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Abstract 

The current outbreak of the novel coronavirus disease 2019 (COVID-19) in more than 250 countries has become a 
serious threat to the health of people around the world. Human-to-human transmission of the Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) occurs most often when people are in the incubation stage of the disease 
or are carriers and have no symptoms. Therefore, in this study, was discussed the role of environmental factors and 
conditions such as temperature, humidity, wind speed as well as food, water and sewage, air, insects, inanimate sur-
faces, and hands in COVID-19 transmission. The results of studies on the stability of the SARS-CoV-2 on different 
levels showed that the resistance of this virus on smooth surfaces was higher than others. Temperature increase and 
sunlight can facilitate the destruction of SARS-COV-2 and the stability of it on surfaces. When the minimum ambi-
ent air temperature increases by 1 °C, the cumulative number of cases decreases by 0.86%. According to the latest 
evidence, the presence of coronavirus in the sewer has been confirmed, but there is no evidence that it is transmitted 
through sewage or contaminated drinking water. Also, SARS-COV-2 transmission through food, food packages, and 
food handlers has not been identified as a risk factor for the disease. According to the latest studies, the possibility of 
transmitting SARS-COV-2 bioaerosol through the air has been reported in the internal environment of ophthalmology. 
The results additionally show that infectious bio-aerosols can move up to 6 feet. There have been no reports of SARS-
COV-2 transmission by blood-feeding arthropods such as mosquitoes.
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Introduction
The new outbreak of COVID-19 has recently become a 
serious threat to the health of people around the world. 
COVID-19 is caused by the SARS-CoV-2, which is a 
single-stranded positive-sense RNA virus that causes 
infection and respiratory failure (Swerdlow and Finelli 
2020; Wu et  al. 2020) and has led to the thousands of 
people deaths (Thienemann et  al. 2020). Following the 
WHO announcement, the Global Emergency Commit-
tee identified the need for early detection, quarantine, 
and prompt treatment as a global concern (Sohrabi et al. 

2020), because people with the virus do not have clinical 
symptoms such as fever, cough, etc., in the early stages. 
For this reason, there is not enough information on how 
to disinfect and disinfect surfaces and hands, human-to-
human transmission through air, food, and water, and the 
presence of the virus in human wastewater and waste. 
There are several factors involved in transmitting the 
virus. These conditions can be included in environment 
and human behavior (Fig. 1). The distribution of human 
population, migration, social interactions, climate change 
(deforestation, habitat invasion), agricultural growth, 
and direct contact with domestic and wild animals fall 
into this category (Barratt et al. 2019; Dehghani and Kas-
siri 2020). On the other hand, the effect of environmen-
tal factors such as ambient temperature, humidity, etc., 
relating to the COVID-19 pandemic (Fig. 1) has not been 
sufficiently investigated. How the virus enters the body 
(eyes, ears, mouth, and nose) is not well known by the 
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release of aerosols and droplets containing SARS-CoV-2 
in human societies. However, previous findings in the 
epidemic of a virus similar to SARS-CoV-2 can be used 
in this regard (Sun et al. 2020), because the methods of 
transmission are not currently known. Therefore CDC 
recommends standard precautions, contact and air, and 
eye protection (glasses or face shields) (CDC 2020b, e). 
It has been reported that even with personal protective 
equipment (PPE), it is still possible to get infected (Dai 
2020) because there is no convincing evidence to sup-
port the effect of PPE use in the prevention of infection 
(Yang 2020). The significant concern about SARS-CoV-2 
is its transmission (Dehghani and Kassiri 2020). Accord-
ing to the WHO, there is no certainty about the persis-
tence of the SARS-CoV-2 on surfaces. However, the virus 
appears to act like other coronaviruses and can survive 
on the surface for at least several hours (Parry 2004). For 
this reason, the following health points in public places, 
hospitals, and residential houses has a significant role 
in controlling the transmission of the disease (WHO 
2020a). Dealing with COVID-19 and preventing its rapid 
and dangerous spread is a global challenge. Therefore, the 
fight against this disease requires global management. 
However, due to the potential variability of this disease, 
according to the type of climate and other environmental 

factors, its prevention and control should be investigated 
quickly and seriously (Askari et  al. 2018). When a new 
pandemic occurs, a lot of health advice is given. Any-
way, it should be noted that these methods may not be 
the most accurate and correct, but following them can 
be effective until sufficient knowledge is obtained. Nev-
ertheless, a hierarchy to deal with SARS-CoV-2 trans-
mission involves three steps: 1) self-care, 2) control of 
environmental factors, and 3) the use of PPE (Lai et  al. 
2020). This study aimed to investigate the effect and role 
of various factors, including environmental factors (cli-
mate change, water transfer, air, and food), disinfection of 
surfaces, and hands in the transmission and prevalence of 
COVID-19 pandemics.

Environmental condition and transmission 
of SARS‑CoV‑2
Currently, due to the prevalence of COVID-19 in most 
parts of the world, one of the primary concerns is the rela-
tionship between environmental factors such as rising 
summer temperatures and the rapid prevalence of coro-
navirus (Abbasi et al. 2020; Wang et al. 2020b). One study 
observed the relationship between the numbers of positive 
daily SARS-CoV-2 cases with three environmental factors: 
maximum relative humidity, maximum temperature, and 

Fig. 1  Environmental factors and transmission of SARS-CoV-2
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maximum wind speed in four cities in China and five cities 
in Italy. In this study, the relationship between the preva-
lence of the COVID-19 with maximum air humidity and 
wind speed was negligible and statistically not significant. 
Although, in most cases, with increasing humidity and 
wind speed, the prevalence has decreased. The association 
between COVID-19 prevalence and maximum ambient 
temperature was negligible to moderate. Also, with increas-
ing temperature in most of the studied cities, the preva-
lence of the disease has decreased (Bhattacharjee 2020). 
The study by Chin et al. (2020) reported the resistance of 
the SARS-CoV-2 at 4  °C for a long time, but at 70  °C, its 
resistance was 5  min. In general, heat, high or low pH, 
and sunlight make it easier to kill the coronavirus (WHO 
2020b). However, the results of a study also showed that 
the virus is stable at different pHs of 3–10, at room tem-
perature (Chin et al. 2020). A new study of 24,139 positive 
SARS-CoV-2 cases was conducted in 26 regions in China. 
Its results show that with a 1 °C increase of the minimum 
ambient air temperature, the cumulative number of cases 
decreases by 0.86% (Fig. 1) (Wang et al. 2020b).

