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ABSTRACT
BACKGROUND The novel coronavirus SARS-CoV-2 is responsible 
for the current global pandemic. There is a concerted effort within 
the global scientifi c community to identify (and thereby potentially 
mitigate) the possible modes of transmission through which the virus 
spreads throughout populations. 

OBJECTIVE Summarize the ways in which SARS-CoV-2 is 
transmitted and provide scientifi c support for the prevention and 
control of COVID-19. 

EVIDENCE AQUISITION We conducted an extensive literature search 
using electronic databases for scientifi c articles addressing SARS-
CoV-2 transmission published from December 28, 2019 through 
July 31, 2020. We retrieved 805 articles, but only 302 were included 
and discussed in this review. The report captured relevant studies 
investigating three main areas: 1) viral survival, 2) transmission period 
and transmissibility, and 3) routes of viral spread. 

DEVELOPMENT Currently available evidence indicates that SARS-
CoV-2 seems to have variable stability in different environments and is 

very sensitive to oxidants, such as chlorine. Temperature and humidity 
are important factors infl uencing viral survival and transmission. SARS-
CoV-2 may be transmitted from person to person through several 
different routes. The basic mechanisms of SARS-CoV-2 transmission 
person-to-person contact through respiratory droplets, or via indirect 
contact. Aerosolized transmission is likely the dominant route for the 
spread of SARS-CoV-2, particularly in healthcare facilities. Although 
SARS-CoV-2 has been detected in non-respiratory specimens, 
including stool, blood and breast milk, their role in transmission 
remains uncertain. A complicating factor in disease control is viral 
transmission by asymptomatic individuals and through what would 
otherwise be understood as innocuous human activities. 

CONCLUSIONS This article provides a review of the published 
research regarding human-to-human transmission of SARS-CoV-2 
and insights into developing effective control strategies to stop viral 
propagation.

KEYWORDS COVID-19, SARS-CoV-2, transmission, pandemics, 
microbial viability

INTRODUCTION
The COVID-19 pandemic is caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).[1] The outbreak, attributed to an 
emerging virus, was fi rst identifi ed in late November 2019, in Wuhan, 
China. WHO declared the outbreak to be a Public Health Emergency 
of International Concern (PHEIC) on January 30, 2020, and recog-
nized it as a pandemic on March 11, 2020. As of August 2, 2020, a 
total of 17,628,109 confi rmed cases of COVID-19 have been reported 
in 213 countries and territories, resulting in approximately 680,354 
deaths. More than 11,349,471 people have since recovered.[2]

Given the urgency surrounding the pandemic, scientifi c publications 
and news outlets are consistently publishing emerging evidence on 
the ways in which SARS-CoV-2 is transmitted. However, these ini-
tial fi ndings need to be carefully interpreted and monitored. The 
objective of this report is to review the available scientifi c literature 
on viral propagation, the risk of transmission and the importance of 
bundled prevention measures. 

EVIDENCE AQUISITION
We conducted an extensive literature search covering the COVID-19 
pandemic (from December 28, 2019 through July 31, 2020) in 

the major electronic databases (ISI Web of Knowledge, PubMed, 
Medline, ScienceDirect, EMBASE, EBSCO, ProQuest, and Google 
Scholar), the websites of WHO, CDC and the Mayo Clinic, and preprint 
platforms (bioRxiv, medRxiv, SSRN and Qeios), with the search terms: 
[“2019-novel coronavirus” OR “2019 nCoV” OR SARS-CoV-2 OR 
COVID-19 OR “novel coronavirus”] AND [transmit* OR spread OR 
shedding OR pandemic OR outbreak OR contact OR droplet OR 
aerosol OR “respiratory trans*” OR “air borne” OR fecal OR oral OR 
“blood borne” OR “ocular trans*” OR eye OR conjunctiv* OR “contact 
lens” OR “vertical transmission” OR “mother to child transmission” 
OR breastfeeding OR sexual OR zoonotic OR animal OR “vector 
borne” OR household OR “solid waste” OR “waste water” OR 
“organ transplant*” OR hemodialysis OR nosocomial OR “healthcare 
worker” OR “hospital infection” OR tobacco OR travel* OR refugee 
OR migrant OR homeless* OR “mass gathering” OR prison* OR 
incarcerat* OR detention OR addict*]. (Note that enclosing a term or 
phrase with quotation marks in a websearch fi lters out all responses 
that do not include exactly that term or phrase, and the inclusion of an 
asterisk after a group of letters in a websearch broadens the search 
by including all words that begin with those same letters). A total of 
805 studies were retrieved and exported to the reference manager 
EndNote X8 (Thomson Reuters, London). A total of 258 duplicate 
studies were removed. We included research articles, review articles 
and clinical trials, case reports, correspondence, and situation reports 
that were published in English. All titles and abstracts were screened 
for relevance and full texts of potentially eligible articles were reviewed. 
The information was organized according to three main subjects: 1) 
viral survival, 2) transmission period and transmissibility and 3) routes 
of viral spread.

DEVELOPMENT
Viral survival 
Viability and stability on surfaces The high transmissibility of 
SARS-CoV-2 could be attributable to the greater environmental 

IMPORTANCE
Many questions remain unanswered regarding SARS-CoV-2’s 
modes of transmission. More research is needed to debunk 
speculations being made about SARS-CoV-2 and fi ll in the gaps in 
knowledge regarding the behavior of the virus and corresponding 
necessary preventive measures. This review is a contribution to 
the ongoing efforts to understand and adapt to the demands of the 
COVID-19 pandemic. 
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viability of this virus compared to other human coronaviruses. 
Van Doremalen[3] analyzed the aerosol and surface stability 
of SARS-CoV-2 and compared it with SARS-CoV-1, the most 
closely related human coronavirus, on a variety of surfaces 
commonly found in household and hospital settings (aerosols, 
cardboard, plastic, copper and stainless steel), and estimated 
the decay rates using a Bayesian regression model. In the 
experiment, van Doremalen attempted to mimic viral deposits 
from an infected person onto everyday surfaces in a household 
or hospital setting, such as through coughing or touching 
objects. The researchers used a high-powered machine (three-
jet collision aerosolizer) to generate tiny artifi cial particles (<5 
μm).

Stability on surfaces was evaluated by depositing 50 μL of virus 
and recovering the inoculum by swabbing, whereas viability of 
the virus in all surface and aerosol samples was quantified by 
end-point titration on Vero E6 cells. Throughout the duration 
of the experiment (3 hours), SARS-CoV-2 remained viable 
and was detectable, albeit with a drop in infectious titer from 
103.5 to 102.7 TCID50 per liter of air. The virus was more stable 
on plastic and stainless steel (2–3 days) than on copper (4 
hours) and cardboard (24 hours). Similarly, Kampf found that 
SARS-CoV-2 can remain infectious for 2–9 days on different 
types of materials.[4] However, these experimentally-induced 
particles that remained suspended in aerosols do not seem 
to simulate those distributed from a sneeze or cough from a 
COVID-19 patient and thus does not reflect a clinical setting.
[5–8] Importantly, authors sampled the air for just three hours, 
meaning the virus could potentially remain viable in the air 
for longer. Moreover, the authors did not verify whether these 
viruses were still capable of causing the disease. In this 
context, the two tested viruses behaved in a similar manner, 
but why SARS-CoV-2 has greater transmissibility remains 
unclear. 

It is probable that SARS-CoV-2–infected individuals are 
spreading the virus before showing symptoms and likely 
that SARS-CoV-2, being novel, is highly contagious in an 
immunologically-naive population.[9] This brings into question 
whether the control measures that were effective against SARS-
CoV-1 are equally effective when deployed against SARS-
CoV-2. Until we learn more about virus viability in a variety of 
settings and conditions, we have to consider all potential routes 
of transmission.

These studies provide key information about the stability of 
SARS-CoV-2. The fi ndings may have important repercussions 
for medical workers as well as the public and suggest that 
people may acquire the virus through the air or after touching 
contaminated objects. SARS-CoV-2 is quite transmissible 
through relatively casual contact, making this pathogen very 
hard to contain. The virus can live on items we touch often every 
day—such as mobile phones, tablets, computer keyboards, 
door handles and elevator buttons—for just as long and thus 
these objects should be disinfected frequently. However, on 
copper surfaces, which contain natural antimicrobial and 
virucidal properties and have been shown together with silver 
and aluminum to inactivate microbes,[10] SARS-CoV-2 was 
able to survive for four hours.

