of population density with an effective
reproductive number (R values) of COVID-19, has been
found in a study in China. As per their report, in the pre-
lockdown state, a rise in 1000 people/km2 population density
is associated with a 0.1188 increase in the R value (Wang
et al. 2020a). As urbanization will continue to grow up in
the countries, the government should reinspect their urban
strategies to combat pandemics of similar nature in the future.
Population mobility, which has a direct relationship with pop-
ulation density, is another factor affecting the COVID-19 out-
break (Ahmadia et al. 2020). In India, thousands of migrant
workers return to their villages in lockdown situations, spread-
ing the infection to rural areas that do not have adequate med-
ical facilities, making them even more vulnerable to the
COVID-19 crisis. Besides population density, other factors
like health care facilities, adherence to the quarantine policies,
social distancing, etc. play a much bigger role in determining
the transmission intensity of COVID-19.

Behavioural variables

Recently smoking and obesity have also been linked to
COVID-19 as a potential risk factor. Although the effects of
COVID-19 on an obese person is not fully described.
However, it is suggested that in infected persons with in-
creased abdominal obesity, the pulmonary function is affected
adversely because of reduced diaphragmatic excursion, mak-
ing the ventilation even more problematic (Dietz and
Santos 2020). Moreover, enhanced inflammatory cytokines
further contribute to the infection (Decaro and Lorusso
2020). A cohort study implies that the severity of COVID-
19 is associated with body mass index (BMI), having the
highest impact on patients with BMI ≥ 35 (Simonnet et al.
2020). It is a well-known fact that smoking adversely affects
the lung’s functionality, impedes the body’s responsiveness to
infections, and suppresses immunity; thus, it is likely that the
habit of smoking makes a person more susceptible to COVID-
19 infection. In this line, Zheng et al. (2020b) and Zhao et al.
(2020) analysed data of COVID-19 patients and revealed a
significant association between smoking and the severity of
the infection. In contrast, Vardavas and Nikitara (2020) found
a non-significant relationship between smoking and disease
severity. Few studies reported that ACE2 is expressed explic-
itly in the lungs of smokers and patients with chronic
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obstructive pulmonary disease, thus enhancing the risk of in-
fection (Brake et al. 2020; Cai 2020;Wang et al. 2020e), while
downregulation of ACE2 with smoking is also reported
(Oakes et al. 2018). The relationship between smoking and
SARS-CoV-2 infectivity has not been fully understood yet,
thus needs further investigation.

Conclusion and future perspective

The novel coronavirus disease (COVID-19) outbreak has
posed unprecedented threats and challenges to community
health worldwide. In this critical time, one of the major con-
cerns that have gained attention globally is the spread of
COVID-19 through environmental media and the influence
of the environmental factors on disease transmissivity/trans-
missibility, persistency, and pathogenicity. Recent studies
have shown possible transmission of SARS-CoV-2, the caus-
ative agent of COVID-19, through air and water media. Few
studies also highlighted the persistence of the SARS-CoV-2 in
environmental matrices from few hours to days, however, the
period up to which SARS-CoV-2 remains infectious in natural
conditions needs to be researched further. The possibility of
airborne and waterborne transmission also received much at-
tention after discovering the presence of virus particles and
viral RNA in environmental samples; however, its involve-
ment in environmental circulation has not been confirmed
yet and merits urgent research. Apart, there is a lot of debate
over the association of COVID fatalities with climatic factors.
To gain insights over this, it is critical to understand the links
between climate, weather, pollution, and epidemics. Long-
term research in this line will help anticipate the advent of
any other possible pandemics in the future.

Faecal-oral transmission is another major concern specifi-
cally in developing countries. Although current knowledge is
very scarce and fragmentary in this regard, its possibility as an
additional route of spread cannot be ruled out. Thus, it is
critical that government agencies worldwide encourage the
development of sewage monitoring capabilities that could
help in forecasting the emergence of any other pandemic of
similar nature. Indeed, wastewater-based epidemiology
(WBE) should be used to monitor and manage public health
in real time, on a global scale. Furthermore, upgrading the
existing water and wastewater treatment infrastructures and
efficient disinfection at the point of the source could help in
containing the spread of the virus. Additionally, high-
sensitivity methods for precise quantitation of the SARS-
CoV-2 in environmental samples merits urgent research. The
infectivity of SARS-CoV-2 over solid surfaces and interfaces
is another area requiring in-depth investigation, till then to
contain the spread of infection, methods for large-scale disin-
fection of the virus in diverse environmental settings should
be developed. The transmission of SARS-CoV-2 via

contaminated frozen food and packaging surfaces represents
a newer possibility which must be investigated with high at-
tention. Furthermore, biotic factors like population density,
mobility, age structure, gender stratification, blood type, along
with urbanization, medical care facilities, individual health
status and immunity, hygiene practices, sanitation, behaviour-
al variables, social preferences, etc., should be taken into ac-
count in the pandemic’s analysis.

It is important to highlight here that SARS-CoV-2 has
many potential transmission pathways, some of them have
been established, and many others are yet to be confirmed.
Also, the persistence and infectivity of SARS-CoV-2 under
different environmental conditions has not been fully explored
yet. Furthermore, the inter-relationship of the abiotic and bi-
otic factor and its potential impact on the kinetics of this pan-
demic at the local, regional, and global scale is still not clear.
These knowledge gaps need to be addressed to enable the
policy makers for establishing the frameworks, risk mitigation
strategies, and precautionary control measures. Henceforth, it
is imperative to develop an interdisciplinary research ap-
proach involving collaboration among medical professionals,
policymakers, economists, epidemiologists, engineers, envi-
ronmentalists, socialists, etc., that could help in gaining a clear
concept of COVID-19 prevalence and dynamics in the com-
munity. In summary, a better understanding of the influences
of different environmental factors on SARS-CoV-2 preva-
lence and its fate in environmental matrices could help in the
development of suitable strategies for mitigating the exponen-
tial spread of COVID-19.
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