Coronavirus transmission by Food, food packages, 
and food handlers
According to the CDC, SARS-CoV-2 transmission through 
food, food packages, and food handlers has not been iden-
tified as a risk factor for the disease. However, based on the 
available evidence and the persistence of the virus on the 
surfaces between a few hours and a few days, CDC sug-
gested washing and then disinfection as the best way to 
control this virus (Seymour et al. 2020b). Sanitary recom-
mendations are also recommended when relocation and 
preparing food, such as washing hands regularly, separating 
raw meat from other foods, cooking at high temperatures, 
and storing food in the refrigerator (Eslami et  al. 2015; 
Seymour et al. 2020c). The most important health recom-
mendations for staff involved in preparing and distributing 
food include complete personal hygiene such as covering 
the nose and mouth by bending the elbow during sneezing 
or coughing, isolating employees with COVID-19 symp-
toms or having contact with these patients, and following 
the minimum distance, 6 feet or 1.8 m, between employees. 
Also, providing multiple points for hand washing and dis-
infection at work and washing and disinfection of surfaces 
with high contact by diluted sodium hypochlorite (0.1%) 
(Seymour et al. 2020c).

Water and wastewater and transmission 
of COVID‑19
Guaranteeing safe water, collecting sewage, and main-
taining effective hygiene during infectious diseases, 
including COVID-19 pandemic, play a key role in sup-
porting human health (Eslami et al. 2018; WHO 2020b). 

The risk of COVID-19 appears to be low through the 
stool of an infected person. There is evidence that SARS-
CoV-2 may lead to intestinal infection and be present in 
the stool (Bhattacharjee 2020). Studies show that approx-
imately 2 to 10 percent of confirmed SARS-CoV-2 cases 
have been associated with diarrhea (Chen et  al. 2020; 
Huang et al. 2020; Wang et al. 2020a). Two studies have 
reported the detection of residual SARS-CoV-2 viral 
RNA in the stool of patients with SARS-CoV-2 (Holshue 
et  al. 2019; Xiao et  al. 2020). Yet, only one study has 
reported the SARS-CoV-2 from a cultured stool sample 
(WHO 2020b). In the latest study, the report of the pres-
ence of the SARS-CoV-2 virus in sewage has been con-
firmed. The presence of the virus in the wastewater, even 
when the prevalence of the virus is low, indicates that 
the SARS-CoV-2 can survive in the sewage. This find-
ing could be a sensitive tool for tracking and monitoring 
the rate of virus rotation in communities (Lodder and de 
Roda Husman 2020; Medema et al. 2020). Some studies 
have reported that coronavirus can remain in water or 
wastewater sources for days or weeks (Qu et  al. 2020). 
Due to the evidence of the virus surviving in aquatic and 
sewage environments, its presence in water resources is 
dependent on essential factors such as temperature, sun-
light, and the presence of organic compounds that the 
virus can adsorb to and protect themself against sunlight. 
The presence of other antagonistic microorganisms can 
also affect its survival in water resources. According to 
the latest WHO report, there is no evidence that human-
type coronavirus has been transmitted through contami-
nated drinking water (Naddeo and Liu 2020). In general, 
coated viruses are less environmentally friendly and are 
more sensitive to oxidants such as chlorine. The SARS-
CoV-2 is likely to be significantly inactivated more rapidly 
than human intestinal viruses without water-borne dis-
eases in contact with oxidants (WHO 2020b).

Air and transmission of COVID‑19
Research has shown that newly infected patients have 
no clinical symptoms and can easily be the source 
of the spread and transmission of SARS-CoV-2. This 
transmission can be through sneezing, coughing, talk-
ing to other people at close range, and through the foul 
airflow (Li et  al. 2020; Zhi 2020). Based on the avail-
able evidence, it is not thought that air diffusion is one 
of the main transmission routes (Dehghani and Kas-
siri 2020). Non-invasive ventilation, high flow oxygen 
therapy, intubation/extubation, nebulization, open suc-
tioning of airway secretions, bronchoscopy, induction 
of sputum, bag and mask ventilation, cardiopulmonary 
resuscitation, etc. are the principal causes of SARS-
CoV-2 aerosol release in airflow (CDC 2020d). For 
example, the role of environmental pollution in several 
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hospitals has been evaluated following the outbreak 
of MERS-CoV in 2015 in Korea, as well as experimen-
tal studies on the survival and stability of MERS-CoV 
on surfaces and air (Bin et  al. 2016). There is also the 
possibility of air stability for SARS-CoV-2. Therefore, 
the use of viral filters and closed suctioning, airflow 
changes, and negative pressure air pollution in closed 
environments, with the probability of infection, is rec-
ommended (Malhotra et  al. 2020). Thus, people in 
contaminated environments should use a mask and, if 
there is no mask, should use face masks (Bowdle and 
Munoz-Price 2020). Facial hair can provide a way for 
SARS-CoV-2, to penetrate (Malhotra et al. 2020). Using 
non-standard masks can also exacerbate the incidence 
of SARS-CoV-2 (Jones and Xia 2018). Besides, wearing 
a mask in some health workers has shown symptoms 
of claustrophobia, respiratory distress, discomfort, and 
skin irritation (Barratt et  al. 2019). The most available 
type is the N95 mask, which according to studies can 
be sterilized and reused by hydrogen peroxide, gamma 
rays from CO60, UV rays, dry and wet heat, and ethyl-
ene oxide. In the meantime, the use of radiation is pref-
erable to other methods (Card et al. 2020; Cramer et al. 
2020; Kenney et al. 2020). Gamma CO60 with a dose of 
10 KG can sterilize the N95 mask used in SARS-COV 
environments, and kill the virus (Feldmann et al. 2019). 
However, high doses of radiation may damage the fibers 
of the mask and allow air to pass through without puri-
fication, but it does not have secondary radiation and 
its side effects (Harrell et  al. 2018). Hydrogen perox-
ide is also a useful antiviral and has no adverse effects 
on the respiratory tract (Viscusi et al. 2009). Enhanced 
Traffic Control Bundling (eTCB) was very effective at 
the time of the SARS-COV outbreak. Due to the simi-
larity of this disease with COVID-19, the application of 
this strategy can prevent the transmission of the disease 
through the air. (Yen et  al. 2020). In this way, patients 
with clinical symptoms quarantined, other people use 
disinfectant and PPE during patients’ visits to the hos-
pital. This process has been approved in the control of 
other epidemic diseases such as Ebola and SARS-CoV 
and is currently being implemented in COVID-19 pan-
demics (Ong et  al. 2020, Schwartz et  al. 2020b; Yen 
et al. 2015). The possibility of transmitting bioaerosols 
with the ability to move up to 6 feet through the air has 
also been reported in the internal environment of oph-
thalmologists (CDC 2020c). As a result, HEPA filters 
have been used for ventilation. Still, air-born emissions 
for SARS-CoV-2 have not yet been reported. According 
to available evidence, it is not confirmed that air can 
be one of the principal causes of transmission. There-
fore, it can be predicted that if any suspended matter is 

