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Abstract
This global level ecological study aimed to investigate the correlation between environmental factors and the COVID-19 
indices. This survey is an ecological study, so all studied variables are aggregate variables. To collect the variables in the 
study, a data set was provided, which includes the information of each country based on the cumulative deaths, case fatal-
ity rate, recovery rate, and the number of performed COVID-19 tests. Scatter plots of environmental factors for the studied 
countries were drawn based on cumulative incidence rate of cases, cumulative incidence rate of death, tests, recovery rate, 
and case fatality rate of COVID-19. Furthermore, Spearman correlation coefficient was also used to verify the correlation 
between environmental factors and indicators related to COVID-19. The results of this ecological study showed that among 
all countries surveyed, Montenegro (60,310.56 per million) and Luxembourg (54,807.89 per million) had the highest cumu-
lative incidence rates of COVID-19 cases, when Tanzania (8.42 per million) and Vietnam (13.78 per million) had the lowest 
cumulative incidence rates of COVID-19. In addition, in this study, it was shown that the cumulative incidence rate of cases, 
the cumulative incidence rate of deaths, and performed COVID-19 tests had significant direct correlations with the access 
to drinking water and the access to sanitation services (p < 0.001). The findings of the present study showed an inverse 
correlation between the mortality rate due to unhealthy water consumption, poor health status, and a positive correlation 
between access to drinking water and health services with the cumulative incidence and mortality rates of COVID-19. The 
differences between our findings and many other studies could be due to the ecological nature of the study. Nevertheless, our 
findings will help health policymakers to develop timely strategies to reduce the mortality and incidence rate of COVID-19.
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Introduction

COVID-19 is a potentially fatal respiratory disease named 
after the coronavirus detected in December 2019 in Wuhan, 
China (Hamidian Jahromi et al. 2020; Hu et al. 2020; Kalteh 

et al. 2020). The disease marks the third outbreak of beta-
coronaviruses in the twenty-first century, sparking a world-
wide public health crisis. The previous outbreaks of this viral 
family occurred in 2002 and 2012 (Shahriarirad et al. 2020). 
Although COVID-19 mortality is lower than SARS (severe 
acute respiratory syndrome), it is a highly contagious disease 
spreading rapidly throughout the world. Some people with 
COVID-19 infection remain asymptomatic, while others 
often show mild to moderate to severe symptoms including 
fever, cough, and shortness of breath within 2 to 14 days of 
exposure to the virus (Daneshfar et al. 2020; Gharakhan-
lou and Hooshangi 2020; McMichael et al. 2020; Struyf 
et al. 2020). As of December 23rd, 2020, 76,858,506 con-
firmed cases of COVID-19 had been identified, of which 
1,711,498 were deceased. Of these, 33,251,796 were in the 
USA, 24,379,383 were in Europe, 11,710,770 were in South-
east Asia, and 4,731,359 were in the eastern Mediterranean 
region (Organization, 2020).
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Various factors play important roles in the transmission of 
this virus, including factors related to human behavior, along 
with environmental factors such as air quality, the presence 
of safe water, wastewater collection, and effective hygiene in 
the COVID-19 epidemic which play essential roles in main-
taining human health (Eslami and Jalili 2020). One study 
conducted in the USA identified air pollutants, particularly 
 NO2 as an important factor associated with susceptibility 
against COVID-19 and its mortality(Sarmadi et al. 2021). 
Air temperature has also been expressed as an influential 
environmental factor in the development of COVID-19 
(Babu et al., 2020; Tosepu et al. 2020; Zhu et al. 2020). 
According to the World Health Organization (WHO), in 
2017, 71% of the world’s population (5.3 billion people) 
used safe drinking water services, and about 785 million 
people did not even have access to any basic drinking water 
services.

