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ABSTRACT

Newly emerged SARS-CoV-2 virus has been identified in China since 2019 and is still
progressing as a tense threat to the human health worldwide. This virus can cause an
acute respiratory infection and lead to death under acute circumstances. To describe the

Article info: . environmental factors affecting the prevalence of the disease as well as make an appropriate
Received: 03 Jan 2022 . health strategy, some databases were reviewed. Coronavirus is mainly transmitted by direct
Accepted: 23 Feb 2022 contact through respiratory droplets. It can also be transmitted through secondary routes
Publish: 01 Jul 2022 : such as air, close contact and contaminated surfaces. The transmission through food has

not been conclusively proven, but there are concerns about the food preparation, storage,
infected staffs and improper use of personal protective equipment as the source of infection.
Some possible sources of transmission are the contaminated water and sewage, especially
in the areas where patients have the symptoms of diarrhea and vomiting. In this study,
we described the essential strategies in order to prevent the spread of COVID-19 disease.

Keywords: - Based on the most important criteria, this study developed a prevention model and health

SARS-CoV-2, ¢ strategy including updated training information, improvement programs, risk assessment,

COVID-19, Environment, :  environmental monitoring, operational measures as well as supportive approaches and

E{nVliI]?nmemal health, ¢ programs, which can be used step by step to reach a healthy environment, increase the
ea :

compliance with protocols and, eventually, decrease the incidence of COVID-19.
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1. Introduction

he coronavirus outbreak began in Decem-

ber 2019 in Wuhan, China that is rapidly

spreading throughout the world [1]. This

virus had a different behaviour against

children and adults [2, 3] that caused a

wide range of symptoms among the peo-
ple. Earlier studies have considered several symptoms
such as shortness of breath, cough, fever, body aches,
and fatigue in order to diagnose this disease [4, 5].

In severe cases, the syndrome can result in pulmonary
pneumonia and death. According to the World Health
Organization (WHO), COVID-19 became a pandemic
on March 11, 2020. Till August 31, 2021, there were
over 216 million confirmed cases with more than 4 mil-
lion death from the disease [6]. The disease is currently
progressing in the world with a different geographical
distribution [6, 7]. It is mostly transmitted through direct
contact and respiratory droplets scattered in the air af-
ter coughing, sneezing, inhaling, and even talking. The
transmission through aerosols generated by an infected
person is affected by its source [8, 9]. In other words,
the droplet size and diffusion/deposition behaviour of
aerosols generated by the respiratory mechanism are
different from those released after sneezing and cough-
ing. Also, some factors such as sound type can affect the
transmission. For example, some words and phrases can
make a conical path and accelerate the transmission so
that the generated air package is transferred to a further
path [10]. In addition to the airflow velocity and turbu-
lent intensity of the air mass exhaled by a patient, the
rate and velocity of virus spread can be affected by the
aerosol size and environmental conditions such as tem-
perature and humidity [11, 12]. Therefore, given the
drop suspension in the air for at least 30 minutes and
survival of aerosols after deposition which is depend on
the nature of host, the virus can also transmit through
contact with the infected equipment [13, 14]. However,
to judge about the incidence of this disease and its trans-
mission through the food cycle requires further research.
Several studies have criticised the direct transmission of
coronavirus through food [15, 16].

Some studies have rejected the food as a main source
of contamination. In other hand, some evidence suggest
that the virus can survive at the ambient temperature of
4°C [17]. A study examined the extent of coronavirus
degeneration. The results showed that SARS-Cov-2
aerosols were detectable after three hours at tempera-
ture of 21°C to 23°C and relative humidity of 65% [18].
Also, another study demonstrated that SARS-Cov-2
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was an airborne infectious pathogen for 16 hours in
under room conditions [19]. The COVID-19 virus can
even survive on some surfaces, such as plastic bags for
more than three days [4, 20]. Besides, there are still
some concerns about the transmission through surfaces
at the workplace, cooking area, food processing, and
packaging [21-23]. For instance, in bakeries as a key
source in the supply chain, particularly in the third
world countries, the virus can be easily transmitted
through handling cash and bread [14]. As a result, it is
necessary to investigate the environmental health status
in order to overcome to the outbreak.

According to the WHO’s report, after the Delta variant,
a new variant known as Lambda (lineage C.37) was first
identified in Peru in April 2021 which was spread among 29
countries till August 30, 2021 [24, 25]. Given the increase
in the pandemic waves, prolonged vaccination of the entire
population, need for medicines and hospital beds, and the
uncertainty about its eradication, it is therefore necessary to
interrupt the transmission chain. Additionally, the research-
es on older variants (i.e., alpha and beta) have found that the
new variants might be different from previous variants in
terms of spread and infectious. It affects the efficacy of vac-
cination as well as function of drugs. Moreover, the burden
of COVID-19 is much higher than previous outbreaks such
as Severe Acute Respiratory Syndrome (SARS) [26]. So,
it is necessary to adopt an appropriate strategy to prevent
further spread of this pandemic.