created in the air of medical centers, the transfer will be 
easy (WHO 2020a).

Insects and transmission of SARS‑CoV‑2
Numerous factors are contributing to the spread of 
global diseases such as COVID-19, which is spread-
ing worldwide. These conditions include ecology and 
human behavior. These cases have been directly and 
indirectly involved in the occurrence of some prob-
lems and diseases (Barratt et  al. 2019; Dehghani and 
Kassiri 2020). Most coronaviruses are pathogenic and 
can cause acute respiratory syndrome. So far, 7 types 
of them have been identified (Gorbalenya 2020; Roush 
et  al. 2019). The transmission and evolution of the 
SARS-CoV-2 from bats to scaly anteaters (pangolins) 
and then to humans has been reported (Dehghani and 
Kassiri 2020). This process is now present in humans 
through aerosols, but transmission through secretions 
such as stool has not been confirmed. In addition to 
these cases, the transfer through bandages can also be 
considered. There have been no reports of SARS-CoV-2 
transmission by blood-borne arthropods such as mos-
quitoes (Shankar et al. 2020; Wu and McGoogan 2020). 
Some studies have associated insects such as beetles 
and domestic insects, which are the main mechanical 
carriers of pathogens, by contact with contaminated 
surfaces and patients’ secretions involved in trans-
mission (Graczyk et  al. 2005; Kobayashi et  al. 1999; 
Vazirianzadeh et  al. 2014). SARS-CoV-2 excretion by 
stool has been confirmed in some patients. Therefore, 
feeding domestic insects and beetles from the stool and 
its mechanical transmission can play a significant role 
in the transmission of the disease (Parry 2004). They 
can transmit more than 100 pathogens through the 
legs, body hair, mouth, feces, and vomit. In this regard, 
the elimination of mechanical carriers is very impor-
tant not only in residential homes but also in public 
places. There are several ways to control these organ-
isms, including improving environmental hygiene, such 
as putting garbage in closed bags and trash cans, con-
trolling sanitary landfills, sanitary toilets, proper sew-
age disposal systems, and preventing the accumulation 
of manure nearby, and residential areas (Jobara 2016). 
Clinical and laboratory wastes from SARS-CoV-2 
detection in suspected individuals, secretions such as 
blood (1%) and feces (26%) can also be a major source 
of the virus (Chang et al. 2020; Iwen et al. 2020). But no 
study has shown the presence of the virus in the urine 
(Wang et al. 2020c). Finally, if such waste is not prop-
erly managed, SARS-CoV-2 can be transmitted through 
mechanical transmission by insects (CDC 2020a).
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Inanimate surface and disinfection
Human-to-human transmission of the SARS-CoV-2 
occurs most often when people are in the communal 
stage of the disease or carrier and have no symptoms, or 
when they are with mild symptoms. The important ways 
of transmitting the virus are through Droplets, infected 
hands, and skin-to-skin contact, as well as inanimate 
surface contact (Kampf et  al. 2020). Studies show that 
SARS-CoV-2 stays for more than 9  days and be resist-
ant, like other coronaviruses such as SARS and Middle 
East Respiratory Syndrome (MERS), can live on inani-
mate surfaces such as metals, glass, and plastic at room 
temperature. Also, at ambient temperatures of 30 °C and 
above, the duration of SARS-CoV-2 is reduced (Kampf 
et al. 2020). Some studies have suggested that a tempera-
ture of 56 OC for 90 min or a temperature of 67 OC for 
60 min can cause SARS-CoV-2 to be inactive (Henwood 
2020). Kampf et  al. (2020) showed that at room tem-
perature and 50% humidity, the resistance of the virus 
was more than 30%. In one study, the stability of SARS-
CoV-2 on different surfaces confirmed that the virus was 
more resistant to smooth surfaces than others. Accord-
ing to the results of this study, the virus remains stable at 
temperatures of 22 oC and relative humidity of 65% for 
4 days on surfaces such as glass and banknotes and 7 days 
on smooth surfaces such as steel and plastic. It also stays 
on rough surfaces such as fabric and wood for up to 
2  days (Chin et  al. 2020). Another investigation, which 
examined environmental levels of SARS-CoV-2 virus in 
hospital centers, found that the most important environ-
mental levels of infection were self-service printers (20%) 
(used in Chinese laboratories), desktops, and keyboards 
(16.8%), door handles (16%), telephones (12.5%), and 
medical equipment (12.5%) (Ye et al. 2020). Studies show 
that students touch their face with their hands an average 
of 23 times an hour. 56% of it is the touch of the skin, 36% 
is the lips, 31% is the nose, and 31% is the eyes (Kwok 
et al. 2015). Although SARS-CoV-2 is not available on the 
surface of complete information on viral load, it can be 
said that by reducing the frequency of touching surfaces 
by hands and disinfecting surfaces, the amount of virus 
load on surfaces can be reduced (Kampf et al. 2020). The 
WHO has recommended that cleanliness be done with 
water and detergents to ensure environmental cleanli-
ness, and then the use of common environmental dis-
infectants, such as sodium hypochlorite (WHO 2020c). 
The most well-known methods of surface disinfection to 
remove SARS-CoV-2 virus are, in short, the use of ethyl 
alcohol (62–70%), or hydrogen peroxide (0.5%) or sodium 
hypochlorite (0.1%, dilution ratio 1 to 50) with a contact 
time of 1 min (Henwood 2020; WHO 2014). Other bioc-
idal agents such as benzalkonium chloride (0.05–0.2%) 
or chlorhexidine digluconate (0.2%) are also applicable, 