Physical and chemical inactivation Pastorino evaluated the 
heating and chemical protocols for inactivating SARS-CoV-2 while 
processing respiratory samples exhibiting higher viral loads than 
droplets. A temperature of 60 °C for 60 minutes was suffi cient to 
inactivate SARS-CoV-2 in low viral loads, while heating samples 
to 92 °C for 15 minutes was more effective in achieving a reduction 
of 6*log (viral load) highly loaded clinical samples.[11] 

Alex Chin at the University of Hong Kong found that SARS-CoV-2 
is persistently stable at a temperature of 4 °C. The study showed 
the virus can stay viable at high levels at room temperature for 
7 days (eliminated after 14 days), and will gradually abate at 
27 °C over 24 hours or after 30 minutes at 56 °C or after 5 
minutes incubation at 70 °C.[12] 

Thus far, there is no direct evidence on the infl uence of ambient 
temperature and humidity on SARS-CoV-2 transmission, 
and the activity or behavior of the virus in different climatic 
conditions is still unknown.[13] During the winter season in the 
Northern Hemisphere, that is before March 22, 2020, 90% of 
COVID-19 cases had been recorded in non-tropical countries 
with low temperatures and low humidity.[14] 

Wang investigated the role of temperature and humidity in 
reducing SARS-CoV-2 viability. After fi tting a regression 
model, they found that both high temperature and high relative 
humidity had a signifi cant effect on the reproductive number 
R. One degree Celsius increase in temperature and one 
percent increase in relative humidity lowered R by 0.0225 and 
0.01158, respectively. Although their results indicated that 
SARS-CoV-2 transmission may be reduced with the arrival of 
summer and rainy seasons in the northern hemisphere, it is 
still unclear whether these fi ndings will hold true in extremely 
hot, extremely cold or extremely dry areas, since the three-
day (January 21–23, 2020) average temperatures and relative 
humidity ranged from -21 oC to 21 oC and from 47% to 100% 
humidity.[15] 

Sajadi also found that temperatures >32 oC and high humidity 
influenced the spread of SARS-CoV-2, illustrating in their 
study that the virus has established significant community 
spread in cities and regions lying along a narrow east–west 
distribution, with consistently similar weather patterns (5 oC–11 
oC and 47%–79% humidity).[16] This suggests that weather 
factors may affect the virus, particularly humidity and hours 
and intensity of sunshine. On the other hand, Marc Lipsitch of 
Harvard’s T.H. Chan School of Public Health recently posted 
an analysis in which he concluded that warmer weather will 
“probably not” significantly slow the spread of the novel virus.
[17]

A log-linear generalized additive model controlling for potential 
confounders was used to analyze the effects of temperature 
and relative humidity on daily new cases and daily new deaths 
of COVID-19 in 166 countries (excluding China) as of March 
27, 2020, where higher temperatures and relative humidity 
were both negatively related to daily new cases and deaths.
[18] Consistently, lower humidity was associated with a 6-fold 
increase in locally-acquired positive COVID-19 cases in Sydney 
during the early stages of the epidemic. 
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Mecenas observed great homogeneity in a systematic review 
on effects of temperature and humidity on SARS-CoV-2’s 
seasonal viability and transmissibility. Cold and dry conditions 
were potentiating factors for viral transmission, whereas warm 
and wet climates seem to reduce spread. They concluded that 
the lower the humidity and the drier the air, the smaller the 
aerosols that can stay suspended in the air for longer durations. 
On the other hand, when the air is humid, the aerosols become 
larger and heavier, thus settling on surfaces more quickly, 
leading to a decreased chance of infection through airborne 
transmission.[19]

Inactivation by biocidal agents has been studied extensively. For 
instance, experimental studies demonstrated that the virus can 
be effi ciently inactivated by several surface disinfectants. 
Ethanol (62%–71%) reduced coronavirus infectivity by 2.0–
4.0 log10 with an exposure time of one minute. Hydrogen 
peroxide (0.5%) and sodium hypochlorite (0.1%–0.5%) each 
cause >3.0 log10 reduction in viral titers within one minute. 
The virus can also be inactivated by 2-propanol (70%–100%), 
the combination of 2-propanol (45%) with 1-propanol (30%), 
formaldehyde (0.7%–1%), glutardialdehyde (0.5%–2.5%), and 
povidone-iodine (0.23%–7.5%), all reducing its infectivity by 
4 log10 or more.[9] In another setting, sodium-dodecyl-sulfate 
and Triton-X100, when added to guanidinium thiocyanate-lysis 
buffers, resulted in a 6log reduction of virus in highly infectious 
clinical samples.[11]

The SARS-CoV-2 virus has been specifi cally tested for its 
ultraviolet (UV) susceptibility. Like many related coronaviruses, 
including the SARS coronavirus, SARS-CoV-2 was found to 
be highly susceptible to UV inactivation. For instance, UV-C–
based disinfection was found helpful in stopping the SARS-
CoV-2 virus from replicating.[20,21] A class of transparent 
conductors allowing for high levels of UV light to suffi ciently 
kill the virus has been recently released for use in disinfecting 
public areas.[22]

Transmission period and transmissibility People infected 
with SARS CoV-2 can be contagious prior to the onset 
of symptoms, as many laboratory-confi rmed cases were 
asymptomatic.[23–25] Asymptomatic carriers emerge as a 
new challenge for disease control. Moreover, post-discharge 
surveillance revealed that the duration of viral shedding 
may extend for more than one month after recovery and 
seroconversion.[26–28]

Early transmission dynamics showed the basic reproduction 
number, R0 of SARS-CoV-2 was 2.2 to 2.7,[29–31] although 
in other models it was calculated as 3.3[32] and 5.7.[33] The 
real-time reproduction number (Rt) was consistent with R0, 
albeit with variations in different countries: Italy (3.1); Spain 
(3.95); Germany (4.43) and France (6.56).[34] This implies 
that different mathematical approaches and assumptions may 
yield different results, and transmission dynamics may vary 
geographically.

Routes of viral spread 
Respiratory droplets and aerosols SARS-CoV-2 is classifi ed 
according to the US Centers for Disease Control and 
Prevention (CDC) as a respiratory virus, and is thus believed 

to be transmitted mainly through “respiratory droplets” when 
infected people sneeze, cough or talk. Like many respiratory 
viruses, including fl u, SARS-CoV-2 can be spread in tiny 
droplets released from the nose and mouth of an infected 
person as they cough.[35] A single cough can produce up to 
3000 droplets, and droplet diameters vary greatly (1–2000 μm).
[36] If enough pathogens are present in the droplets, they may 
be inhaled and spread to others. When airborne, the droplets’ 
moisture quickly evaporates, leaving droplet nuclei. The size of 
the nuclei and whether they carry pathogens determine their 
infectivity. Humans can inhale particles containing pathogens 
with diameters of 2–10 μm, which account for some 60%–
80% of droplet nuclei produced by coughing and sneezing, 
respectively. 

The inhaled particles can then settle in the alveoli and 
cause infection. Droplet nuclei produced by coughing are 
equivalent to only about 5% of sneezing droplets (sneezing 
droplets spreading more effectively.) Unless a large number of 
pathogens are present in droplet nuclei produced from saliva, 
sneezing or coughing, it is unlikely that these actions are 
directly responsible for transmission.[37] The longest sneezing 
transmission distance was found to be 1.7 m, and most of the 
droplets with particles of 0.36 μm fell to the ground.[38] Larger 
particles carrying pathogens will thus settle and contaminate 
other objects, such as door handles, seats, public transport 
handrails, elevator surfaces, etc., which then pose the risk of 
indirect contact transmission.[37]

Assuming that inhaled particles < 50 μm can settle in the nasal 
cavity, these particles would then account for >95% of the 
droplet nuclei produced from sneezing and coughing. However, 
one study found that 99.99% of pathogens are carried by 
particles larger than 50 μm.[39] Apparently, viral transmission 
through droplets requires the infected person to eject a large 
number of pathogens to result in direct transmission. When 
there is no air fl ow interference, it takes about 30–60 minutes 
for 90% of the droplet nuclei carrying pathogens to disappear 
from the air. Droplet nuclei with a diameter >4–8 μm usually 
disappear within 90–120 minutes. With airfl ow, the droplet core 
disappears from the air faster. 

