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Abstract

Context: SARS-CoV-2, has already affected more than 180 countries. 3,175,207 confirmed cases and 224,173 deaths due to the disease
were reported worldwide till 1st May 2020. WHO has declared it a Public Health Emergency of International Concern. Aims: To present
information from worldwide literature on infection of gastro-intestinal tract by SARS-CoV-2 and its potential for faecal-oral transmission.
Material and Methods: Literature search was carried out using Google Scholar and PubMed in 3" week of April, 2020. Search terms
used were “SARS-CoV-2” or “COVID-19” or “New Coronavirus” or “Coronavirus” in title and “Transmission” or “Faecal” or “Oral”
anywhere in the article. Studies from the year 2019 to 2020 published in “English” language were included in the search. Results: 15
studies were found relevant and were included in the review. Studies reported that SARS-CoV-2 infects and replicates in gastro-intestinal
tract and manifests enteric symptoms. Viral RNA is excreted in stool. Fecal samples were found to be positive for the viral RNA for many
days even after respiratory samples become negative. Virus has been detected in anal swabs and live virus could be successfully isolated
from stool specimen. The virus was also reported to be viable in the environment for many days. Conclusions: SARS-CoV-2 can
potentially be transmitted by faecal-oral route. The transmission can occur even after respiratory symptoms subside and respiratory
tract samples test negative for the virus. Appropriate policy response is needed for awareness, testing, discharge and quarantine of

patients to prevent spread of the disease.
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BACKGROUND/RATIONALE

The world is fighting the latest Public Health Emergency of
International Concern, unleashed by a new strain of coronavirus,
the Severe Acute Respiratory Syndrome (SARS) Coronavirus-2 or
SARS-CoV-2.1

The SARS-CoV-2 outbreak was first reported on 31stDecember,
2019 from Wuhan city, located in Hubei province of China and
spread quickly across the globe. 2By 1st May, 2020, more than
180 countries had reported 3,175,207 laboratory-confirmed
cases of the disease and 224,173 deaths. 3India had reported
26,535 laboratory-confirmed cases and 1,223 deaths by 1st May,
2020.4

Clinical manifestations of SARS-CoV-2 are cough, expectoration,
high body temperature, fatigue, dyspnoea, sore throat, , vomiting,
diarrhoea, and headache. 56It is believed that SARS-CoV-2
wasfirst transmitted from animals to humans and thereafter
from humans to humans through respiratory droplets, fomites of
the infected persons and direct or indirect contact.

789.10Presently, the clinical diagnosis of SARS-CoV-2 is confirmed
by real-time reverse transcriptase-polymerase chain reaction
(rRT-PCR).

6Several aspects of SARS-CoV-2 outbreak, including its
transmission dynamics and full spectrum of clinical illness, are
yet to be fully understood.

1]t is, therefore, important to know whether the virus can be
detected in specimens from sites other than nasopharyngeal
region, and whether it can be transmitted in other ways than by
respiratory droplets.
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AIMS AND OBJECTIVES

Aim of this literature review was to present information from
worldwide literature oninfection of gastro-intestinal tract by
SARS-CoV-2 and potential of transmission of the virus by faecal-
oral route.

MATERIAL AND METHODS

Literature search for this study was carried out in 34 week of
April, 2020 using Google Scholar and PubMed. We used the
search terms “SARS-CoV-2” or “COVID-19”or “New Coronavirus”
or “Coronavirus” in title and “Transmission” or “Faecal” or “Oral”
anywhere in the article. Studies from the year 2019 to 2020
published in “English” language only were included in the search.

Abstracts of studies yielded by using this search strategy were
studied by the first two authors independently. A study was
included if it was about enteric infection by SARS-CoV-2,
shedding of the virus or viral RNA in stool, and survival of the
virus in faecal matter.

If there was a dispute between the two authors, the decision on
inclusion of the study in the review was taken in a meeting by a
majority of the three authors. Citation search of selected studies
was done to harvestadditional relevant studies. Full texts of all
the studies included in the review were studied. Grey literature
was also searched using “Google” search engine.