but their effectiveness is less than previous (WHO 2014). 
The effect of hand soap on disinfecting surfaces from the 
SARS-CoV-2 virus was investigated. The results of this 
study show that the virus is inactivated by contact with 
soap for 5 min (Chin et al. 2020). The CDC has also rec-
ommended a water temperature above 65 degrees to dis-
infect surfaces (Seymour et  al. 2020a). One of the most 
important concerns at the pandemic period of coronavi-
rus is disinfection and sterilization of surgical masks and 
N95 for reuse. The significant thing is that these devices 
are disposable and cannot be reused in normal condi-
tions. However, in cases of shortage and under certain 
conditions, they can be reused up to 5 times by disinfect-
ing and sterilizing them. The use of thermal methods of 
at least 50  °C for at 30 min is highly recommended as a 
disinfection and sterilization method for n95 masks. In 
one study, the use of Uc radiation with a 100  µwcm−2 
power with a contact time of 15 to 20 min for sterilization 
of N95 mask was suggested (Card et al. 2020). In another 
study, the use of hydrogen peroxide (HP) vapor was used 
in a short time to sterilize the N95 mask (Seymour et al. 
2020a). Hydrogen peroxide gas is suitable for disinfecting 
devices used for patients with viral infections. It also does 
not hurt patients’ respiratory system and can be used to 
disinfect hospital rooms (Schwartz et al. 2020a).

Hand and eye hygiene
Preliminary health advice when spreading epidemics is 
to observe hand hygiene and use PPE. Some of the rea-
sons for not following the recommendations occur at the 
individual, group, and community levels. At the time of 
the epidemic, such issues are particularly well addressed 
among medical staff. Nevertheless, some hand disinfect-
ants are not effective in eliminating the pathogen (Pittet 
2001). In other words, a disinfectant should be used that 
will affect the pathogen and the virus in question. At the 
same time as the COVID-19 pandemic, the effectiveness 
of hand sanitizers can prevent the virus from spread-
ing, because the main way to prevent the transmission 
of pathogens is body contact. Lack of public access to 
such materials is also a significant issue at this time. The 
effectiveness of home disinfectants has been investigated 
by WHO (Seymour et  al. 2020d). Its main ingredients 
are alcohol, glycerin, and hydrogen peroxide. After that, 
spray on the hands and drying is done automatically by 
exposing it to the air. Lack of hand disinfection and con-
tact with parts of the body (ears, eyes, nose, and mouth) 
can cause COVID-19. In one study, alcohol-based hand 
rubs, or soap and water hand wash, were shown to be 
effective in preventing COVID-19. Sequentially, if the 
disinfectant dries, the above-mentioned items should 
be used again before contact with the patient or any use 
of the hand (Malhotra et  al. 2020). Although there is 
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evidence that hand hygiene can reduce respiratory ill-
ness, it has not yet been proven that it can reduce the 
transmission of SARS-CoV-2 (Yang 2020). So far, no eye 
infections have been reported in patients with the SARS-
CoV-2, but very few viruses have been seen in tears and 
conjunctival discharge. It can be seen that the eye may 
not be the main entrance of SARS-CoV-2 into the body 
and cause respiratory infections (Sun et al. 2020). How-
ever, eye infections can be caused by respiratory and 
nasopharyngeal infections. It can be very efficient, espe-
cially during close contact between the patient and the 
clinical staff. The use of masks and goggles, along with 
hand disinfection, has shown a significant reduction in 
person-to-person transmission (Yang 2020). Also, since 
SARS-CoV-2 is not only transmitted through the air and 
can survive on the surface for a while, the importance of 
hand disinfection cannot be ignored (Otter et  al. 2016). 
Besides, infected people can contaminate the surface 
they touch, which may include a large number of house-
hold items and appliances (WHO 2020a). In this way, 
even infected people should disinfect their hands.

Conclusion
Reviews of studies have shown that reducing the fre-
quency of touching surfaces by hands and disinfecting 
surfaces can reduce the amount of coronavirus load on 
surfaces and the rate of transmission. The most impor-
tant solution is to disinfect surfaces, clean surfaces with 
water and detergents, and then disinfect with ethyl alco-
hol (62–71%), or hydrogen peroxide (0.5%) or sodium 
hypochlorite (0.1%) with 1 min contact time. Despite the 
lack of evidence of SARS-CoV-2 transmission by blood-
borne arthropods such as mosquitoes, some studies have 
identified insects such as beetles and domestic insects, 
which are the main mechanical carriers of pathogens, 
through contact with contaminated surfaces and patients’ 
secretions. Also, its transmission through the air with a 
minimum distance of 6 feet, water and sewage, and food 
has not been provided so far.

Acknowledgements
Not applicable.

Authors’ contributions
MJ and HE were analyzed and interpreted the data and were contributed to 
writing the manuscript. Both authors read and approved the final manuscript.

Funding
Rafsanjan University of Medical Sceiences

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Occupational Environment Research Center, Department of Environmen-
tal Health Engineering, School of Health, Rafsanjan University of Medical 
Sceiences, Rafsanjan, Iran. 2 Environmental Science and Technology Research 
Center, Department of Environmental Health Engineering, School of Public 
Health, Shahid Sadoughi University of Medical Sciences, Pardis Campus, Gom-
nam Blv, Alem Squre, Yazd, Iran. 