According to the studies conducted in 60 countries which 
have had the highest health risks for COVID-19, one out of 
every two schools lacked basic water and sewage services 
(Organization 2017). The results of a study also showed that 
inequalities in access to the necessities of life, including 
water, sanitary equipment, and food storage, can neutral-
ize the preventive measures taken against COVID-19 and 
increase the incidence and spread of the disease (Ekumah 
et al. 2020). Considering that the studies on the relationship 
between environmental factors and the rate of coronavirus 
transmission are more in the field of air and atmosphere 
(Poirier et al. 2020; Shi et al. 2020; Vantarakis et al. 2020), 
studies on the impact of water status and safe health services 
in coronavirus transmission are very rare. Also, hygiene and 
regular hand washing are two of the main factors in pre-
venting the transmission of coronavirus to a person, which 
could be achieved only in the context of access to safe water 
services and safe health conditions. Therefore, the aim of 
this study was to investigate the correlation between envi-
ronmental factors (access to drinking water, access to sani-
tary bathroom facilities, the mortality rate of unsafe water 
and PM 2.5 pollution) and the epidemiological indices of 
COVID-19, including new cases, recovery rate, mortality 
rate, and the number of tests taken.

Methods

Study design and data collection

This survey is an ecological study, so all of the studied 
parameters are aggregate variables. To collect the vari-
ables in the study, a data set was provided which included 
the information of each country about the cumulative inci-
dence rate of cases, cumulative incidence rate of deaths, case 
fatality rate, recovery rate, and the number of performed 

COVID-19 tests per million of the population. Informa-
tion about COVID-19 for each country was retrieved from 
https:// www. world omete rs. info/ for the period of time from 
the date of the first reported case until November 30th, 2020. 
The data regarding the cumulative incidence rate of cases, 
cumulative incidence rate of deaths, and cumulative tests 
performed per million were available for 164 (Montenegro, 
Luxembourg, Bahrain, Belgium, Qatar, Czech Republic, 
Armenia, USA, Panama, Switzerland, Israel, Slovenia, 
Spain, Georgia, France, Kuwait, Croatia, Austria, Argentina, 
the Netherlands, Brazil, North Macedonia, Peru, Portugal, 
Chile, Bosnia and Herzegovina, Costa Rica, Moldova, Italy, 
Poland, Colombia, Romania, Sweden, Oman, Maldives, UK, 
Lithuania, Hungary, Malta, Jordan, Bulgaria, Serbia, Slo-
vak Republic, Cabo Verde, the Bahamas, Lebanon, United 
Arab Emirates, Ukraine, Iceland, Russia, Ireland, Belize, 
Belarus, Denmark, Albania, Dominican Republic, South 
Africa, Iraq, Germany, Bolivia, Libya, Azerbaijan, Paraguay, 
Iran, Kyrgyz Republic, Honduras, Ecuador, Saudi Arabia, 
Greece, Singapore, Canada, Morocco, Estonia, Latvia, Suri-
name, Cyprus, Mexico, Tunisia, Nepal, Turkey, Kazakhstan, 
Guyana, India, Guatemala, Norway, El Salvador, Djibouti, 
Eswatini, Namibia, Trinidad and Tobago, Finland, Sao Tome 
and Principe, Botswana, Gabon, the Philippines, Malaysia, 
Jamaica, Equatorial Guinea, RB Venezuela, Bangladesh, 
Guinea-Bissau, Uzbekistan, Indonesia, Algeria, Mauri-
tania, Pakistan, Myanmar, Ghana, Uruguay, Kenya, the 
Gambia, Tajikistan, Afghanistan, Japan, Egypt, Sri Lanka, 
Australia, Guinea, Lesotho, Barbados, Senegal, Zambia, 
Ethiopia, Cameroon, Nicaragua, Haiti, Cuba, Comoros, the 
republic of Korea, Zimbabwe, Madagascar, Bhutan, Mozam-
bique, Angola, Rwanda, Syrian Arab Republic, Uganda, 
New Zealand, Mauritius, Sudan, Togo, Nigeria, Liberia, 
Malawi, Sierra Leone, Somalia, South Sudan, Benin, Mon-
golia, Mali, Burkina Faso, Chad, Republic of Yemen, Papua 
New Guinea, Democratic Republic of Congo, Niger, China, 
Thailand, Burundi, Fiji, Timor-Leste, Cambodia, Vietnam, 
and Tanzania), 160 (all countries that had cumulative inci-
dence rate of cases except Bhutan, Mongolia, Timor-Leste, 
and Cambodia), and 152 (all countries that had cumulative 
incidence rate of cases except Comoros, Tajikistan, Burkina 
Faso, Chad, Somalia, Sierra Leone, Nicaragua, Algeria, 
Sudan, Syrian Arab Republic, Tanzania, and Democratic 
Republic of Congo) countries respectively. Recovery rate 
data were available for 159 (all countries that had cumula-
tive incidence rates of cases except UK, Sweden, the Neth-
erlands, and Democratic Republic of Congo) countries, and 
case fatality rate data was accessed for 160 (all countries 
that had cumulative incidence rate of cases except Bhutan, 
Mongolia, Timor-Leste, and Cambodia) nations. Data on 
access to drinking water services, access to sanitary bath-
room facilities, the mortality rate of unsafe water, and PM 
2.5 pollution were taken from the World Bank website (De 
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Angelis et al. 2021a, b; Odih et al. 2020; Rodriguez-Vil-
lamizar et al. 2021a, b; Yao et al. 2020).