RESULTS

Literature search yielded 15relevant studies. 11 studies were
from China, one from the United States of America while the
remaining three studies were not country specific. A list of these
studies showing Author(s), Year, Country, Title, and Brief
Findings is given in Table-1.
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Table 1. Studies Included in the Literature Review

S Author(s)/(Year)/Country Title Brief Findings
No
SARS-CoV
1 Yeo etal. (2020) Enteric involvement of | Genome grouping of SARS-CoV-2 has 82%
Not country specific coronaviruses: is faecal-oral | closeness with SARS-CoV. Both SARS-CoV and
transmission of SARS-CoV-2 possible? | MERS-CoV are discharged in faeces and stay alive
in the faeces. This points towards the plausibility
of transmission of SARS-CoV-2 by fecal-oral route.
2 Wang et. al. (2020) Clinical ~ characteristics of 138 | Gastrointestinal symptoms in 10% of patients
China patients in hospital with 2019 new | appeared 1-2 days before manifestation of high
coronavirus contaminated | body temperature and respiratory symptoms
pneumonia in Wuhan.
China
3 Wang et al (2020) Finding of SARS-CoV-2 in Multiple | Live virus was detected in faeces, implying
China Types of Clinical Specimens transmission of SARS-CoV-2 by faecal-oral route.
Transmission of the virus by respiratory and extra
respiratory routes may help explain the rapid
spread of SARS-Cov-2.
4 Zhang et al (2020) Molecular and serological | Found 2019-nCoV in blood as well as anal
China examination of 2019-nCoV | swabs.In later stages of infections, positivity of
contaminated patients: ramifications | anal swabs was higher than oral swabs. Thy
of different shedding courses. suggested that the virus is shed in the faeces and
can be potentially transmitted through the oral-
faecal route.
5 Guan et. al. (2020) Symptoms of Coronavirus Disease | Diarrhoea and vomiting was reported by only
China 2019 in China 3.8%, and 5% of the SARS-CoV-2 patients
respectively
6 Holshue et al (2020) First case of 2019 new coronavirus in | SARS-CoV-2 induces gut symptoms. Stool of the
USA the USA patients was found positive for the virus.
7 Xiao et al (2020) Evidence for gastro-intestinal | Detected viral RNA in gastrointestinal tissues and
China infection of SARS-CoV-2 argued that SARS-CoV-2 infects gastro-intestinal
tract and can be transmitted by fecal-oral route.
8 Guo etal (2020) The source, transmission and clinical | Summed up accessible research on the study of
Not country specific treatments of coronavirus illness | disease transmission, pathogenesis, and clinical
2019 (COVID-19) flare-up a report on | qualities of SARS-CoV-2. The infection displays
the states. solid infectivity yet less destructiveness,
contrasted with SARS and MERS, as far as
grimness and mortality
9 Wu etal (2020) Extended presence of SARS-CoV-2 | Positivity of fecal samples of patients for SARS-
China viral RNA in faeces CoV-2 RNA was 55%. Fecal samples remained
positive for viral RNA for an average of 27.9 days
after the initial manifestation, which was 11.2 days
longer than the duration of positivity for
respiratory samples. Transmission by fecal-oral
route could happen subsequent to the viral
movement in the respiratory tract.
10 Xiao et al (2020) Evidence of SARS-CoV-2 | 53.42% of the SARS-CoV-2 patients tested positive
China Gastrointestinal Infection for viral RNA in stool. Faeces of 23.29% of the
patients were found positive even after viral RNA
could not be detected in the respiratory tract.
11 Danchin et al (2020) A new transmission route for the | Gut tropism and a secondary propagation route
Not country specific proliferation of the SARS-CoV-2 for SARS-CoV-2 suggested. Epidemic control
measures should take into account both routes for
epidemic control.
12 Zhang, Wang and Xue (2020) | Faecal specimen diagnosis 2019 New | Viral RNA of 2019-nCoV detected in stool samples
China Coronavirus-Infected Pneumonia and its detection was comparable to pharyngeal
swab specimens
13 Zhang, Y et al (2020) The 2019-nCoV removal from a feces | The 2019-nCoV virus was detected live in stool
China sample of a research lab-confirmed | samples. In addition to near exposure and
coronavirus disease outbreak 2k19 | interaction with patients' respiratory secretions,
(CoVID-19) the virus can also spread through the possible
fecal-oral route. The viruses' numerous
distribution route may clarify in part its powerful
and rapid transmitting rate.
14 Xu etal (2020) Traits of neonatal contamination with | Anal swabs of 8 out of 10 pediatric SARS-CoV-2
China SARS-CoV-2 and possible evidence of | patients tested positive for the virus after adverse