Received: 7 April 2020   Accepted: 10 May 2020

References
Abbasi F, Samaei MR, Manoochehri Z, Jalili M, Yazdani E (2020) The effect of 

incubation temperature and growth media on index microbial fungi 
of indoor air in a hospital building in Shiraz, Iran. J Build Eng 31:101294. 
https​://doi.org/10.1016/j.jobe.2020.10129​4

Askari SG, Khatbasreh M, Ehrampoush MH, Sheikhha MH, Eslami H, Taghavi M, 
Shahrokhi S, Andishmand S (2018) The relationship between environ-
mental exposures and hormonal abnormalities in pregnant women: an 
epidemiological study in Yazd, Iran. Women Birth 31:204–209. https​://doi.
org/10.1016/j.wombi​.2017.09.002

Barratt R, Shaban RZ, Gilbert GL (2019) Clinician perceptions of respiratory 
infection risk; a rationale for research into mask use in routine practice. 
Infect Dis Health 24:169–176

Bhattacharjee S (2020) Statistical investigation of relationship between spread 
of coronavirus disease (COVID-19) and environmental factors based on 
study of four mostly affected places of China and five mostly affected 
places of Italy. arXiv preprint arXiv​:2003.11277​

Bin SY, Heo JY, Song M-S, Lee J, Kim E-H, Park S-J, Kwon H-i, Sm Kim, Kim Y-i, 
Si Y-J (2016) Environmental contamination and viral shedding in MERS 
patients during MERS-CoV outbreak in South Korea. Clin Infect Dis 
62:755–760

Bowdle A, Munoz-Price LS (2020) Preventing infection of patients and health-
care workers should be the new normal in the era of novel coronavirus 
epidemics. Anesthesiology. https​://doi.org/10.1097/ALN.00000​00000​
00329​5

Card KJ, Crozier D, Dhawan A, Dinh M, Dolson E, Farrokhian N, Gopalakrishnan 
V, Ho E, King ES, Krishnan N (2020) UV sterilization of personal protective 
equipment with idle laboratory biosafety cabinets during the Covid-19 
pandemic. medRxiv. https​://doi.org/10.1101/2020.03.25.20043​489

CDC (2020a) Interim laboratory biosafety guidelines for handling and process-
ing specimens associated with coronavirus disease 2019 (COVID-19). 
Centers for Disease Control and Prevention. https​://www.cdc.gov/coron​
aviru​s/2019-nCoV/lab/lab-biosa​fetyg​uidel​ines.html. Accessed 7 Mar 2020

CDC (2020b) Interim infection prevention and control recommendations for 
patients with confirmed 2019 novel coronavirus (2019-nCoV) or persons 
under investigation for 2019-nCoV in healthcare settings. Centers for 
Disease Control and Prevention. https​://www.cdc.gov/coron​aviru​s/2019-
nCoV/infec​tion-contr​ol.html. Accessed 19 Feb 2020

CDC (2020c) How flu spreads. Centers for Disease Control and Prevention. 
https​://www.cdc.gov/flu/about​/disea​se/sprea​d.htm. Accessed 15 Feb 
2020

CDC (2020d) Interim infection prevention and control recommendations for 
patients with suspected or confirmed coronavirus disease 2019 (COVID-
19) in healthcare settings. Centers for Disease Control and Prevention. 
https​://www.cdc.gov/coron​aviru​s/2019-ncov/infec​tionc​ontro​l/. Accessed 
21 March 2020

CDC (2020e) Evaluating and reporting persons under investigation (PUI). Cent-
ers for Disease Control and Prevention. https​://www.cdc.gov/coron​aviru​
s/2019-nCoV/clini​cal-crite​ria.html. Accessed 19 Feb 2020

Chang L, Yan Y, Wang L (2020) Coronavirus disease 2019: coronaviruses 
and blood safety. Transfus Med Rev. https​://doi.org/10.1016/j.
tmrv.2020.02.003

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei Y (2020) 
Epidemiological and clinical characteristics of 99 cases of 2019 novel 

https://doi.org/10.1016/j.jobe.2020.101294
https://doi.org/10.1016/j.wombi.2017.09.002
https://doi.org/10.1016/j.wombi.2017.09.002
http://arxiv.org/abs/2003.11277
https://doi.org/10.1097/ALN.0000000000003295
https://doi.org/10.1097/ALN.0000000000003295
https://doi.org/10.1101/2020.03.25.20043489
https://www.cdc.gov/coronavirus/2019-nCoV/lab/lab-biosafetyguidelines.html
https://www.cdc.gov/coronavirus/2019-nCoV/lab/lab-biosafetyguidelines.html
https://www.cdc.gov/coronavirus/2019-nCoV/infection-control.html
https://www.cdc.gov/coronavirus/2019-nCoV/infection-control.html
https://www.cdc.gov/flu/about/disease/spread.htm
https://www.cdc.gov/coronavirus/2019-ncov/infectioncontrol/
https://www.cdc.gov/coronavirus/2019-nCoV/clinical-criteria.html
https://www.cdc.gov/coronavirus/2019-nCoV/clinical-criteria.html
https://doi.org/10.1016/j.tmrv.2020.02.003
https://doi.org/10.1016/j.tmrv.2020.02.003


Page 7 of 8Eslami and Jalili ﻿AMB Expr           (2020) 10:92 	

coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet 
395:507–513

Chin A, Chu J, Perera M, Hui K, Yen H-L, Chan M, Peiris M, Poon L (2020) Stability 
of SARS-CoV-2 in different environmental conditions. medRxiv. https​://
doi.org/10.1101/2020.03.15.20036​673

Cramer A, Tian E, Sherryl HY, Galanek M, Lamere E, Li J, Gupta R, Short MP 
(2020) Disposable N95 masks pass qualitative fit-test but have decreased 
filtration efficiency after Cobalt-60 gamma irradiation. medRxiv. https​://
doi.org/10.1101/2020.03.28.20043​471

Dai X (2020) Peking University Hospital Wang Guangfa disclosed treatment 
status on Weibo and suspected infection without wearing goggles. 
Xinjing Newpaper. http://www.bjnew​s.com.cn/news/2020/01/23/67818​
9.html, https​://doi.org/10.20944​/prepr​ints2​02003​.0271.v2. Accessed 24 
Jan 2020

Dehghani R, Kassiri H (2020) A Brief Review on the Possible Role of Houseflies 
and Cockroaches in the Mechanical Transmission of Coronavirus Disease 
(COVID-19). Arch Clin Infect Dis 15:e102863. https​://doi.org/10.5812/
archc​id.10286​3