These data were recently updated using spray droplet mea-
surement systems and spray scan laser sheets to analyze 
droplet production from coughs and speech by measuring the 
droplet size distribution, trajectory, travel distance and veloc-
ity, and time spent airborne in relation to the level of ventila-
tion.[40,41] In a study conducted by Lewis,[42] although large 
(100–1000 μm) and small (1–10 μm) droplets were produced 
during coughing, only small droplets appeared during speech. 
Droplets produced by sneezing coming from both the oral and 
nasal cavities were predominately large ones. These did not 
travel far before gravity bent their trajectory downward, falling 
on the ground within one second. On the other hand, droplets as 
small as 5 μm took almost 9 minutes to reach the ground when 
produced at a height of 160 cm. This fi nding has key implica-
tions for aerosol transmission of SARS-CoV-2.[42] Importantly, 
normal breathing did not produce any kind of droplets. Ventila-
tion of spaces substantially diluted respiratory droplets, thus 
poorly ventilated and populated spaces could contribute to the 
spread of SARS-CoV-2.
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Available research suggests that bioaerosols generated 
directly through exhalations may spur SARS-CoV-2 
transmission. This could help to explain why SARS-CoV-2 
is so contagious and how asymptomatic and mildly infected 
people may fuel the spread of the virus. Airborne transmission 
is plausible since virus particles that were experimentally 
aerosolized could remain viable for up to 3 hours.[3] William 
Ristenpart, a professor of chemical engineering at University 
of California-Davis, stated that SARS-CoV-2 spreads primarily 
via aerosols emitted when people speak.[43] 

People emit virus particles in a range of sizes including small 
droplets or fine particles, or “aerosols”, that can be suspended 
in the air for hours and flow with air currents long enough to 
infect passersby.[44] Bourouiba, in  a new model of respiratory 
emissions, stated that under the right conditions, peak 
exhalation speeds can reach up to 10–30 m/s. Liquid droplets 
from sneezes, coughs and even breathing are trapped in 
turbulent gas clouds, allowing them to travel >7–8 m, and 
linger in the air for minutes. Pathogens in the cloud could 
potentially reach air circulation systems inside buildings. The 
best defenses are the outdoors and open windows where air 
circulation or wind disperse and dissipate the clouds reducing 
droplet concentrations.[45] However, the author did not look 
at gas clouds of patients infected with the SARS-CoV-2 virus. 

A recent study found live SARS-CoV-2 particles to be widely 
distributed in the air and on object surfaces in the intensive 
care unit (35% of samples) and general ward (12.5% of 
samples) of the Huoshenshan Hospital in Wuhan, China. 
SARS-CoV-2 aerosols were most concentrated near and 
downwind to patients' rooms. These results confi rm that 
SARS-CoV-2 aerosol exposure poses risks, and that the 
maximum transmission distance of SARS-CoV-2 aerosol might 
be 4 meters.[46] In a hospital in Nebraska, USA, viral RNA 
was found in two-thirds of air samples collected in isolation 
rooms for severely ill COVID-19 patients and in a quarantine 
facility housing those with mild infections. Viral RNA was also 
isolated from surfaces on ventilation grates.[47] In another 
study, viral RNA from SARS-CoV-2 was found in a number of 
locations, including department stores.[48] Although the three 
aforementioned reports did not confi rm whether the collected 
aerosols are capable of infecting new cells, the data suggest 
that viral aerosol particles are produced by infected individuals, 
even in the absence of cough or sneezing.

On the other hand, there are reports from settings where no 
SARS-CoV-2 RNA was detected in air samples collected 10 cm 
in front of symptomatic COVID-19 patients who were breathing, 
speaking and coughing.[49–51] It is important to note that RNA 
detection in environmental samples based on PCR assays is 
not necessarily indicative of viable, transmissible virus. 

Airborne transmission of SARS-CoV-2 may be possible in certain 
circumstances in which aerosol-generating procedures (AGPs) 
are performed, such as respiratory tract suction before or after 
intubation, nebulizer treatment, manual ventilation, oxygen 
mask manipulation, bronchoscopy, chest compression or 
cardiopulmonary resuscitation, tracheostomy, or disconnecting 
a patient from a ventilator.[52] Further studies are needed to 
determine whether it is possible to detect the COVID-19 virus in 

air samples from wards where no therapeutic procedures that 
generate aerosols are ongoing. 

Active SARS-CoV-2 has been detected in patients' saliva by cell 
culture, although serial monitoring over time showed declining 
viral load.[53] Saliva can be discharged through coughing and 
can contain nasopharyngeal or lung secretions. When there is 
no coughing or in patients with no symptoms, SARS-CoV-2 can 
still be transmitted directly or indirectly through saliva.[35,53,54] 

On March 29, 2020, WHO stated that aerosol transmission 
of the virus needs further evaluation and confi rmation, and 
the number and distribution of SARS-CoV-2 in droplet nuclei 
ejected by coughing or sneezing have yet to be confi rmed by 
research.[52] It is crucial to know the concentration of SARS-
CoV-2 particles which would result in a signifi cant likelihood of  
infection. The duration of exposure necessary to inhale enough 
virus to cause infection is likely also an important factor. 
Under favorable combined conditions of airfl ow, humidity and 
temperature, an infectious dose of the virus might build over 
time. We should acknowledge the diffi culty of obtaining data in 
this context since deliberately exposing people and measuring 
the infection rate at different doses would be unethical.

Evidence-based hypotheses support the possibility of SARS-
CoV-2 airborne transmission due to its persistence in aerosol 
droplets in a viable and infectious forms. Based on available 
knowledge and epidemiological observations, it is plausible 
that small particles containing the virus may diffuse in indoor 
environments covering distances up to 10 meters from emission 
sources.[55,56] This explains the anomalous COVID-19 
outbreaks in northern Italy, ranked as one of the most polluted 
areas in Europe and characterized by high particulate matter 
concentrations.[57]

On July 6, 2020, more than 200 scientists submitted an open 
letter to WHO warning about airborne transmission of SARS-
CoV-2 via aerosols and urging the organization to recognize 
the risks. On July 9, WHO responded with an update in which it 
acknowledged with hesitation the growing evidence of airborne 
spread of the disease.[58]

Contact transmission Contact transmission of SARS-CoV-2 can 
occur through indirect contact with fomites in the immediate 
environment around the infected person or with commonly 
touched surfaces of objects potentially contaminated by landed 
patient secretions (nasal cavity, oral cavity, conjunctiva, etc.), 
such as door knobs, seats, elevator surfaces, faucets, public 
transport handrails, computer mice, trash bins, etc. Susceptible 
individuals can then be infected through the nasal mucosa or 
conjunctiva when touching the nostrils or rubbing the eyes.
[59,60] It is reported that SARS-CoV-2 RNA has been detected 
on hospital door handles in Shandong and Guangzhou, China.
[39] In a study at the University of Nebraska Medical Center, 
besides medical equipment, about 80% of frequently touched 
miscellaneous personal items tested positive for SARS-CoV-2 
RNA by reverse transcription polymerase chain reaction 
(RT-PCR). These included exercise equipment, personal 
computers, tablets, cellular phones, reading glasses, remote 
controls for in-room TVs, toilet seats, room surfaces, tables, 
bed rails and window ledges.[47]  A case report published 
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by the CDC suggested SARS-CoV-2 transmission may have 
occurred via contact with contaminated surfaces. In that case, 
a SARS-CoV-2–infected asymptomatic person attended a 
church service and transmitted the disease to another person 
who sat in the same seat later that day. Nevertheless, it could 
not be ascertained whether the virus was contracted via a 
contaminated surface or through lingering aerosol.[25]

Since SARS-CoV-2 could remain viable for several days on 
surfaces such as cardboard, plastic and steel,[3] concerns 
have been raised about packages, shipments and groceries.
[61] Although these items are likely safe, it is possible that 
an infected person could unknowingly deposit a signifi cant 
amount of contaminant on them. Thus, it is advisable to wipe 
down these items using approved disinfectants.[61] Non-
perishable items with same-day delivery can be left to sit for 
12–24 hours at room temperature to minimize risk. Given 
current epidemiological data, it is possible that contact with 
SARS-CoV-2–contaminated surfaces may be one of its main 
transmission routes, although controversy remains about how 
much and for how long SARS-CoV-2 can survive on different 
contaminated surfaces.