chronic faecal viral spreading

nasopharyngeal examination. Suggested
gastrointestinal tract shedding of the virus and
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likelihood of faecal-oral transmission. Rectal
swab-testing could be more useful in evaluating
treatment efficacy and in deciding quarantine
termination. There is, however, a lack of evidence
of virus replication in faecal swabs needed to
confirm faecal-oral transmission.

15 Pan et. al. (2020)
China samples

Viral load of SARS-CoV-2 in clinical

Positivity of Stool for SARS-Cov-2 was found to be
53% on RT-PCR analysis. Suggest precautionary
measures when handling faecal samples.

Findings of the studies included in the review were categorized
and analysed in four parts- infectivity of gastro-intestinal tract,
presence of viral RNA in stool, viability of virus on different
surfaces, and presence of live virus in faeces.

A. Infectivity of Gastro-Intestinal tract

Coronaviruses have been reported to impact the gastro-intestinal
tract leading to enteric symptoms in some of the patients. Cases
of both SARS-CoV and MERS-CoV which has high genome
similarity with SARS-CoV-2, had also reported enteric
symptoms.12Studies on SARS-CoV-2informed that 2-10% of the
confirmed cases presented gastro-intestinal tract symptoms such
diarrhoea, nausea, vomiting and pain in abdomen.261310% of the
patients  presented  gastrointestinal symptoms  before
manifestation of respiratory symptoms and development of
fever.612]n a study of 1,099 patients whose laboratory tests had
confirmed SARS-CoV-2 infection, Guan et al (2020) had informed
that diarrhoea was manifested by 3.8% of the patients while
vomiting was reported in 5.0% of the patients."*Zhang et
al(2020)showed that SARS-CoV-2 was present not only in lungs
of patients but also in their stratified squamous epithelial cells in
oesophagus,and enterocytes of ileum and colon.!5Holshue et al
(2020) also informed that SARS-CoV-2 instance induces gut
symptoms.!1Xiao et al (2020) suggested gastrointestinal infection
by SARS-CoV-2 virus too.'*Danchin et al (2020) also suggested
gut tropism and a secondary propagation route for SARS-CoV-
2.7Zhang et al (2020) also concluded that besides the
respiratory systems, SARS-CoV-2 infects the digestive system as
well.18Enteric symptoms, such as nausea, vomiting and
diarrhoeainduced by SARS-CoV-2 were reported to be even
graver than those caused by other coronaviruses namely MERS-
CoV and SARS-CoV.7819

B. Presence of viral RNA in stool

Studies have informed detection of SARS-CoV-2 viral RNA
fragments in the faecal matter of patients.!%16Wu et al (2020)had
collected respiratory and faecal samples from SARS-CoV-2
patients in Zhuhai, China and reported that in 55% of the
patients, faecal samples were found positive for the RNA of SARS-
CoV-2.32Theyhad also reached the conclusion that SARS-CoV-2
RNA was first detected in samples taken from the respiratory
tract and was subsequently detected in faecal sample .20 Viral
RNA could be detected in faecal samples for an average of 27.9
days as compared to the average of 16.7 days for respiratory
samples..22However, in one case the faecal sample tested positive
for viral RNA continuously for 33 more days after viral detection
had stopped in respiratory samples.2?Wu et al (2020) reached
the conclusionthat the virus replicated actively in the
gastrointestinal tract of patients even after respiratory tract has
been cleared of the virus.22However, they soundeda caution that
it was difficult to determine whether the virus detected through
nucleic acid was viable or not.20In another study, Xiao et al
(2020) found 53.43% faecal sample positivity rate of SARS-CoV-2
RNA in hospitalized patients of SARS-CoV-2.16They had also
found that even after the viral RNA in respiratory tract samples
reduced to an undetectable level in patients, stool samples of
23.29% of the patients continued to reman positive for the viral
RNA.16
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C. Viability of the virus in environment