In this study, accessible drinking water services was 
defined as the existence of a source of drinking water 
from an improved resource, provided that the collection 
time is not more than 30 min for a round trip. This defini-
tion encompasses both sources of essential drinking water 
and those with safely managed drinking water services. 
Improved water sources included piped water, boreholes, 
protected dug wells, protected springs, and packaged or 
delivered water (Contini and Costabile 2020). Also, acces-
sible sanitary services were defined as improved bathroom 
facilities that are not shared with other households. This 
definition encompasses both facilities with basic and safely 
managed sanitation services. Improved sanitation facilities 
include flush/pour flush to piped sewer systems, septic tanks 
or pit latrines, and improved ventilated pit latrines, compos-
ing of toilets or pit latrines with slabs (Ekumah et al. 2020). 
The mortality rate of unsafe water was defined as the deaths 
attributable to consumption of unsafe water, as well as sani-
tation and hygiene focusing on inadequate wash services, 
expressed per 100,000 people. Death rates were calculated 
by dividing the number of deaths by the total population 
(Nwobodo and Chukwu 2020). Living under PM 2.5 pollu-
tion was also defined as living in places where mean annual 
concentrations of PM 2.5 are greater than 15 μg per cubic 
meter. The WHO Air Quality Guideline (AQG) recommends 
10 μg per cubic meter as the minimum concentration over 
which adverse health effects due to PM 2.5 exposure have 
been observed (Anim and Ofori-Asenso 2020).

Statistical analysis

Scatter plots of environmental factors for the studied coun-
tries were drawn based on cumulative incidence rate of 
cases, cumulative incidence rate of deaths, tests performed 
per million, recovery rate, and case fatality rate of COVID-
19. Furthermore, Spearman correlation coefficient was also 
used to verify the correlation between environmental factors 
and indices related to COVID-19.

Results

The results of this ecological study showed that among all 
surveyed countries, Montenegro (60,310.56 per million) 
and Luxembourg (54,807.89 per million) had the highest 
cumulative incidence rates of COVID-19, when Tanzania 
(8.42 per million) and Vietnam (13.78 per million) had the 
lowest cumulative incidence rates of COVID-19. Also, it 
revealed that Belgium (1425.15 per million) followed by 
Spain (1118.96 per million) had the highest cumulative inci-
dence rates of deaths due to COVID-19, when Burundi (0.08 

per million) and Tanzania (0.35 per million) had the lowest 
cumulative incidence rates of deaths due to COVID-19. Lux-
embourg (2,180,641.18 per million) and United Arab Emir-
ates (1,682,880.81 per million) were the countries with the 
highest numbers of performed COVID-19 tests per million 
among the studied countries.