Fecal-oral transmission Early in the outbreak, fecal-oral 
transmission was fl agged as a possible route for SARS-
CoV-2 spread.[62] The angiotensin-converting enzyme 2 
(ACE2) receptors used by SARS-CoV-2 to enter cells are 
highly expressed in lung alveolar type 2 cells and in upper 
esophageal and stratifi ed epithelial and absorptive enterocytes 
in the ileum and the colon.[63–66] SARS-CoV-2 was detected 
in the intestinal tissues of animals exposed to the virus. The 
virus was also detected in biopsy specimens and stool, even in 
patients discharged after recovery, which may at least partially 
explain reported gastrointestinal symptoms,[67,68] potential 
recurrence, and transmission of SARS-CoV-2 from persistently 
shedding patients.[69,70]

Recent evidence has confi rmed the presence of SARS-CoV-2 
in fecal specimens from COVID-19 patients, and live virus has 
been cultured from stool samples.[71–74] Digested sputum may 
represent the origin of the virus in stool.[75] However, viral RNA 
concentration in anal swabs was higher than in the blood,[76] 
suggesting that the virus might replicate in the digestive tract. 
Contamination of hands, food and water may occur via contact 
with fecal content and may cause infection by invading the 
oral cavity and respiratory tract.[69,77–80] Chen recorded 
viral shedding at multiple time points in stool specimens.
[81] Although all specimens were not equally consistent with 
oropharyngeal swabs, stool samples tested positive for SARS-
CoV-2 RNA in 28 (66.7%) patients, of whom 18 (64.3%) 
remained positive for fecal viral RNA after the virus had cleared 
from their nasopharynxes. The average duration of viral 
shedding from feces after negative conversion in pharyngeal 
swabs was 7 days, although in some cases, this extended up 
to 4–5 weeks.[70] Interestingly, detection of SARS-CoV-2 RNA 
in stool was not linked to concurrent gastrointestinal symptoms, 
illness severity or particular demographic, clinical, laboratory or 
radiologic fi ndings.[81] 

Similarly, Wu verifi ed the presence of SARS-CoV-2 RNA in 55% 
of fecal specimens of patients with a positive oropharyngeal 

swab (RT-PCR).[82] Considering the infectiousness of 
SARS-CoV-2 isolated from stool samples, three studies have 
successfully cultured SARS-CoV-2 with a typical morphology 
from stool specimens in Vero cells. 

The aforementioned evidence affi rms the potential for fecal-oral 
or fecal-respiratory transmission of SARS-CoV-2, [71,83,84] 
even after patients have tested negative with RT-PCR 
oropharyngeal swab. Accordingly, treated patients who meet 
discharge criteria with a negative oropharyngeal swab should 
be advised they may still spread the disease via the fecal 
shedding route. Setting a negative fecal viral RNA test as part 
of the criteria for patient discharge is thus warranted.

Ocular transmission (Conjunctiva, tears, contact lenses) Tears 
are one of the body fl uids that can transmit SARS coronavirus.
[85] Although ACE2 proteins are widely distributed in many 
organs of the body (skin, lymph nodes, thymus, bone marrow, 
spleen, liver and brain),[63] their expression in conjunctival 
epithelia is yet to be confi rmed. Lu stated that the route of 
conjunctival COVID-19 infection and tear transmission cannot 
be ignored, as unprotected ocular exposure (while fully-
gowned with a protective suit and N95 respirator) was thought 
to be responsible for nosocomial infections in the Wuhan Fever 
Clinic.[86,87] Ocular fl uid from SARS-CoV-2–infected patients 
was found to contain the virus. This occurred early in the 
disease course and was confi rmed by viral RNA detection.[88] 
Similar case presentation and fi ndings were reported by other 
scholars.[89–91] These fi ndings highlight the importance of 
hygienic measures and appropriate use of personal protective 
equipment (PPE), because ocular mucosa could be both a site 
of virus entry and a source of contagion.

Liang and Wu detected SARS-CoV-2 RNA by RT-PCR in 
the conjunctival sac of 37 COVID-19 patients, of whom 
3 had conjunctival congestion/infl ammation. The viral 
load of conjunctival sac secretion was relatively low and 
proportional to the severity of the disease,[92] suggesting that 
ocular symptoms commonly appear in patients with severe 
pneumonia.[93] Reports of typical signs and symptoms from 
55,924 laboratory-confi rmed cases showed that conjunctival 
presentation was found in 0.8%, and it was unclear whether 
it was an initial or a concurrent symptom.[70,94,95] Indeed, 
SARS-CoV-2 may cause tears and conjunctivitis in the case 
of direct inoculation, migration of an upper respiratory tract 
infection, or hematogenous involvement of the lacrimal gland.
[96] 

In a prospective interventional case series study, Xia collected 
tears and conjunctival secretions at an interval of two–three 
days and tested for SARS-CoV-2 by RT-PCR. They found 
that tears and conjunctival secretions were positive for viral 
RNA only if COVID-19 pneumonia patients had conjunctivitis. 
However, isolation of the virus was unsuccessful. These results 
suggest that SARS-CoV-2 does not replicate in conjunctival 
epithelia and that ocular transmission is unlikely.[97] On the 
other hand, when tear sampling time points covered two weeks 
of active infection in an attempt to provide a good representation 
of the full disease course, all tear samples including those from 
patients with ocular manifestations, showed negative results, 
although nasopharyngeal swab samples continued to test 
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positive. Importantly, tear samples were incubated in cell lines 
four days before RNA extraction to rule out the possibility of 
false negative RT-PCR if a cytopathic effect could be observed. 
This again suggests that the risk of transmission through tears 
regardless of the phase of infection is likely low.[98]

Contact lenses have been raised as a potential concern for 
increased risk of exposure to the virus, although no evidence 
of contracting COVID-19 infection through handling contact 
lenses has been reported thus far. However, as contacts can 
cause eye irritation, wearers touch their faces when putting on 
and removing contacts, and may rub their eyes more often, all of 
which puts them at a higher risk for acquiring infection. Contact 
lens wearers may wish to opt to use spectacles, instead.[99]

Mother-to-child transmission Given the changes to physiology 
and immune function during pregnancy, pregnant women might 
face greater risks of being infected by SARS-CoV-2. Many 
diseases can be transmitted vertically by the mother-to-child 
route. Although mother-to-child transmission of SARS-CoV-2 
still requires more evidence before it can be confi rmed, there 
have been cases that point to the possibility of this route. 
Evidence for such transmission was based on clinical and 
laboratory fi ndings, particularly elevated IgM (immunoglobulin 
M) antibody values in blood drawn from neonates following 
birth,[100–102] or positive neonatal nasopharyngeal swabs for 
SARS-CoV-2 RNA by RT-PCR.[103] Positive IgM results with 
their inherent challenges of false positivity or cross reactivity 
with other congenital infections (sensitivity and specifi city of 
70.2% and 96.2%, respectively) are not defi nitive evidence 
of in utero infection. In many cases, infection in early infancy 
may have occurred due to postnatal contact with COVID-19–
positive parents or caregivers.[104]

A meta-analysis of 21 articles, which included 92 neonates 
born to 90 mothers infected with COVID-19, found no 
differences in the clinical characteristics of pregnant women 
and non-pregnant COVID-19 patients. Maternal COVID-19 
infection has caused higher incidence of fetal distress and 
premature labor, although vertical transmission was rare (4 
out of 86 neonates tested positive for the virus by RT-PCR).
[105] An additional report of 10 pregnant women infected with 
COVID-19 resulted in similar fi ndings: that is, while no vertical 
transmission of SARS-CoV-2 occurred after delivery, perinatal 
infection had produced adverse effects on newborns including 
intrauterine fetal distress, premature labor, respiratory distress, 
thrombocytopenia and abnormal liver function, and even death.
[106] 

The cause of such neonatal illness or death remains unclear, 
and the possibility of false negative PCR tests cannot be ruled 
out. More specimens, including umbilical cord blood, amniotic 
fl uid, gastric fl uid, stools or anal swabs from the neonates 
should have been collected to optimize detection of viral RNA. 
Furthermore, the placenta tissue should have been examined for 
possible placental infl ammation caused by viral infection. In any 
case, when these samples were considered in further studies, 
all tested negative for SARS-CoV-2.[107–110] This suggests 
that placental shedding and mother-to-child transmission is 
unlikely for this virus, probably due to low maternal viremia.
[84] The criteria that should be used for defi nitive diagnosis 

of vertical SARS-CoV-2 transmission remain unclear. One 
suggestion is a neonatal nasopharyngeal swab positive for 
virus within one to two hours of birth and before contact with 
an infected individual, and an elevated IgM level for the virus 
in cord blood. Although clinical characteristics of COVID-19 in 
pregnant women were similar to infected non-pregnant women, 
the case fatality of COVID-19 among pregnant women was 
25%. The related complications included acute respiratory 
distress syndrome, disseminated intravascular coagulopathy, 
secondary bacterial pneumonia, renal impairment and sepsis.
[105,111,112] 

It is noteworthy that in all previous reports, pregnant women 
were recruited in their third trimester, and thus the possibility 
of intrauterine vertical transmission during the fi rst or second 
trimester cannot be ascertained.[113] The impact of rubella 
infection, for example, increases two-fold in the fi rst trimester 
compared to the second trimester.[114] Moreover, all infected 
pregnant women underwent caesarian delivery, thus whether 
normal labor or uterine contractions increase the risk of mother-
to-child transmission has yet to be clarifi ed.[112,113,115] In a 
retrospective study, vaginal delivery was described as carrying 
a low risk of intrapartum SARS-CoV-2 transmission to the 
newborn, although one newborn tested positive after a vaginal 
delivery.[116] Several cases of uncomplicated labor and vaginal 
delivery in women with COVID-19 were reported.[117,118]

Breastfeeding Breast milk provides protection against many 
illnesses. Currently, it is unclear whether SARS-CoV-2 can 
spread via breast milk, but an infected mother can transmit the 
virus to her infant via respiratory droplets during breastfeeding.
[111] In limited studies, SARS-CoV-2 has not been found in 
breast milk,[108] but fragments of the viral RNA were detected 
by RT-PCR in a few breast milk samples of infected mothers 
although the isolated virus was not viable.[119] This does 
not rule out the possibility that mothers with COVID-19 could 
spread the virus via breast milk. 