This review covers new and valid studies in terms of
period and perceiving the concept of environmental fac-
tors affecting the spread of the virus. It also covers the
studies in which the most important preventive health
strategies of the virus has been addressed.

2. Results and Discussion
Literature review

SARS-CoV-2 belongs to the coronavirus family that
can cause an acute respiratory-infectious syndrome in
its host. The main route of the disease transmission is
through close and direct contact with an infected indi-
vidual. Indeed, the virus is mainly transmitted through
respiratory droplets and aerosols scattered in the air after
sneezing, coughing, inhaling, exhaling and talking [27].
Moreover, tools and equipment such as plastic, wood,
metal, and glass can be a potential environmental source
of virus [22] because the virus can be suspended, depos-
ited, and survived from a few minutes to a few days after
being released into the air in which the biological activ-
ity can be supported by the host [10].
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Many countries suggested and adopted some strate-
gies such as quarantine, restrictions, suspension of some
businesses (e.g., restaurants and snack bars) and traffic
ban between cities in order to control the coronavirus
pandemic. In other hand, in many parts of the world, es-
pecially in developing countries, a full-lockdown is im-
possible. It is due to many intermediary jobs in these ar-
eas which are associated with manufacturing industries.
So, their closure can result in rapid rise in prices and an
economic blow to small production enterprises. Besides,
the restaurants closure and lack of ready-to-eat foods can
change the lifestyle and increase the demand for raw ma-
terials in the markets [28]. Whereas, “food safety” refers
to a sufficient, available, and safe supply of nutritious
food [29, 30]. As a result, the businesses closure and traf-
fic ban strategies might lead to insufficient food supply
followed by famine and food supply crisis [31, 32].

The pollution spread and possible risks can be detected
by environmental monitoring in order to prevent the in-
cidence of subsequent outbreaks [33]. To identify the
change in the risk of a complex individuals behavior , it
is important to pay attention to individual’s attitude , de-
gree of sensitivity and personal fear because the success
of a policy-based program is depend on the parameters.
Thus, it is necessary to have a health strategy with an ap-
propriate cultural background in which the instructor can
be a policymaker, physician and news presenter [34, 35].
In this section, the environmental factors affecting the
prevalence of COVID-19 and the most important con-
troling strategies for these factors are listed.

Proposed strategies
Training

A person’s attitude towards coronavirus disease is af-
fected by the person’s knowledge of the prevalence and
side effects as personal fear. Training and increasing the
knowledge using modern tools and attracting people’s
attention by a health connoisseur as an environmental
health expert can be effective [36, 37]. A study conduct-
ed in Philippines and Sri Lanka to examine the quality of
guideline processing during the COVID-19 pandemic,
showed that the guideline development during a pan-
demic requires a rugged and time-sensitive model. They
highlighted that the protocols must be dropped in a col-
laborative or co-design process and take account for the
value of existing national responses [35].
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Providing the latest accurate information

Constant updating of the latest health protocols as
well as environmental health status of the community
using a trustful organization such as the WHO or local
organizations promotes the public health information
of individuals, which can increase the health level in a
community [34, 38]. The study conducted by Raza et al
[36] recommended to provide clear guidelines and so-
cial electronic media in local languages. The knowledge
about COVID-19 transmission, signs, and safeguards is
also an effective approach. It is suggested to include the
causes, symptoms, and precautions of viral diseases in
the academic syllabus.

Personnel screening

The personnel screening can be done daily using a mer-
cury thermometer or rifle and infrared thermometer that
does not require touching .However, real-time RT-PCR
testes should be also done to confirm the patient [39]. It
is also suggested that the personnel involved in a final
stage of the food production cycle, such as those work-
ing in a bakery, restaurant or snack bar, are in the priority
for vaccination because the vaccine reduces the risk of
infection, hospitalization and death. It can also be effec-
tive for the new variants of the virus such as lambda [40].

Hospitality, selection, and settlement

Based on the previous evidences, the need for some
materials, such as vitamin C and zinc is increased dur-
ing the pandemic [41]. Additionally, many employers
depend on restaurants or package food to provide the
meals for their staffs. Management approaches and
smart strategies such as electronic menus, credit card
payment, or codes, money transfer apps and touch-free
payment are suggested to prevent the contact with un-
necessary contaminated equipment. This can also re-
duce the need for disinfecting surfaces that are likely
to be contaminated [42, 43].