The lowest number of performed COVID-19 tests per 
million belonged to Yemen (560.05 per million) and Niger 
(1885.52 per million). The highest recovery rates were in 
Timor-Leste (100%) and Singapore (99.86%), when the 
lowest recovery rates were seen in Belgium (6.48%) and 
France (7.28%). In addition, the highest case fatality rates 
of COVID-19 were in Yemen (28.34%), followed by Mexico 
(9.54%), while, the lowest case fatality rates of COVID-19 
were in Singapore (0.05%) and Burundi (0.15%). Table 1 
shows the correlation coefficient between the indicators 
related to COVID-19 and the environmental health indi-
ces. This study showed that the cumulative incidence rate 
of cases, the cumulative incidence rate of deaths, and the 
performed COVID-19 tests per million had a significant 
direct correlation with accessible drinking water services 
and accessible sanitation services (p < 0.001). Thus, increas-
ing these two indicators would lead to increased cumulative 
incidence rate of cases, cumulative incidence rate of deaths, 
and performed tests per million. However, there were inverse 
significant correlations between the cumulative incidence 
rate of cases, the cumulative incidence rate of deaths, and 
performed tests per million with mortality rate attributed to 
unsafe water, unsafe sanitation, lack of hygiene, and PM 2.5 
pollution (p < 0.001).

The recovery rate was directly and significantly correlated 
with the mortality rate attributed to unsafe water, unsafe 
sanitation and lack of hygiene, and PM 2.5 pollution. Case 
fatality rate had a significant inverse correlation with acces-
sible sanitation services and direct correlations with mortal-
ity rate attributed to unsafe water, unsafe sanitation, and lack 
of hygiene. Figures 1, 2, 3 to 4 show the scatter plots of envi-
ronmental health indicators by cumulative incidence rate of 
cases, cumulative incidence rate of deaths, performed tests 
per million, recovery rate, and case fatality rate in all coun-
tries and countries with a population more than 10 million.

Discussion

The present study is an ecological study that examined the 
correlation between the environmental factors with the inci-
dence of COVID-19, performed COVID-19 tests, lethality, 
and recovery rates of COVID-19 in 164 countries. The coro-
navirus is now a serious threat to the whole world (Nwobodo 
and Chukwu 2020). One of the ways by which the disease 
is transmitted is by contact of the contaminated hands with 
eyes and nose. As a result, regular hygiene, hand washing, 
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and personal hygiene are highly recommended to control 
the spread of the virus (Anim and Ofori-Asenso 2020). This 
would be possible if sufficient water and the required sani-
tary resources were available (Nwobodo and Chukwu 2020).

Based on the results of the present study, there is a direct 
correlation between the level of access to health services 
and drinking water with the cumulative incidence rate, the 
cumulative death rate, and the number of tests performed 
per million of the population. Other studies have shown that 
the lack of adequate sanitation facilities in rural communi-
ties increases the prevalence of COVID-19 (Bourgonje et al. 
2020; Stoler et al. 2020). There is a widespread inequality 
in access to some sanitary equipment as well as sanitary 

water, which has increased the vulnerability of some people 
to COVID-19 (Ekumah et al. 2020).