Eslami H, Marzban A, AkramiMohajeri F, Rezaei Z, Rafati Fard M (2015) Students’ 
knowledge and attitude of hygiene and food safety at Shahid Sadoughi 
University of Medical Sciences in Yazd, Iran. J Community Health Res 
4:159–167

Eslami H, Ehrampoush MH, Falahzadeh H, Hematabadi PT, Khosravi R, Dalvand 
A, Esmaeili A, Taghavi M, Ebrahimi AA (2018) Biodegradation and nutri-
ents removal from greywater by an integrated fixed-film activated sludge 
(IFAS) in different organic loadings rates. AMB Express 8:3. https​://doi.
org/10.1186/s1356​8-017-0532-9

Feldmann F, Shupert WL, Haddock E, Twardoski B, Feldmann H (2019) Gamma 
irradiation as an effective method for inactivation of emerging viral 
pathogens. Am J Trop Med Hygiene 100:1275–1277

Gorbalenya AE (2020) Severe acute respiratory syndrome-related coronavirus–
The species and its viruses, a statement of the Coronavirus Study Group. 
BioRxiv. https​://doi.org/10.1101/2020.02.07.93786​2

Graczyk TK, Knight R, Tamang L (2005) Mechanical transmission of human 
protozoan parasites by insects. Clin Microbiol Rev 18:128–132

Harrell CR, Djonov V, Fellabaum C, Volarevic V (2018) Risks of using sterilization 
by gamma radiation: the other side of the coin. Int J Med Sci 15:274

Henwood AF (2020) Coronavirus disinfection in histopathology. J Histotech-
nol. https​://doi.org/10.1080/01478​885.2020.17347​18

Holshue ML, DeBolt C, Lindquist S, Lofy K, Wiesman J, Bruce H (2019) Washing-
ton State 2019-nCoV Case Investigation Team. First Case of 2019 Novel 
Coronavirus in the United States. N Engl J Med. https​://doi.org/10.1056/
NEJMo​a2001​191

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X (2020) 
Clinical features of patients infected with 2019 novel coronavirus in 
Wuhan, China. Lancet 395:497–506

Iwen PC, Stiles KL, Pentella MA (2020) Safety considerations in the laboratory 
testing of specimens suspected or known to contain the severe acute 
respiratory syndrome Coronavirus 2 (SARS-CoV-2). Am J Clin Pathol 
153:567–570. https​://doi.org/10.1093/ajcp/aqaa0​47

Jobara MSB (2016) Isolation of Staphylococcus aureus can be transmitted by 
house fly Muscadomestica collected from flies breeding sites in Wad 
Medani, Gezira State, Sudan, 2016, University of Gezira

Jones RM, Xia Y (2018) Annual Burden of Occupationally-Acquired Influenza 
Infections in Hospitals and Emergency Departments in the United States. 
Risk Anal 38:442–453

Kampf G, Todt D, Pfaender S, Steinmann E (2020) Persistence of coronaviruses 
on inanimate surfaces and its inactivation with biocidal agents. J Hosp 
Infect 104:246–251. https​://doi.org/10.1016/j.jhin.2020.01.022

Kenney P, Chan BK, Kortright K, Cintron M, Havill N, Russi M, Epright J, 
Lee L, Balcezak T, Martinello R (2020) Hydrogen peroxide vapor 
sterilization of N95 respirators for reuse. medRxiv. https​://doi.
org/10.1101/2020.03.24.20041​087

Kobayashi M, Sasaki T, Saito N, Tamura K, Suzuki K, Watanabe H, Agui N 
(1999) Houseflies: not simple mechanical vectors of enterohemorrhagic 
Escherichia coli O157: H7. The American journal of tropical medicine and 
hygiene 61:625–629

Kwok YLA, Gralton J, McLaws M-L (2015) Face touching: a frequent habit that 
has implications for hand hygiene. Am J Infect Control 43:112–114

Lai TH, Tang EW, Chau SK, Fung KS, Li KK (2020) Stepping up infection control 
measures in ophthalmology during the novel coronavirus outbreak: an 

experience from Hong Kong. Graefe’s Arch Clin Exp Ophthalmol. https​://
doi.org/10.1007/s0041​7-020-04641​-8

Li J-PO, Lam DSC, Chen Y, Ting DSW (2020) Novel Coronavirus disease 2019 
(COVID-19): The importance of recognising possible early ocular manifes-
tation and using protective eyewear. BMJ Publishing Group Ltd, London

Lodder W, de Roda Husman AM (2020) SARS-CoV-2 in wastewater: potential 
health risk, but also data source. Lancet Gastroenterol Hepatol. https​://
doi.org/10.1016/S2468​-1253(20)30087​-X

Malhotra N, Gupta N, Ish S, Ish P (2020) COVID-19 in intensive care Some nec-
essary steps for health care workers. Monaldi Arch Chest Dis 90:161–162

Medema G, Heijnen L, Elsinga G, Italiaander R, Brouwer A (2020) Pres-
ence of SARS-Coronavirus-2 in sewage. medRxiv. https​://doi.
org/10.1101/2020.03.29.20045​880

Naddeo V, Liu H (2020) Editorial PERSPECTIVES: 2019 novel coronavirus 
(SARS-CoV-2): what is its fate in urban water cycle and how can the 
water research community respond? Environ Sci Water Res. https​://doi.
org/10.1039/D0EW9​0015J​

Ong SWX, Tan YK, Chia PY, Lee TH, Ng OT, Wong MSY, Marimuthu K (2020) Air, 
surface environmental, and personal protective equipment contami-
nation by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) from a symptomatic patient. JAMA 323:1610–1612. https​://doi.
org/10.1001/jama.2020.3227

Otter J, Donskey C, Yezli S, Douthwaite S, Goldenberg S, Weber D (2016) 
Transmission of SARS and MERS coronaviruses and influenza virus in 
healthcare settings: the possible role of dry surface contamination. J 
Hosp Infect 92:235–250

Parry J (2004) WHO queries culling of civet cats. BMJ 328:128. https​://doi.
org/10.1136/bmj.328.7432.128-b