A recent analysis of the survival of human coronaviruses on
surfaces had found considerable variation in their survival,
ranging from 2 hours to 9 days. ?!Studies indicated that a variety
of factors, such as surface texture, temperature, relative
humidity, and particular virus strain, influenced their survival.
22SARS-CoV can stay alive for up to 15 days after drying.22Chan et
al (2011) reported that at a temperature of 22°C to 25°C a nd
relative humidity of 40-50%, SARS-CoV was found viable for up
to 5 days.23 Thereafter, its infectivity gradually declined.23MERS-
CoV also preferredlow temperature and low humidity. 24It was
found viable on multiple surfaces for 2 days at 20°C and 40%
relative humidity. 2¢In case of SARS-CoV-2, the literature search
yielded only one study on survival of the virus in environment
and it reported that SARS-CoV-2could remain viable in the
environment for days.?

D. Presence of live virus in faeces

Coronaviruses are present in the intestinal tracts of infected
humans and are shed into the environment through
faeces.2627Zhang et al (2020) hadreported that they could
successfully isolated live SARS-CoV-2 virus from faecal specimen
of a patient whose respiratory tract sample had tested positive
for SARS-CoV-2..28They established occurrence of SARS-CoV-2 in
both blood as well as anal swabs.2Wang et al et al (2020) also
claimed finding of live virus in faeces in 29% of the 153 cases
studied.??Zhang et al (2020) found existence of 2019-nCoV in
both blood as well as rectal swabs.!8 They had also found that in
the later stages of infection, the positivity rate of rectal swabs
was higher than the samples taken from blood or respiratory
tract thereby suggesting the possibility of shedding of the virus in
the faeces and its potential for transmission via oral-faecal route.
18Pan et al (2020) did rT-PCR analysis and found that out of 17
cases of SARS-CoV-2, in nine (53%) patients, stool samples were
found positive for the virus.3°Xu et al (2020) tested rectal swabs
of child patients of SARS-CoV-2 and found that eight out of ten
children studied tested positive even after nasopharyngeal
testing was negative.3'However, in fecal swabs, they could not
obtain confirmation of a replication-competent virus that is
needed to validate the capacity for fecal - oral transmission.3!

DISCUSSION

a. Key Findings

Gastrointestinal symptoms have been manifested in about 5% of
SARS-CoV-2 patients and in some of the patients these symptoms
were manifested before onset of high body temperature and
respiratory symptoms. The RNA of SARS-CoV-2 has been found
in gastro-intestinal tissues, suggesting gastrointestinal infection
of SARS-CoV-2. Live virus has been detected in rectal/anal swabs
and stool samples suggesting shedding of virus in faeces and
potential for its faecal-oral transmission.As faecal samples have
been found positive for a duration much longer than respiratory
samples, studies suggest that transmission of the virus by faecal-
oral route could even occur subsequent to clearance of the virus
from respiratory tract. Some studies attribute rapid spread of
SARS-CoV-2 to multiple routes of transmission of this virus.

SARS-CoV-2 is an emerging infectious disease and there are
limited studies in literature about shedding of live virus in stool.
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However, existing studies suggest that the virus is shed in stool
and can survive in sewage. The virus could also remain viable for
days in the environment. Stool samples may contaminate hands,
food, and even water leading to infection through oral cavity,
respiratory mucosa, or conjunctiva.Therefore, the epidemic
control measures musttake into account both respiratory and
gastro-intestinal routes of virus transmission. These would
include health education and publicity, environmental health and
personal hygiene, frequent hand washing, drinking boiled water,
avoid consumption of raw food, disinfection of surfaces.
Precautionary measures must be taken by the staff while
handling faecal samples.