According to the WHO, 663 million people in Africa 
and Asia (Odih et al. 2020) including 71% of people in 
Nigeria do not have access to clean and safe water or even 
water disinfectants (Nwobodo and Chukwu 2020). United 
Nations (UN) estimates that about 3 billion people do not 
have the facilities to wash their hands (Lal et al. 2020). A 
study in sub-Saharan Africa found that 46% of the surveyed 
households did not have access to basic necessities of life, 
including sanitation (Ekumah et al. 2020). Some people 
have been infected with COVID-19 without contact with 
infected people, indicating other modes of transmission 

Table 1  Spearman correlation of indices related to COVID-19 with environmental factors

* 00–.19 “very weak,” .20–.39 “weak,” .40–.59 “moderate,” .60–.79 “strong,” .80–1.0 “very strong”
** Indicates not significant

Variable All countries Countries with ≥ 10 million popula-
tion

N Correla-
tion coef-
ficient

p value Comment* N Correla-
tion coef-
ficient

p value Comment

Cumulative incidence rate of cases (per million)
  Accessible drinking water services (% of pop) 164 0.66  < 0.001 Strong 88 0.71  < 0.001 Strong
  Accessible sanitation services (% of pop) 164 0.63  < 0.001 Strong 88 0.64  < 0.001 Strong
  Mortality rate attributed to unsafe water, unsafe sanitation, 

and lack of hygiene (per 100,000 pop)
164 -0.71  < 0.001 Strong 88 -0.74  < 0.001 Strong

  PM2.5 pollution (% of total) 164 -0.44  < 0.001 Moderate 88 -0.67  < 0.001 Strong
Cumulative incidence rate of death (per million)
  Accessible drinking water services (% of pop) 160 0.58  < 0.001 Moderate 87 0.69  < 0.001 Strong
  Accessible sanitation services (% of pop) 160 0.49  < 0.001 Moderate 87 0.58  < 0.001 Moderate
  Mortality rate attributed to unsafe water, unsafe sanitation, 

and lack of hygiene (per 100,000 pop)
160 -0.61  < 0.001 Strong 87 -0.70  < 0.001 Strong

  PM2.5 pollution (% of total) 160 -0.46  < 0.001 Moderate 87 -0.63  < 0.001 Strong
Tests performed per million
  Accessible drinking water services (% of pop) 152 0.39  < 0.001 Weak 80 0.51  < 0.001 Moderate
  Accessible sanitation services (% of pop) 152 0.42  < 0.001 Moderate 80 0.59  < 0.001 Moderate
  Mortality rate attributed to unsafe water, unsafe sanitation, 

and lack of hygiene (per 100,000 pop)
152 -0.34  < 0.001 Weak 80 -0.47  < 0.001 Moderate

  PM2.5 pollution (% of total) 152 -0.37  < 0.001 Weak 80 -0.69  < 0.001 Strong
Recovery rate (%)
  Accessible drinking water services (% of pop) 159 -0.14 0.07 NS 84 -0.10 0.36 NS**
  Accessible sanitation services (% of pop) 159 -0.13 0.11 NS 84 -0.14 0.19 NS
  Mortality rate attributed to unsafe water, unsafe sanitation, 

and lack of hygiene (per 100,000 pop)
159 0.22 0.005 Weak 84 0.19 0.08 NS

  PM2.5 pollution (% of total) 159 0.27 0.001 Weak 84 0.10 0.37 NS
Case fatality rate (%)
  Accessible drinking water services (% of pop) 160 -0.13 0.08 NS 87 0.06 0.55 NS
  Accessible sanitation services (% of pop) 160 -0.25 0.002 Weak 87 -0.03 0.79 NS
  Mortality rate attributed to unsafe water, unsafe sanitation, 

and lack of hygiene (per 100,000 pop)
160 0.19 0.01 Very weak 87 -0.05 0.66 NS

  PM2.5 pollution (% of total) 160 0.001 0.988 NS 87 -0.04 0.68 NS
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than respiratory route (Odih et al. 2020). The virus can 
attack the gastrointestinal tract directly through the angio-
tensin converting enzyme 2, and the virus has also been 
found in the fecal samples of newly discharged patients 
(Silva et al. 2020). In areas that do not have adequate sani-
tation facilities, there are feces around the sewage (Odih 
et al. 2020), and it enters the surface water and pollutes it, 
so it is essential to provide people with a sanitary toilet 
(Purnama and Susanna, 2020). Furthermore, between 60 
and 90% of Africans do not have a proper sewage system 
and defecate outdoors, causing these pollutants to enter 
surface water (Odih et al. 2020), and about one billion peo-
ple in the world drink from public tap water and wells or 
use surface water sources (Stoler et al. 2020).