Confi rmed or symptomatic mothers under investigation should 
take all possible precautions to avoid spreading the virus to their 
infants. When two mothers with COVID-19 who contracted the 
infection in the post-partum period breastfed without a mask, 
their newborns tested positive for SARS-Cov-2.[116] As per 
WHO recommendations, mothers with suspected or confi rmed 
COVID-19 are encouraged to initiate or continue breastfeeding.
[120] Whether mothers decide to express milk or to breastfeed 
directly, strict hygiene measures should be followed including 
face masks, hand washing and use of a breast pump.[121]

Sexual transmission Without a doubt, SARS-CoV-2 has 
implications for sexual and reproductive health.[122] Whether 
SARS-CoV-2 is sexually transmitted is largely irrelevant to 
the risks of having sex with someone who is infected. Early 
in the pandemic, SARS-CoV-2 was thought unlikely to be 
spread through sexual intercourse, according to a study that 
found no molecular evidence of SARS-CoV-2 in collected 
semen samples[123] and testicular biopsy specimens[124] 
from 34 Chinese men with mild to moderate COVID-19, one 
month after diagnosis. Moreover, Cui did not detect any SARS-
CoV-2 RNA in vaginal swabs of 35 COVID-19–positive female 
patients and found no evidence of sexual transmission to their 
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male partners.[125] More recently, 6 of 38 semen samples 
of COVID-19–infected men tested positive for SARS-CoV-2. 
Two of these samples were from patients who recovered.
[126] However, since then, the virus has been found in feces, 
saliva and mucous,[39,53,54] and the virus may be transmitted 
through anal or oral sex.[127] On the other hand, Wang 
provided bioinformatics evidence that human testes may be 
highly vulnerable to SARS-CoV-2 infection since ACE2 and 
transmembrane serine protease 2 (TMPRSS2), both of which 
act as receptors for SARS-CoV-2, are found in high numbers in 
human testicular tissue.[128] These fi ndings provide potential 
clues for further investigations. Collectively, SARS-CoV-2 
can be seeded in the male reproductive tract, and sexual 
transmission might contribute a critical proportion of overall 
viral propagation.

Zoonotic transmission COVID-19 is a zoonotic disease, whose 
spread was accelerated by modern human transportation and 
crowded urban environments, as well as through nosocomial 
transmission once severely-ill patients were hospitalized.
[129–131] Little is known about the presumed animal reservoir. 
Preliminary reports based on the codon usage and origin-
unknown homologous recombination of the spike glycoprotein 
suggested snakes as the possible wildlife source of the novel 
coronavirus.[132] However, RNA analysis revealed the virus 
to be most closely related to a coronavirus isolated from 
horseshoe bats (CoV RaTG13) living in Yunnan Province 
caves.[133–143] 

Horseshoe bats are maintenance hosts for SARS-related 
coronaviruses, and SARS-CoV-2 may have emerged in a 
similar way through sequential genetic recombination events 
prior to spillover into an intermediate host, thus qualifying as 
zoonotic transmission.[129,144,145] Epidemiological evidence 
indicated that several episodes of zoonotic transmission 
occurred in late November 2019 at a Wuhan city wholesale 
market, where live wild animals including snakes, bats, 
marmots, deer and some game animals were illegally traded.
[129,146] Frequent human-animal interactions and low levels 
of environmental biosecurity in rural communities in southern 
China were identifi ed as risks for zoonotic disease emergence.
[147] Future in-depth research on specifi c risk factors will 
help tailor more fi ne-tuned risk mitigation strategies to reduce 
threats of emerging zoonoses.

There have been a few reports of infected pet dogs,[148,150] 
cats[151,152] and other domesticated animals.[148,152,153] 
However, there is currently no evidence of SARS-CoV-2 
spreading from humans to pets or vice versa. Indeed, SARS-
CoV-2–positive dogs on RT-PCR had negative culture and 
serological tests, suggesting that the virus was unable to 
reproduce even when the best possible medium was provided. 
In one study, the COVID-19–positive dog never seroconverted 
to create antibodies against the virus, suggesting a weak 
infection not capable of eliciting an immune response and 
that the dog was never contagious to other pets or people. 
This means that the risk of pets serving as a source for 
SARS-CoV-2 infection, or for pets catching the disease from 
humans, must be extremely low. Research is being planned 
to better understand the risks and consequences of SARS-

CoV-2 infections in domestic animals. As part of the planned 
research, pet owners will be surveyed for particular interactions 
or behaviors that may contribute to the spread of the virus from 
humans to animals. Until we learn more, COVID-19–positive 
pet owners should exercise caution and appropriate physical 
distancing to keep their pets safe. Contact with pets in regard 
to kissing, petting or snuggling, sharing food, bedding, towels 
or dishware should be restricted.[154,155] 

Air conditioning cooling systems New research suggests that air 
conditioning (AC) may circulate infectious droplets containing 
SARS-CoV-2. In fact, air conditioning has always had the ability 
to infl uence virus circulation, but concerns for SARS-CoV-2 
are extreme given the great susceptibility of the population-at-
large to the virus and the current lack of a vaccine. An outbreak 
of COVID-19 in an air-conditioned restaurant in Guangzhou, 
China, involved nine persons in three family clusters. The 
infection was transmitted by a symptomatic index case at a 
table that was located in front of an AC unit to people at the 
same table as well as to others at a neighboring table. Although 
the six smear samples from the air conditioner intake and out-
take hose all tested negative for SARS-CoV-2 as confi rmed 
by RT-PCR, virus transmission in this outbreak cannot be 
explained by droplets alone. The scenario was consistent 
with droplet transmission prompted by the direction of the AC 
airfl ow, since lower concentrations of adrift aerosols at greater 
distances were insuffi cient to cause infection in other parts of 
the restaurant.[156] 

AC systems may pose the same danger in home settings 
particularly in the case of central cooling units. Opening 
windows rather than using AC would allow better air exchange 
and minimize viral spread.[157] In restaurants and banquet 
halls, it is crucial to increase the distance between tables and 
improve temperature-monitoring and ventilation surveillance. 
Ceiling fans with upward airfl ow rotation combined with upper-
air ultraviolet germicidal irradiation (UVGI) disinfection systems 
can be utilized.[158]

Household clusters Family clustering has been an important 
factor in SARS-CoV-2  transmission.[75] The secondary 
transmission rate among cohabiting family members and 
close contacts is highly variable (5%–100%),[26,30,31,159] 
and transmission is mainly through respiratory droplets or 
through close contact. Cohabiting children (<20 years) are 
4 times less likely than older adults (≥60 years old) to catch 
SARS-CoV-2 with no risk differences by sex.[160] Variations 
in the clinical manifestations of the disease can occur 
across secondary cases. Asymptomatic carriers may remain 
asymptomatic, develop mild symptoms or even develop 
severe COVID-19.[24,160–167] Given that the viral loads of 
symptomatic and asymptomatic patients are similar,[168] silent 
patients (asymptomatic or minimally symptomatic) have high 
transmission potential and can still infect others. Moreover, 
transmission may occur early in the course of infection during 
the incubation period,[24,160,166,167,169] which substantially 
impedes any potential of curbing the ongoing pandemic. This 
highlights the importance of epidemiological investigation of 
family-associated incidence rates, close contact tracing and 
longitudinal surveillance. Silent patients should be subjected 
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to isolation and continuous reassessment by virus-specifi c 
nucleic acid tests.[161,162,166,169]

Infected children have been identifi ed largely through contact 
tracing in households of adults.[170] A recent study of 65,000 
youngsters found that those between the ages of 10 and 19 
years are capable of spreading SARS-CoV-2 within households 
just as effectively as adults.[171] SARS-CoV-2 transmission 
can be particularly effi cient in crowded, confi ned indoor spaces 
such as homes and workplaces where transmission rates can 
reach as high as 43%.[172–175]

Foodborne transmission Currently foodborne exposure to 
SARS-CoV-2 is not believed to be a route of transmission.
[75,176] Because most initial cases had visited a wet market in 
Wuhan selling various exotic live animals, misinformation had 
circulated about the possibility of contracting SARS-CoV-2 if 
someone had eaten bats or bat soup. The mode of transmission 
became clearer after an explicit outbreak investigation that 
pointed to exceptionally wide contamination of a seafood 
market by bat excreta.[177] 