Shedding of SARS-CoV-2 RNA in stool for an extended period has
implications for testing, discharge and quarantine policies.
Negative oral swabs when virus is still being shed in the faeces
may pose threat to other people. Such patients either had no
symptoms of the disease or manifested mild symptoms of the
same. Therefore, a possible shift in testing strategy from testing
of oral swabs during early period of infection to the testing of
anal swabs in later stages of the disease has been suggested.
Decisions on discharge of patients and determination of
quarantine period should be guided by the results obtained by
the modified testing strategy. Strict precautions are necessary for
both self-quarantined as well as hospitalized patients if their
faecal sample has tested positive for the viral RNA to break the
cycle of transmission of the virus.

b. Areas of future research

There are gaps in epidemiology and transmission of SARS-CoV-2
which need to be filled up by future research. The present nucleic
acid detection approach makes it difficult to determine whether
the virus shed in stool is viable or not. To define transmission
potential, more research is needed into theviability of SARS-CoV-
2 in faeces and potential for spreading the infection, particularly
in patients who excrete the virus in faeces. Moreevidence is also
needed on potential for transmission of the disease by patients
who test negative for the virus in the respiratory tract but their
stool samples test positive for the virus. Moreover, there is need
for more studies to establish viability of the virus in environment
and conditions which would felicitate its transmission by faecal-
oral route.

LIMITATIONS

This literature review was conducted using only two search
engines, Google Scholar and PubMed. Therefore, studies not
listed in these two databases have not been included in the
review. As SARS-CoV-2 outbreaks was reported from China, it is
possible that there are many research studies on the virus
published in the Chinese language which also got missed out in
our search.

CONCLUSION

SARS-CoV-2 infects the gastro-intestinal tract, replicates there
and is shed in the faeces. Live virus has also been isolated from
stool samples and rectal swabs. The virus can survive in sewage
and environment for days. The response to the epidemic, testing
strategy, quarantine period and discharge policy should be
formulated taking into consideration the faecal-oral transmission
potential of the virus.

Financial support: Nil
Conflicts of interest: Authors have no conflict of interest

REFERENCES
1.  Who.int. 2020. Coronavirus Disease (COVID-19) - Events As
They Happen. [online] Available at:

https://www.who.int/emergencies/diseases/new-

Journal of critical reviews

10.

11.

12.

13.

14.

15.

16.

coronavirus-2019/events-as-they-happen
March 2020].

Chen, N., Zhou, M,, Dong, X,, Qu, J., Gong, F,, Han, Y., Qiy, Y.,
Wang, J., Liu, Y., Wei, Y. and Yu, T., 2020. Epidemiological
and clinical characteristics of 99 cases of 2019 new
coronavirus pneumonia in Wuhan, China: a descriptive
study. The Lancet, 395(10223), pp.507-513.

Who.int. 2020. Coronavirus Disease 2019 (COVID-19)
Situation Report - 70. [online] Available at:
https://www.who.int/docs/default-
source/coronaviruse/situation-reports/20200327-sitrep-
67-covid-19.pdf?sfvrsn=b65f68eb_4 [Accessed 28 March
2020].

Mohfw.gov.in. 2020. Ministry Of Health And Family Welfare |
GOI RSS. [online] Available at: https://www.mohfw.gov.in/
[Accessed 28 March 2020]

Guan, W.J,, Ni, Z.Y,, Hu, Y., Liang, W.H,, Ou, C.Q., He, ].X,, Liu,
L., Shan, H,, Lei, C.L.,, Hui, D.S. and Du, B., 2020. Clinical
characteristics of coronavirus disease 2019 in China. New
England Journal of Medicine.