Betany and colleagues estimated in their study that 
more than one billion people worldwide go outside to get 
the water they need and that 9% of the world’s popula-
tion defecates outdoors and 8% (627 million) use a facil-
ity shared with at least another one (Caruso & Freeman, 

2020). However, Renata et al. stated that the incidence and 
morbidity of COVID-19 are significantly related to the 
overall index of safe water supply services, as well as the 
rate of mortality with wastewater treatment index (Silva 
et al. 2020). These hypotheses are based on the suspicion 
of the oral fecal transmission of COVID-19 and indicate 
that the lack of sanitary water and adequate sanitation 
facilities increase the rate of mortality and the incidence of 
COVID-19 cases; we must keep in mind that there are many 
other factors that contribute to this method of transmis-
sion. Transmissions are effective, in the context of rainfall, 
which causes sewage to overflow and transmit more viruses 
(Odih et al. 2020). The number of viruses required for oral 
transmission is also very high. In addition, in areas where 
people use rationalized water, they have to stand in crowded 
queues without abiding by social distancing to receive their 
water ration, and, since they do not wash their hands to save 
water, the incidence of COVID-19 is higher (Odih et al. 
2020). We must keep in mind that the main route of trans-
mission of COVID-19 is by respiration of infective droplets 
and that the gastrointestinal transmission is a minor route; 
however, the reason for the difference between the results of 
our study and many other studies can be due to the fact that 
our study is an ecological study and only shows correlations 
and cannot give us an accurate causal relationship. On the 
other hand, in our study, information about all countries 
with appropriate and inadequate health levels was piled up 
and then examined, which could be a reason for erroneous 
study results.

Additionally, based on the results of our study, there 
was an inverse and moderate correlation between the 
amount of PM 2.5 in the air with the cumulative incidence 
rate of cases and the cumulative incidence rate of deaths. 
Also, there was a weak inverse correlation between per-
formed tests per million and PM 2.5 in the air. PM 2.5 is 
one of the most important environmental health hazards 
that cause the mortality of many people around the world 
every year (Contini & Costabile, 2020). An ecological 
study in Colombia found a positive correlation between 
PM 2.5 and the mortality due to COVID-19 (Laura A 
Rodriguez-Villamizar et al. 2021a, b). Numerous studies 
have measured the effects of air quality on the incidence 
and mortality rate of COVID-19. The results of the studies 
in Canada, Spain, and Turkey showed that there is a strong 
positive correlation between PM 2.5 concentration and the 
number of new daily cases of COVID-19 (Sarwar et al. 
2021; Shahzad et al. 2021; K. Shahzad et al. 2020a, b). 
A study in the UK also showed that with each microgram 
increase in PM 2.5, the mortality of COVID-19 increased 
by 12%, and the risk of infection also increased (Travaglio 
et al. 2021).

Angelis et al. also showed that with each 10-μg increase 
in PM 2.5, the incidence and mortality due to COVID-19 
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services with indices related to COVID-19
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Fig. 2  Scatter plot of correlation 
between accessible sanitation 
services with indices related to 
COVID-19
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increased by 8% and 23%, respectively (Elena De Angelis 
et al. 2021a, b). Another study in China showed that for 
each 10-μg increase in PM 2.5, the lethality of COVID-
19 increased by 24% (Yao et al. 2020). Other studies have 
shown this direct and positive relationship (Conticini et al. 
2020; Yao et al. 2020), while Laura et al. reported that 
there was no significant association between long-term 
exposure to PM 2.5 and the mortality due to COVID-19 
[37]. Other studies in China and New Jersey, USA have 
shown a positive and direct correlation between incidence 
rate of COVID-19 and the concentration of PM 2.5 (Doğan 
et al. 2020; Fareed et al. 2020). The results of a study in 
China showed a positive correlation in some states, while 
in other states a negative correlation was seen (F. Shahzad 
et al. 2020a, b). The reason for the difference between the 
results of our study and other studies can be due to various 
factors, for example, the differences in population density of 
different regions, the different climatic conditions, and even 
the existence of different industries and different pollutants 
in each region that can affect the results. It should be noted 
that quarantining people and restricting their activities can 
help reduce environmental pollutants and thus reduce the 
incidence of COVID-19. (K. Shahzad et al. 2020a, b).