Social distancing and lockdown

Staying at home and avoiding unnecessary exposure
to the virus sources can be an effective strategy to
reduce the prevalence of coronavirus [44]. However,
working from home is not possible for many business-
es (e.g., supply chains). If someone is unconsciously
infected with coronavirus (i.e., the infected person who
is in the incubation period with no clinical symptoms),
the contaminated droplets and secretions can be pro-
duced through talking, breathing and sneezing which
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can infect other staff and even service recipients. Addi-
tionally, COVID-19 aerosols can be suspended in the
air and settled on the equipment before being degraded
and evaporated. Also, many surfaces such as wood,
plastic and metal artifacts can keep this virus alive for
several hours [45]. Therefore, a possible spread way
of the virus can be through equipment. To prevent this
transmission route, the strategies of regular examina-
tion of personnel and reduced working hours per shift
are essential [46-48]. However, some staffs might be
absent in workplace due to coronavirus disease and ac-
cordingly the public demand is increased. So, the full-
time presence of workforce is essential. Consequently,
the previous method might not be very effective, and a
business requires more cost-effective method, such as
using personal protective equipment (PPE), social dis-
tancing, regular disinfection of workplace, ventilation
and sunlight improvement [14, 49-51]. Random degra-
dation in the nucleic acid occurs at low temperatures.
Also, the change in the syntax of the virus construc-
tional proteins occurs when the temperature is at high
level which leads to the virus inactivation [52].

There is a significant relationship between over-
crowding of social distancing and increased coronavi-
rus transmission rate [51, 53, 54]. The study conducted
by Yan et al. [48] among the American population
showed that the reaction to stay-at-home mandates
increased the time spending at home. Implementing
stay-at-home guidelines needs the individuals volun-
tary partnership which can lead to a shift in people’s
behaviour. Therefore, given a distinct place for chang-
ing staft’s uniforms, to keep a distance of at least 2
m or 6 feet between people [9, 55], , proper disposal
of personal PPE and using disposable equipment that
are less hazardous to the environment are required to
improve the environmental health level [56, 57]. All of
these measures will be taken if there is an expert who
does the training and monitoring of an appropriate im-
plementation of health protocols at all stages [58, 59].

Risk assessment

To reduce the possibility of coronavirus transmis-
sion through water and food cycles, it is necessary to
use the framework and standards suggested by WHO,
Food and Drug Administration (FDA) and Centers for
Disease Control and Prevention (CDC). Hazard analysis
and critical control points (HACCP) approach is one of
the suitable programs to keep food safety from origin to
destination. This program can be effective to decrease in
the biological, chemical, physical and even radiological
risks associated with a food supply chain. It can be ap-
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plied in the sector of health facility providers. It can also
promote the quality of final products and increase the
satisfaction, particularly in emergency conditions such
as coronavirus outbreak [14, 31, 60].

Contamination of water sources or improper disposal
of wastewater can also be a potential risk factor [61].
To achieve a healthy water supply system, especially at
the time of outbreaks, a powerful risk assessment and
management tool, such as Water Safety Plan (WSP),
can be used. The advantage of using this program is risk
identification, decrease in potential hazards, water qual-
ity improvement, better perception of risk management
and appropriate reaction in emergencies. Therefore, the
above approaches might be used to provide healthy wa-
ter and food during the COVID-19 outbreak [62].

Personal hygiene

Although it is not still clear that COVID-19 disease
is foodborne or waterborne, the WHO emphasizes that
hands play a key role in transmitting the virus, and there
is a high risk of transmission through food and packag-
ing. In addition to covering of mouth and nose when pre-
paring a portion of food, the hands must be washed fre-
quently and correctly using soap for at least 20 seconds
or disinfected using 70% alcohol [63].

Personal protective equipment (PPE)

To use disposable masks, face shields, robes, hats,
gloves, and shoes can prevent the occurrence and spread
of the disease [64, 65]. To evaluate the fitted filtration effi-
ciency (FFE) of various consumer-grade and improvised
face masks a study was conducted by Clapp et al [66] in
2020. The development of medical techniques to improve
the mask fit can increase the filtering capability and re-
duce inhalation of airborne particles. The above men-
tioned study revealed that the FFEs of consumer-grade
masks are almost equivalent or even more profitable than
the non-N95 respirator medical mask in many cases.