Wang, D., Hu, B,, Hy, C., Zhu, F,, Liu, X,, Zhang, ]J., Wang, B,,
Xiang, H., Cheng, Z., Xiong, Y. and Zhao, Y., 2020. Clinical
characteristics of 138 hospitalized patients with 2019 new
coronavirus-infected pneumonia in Wuhan, China. Jama.
Chan, J.F.W,, Yuan, S., Kok, K.H., To, KK.W., Chu, H,, Yang, ].,
Xing, F., Liy, J., Yip, C.C.Y., Poon, RW.S. and Tsoi, H.W., 2020.
A familial cluster of pneumonia associated with the 2019
new coronavirus indicating person-to-person transmission:
a study of a family cluster. The Lancet, 395(10223), pp.514-
523.

Huang, C., Wang, Y., Li, X,, Ren, L., Zhao, |, Hu, Y., Zhang, L.,
Fan, G., Xu, ], Gu, X. and Cheng, Z., 2020. Clinical features of
patients infected with 2019 new coronavirus in Wuhan,
China. The Lancet, 395(10223), pp.497-506.

Centers for Disease Control and Prevention. 2019 New
coronavirus, Wuhan, China: 2019-nCoV situation
summary. January 28, 2020 (https:// www.cdc.gov
/coronavirus/2019-nCoV/summary. html. opens in new
tab).

Phan, L.T., Nguyen, T.V.,, Luong, Q.C., Nguyen, T.V., Nguyen,
H.T., Le, H.Q., Nguyen, T.T., Cao, T.M. and Pham, Q.D., 2020.
Importation and human-to-human transmission of a new
coronavirus in Vietnam.New England jJournal of
Medicine, 382(9), pp.872-874

Holshue, M.L., DeBolt, C.,, Lindquist, S., Lofy, K.H., Wiesman,
], Bruce, H., Spitters, C., Ericson, K., Wilkerson, S., Tural, A.
and Diaz, G., 2020. First case of 2019 new coronavirus in the
United States. New England Journal of Medicine

Yeo, C.,, Kaushal, S. and Yeo, D., 2020. Enteric involvement of
coronaviruses: is faecal-oral transmission of SARS-CoV-2
possible?. The Lancet Gastroenterology & Hepatology, 5(4),
pp-335-337.

Huang, C., Wang, Y., Li, X,, Ren, L., Zhao, |, Hu, Y., Zhang, L.,
Fan, G., Xu, ], Gu, X. and Cheng, Z., 2020. Clinical features of
patients infected with 2019 new coronavirus in Wuhan,
China. The Lancet, 395(10223), pp.497-506.

Guan, W, Ni, ZY., Hu, Y., Liang, W.H., Ou, C.Q,, He, J.X., Liu,
L., Shan, H., Lei, C.L., Hui, D.S. and Du, B., 2020. Clinical
characteristics of coronavirus disease 2019 in China. New
England Journal of Medicine.

Zhang, H., Kang, Z., Gong, H., Xu, D., Wang, ]., Li, Z., Cui, X,,
Xiao, ], Meng, T., Zhou, W. and Liu, J., 2020. The digestive
system is a potential route of 2019-nCov infection: a
bioinformatics analysis based on single-cell
transcriptomes. BioRxiv.

Xiao, F., Tang, M., Zheng, X, Li, C,, He, ], Hong, Z., Huang, S.,
Zhang, Z., Lin, X,, Fang, Z. and Lai, R.,, 2020. Evidence for
gastrointestinal infection of SARS-CoV-2. medRxiv.

[Accessed 29

1064



https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200327-sitrep-67-covid-19.pdf?sfvrsn=b65f68eb_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200327-sitrep-67-covid-19.pdf?sfvrsn=b65f68eb_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200327-sitrep-67-covid-19.pdf?sfvrsn=b65f68eb_4
https://www.mohfw.gov.in/

INFECTION OF GASTRO-INTESTINAL TRACT BY SARS-CoV-2 AND ITS POTENTIAL FOR FAECAL-ORAL TRANSMISSION: A
LITERATURE REVIEW

17. Danchin, A, Ng, TW.P. and Turinici, G, 2020. A new
transmission route for the propagation of the SARS-CoV-2
coronavirus. medRxiv.