Pittet D (2001) Compliance with hand disinfection and its impact on hospital-
acquired infections. J Hosp Infect 48:S40–S46

Qu G, Li X, Hu L, Jiang G (2020) An imperative need for research on the role of 
environmental factors in transmission of novel Coronavirus (COVID-19). 
Environ Sci Technol 54:3730–3732. https​://doi.org/10.1021/acs.est.0c011​
02

Roush S, Fast H, Miner CE, Vins H, Baldy L, McNall R, Kang S, Vundi V (2019) 
National Center for Immunization and Respiratory Diseases (NCIRD) sup-
port for modernization of the nationally notifiable diseases surveillance 
system (NNDSS) to strengthen public health surveillance infrastructure in 
the US, 2019 CSTE Annual Conference. CSTE

Schwartz A, Stiegel M, Greeson N, Vogel A, Thomann W, Brown M, Sempowski 
GD, Alderman TS, Condreay JP, Burch J (2020a) Decontamination and 
reuse of N95 respirators with hydrogen peroxide vapor to address world-
wide personal protective equipment shortages during the SARS-CoV-2 
(COVID-19) pandemic. Appl Biosaf. https​://doi.org/10.1177/15356​76020​
91993​2

Schwartz J, King C-C, Yen M-Y (2020b) Protecting Health care workers during 
the COVID-19 Coronavirus outbreak-lessons from Taiwan’s SARS response. 
Clin Infect Dis. https​://doi.org/10.1093/cid/ciaa2​55

Seymour N, Yavelak M, Christian C, Chapman B, Danyluk M (2020a) COVID-19 
FAQ for food service: cleaning and disinfection. EDIS. https​://journ​als.flvc.
org/edis/artic​le/view/12117​2

Seymour N, Yavelak M, Christian C, Chapman B, Danyluk M (2020b) COVID-19 
FAQ for Food Service: Receiving and Food Packaging. EDIS 2020, https​://
journ​als.flvc.org/edis/artic​le/view/12117​4

Seymour N, Yavelak M, Christian C, Chapman B, Danyluk M (2020c) COVID-19 
and Food Safety FAQ: Is Coronavirus a Food Safety Issue? EDIS 2020, https​
://journ​als.flvc.org/edis/artic​le/view/12119​4

Seymour N, Yavelak M, Christian C, Chapman B, Danyluk M (2020d) COVID-19 
preventative measures: homemade hand sanitizer. EDIS 2020

Shankar A, Saini D, Roy S, Mosavi Jarrahi A, Chakraborty A, Bharti SJ, Taghiza-
deh-Hesary F (2020) Cancer Care Delivery Challenges Amidst Coronavirus 
Disease–19 (COVID-19) outbreak: specific precautions for cancer patients 
and cancer care providers to prevent spread. Asian Pac J Cancer Prev 
21:569–573

Sohrabi C, Alsafi Z, O’Neill N, Khan M, Kerwan A, Al-Jabir A, Iosifidis C, Agha R 
(2020) World Health Organization declares global emergency: a review of 
the 2019 novel coronavirus (COVID-19). Int J Surg 76:71–76. https​://doi.
org/10.1016/j.ijsu.2020.02.034

Sun CB, Wang YY, Liu GH, Liu Z (2020) Role of the eye in transmitting human 
coronavirus: what we know and what we do not know. Front Public 
Health 8:155. https​://doi.org/10.3389/fpubh​.2020.00155​

https://doi.org/10.1101/2020.03.15.20036673
https://doi.org/10.1101/2020.03.15.20036673
https://doi.org/10.1101/2020.03.28.20043471
https://doi.org/10.1101/2020.03.28.20043471
http://www.bjnews.com.cn/news/2020/01/23/678189.html
http://www.bjnews.com.cn/news/2020/01/23/678189.html
https://doi.org/10.20944/preprints202003.0271.v2
https://doi.org/10.5812/archcid.102863
https://doi.org/10.5812/archcid.102863
https://doi.org/10.1186/s13568-017-0532-9
https://doi.org/10.1186/s13568-017-0532-9
https://doi.org/10.1101/2020.02.07.937862
https://doi.org/10.1080/01478885.2020.1734718
https://doi.org/10.1056/NEJMoa2001191
https://doi.org/10.1056/NEJMoa2001191
https://doi.org/10.1093/ajcp/aqaa047
https://doi.org/10.1016/j.jhin.2020.01.022
https://doi.org/10.1101/2020.03.24.20041087
https://doi.org/10.1101/2020.03.24.20041087
https://doi.org/10.1007/s00417-020-04641-8
https://doi.org/10.1007/s00417-020-04641-8
https://doi.org/10.1016/S2468-1253(20)30087-X
https://doi.org/10.1016/S2468-1253(20)30087-X
https://doi.org/10.1101/2020.03.29.20045880
https://doi.org/10.1101/2020.03.29.20045880
https://doi.org/10.1039/D0EW90015J
https://doi.org/10.1039/D0EW90015J
https://doi.org/10.1001/jama.2020.3227
https://doi.org/10.1001/jama.2020.3227
https://doi.org/10.1136/bmj.328.7432.128-b
https://doi.org/10.1136/bmj.328.7432.128-b
https://doi.org/10.1021/acs.est.0c01102
https://doi.org/10.1021/acs.est.0c01102
https://doi.org/10.1177/1535676020919932
https://doi.org/10.1177/1535676020919932
https://doi.org/10.1093/cid/ciaa255
https://journals.flvc.org/edis/article/view/121172
https://journals.flvc.org/edis/article/view/121172
https://journals.flvc.org/edis/article/view/121174
https://journals.flvc.org/edis/article/view/121174
https://journals.flvc.org/edis/article/view/121194
https://journals.flvc.org/edis/article/view/121194
https://doi.org/10.1016/j.ijsu.2020.02.034
https://doi.org/10.1016/j.ijsu.2020.02.034
https://doi.org/10.3389/fpubh.2020.00155


Page 8 of 8Eslami and Jalili ﻿AMB Expr           (2020) 10:92 

Swerdlow DL, Finelli L (2020) Preparation for possible sustained transmis-
sion of 2019 novel coronavirus: lessons from previous epidemics. JAMA 
323:1129–1130. https​://doi.org/10.1001/jama.2020.1960