Disinfection

Previous studies have shown that the virus can survive
on some surfaces from several hours to several days [18].
Door knobs, drawers, cooking equipment, desks, sales
counters, card readers, refrigerators, shelves and food
containers are the most commonly used items, which
can shorten the transmission route of the virus from
an infected person to others. Throwing out additional
equipment, secluding the workplace and disinfecting the
surfaces are necessary to control the transmission route
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[67]. Disinfectant solutions have an active agent that
inhibits microbial survival and increases the environ-
mental health. There is a wide range of disinfectant solu-
tions, the instructions of which are provided by various
sources. Disinfection and washing using chlorine-based
solutions, such as calcium/sodium hypochlorite, ethanol,
benzalkonium chloride, formaldehyde and hydrogen
peroxide are suggested for areas with no potential risks
[22]. Before disinfecting, it is important that the surfaces
should be first cleaned and, then, the disinfectant should
be sprayed properly [68, 69].

Prevention model and health strategy

Coronavirus pandemic has affected all aspects of hu-
man life and society. The diseases is transmitted through
the infected person, air, and contaminated surfaces
which have been confirmed by previous researches. In
addition to spreading of COVID-19 disease through the
main route (i.e., direct contact), there are still concerns
about the transmission through secondary ways [70,
71].The side routes include airborne, fecal-oral, improp-
er sewage disposal, and water contamination, specifi-
cally when the patients have symptoms of diarrhea and
vomiting [72-74]. The results of the study conducted by
Hu et al. [54] in Washington DC showed that the hous-
ing quality, living conditions, race, and occupation were
strongly correlated with the deaths due to COVID-19
pandemic. The study showed that the building, social,
and environmental variables were the strongest and
most significant predictors of the deaths.

Figure 1. COVID-19 prevention model
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Although there is not enough evidence to prove the trans-
mission of coronavirus disease through food, it might be
transmitted through packaging, transportation, storage,
sale, and consumption, because the cycle is affected by the
interactions between the consumer and the environment
[75]. On the other hand, previous studies have shown that
overcrowding and non-compliance with social distancing
considerably increase the prevalence of COVID-19 dis-
ease [43]. However, social distancing and local rules, such
as lockdown, traffic ban, and reducing working hours are
impossible in some countries, and if applicable, they can
have a heavy economic burden [51, 76]. Guo et al. [77]
have studied the factors that affect the social distancing
among 2130 cases of the Chinese population in 2020. The
results showed that 95.6% of participants agreed with so-
cial distancing and compared to men the females had more
admired it. Some factors such as psychological distress,
depressive signs, and social media were effective for the
social distancing after controlling for other individual and
environmental factors. The study also indicated that mental
health quality and social media were significant factors of
social distancing, which had accordingly an influence on
improvement of prevention strategies to control the CO-
VID-19 outbreak.

Thus, more flexible strategies should be considered in
developing countries. Figure 1 shows some necessary fac-
tors for accurate decision-making and some health strate-
gies for coronavirus control. To make a suitable decision
in order to decrease the prevalence of coronavirus, to rely
on health care and take account for environmental factors
in addition to treatment methods are highly essential [78].
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To better understanding of the disease spread model as
well as improvement in the people’s attitudes, teaching
the health protocols, including personal hygiene, correct
use of personal protective equipment, especially masks
and disinfection methods was considered in the first
step. However, to inform and give the latest information
produced by reliable sources to the community, such as
number of the confirmatory tests, mortality, behaviour,
and spread rate of disease in each region can be an accu-
rate training method as well. The next strategy is to use
improvement plans, such as staff screening and manage-
ment approaches. In the next step, similar to HACCP a
reliable risk assessment approach can be used. This ap-
proach is based on seven principles including identify
the threatening risks of a system, such as the food supply
cycle which leads to an acceptable reduction/control of
risk. In addition to safety and reliability, the approach has
archived some evidence that can be useful in tracking the
contamination sources [79]. A novel risk assessment and
management approach can be used to provide safe drink-
ing water. The WSP can evaluate all components of a
water supply system from the source to the point of use
and ensure the safety of drinking water for consumers by
identifying potential risks.

In the next steps, it is better to apply operational mea-
sures, coordinate approach and supporting programs. In
addition to public cooperation, the participation of the
government and systems managers (e.g., food suppli-
ers) are required to implement these steps. To place these
loops next to each other increase compliance with health
protocols, create a safe environment, and finally reduce
the spread of COVID-19 disease.

3. Conclusion

Since the incubation period might last 2-14 days , an
infected person with the coronavirus can unknowingly
transmit the disease to others. Early diagnosis, lock-
down, and treatment can reduce the concerns about the
disease. In other words, to control the environmental
factors and apply uniform health strategies, such as
social distancing, quarantine, health protocols, man-
agement approaches, attention to individual and com-
munity health, personal protective equipment, proper
disposal of waste, risk assessment, identification and
operational plans, the public education is essential.
Consequently, we can overcome the disease using
change in human behaviour, to understand the envi-
ronmental factors, and apply practical strategies.
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