Several factors could make transmission of SARS-
CoV-2 through food less likely, even if the virus is present on 
food: i) cooking at least 60 °C usually kills viruses in meat and 
animal tissue, while it is certainly possible that transmission 
could occur if someone prepared a bat for a meal or consumed 
it undercooked; ii) unlike bacteria, viruses cannot grow inside 
food; iii) because of the poor stability of SARS-CoV-2, it 
cannot survive for long on surfaces and would be expected to 
dwindle with time if it accidently contaminated foodstuffs; iv) 
unlike other enteric viruses (norovirus, rotavirus, astrovirus or 
hepatitis A virus), SARS-CoV-2 has a different structure and 
cannot survive in the acidic stomach media;[178] v) moreover, 
food safety measures that are already in place to prevent 
foodborne illness reduce the transmission of any virus particles 
through food.[178,179]

Waterborne transmission SARS-CoV-2 has not been detected 
in drinking water but was found in untreated wastewater.
[180] As we pointed out earlier, SARS-CoV-2 nucleic acid has 
been found in urine and fecal matter of COVID-19 patients 
[67,73,74,77,181] and the virus was successfully cultured from 
some specimens.[71,72] While data are limited, it is unclear 
whether virus found in feces may be capable of causing 
COVID-19. There has not been a confi rmed report of the 
virus spreading from feces to humans. While plausible, it is 
not yet certain how well the virus is able to survive in water 
and wastewater, or whether a person exposed to untreated 
wastewater or sewerage can contract the infection. SARS-
CoV-2 may potentially enter wastewater systems through 
nasal secretions (e.g. due to the blowing of one’s nose and 
subsequent fl ushing of tissues). Similar coronaviruses have 
persisted in water, urine, feces and wastewater for periods up 
to 2 days at 20 °C, 4 days at 22 °C and 14 days at 4 °C, in 
diarrheal stool samples with an alkaline pH.[183,184] However, 
conventional wastewater treatment methods adopted in 
most municipal drinking water plants that use fi ltration and 
disinfection should remove or inactivate any virus, including 
SARS-CoV-2. 

As enveloped viruses, human coronaviruses have been shown 
to be more sensitive to chlorination, oxidant disinfection and 
ultraviolet light than other viruses with protein coats.[185] 
Transmission of the virus through properly designed and 
maintained sewage systems is a remote possibility. Beyond 
‘business as usual’ no SARS-CoV-2–specifi c modifi cations 
are required.[180] Existing standard practices of wastewater 
treatment plant operations still apply and should be adequate 
in managing transmission risks to wastewater workers. It is 
important to dispose of greywater in drains connected to a septic 
system, sewer or in a soakaway pit. The latter should be fenced 
off within the health facility grounds to prevent tampering and to 
avoid possible exposure in case of overfl ow.[185] Recreational 
water is another concern, although no reports have been made 
of SARS-CoV-2 transmission through the water in pools or 
in water play areas.[186] Proper operation, disinfection and 
maintenance of these facilities should inactivate the virus in 
the water.[180] 

Solid waste The COVID-19 pandemic is generating tons of 
medical waste and used gear contaminated with bodily fl uids 
or other infectious materials. There is no evidence that direct, 
unprotected handling of health care or municipal solid waste 
has resulted in SARS-CoV-2  transmission.[185] Medical waste 
generated during COVID-19 care can be treated and safely 
disposed of the same way as regular medical waste.[187] 
Discarding medical waste carelessly into the environment 
might result in severe consequences, particularly surface 
and fresh water pollution. Care should be taken to limit direct 
exposure to solid waste using best management practices. 
Waste management operators working with very limited safety 
equipment such as scavengers and waste-pickers are at great 
risk of infection.[187]

Vector-borne transmission Although SARS-CoV-2 can be found 
at low levels in blood, transmission via insect bite remains a 
remote possibility until proven otherwise.[188] The situation is 
under surveillance and monitoring by the American Mosquito 
Control Association.[189]

There is no evidence to support that SARS-CoV-2 can be 
vector borne. Scientists are assessing the potential risk that 
vectors like mosquitoes pose in SARS-CoV-2 transmission. 
Members of Coronaviridae (SARS and MERS) are not 
transmitted through blood-feeding insects (mosquitoes, ticks, 
sandfl ies). The capacity of SARS-CoV-2 to infect and be 
transmitted by three widely distributed species of mosquito 
(Aedes aegypti, Aedes albopictus and Culex quinquefasciatus) 
has been experimentally investigated and the results showed 
that the virus is unable to replicate in these mosquitoes and 
therefore cannot be transmitted to people.[190] 

Blood-borne transmission Nucleic acid from SARS-CoV-2 has 
been detected in many non-respiratory specimens including 
blood.[73,76,84,181] Although the role of blood in SARS-CoV-2 
transmission remains uncertain, the risk merits caution and has 
resulted in some challenges to usual blood donation services.
[191–193] The viral load peaks in the second week, but it is 
unknown if viremia occurs in pre-symptomatic or asymptomatic 
infection.[193,194] The median duration of the virus in serum 
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was 16 days and correlated with disease severity and patient 
age.[73,76] Generally, respiratory viruses are not transmitted 
through blood. The potential for SARS-CoV-2 transmission 
through blood or blood derivatives appears low since no 
transfusion-transmitted infection has been reported for SARS-
CoV-2 in recipients of platelets or red blood cell transfusions 
from donors diagnosed with SARS-CoV-2 or for the related 
coronaviruses SARS-CoV and MERS-CoV (the receptors did 
not develop COVID-19–related symptoms nor did they test 
positive for SARS-CoV-2).[195,196] Importantly, SARS-CoV-2 
has been shown to attack the 1-beta chain of hemoglobin and 
capture the porphyrin to inhibit human heme metabolism. This 
diminishes hemoglobin binding capacity to oxygen, triggering 
resistant hypoxia coupled with very rapid multi-organ collapse 
in COVID-19 patients.[197]

Several studies have investigated pathogen inactivation 
and reduction technologies (PRTs) to completely eradicate 
the potential risk of coronavirus transmission via blood 
or blood products.[192] Since February 10, 2020, Wuhan 
Blood Center and all blood banks in Hubei province have 
tested blood donations for SARS-CoV-2 RNA.[192] Plasma 
samples from this bank that were positive for viral RNA from 
four asymptomatic donors were screened in real time and 
retrospectively back to January 25, 2020.[198] The European 
Center for Disease Prevention and Control (ECDC)[199] and 
American Association of Blood Banks (AABB)[200] conducted 
a rapid risk assessment of the SARS-CoV-2 outbreak and 
its impact on blood safety. In this context, they established a 
precautionary 21–28 days deferral of donation after potential 
exposure to a confi rmed case, resolution of symptoms and 
completion of therapy in patients with confi rmed COVID-19, or 
in those recently returned from an outbreak area.[199] 

Apart from taking body temperature, screening questions 
for symptoms or potential exposure, active post-donation 
information gathering, and recalling and tracing infected 
donors, the ECDC, AABB, FDA and CDC do not currently 
recommend any specifi c measures for blood collection and 
testing protocols, since the risk for transfusion transmission 
of SARS-CoV-2 is still theoretical.[192] However, the safety 
of these actions is questionable in the face of unknown risk.
[193] The New York Blood Center is closely monitoring the 
COVID-19 outbreak.[201] 

Organ transplantation There is a risk of donor-derived SARS-
CoV-2 infection, either from living or deceased donors.
[202] The ECDC has recommended SARS-CoV-2 testing 
for epidemiologically at-risk potential organ donors.[203] 
Transplant recipients are at high risk of infection from viruses 
since they require immunosuppressants. Considering the 
previous responses to similar viruses, SARS-CoV-2 may induce 
severe consequences in recipients. They are anticipated to 
have more intense and prolonged viral shedding, with potential 
secondary impacts on contacts and health care workers. 
Nevertheless, preliminary evidence from an Italian transplant 
center in Lombardy showed that immunosuppression did not 
increase the risk of severe COVID-19 disease. However, it was 
suggested that precautions were still merited, as severe clinical 
manifestations could be triggered by reactive innate immune 
responses.[204] On the other hand, kidney transplant patients 

with COVID-19 in London evolved to serious stages and the 
disease was associated with poor outcomes.[205] As more 
information surfaces, these risks require further clarifi cations 
before we are capable of drawing more solid conclusions.

To avoid severe consequences of SARS-CoV-2 infection on 
both the transplant community and the contacts of transplant 
patients, the American Society of Transplantation has put 
forward interim recommendations. Living donors are required 
to avoid disease outbreak areas for at least 14 days before 
donation and are monitored for symptoms and exposure 
history. 