18. Zhang, W, Du, R.H, Li, B, Zheng, X.S., Yang, XL, Hu, B,
Wang, Y.Y., Xiao, G.F. Yan, B, Shi, Z.L. and Zhou, P., 2020.
Molecular and serological investigation of 2019-nCoV
infected patients: implication of multiple shedding
routes. Emerging microbes & infections, 9(1), pp.386-389.

19. Zhouv, ], Li, C,, Zhao, G., Chu, H., Wang, D., Yan, H.H.N., Poon,
V.K.M., Wen, L., Wong, B.H.Y., Zhao, X. and Chiu, M.C,, 2017.
Human intestinal tract serves as an alternative infection
route for Middle East respiratory  syndrome
coronavirus. Science advances, 3(11), p.eaao4966.

20. Wuy, Y, Guo, C, Tang, L., Hong, Z., Zhou, ]., Dong, X,, Yin, H,,
Xiao, Q. Tang, Y, Qu, X. and Kuang, L. 2020. Prolonged
presence of SARS-CoV-2 viral RNA in faecal samples. The
Lancet Gastroenterology & Hepatology.

21. Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of
coronaviruses on inanimate surfaces and their inactivation
with biocidal agents. ] Hosp Infect. 2020;104(3):246-51.
doi:10.1016/j.jhin.2020.01.022.

22. Who.int. 2020. Water, Sanitation, Hygiene And Waste
Management For COVID-19. [online] Available at:
<https://www.who.int/publications-detail /water-
sanitation-hygiene-and-waste-management-for-covid-19>
[Accessed 28 March 2020].

23. Chan KH, Peiris JS, Lam SY, Poon LL, Yuen KY, Seto WH. The
effects of temperature and relative humidity on the viability
of the SARS coronavirus. AdvVirol 2011; 2011: 734690.

24. vanDoremalen N, Bushmaker T, Munster V]. Stability of
Middle East respiratory syndrome coronavirus (MERS-CoV)
under different environmental conditions. Euro Surveill
2013; 18: 20590.

25. Guo, Y.R, Cao, Q.D., Hong, Z.S., Tan, Y.Y., Chen, S.D,, Jin, H].,
Tan, K.S., Wang, D.Y. and Yan, Y., 2020. The origin,
transmission and clinical therapies on coronavirus disease
2019 (COVID-19) outbreak-an update on the
status. Military Medical Research, 7(1), pp.1-10.

26. Newell, D.G., Koopmans, M., Verhoef, L., Duizer, E., Aidara-
Kane, A., Sprong, H., Opsteegh, M., Langelaar, M., Threfall, J.,
Scheutz, F. and van der Giessen, ], 2010. Food-borne
diseases—the challenges of 20 years ago still persist while
new ones continue to emerge. International journal of food
microbiology, 139, pp.S3-S15.

27. Zhang, ], Wang, S. and Xue, Y, 2020. Fecal specimen
diagnosis 2019 New Coronavirus-Infected
Pneumonia. Journal of medical virology .

28. Zhang, Y., Chen, C, Zhu, S, Shu, C,, Wang, D,, Song, J., Song, Y.,
Zhen, W.,, Zijian, F., Wu, G. and Xu, ]., 2020. Isolation of 2019-
nCoV from a stool specimen of a laboratory-confirmed case
of the coronavirus disease 2019 (COVID-19). China CDC
Weekly, 2(8), pp.123-4.

29. Wang, W, Xy, Y, Gao, R, Ly, R,, Han, K,, Wy, G. and Tan, W.,
2020. Detection of SARS-CoV-2 in Different Types of Clinical
Specimens. Jama.

30. Pan, Y, Zhang, D., Yang, P., Poon, L.L. and Wang, Q., 2020.
Viral load of SARS-CoV-2 in clinical samples. The Lancet
Infectious Diseases.

31. Xu,Y, Li X, Zhy, B, Liang, H,, Fang, C., Gong, Y., Guo, Q., Sun,
X.,, Zhao, D,, Shen, ]. and Zhang, H., 2020. Characteristics of
pediatric SARS-CoV-2 infection and potential evidence for
persistent fecal viral shedding. Nature Medicine, pp.1-4

Journal of critical reviews 1065