Thienemann F, Pinto F, Grobbee DE, Boehm M, Bazargani N, Ge J, Sliwa K (2020) 
World Heart Federation Briefing on Prevention: Coronavirus Disease 2019 
(COVID-19) in low-income countries. World Heart J. 15:23

Vazirianzadeh B, Dehghani R, Mehdinejad M, Sharififard M, Nasirabadi N (2014) 
The first report of drug resistant bacteria isolated from the brown-
banded cockroach, Supella longipalpa, in ahvaz, south-western Iran. J 
Arthropod-Borne Dis 8:53

Viscusi DJ, Bergman MS, Eimer BC, Shaffer RE (2009) Evaluation of five decon-
tamination methods for filtering facepiece respirators. Ann Occup Hyg 
53:815–827

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong 
Y (2020a) Clinical characteristics of 138 hospitalized patients with 
2019 novel coronavirus—infected pneumonia in Wuhan, China. JAMA 
323:1061–1069. https​://doi.org/10.1001/jama.2020.1585

Wang M, Jiang A, Gong L, Luo L, Guo W, Li C, Zheng J, Li C, Yang B, Zeng J 
(2020b) Temperature significant change COVID-19 Transmission in 429 
cities. MedRxiv. https​://doi.org/10.1101/2020.02.22.20025​791

Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, Tan W (2020c) Detection of SARS-
CoV-2 in different types of clinical specimens. JAMA. https​://doi.
org/10.1001/jama.2020.3786

WHO (2014) Infection prevention and control of epidemic-and pandemic-
prone acute respiratory infections in health care. World Health Organiza-
tion, Geneva

WHO (2020a) Report of the WHO-China joint mission on coronavirus disease 
2019 (COVID-19), Geneva: World Health Organization. https​://www.who.
int/docs/defau​lt-sourc​e/coron​aviru​se/whoch​ina-joint​-missi​onon-covid​
-19-final​-repor​t

WHO (2020b) Water, sanitation, hygiene and waste management for COVID-
19: technical brief, 03 March 2020. World Health Organization, Geneva. 
https​://www.who.int/emerg​encie​s/disea​ses/novel​-coron​aviru​s-2019/
techn​ical-guida​nce/infec​tion-preve​ntion​-and-contr​ol

WHO (2020c) Infection prevention and control during health care when novel 
coronavirus (nCoV) infection is suspected. World Health Organization, 
Geneva. Interim guidance. 25 January 2020

Wu Z, McGoogan JM (2020) Characteristics of and important lessons from 
the coronavirus disease 2019 (COVID-19) outbreak in China: sum-
mary of a report of 72 314 cases from the Chinese Center for Disease 
Control and Prevention. JAMA 323:1239–1242. https​://doi.org/10.1001/
jama.2020.2648

Wu F, Zhao S, Yu B, Chen Y-M, Wang W, Song Z-G, Hu Y, Tao Z-W, Tian J-H, Pei 
Y-Y (2020) A new coronavirus associated with human respiratory disease 
in China. Nature 579:265–269

Xiao F, Tang M, Zheng X, Li C, He J, Hong Z, Huang S, Zhang Z, Lin X, Fang Z 
(2020) Evidence for gastrointestinal infection of SARS-CoV-2. medRxiv. 
https​://doi.org/10.1053/j.gastr​o.2020.02.055

Yang C (2020) Does hand hygiene reduce SARS-CoV-2 transmission? Graefe’s 
Arch Clin Exp Ophthalmol 258:1133–1134. https​://doi.org/10.1007/s0041​
7-020-04652​-5

Ye G, Lin H, Chen L, Wang S, Zeng Z, Wang W, Zhang S, Rebmann T, Li Y, Pan 
Z (2020) Environmental contamination of the SARS-CoV-2 in healthcare 
premises: an urgent call for protection for healthcare workers. medRxiv. 
https​://doi.org/10.1101/2020.03.11.20034​546

Yen M-Y, Schwartz J, Hsueh P-R, Chiu AW-H, Armstrong D (2015) Traffic control 
bundling is essential for protecting healthcare workers and controlling 
the 2014 Ebola epidemic. Clin Infect Dis 60:823–825

Yen M-Y, Schwartz J, Chen S-Y, King C-C, Yang G-Y, Hsueh P-R (2020) Interrupt-
ing COVID-19 transmission by implementing enhanced traffic control 
bundling: implications for global prevention and control efforts. J Micro-
biol Immunol Infect. https​://doi.org/10.1016/j.jmii.2020.03.011

Zhi ZYKZ (2020) Suggestions from ophthalmic experts on eye protection 
during the novel coronavirus pneumonia epidemic. Soc Public Health 
Ophthalmol. https​://doi.org/10.3760/cma.j.issn.0412-4081.2020.0002

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1001/jama.2020.1960
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1101/2020.02.22.20025791
https://doi.org/10.1001/jama.2020.3786
https://doi.org/10.1001/jama.2020.3786
https://www.who.int/docs/default-source/coronaviruse/whochina-joint-missionon-covid-19-final-report
https://www.who.int/docs/default-source/coronaviruse/whochina-joint-missionon-covid-19-final-report
https://www.who.int/docs/default-source/coronaviruse/whochina-joint-missionon-covid-19-final-report
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/infection-prevention-and-control
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/infection-prevention-and-control
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1053/j.gastro.2020.02.055
https://doi.org/10.1007/s00417-020-04652-5
https://doi.org/10.1007/s00417-020-04652-5
https://doi.org/10.1101/2020.03.11.20034546
https://doi.org/10.1016/j.jmii.2020.03.011
https://doi.org/10.3760/cma.j.issn.0412-4081.2020.0002

	The role of environmental factors to transmission of SARS-CoV-2 (COVID-19)
	Abstract 
	Introduction
	Environmental condition and transmission of SARS-CoV-2
	Coronavirus transmission by Food, food packages, and food handlers
	Water and wastewater and transmission of COVID-19
	Air and transmission of COVID-19
	Insects and transmission of SARS-CoV-2
	Inanimate surface and disinfection
	Hand and eye hygiene
	Conclusion
	Acknowledgements
	References