A 14-day deferral for elective organ donation is warranted for 
asymptomatic living donors with a recent history of travel to 
disease transmission areas or exposure to a person with known 
or suspected COVID-19. Deceased donors with known active 
COVID-19 are to be denied, whereas deceased donors with 
epidemiologic risks but without history of fever or respiratory 
illness or donors who have recovered from COVID-19 in the 
past are carefully considered for organs other than the lungs or 
intestine. Isolation procedures should be applied if a transplant 
is performed during a potential incubation period or in a country 
with endemic circulation of SARS-CoV-2. As more information 
becomes available, procedures related to transplantation must 
be updated.[202,203]

Hemodialysis Hemodialysis patients are in mandatory 
congregate settings, which compounds risk. Dialysis 
centers have become far more dangerous as SARS-CoV-2 
spreads rapidly in the community. Several studies reported 
maintenance hemodialysis patients who contracted SARS-
CoV-2 infection, although the transmission could not be traced 
to the hemodialysis process.[206,207]

To anticipate this challenge and provide evidence-based 
guidance to patients, healthcare professionals and dialysis 
facilities, the American Society of Nephrology established 
a COVID-19 Response Team in conjunction with the CDC.
[208,209] Preventive strategies must be implemented to 
minimize the risk of widespread dissemination of SARS-
CoV-2 in dialysis facilities, including education of staff and 
patients, careful disinfection, early recognition and screening 
for COVID-19 and separation of infected or symptomatic from 
non-infected patients.[210–212] Some dialysis organizations 
employ cohort models to identify epidemiologically at-risk 
patients and symptomatic or COVID-19–positive patients, 
transferring them to different facilities.[210]

Nosocomial transmission Many confi rmed COVID-19 patients 
have been infected in healthcare facilities.[213–216] Based 
on a meta-analysis of 4 studies, the proportion of nosocomial 
infection with SARS-CoV-2 has been quite high, accounting 
for 44% of patients with COVID-19.[217] Indeed, early in the 
epidemic, hospital personnel did not know enough about 
the virus to take proper precautions, leading to inattentive 
prevention and control actions. Moreover, patients admitted to 
hospitals did not take any precautions or personal protection. 
Many unsuspicious COVID-19 cases were initially nursed in 
non-dedicated multi-bed wards, mingling and sharing common 
facilities with other patients.[218]

Peer Reviewed



MEDICC Review, October 2020, Vol 22, No 460

Review Article

Appropriate hospital control measures have been able to 
prevent nosocomial SARS-CoV-2 transmission. Contact tracing 
and surveillance did not result in COVID-19 cases among 
hospitalized patients or health care workers when a vigilant 
integrated infection control strategy was in place.[49,218–221] 
Infl uencing patient behavior to encourage them to take droplet 
and contact precautions, and applying social distancing within 
hospitals have been equally important in reducing nosocomial 
spread.[219] Interestingly, high-fl ow oxygen therapy ≥6 L/min 
with a simple facemask posed a low risk of aerosol generation 
and did not result in secondary transmission[219] due to limited 
air leak through the side vents,[222,223] hence the neighboring 
patients were safe if they were kept at least one meter from 
the index patient. To increase safety during non-invasive 
ventilation, a helmet can be used as an interface if connected 
to the ventilator to avoid aerosolization.[224] 

The “eagle-eyed observer” is another promising endeavor 
for minimizing SARS-CoV-2  nosocomial infection. In this 
context, an on-duty observer remotely monitors medical staff 
in real time and instructs for instant correction.[225,226] As 
a proactive infection control tool, this provides immediate 
solutions in negative pressure isolation wards at three stages 
(before medical worker entry, while in ward, and after leaving 
the isolation ward). 

Health-care workers SARS-CoV-2 mimicked the 2003 SARS 
epidemic in producing alarming infection rates among 
healthcare workers (HCWs).[227,228] The virus attacked 2.0%–
29.0% of responding HCWs in China, Italy, Spain, USA and 
UK.[219, 229–232] Although some acquired the infection in the 
community, most contracted SARS-CoV-2 at their workplaces 
while providing direct patient care. Despite awareness of the 
potential of aerosol transmission through various therapeutic 
activities, inevitable exposure often occurred while performing 
AGPs.[219,229–232]   HCWs have been therefore required to 
wear a full set of PPE and an N95 mask or equivalent gear while 
performing an AGP.[233] Of note, PPE could itself be a source 
of airborne contamination. In fact, Liu at Wuhan University 
studied SARS-CoV-2 aerodynamics in Wuhan hospitals and 
found that it can be resuspended in the air when HCWs remove 
their PPE, clean fl oors and move through infected areas.[48] 
HCWs should therefore receive continuous training on proper 
hygiene measures and PPE use.[49,221,234] Although access 
to PPE is prioritized for HCWs, shortages or equipment that 
was not up to standards was described in many settings.[234] 
WHO is working with governments, industry and the Pandemic 
Supply Chain Network to boost production and secure suffi cient 
PPE.[235] 

According to some reports, HCWs were more likely to get 
SARS-CoV-2 in the community, yet there have been few 
scientifi c reports specifi cally looking into this aspect.[236,237]

Travel The COVID-19 pandemic has imposed a global 
shutdown of borders, including international air travel.[238] 
Travel restrictions go beyond border control, as entry thermal 
and syndromic screening for all incoming travelers, a 14-day 
quarantine of healthy individuals, and complete travel bans from 
high-risk areas were introduced by more than 130 countries.
[239,240] Certainly, travelers departing from Wuhan before the 

Spring Festival were the main infection source for other cities in 
China.[241,242] The CDC advises avoiding all nonessential travel 
to all global destinations. Conversely, prolonged border closures 
goes against WHO’s recommendation to avoid unnecessary 
restrictions on international traffi c and trade.[240] Indeed, travel 
bans may interrupt deliveries of needed aid and technical support.
[238] After careful risk assessment, restrictions must be revised 
regularly as the situation evolves to remain responsive in both 
measures and duration of the risk to public health.[243] 

Travel restriction has often been debated. Understanding the 
implications of SARS-CoV-2 transmission is crucial for the 
formulation of containment strategies.[244] Airport screening 
was successful in identifying and blocking importation of up to 
50% of dengue or Ebola cases presenting with fever in Taiwan.
[245,246] However, in the ongoing COVID-19 pandemic, 
airport screening effectiveness was estimated to be very 
limited given the disease’s extended incubation period (beyond 
14 days), which can result in low predictive values at screening 
locations.[247] Asymptomatic cases in their incubation period 
or cases concealing fever during travel could escape border 
controls and become infectious later to seed local transmission 
in destination countries.[30,248,249] Moreover, syndromic 
screening generates a high overhead of travelers who screen 
positive but are uninfected with the pathogen of interest.
[250,251] A reliable screening test (RT-PCR) can detect 
symptomatic and asymptomatic COVID-19 cases but will not 
provide instantaneous results.[252]

Statistical modeling estimated a 70.4% reduction in COVID-19 
global incidence after travel bans, and a 7%–20% reduced 
probability of major epidemics in all countries. However, 
travel bans secured only a few days of delay in the spread 
of the epidemic which will not substantially help meaningful 
prevention.[253,254] 

The risk of contracting the virus on regularly traveled public 
transportation in major cities may outweigh the risk of 
contracting the disease through international travel if physical 
distancing is not maintained. Accordingly, the contribution 
of global travel restrictions is relatively small unless paired 
with public health interventions (early detection, disease 
surveillance, social distancing, hand washing, sanitation, self-
isolation, quarantine and case management) to maximize 
reduction of transmissibility. 