Regarding the reason for the direct relationship between 
PM 2.5 and the incidence and mortality of COVID-19, 
various speculations have been expressed, including that 
these particles cause inflammation in the lungs and other 
organs of the body through inflammatory and oxidation 
mechanisms (Contini & Costabile, 2020; Elena De Angelis 
et al. 2021a, b).

In this way, by increasing the inflammation in the pul-
monary cells, they intensify the symptoms of the disease 
(Comunian et al. 2020). On the other hand, these parti-
cles have adverse effects on other (Contini & Costabile, 
2020) body systems, including the cardiovascular system, 
blood, and respiratory system in a way that they weaken 
the immune system and thus predispose people to COVID-
19 (Contini & Costabile, 2020). Another hypothesis has 
been stated that the angiotensin-converting enzyme 2 facili-
tates the entry of these particles into the lungs, resulting 
in inflammation and exacerbation of COVID-19 (Comu-
nian et al. 2020; Daminov et al. 2021; Elena De Angelis 
et al. 2021a,b; Pezeshgi et al. 2021). Moreover, although 
this hypothesis is yet to be proven, some researchers have 
suggested that SARS-CoV-2 may attach to PM 2.5 particles 
in the air, enter the lungs, and cause the disease (Laura 
A Rodriguez-Villamizar et al. 2021a, b). Despite all the 
hypotheses that there should be a direct correlation between 
PM 2.5 and COVID-19 incidence, an inverse correlation has 
been found in our study, which may be due to the ecological 
nature of our research. We should also note that we have 
studied different countries of the world together in which 
the age and sex composition, economic and social status and 

development, and executive control policies are different, 
all of which can affect the type of correlation seen. On the 
other hand, it is hypothesized that PM 2.5 only indirectly 
changes the course and severity of the disease from mild to 
severe and is effective on the prognosis of the disease and 
thus increases the mortality rate (Yao et al. 2020). Also, the 
duration of exposure to these particles, the relative weight 
of these particles, and other underlying diseases in people 
can be factors influencing the incidence of this disease.

Limitations

One of the strengths of the present study is that for the first 
time, the relationship between environmental health factors 
and COVID-19 indices, including the cumulative incidence 
rate of cases, the cumulative incidence rate of deaths, cumu-
lative tests performed per million, recovery rate, and the 
case fatality rate were examined in 164 countries, but the 
limitation of this study is ecologic fallacy due to its ecologi-
cal nature.

Conclusion

The findings of the present study showed an inverse cor-
relation between the mortality rate due to unhealthy water 
consumption, poor health status, and a positive correlation 
between access to drinking water and health services with 
the cumulative incidence and mortality rate of COVID-19. 
The differences between our findings and many other studies 
could be due to the ecological nature of the study. Neverthe-
less, our findings will help health policymakers to develop 
timely strategies to reduce the mortality and the incidence 
rates of COVID-19. However, it is essential that health poli-
cymakers develop strategies to identify rural and high-risk 
areas that do not have access to these services and provide 
safe drinking water. Also, facilitating the access to health 
services in those areas is vital. Furthermore, the necessary 
training on the importance of hand washing, safe drinking 
water, and proper and hygienic disposal to residents of these 
areas should be done with more emphasis.
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