Mass gatherings Large events and mass gatherings (MGs) such 
as concerts, festivals, conferences or sporting events have 
been sources of infectious disease spread and responsible 
for exacerbating the scope of pandemics.[255–257] However, 
the scale of the problem has declined over decades as better 
public health measures have been applied.[256,258,259] 
Behaviors in MGs like talking, sharing food or drinks and 
long periods of close sitting or standing can facilitate disease 
transmission. The role of MGs in SARS-CoV-2 transmission 
could be signifi cant given the relatively high R0.[260] In 
response to the COVID-19 pandemic and in line with social 
distancing guidance, government offi cials and responsible 
organizations in many countries have made decisions to cancel 
or postpone planned events.[261,263] Timing of restrictions 
should come closer to peaks in the epidemic and continue as 
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long as the transmission fails to decrease.[260] Schools are 
closed and distance learning is being adopted. Venues where 
people congregate for nonessential purposes such as gyms, 
pools, movies, museums or recreation are closed. On the other 
hand, supermarkets, service stations, clinics, pharmacies, 
banking and other essential gathering services remain open.
[262,264] MG cancellation or suspension is critical to pandemic 
mitigation.[257,265] A large body of research in this area is 
based on modeling studies[257] and case reports, including 
the COVID-19 outbreaks on the Diamond Princess cruise 
ship[30] and carnivals in Latin America.[266] 

Adherence to MG restrictions will aid emergency services and 
alleviate the burden on public health. Nevertheless, restrictions 
on MGs should be decided on the basis of context-specifi c 
risk assessment and clear rationale, bearing in mind their 
socioeconomic impacts and effects on the future wellbeing of 
communities.[258,263]

Refugees and migrants Given how quickly SARS-CoV-2 is 
spreading, it will inevitably establish a foothold in refugee 
and migrant communities and within internally-displaced 
settlements.[267] The risk is compounded by overcrowded 
living arrangements and the immense barriers to accessing 
healthcare services and sanitation facilities commonly found in 
these communities. Border closures and movement restrictions 
will likely increase as containment measures for COVID-19 
control intensify, which will block refugee rights to seek asylum 
and humanitarian aid, particularly after the UN suspension of 
resettlement procedures.[267,268] The COVID-19 pandemic 
could devastate migrant populations without immediate action 
and enormous global support. For example, almost half the 
refugees in the Ellwangen refugee camp in Baden-Wurttemberg 
tested positive for SARS-CoV-2 (250 confi rmed cases), and 
these individuals were forced to share facilities with everyone 
else. Moreover, about 80% of refugees live in low- and middle-
income countries with compromised healthcare systems and 
reduced epidemic management capacity.[268] WHO calls on 
preparedness plans to consider refugees and address their 
needs in order to ensure no one will be left behind. Its proposed 
framework guides risk assessment, case management 
protocols, rapid deployment of outbreak response teams and 
linguistically accessible information about COVID-19.[269,270]

Homelessness Homeless people live in environments that are 
conducive to disease spread.[271] They live in congregate 
settings (tents, shelters or halfway houses, encampments, 
abandoned buildings, train or bus stations, tunnels) with 
shortage of basic needs and hygiene supplies. Moreover, 
homeless individuals engage in high rates of substance abuse, 
have poor health status, and experience 5–10 times higher 
all-cause mortality than the general population.[271,272] 
People experiencing homelessness are at a catastrophic risk 
of infection during the community spread of SARS-CoV-2.
[273] More particularly, mentally-ill homeless individuals 
will not be able to cope with the situation in recognizing and 
responding to the threat of infection.[273] These circumstances 
challenge attempts to stem SARS-CoV-2 in countries with 
sizable unsheltered populations.[273,274] As cities impose a 
lockdown to prevent SARS-CoV-2  transmission, emergency 
preparedness plans to protect and accommodate people 

experiencing homelessness are few. In the USA, in response 
to the COVID-19 crisis, action is being taken to relocate many 
of homeless people to hotels. In fact, homelessness requires 
additional measures and resources. In the USA, the CDC 
has issued interim guidance to support response planning by 
emergency management and public health authorities in order 
to respond to the needs of homeless populations in the face of 
the epidemic.[275]

Drug addiction COVID-19 could hit populations with substance 
abuse disorders (SUDs) particularly hard.[276] Very little is 
known about SARS-CoV-2 and its intersection with SUDs. 
However, people who use drugs (PWUD) including opioids, 
methamphetamine or cannabis, might face an increased risk of 
COVID-19 and its more serious complications given their effects 
on cardiopulmonary health as well as on the immune system.
[276] Compromised breathing is the main life-threatening effect 
of opioid abuse, which can be further aggravated by COVID-19 
and manifest as an overdose.[276,277] 

The current public health crisis raises additional serious 
concerns for PWUDs. Indeed, recreational drug use often 
takes place within congregate settings where smoking or 
injecting equipment potentially contaminated with SARS-
CoV-2 are shared.[278] Prospects of self-quarantine and other 
public health restrictions may also disrupt regular access to 
syringe exchange services, medications and other needed 
support. Moreover, PWUDs experience housing instability and 
limited access to health care at higher rates than the rest of 
the population. Fear of stigmatization will create an additional 
barrier to treatment for COVID-19.[276] 

Smoking and tobacco use Mounting evidence has attributed 
differences in COVID-19 prevalence and severity to smoking.
[279–281] Two meta-analyses of relevant epidemiological 
studies conducted in China supported the argument 
that smoking is most likely associated with the negative 
progression and adverse outcomes of COVID-19.[282,283] 
Conversely, reports from several studies questioned the role 
of coexisting active smoking as a risk factor for COVID-19 
pneumonia,[284] and even suggest a protective role.[285] 
In this regard, epidemiological data showed that smokers 
were underrepresented among COVID-19 patients, with no 
signifi cant association between current smoking and severe 
disease.[94,286–288] 

Interestingly, the prevalence of current smoking among 
hospitalized COVID-19 cases in China, France and the USA 
was low (approximately one third the anticipated prevalence 
when considering smoking prevalence in the general population). 
French researchers suggested that the nicotinic acetylcholine 
receptor (nAChR) plays a key role in the pathophysiology of 
SARS-CoV-2 infection and thus presents a target for its prevention 
and control. This legitimizes controlled use of nicotine to compete 
with SARS-CoV-2 binding to the nAChR. A therapeutic assay of 
nicotine patches against COVID-19 is planned to test this theory 
at Pitié-Salpêtrière hospital in Paris.[289] 

Controversial inferences from the latest epidemiological 
studies should be interpreted with caution, given the limited 
available data and unadjusted results for other factors that may 
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affect disease outcomes. In fact, smokers are likely to be more 
vulnerable to contracting COVID-19, as the act of smoking 
involves frequent hand to mouth contact. Moreover, preexisting 
lung damage puts smokers at a higher risk of serious lung 
illness such as pneumonia.[290] 

The CDC suggests that COVID-19 has a case fatality rate 
of 6.3% for individuals with chronic respiratory disease, 
compared with 2.3% overall.[291] In waterpipe smoking, a 
single mouthpiece and hose are often shared among users 
in communal and social settings. In addition, the waterpipe 
apparatus is not cleaned between sessions, thus promoting 
the survival of contaminating microorganisms. These factors 
provide ample opportunity for SARS-CoV-2 and other infectious 
diseases to spread between users.[292] Likewise, vaping 
may also harm lung health. Emerging evidence suggests that 
exposure to aerosols from e-cigarettes causes lung injury and 
diminishes the ability to respond to infection.[293] 

Imprisonment Detention environments are breeding grounds 
for infectious diseases.[294,295] Infection rates in prisons are 
fueled by overcrowding, poor ventilation, unsanitary facilities, 
high risk behaviors, defi cient healthcare services and the 
weighting of security over public health concerns.[294–296] 
Moreover, prisoners have restricted access to common hygiene 
products containing ingredients usually deemed contraband, 
such as alcohol-based hand sanitizer.[295] 

Alarming clusters of COVID-19–related deaths have erupted 
among incarcerated persons and prison staff.[297] Over 10 
million people are incarcerated worldwide,[298] which makes 
prisons a worldwide flashpoint for the disease’s spread.[299] 
The incarcerated population is at heightened risk for contracting 
COVID-19 as well as for developing severe disease-related 

complications due to normative multimorbidity and accelerated 
aging.[297,300] 

The response to COVID-19 in prisons and other places of detention 
is challenging and requires a holistic approach. Government 
offi cials from many countries adopted measures for limited prisoner 
release to reduce the incidence of in-custody transmission.[297] 
However, release without a plan poses the risk of viral spread 
to the local general population. In this regard, WHO has issued 
prison-specifi c guidance for responding to COVID-19. It suggests: 
i) joint planning to integrate prison health in the overall public health 
response, ii) risk management to limit transmission and spread 
within and beyond prisons, formulating adequate prevention and 
control protocols for entry screening, personal protection, social 
distancing, environmental cleaning and disinfection, restriction of 
movement and limited access for visitors, iii) treatment, specialized 
care and isolation of cases and contacts and iv) facilitation of 
timely information sharing and establishment of close collaboration 
between healthcare and justice sectors.[301]

CONCLUDING REMARKS
Ferreting out scientifi cally sound information among 
inadequate, misinformed and controversial reports is a hard 
task. In consequence, an in-depth analysis of published 
scientifi c information is mandatory.

SARS-CoV-2 transmission and infection research is as essential 
today as it was at the beginning of the pandemic. The transition 
to a post-pandemic phase poses new problems regarding 
transmission, with profound social consequences. Undoubtedly, 
the post-pandemic period will highlight aspects of transmission 
that we are unable to foresee today. Until there is a safe and 
effective vaccine, and certainly, afterwards, research on the routes 
of transmission of the virus will remain a top priority.
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