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Abstract
COVID-19 is a novel disease caused by SARS-CoV-2. During the global vaccination rollout, it is vital to thoroughly
understand the modes of transmission of the virus in order to prevent further spread of variants and ultimately to
end the pandemic. The current literature suggests that SARS-CoV-2 is transmitted among the human population
primarily through respiratory droplets and, to a lesser extent, via aerosols. Transmission appears to be affected by
temperature, humidity, precipitation, air currents, pH, and radiation in the ambient environment. Finally, the use of
masks or facial coverings, social distancing, and hand washing are effective public health strategies in reducing the
risk of exposure and transmission. Additional research is needed to further characterize the relative benefits of
specific nonpharmaceutical interventions.

Introduction
COVID-19 is caused by a beta-coronavirus named
SARS-CoV-2 due to its genetic similarities with SARSCoV-1 (the etiological agent of Severe Acute Respiratory
Syndrome (SARS)) [1]. The first cases of COVID-19
were reported in China in late December 2019, and currently, cases have been reported in most countries
around the world with very significant morbidity and
mortality [2, 3]. The disease, which in 1 year caused over
120 million infections and 2.5 million deaths worldwide,
was declared a pandemic by the World Health
Organization (WHO) in March 2020 [4].
Identifying and recognizing the relative importance of
the factors promoting SARS-CoV-2 transmission is critical to implementing public health strategies to contain
the pandemic and future outbreaks of related betacoronaviruses. This review summarizes the available
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information on known modes of human-to-human
transmission of SARS-CoV-2, environmental factors that
affect transmission of the virus, and evidence supporting
the use of specific nonpharmaceutical and public health
interventions to limit its spread.

Modes of transmission
Respiratory transmission: respiratory droplets and
aerosols

Prior studies on SARS-CoV-1 suggest that respiratory droplets are the primary mode of transmission for betacoronaviruses [5]. The transmission of SARS-CoV-2 occurs
primarily through respiratory droplets and aerosols generated during coughing or sneezing, which may land on the
nose, mouth or eyes [6]. Aerosols and droplets are considered different parts of a continuum, and various proportions are emitted from the individual depending on the
type of activity performed, such as talking, coughing or
sneezing [7]. Although large respiratory droplets (> 5 μm)
tend to fall out of the air rather quickly, aerosols containing
smaller particles (< 5 μm) can travel across greater distances
[8, 9]. The possibility of SARS-Cov-2 transmission via aerosols was underscored by a provocative study by van
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Doremalen et al., who reported that SARS-CoV-2 can remain viable in aerosols for up to 3 h, with less than 20% reduction in infectious titer during this time period [10]. It is
important to note, however, that this study utilized a nebulizing machine to generate very small (< 5 μm) airborne
particles containing SARS-CoV-2 (105.25 50% tissue-culture
infectious dose [TCID50] per milliliter), and it is unclear if
typical patients with COVID-19 generate similar aerosols
containing this burden of viable virions [11].
Shen et al. investigated a COVID-19 outbreak during
an outdoor religious ceremony in China [12]. Among the
31 people infected, 24 of them travelled to the ceremony
in the same bus as the index case, and the remaining 7
had close contact with the index case at the ceremony.
None of the patients who travelled in a different bus developed the infection. Case density was non-significantly
higher in the area closest to the index case, who was presymptomatic. These findings suggest that airborne, and
possibly aerosol, transmission of SARS-CoV-2, likely due
to air recirculation and poor ventilation within the bus,
were associated with the higher attack rate [12].
In an analysis of the Skagit valley choir outbreak,
Hamner et al. concluded that respiratory droplets were
responsible for transmission. During a rehearsal, 52 out
of the 60 naïve attendees (86.7%) were infected.
Although seating charts were not provided, because the
choir sat in a grid of approximately 4 ft deep by 13 ft
wide, and the range of expelled respiratory droplets is
approximately 6 ft, the index case could have infected
the entire choir if he/she were positioned in the middle
of the seating grid [13]. Another analysis of the same
outbreak concluded that, because precautions that limited
the potential for direct contact and droplet-facilitated infection were employed, such as the use of hand sanitizer
and the avoidance of handshakes and hugging, the choir
members likely become infected with SARS-CoV-2 by inhaling the aerosols from the index case, since singing can
generate large amounts of aerosols [14].
After investigating the potential contributions of respiratory droplets, aerosols, and fomites among new cases
of COVID-19 aboard the Diamond Princess cruise ship,
Azimi et al. concluded that short-range aerosols were the
dominant mode of transmission [15]. Investigating the
same outbreak, Xu et al. did not find a substantial increase
in cases after the stay-in-room policy was implemented,
leading them to conclude that the virus was not spread
through the central air-conditioning to individual rooms,
and that long-range aerosol transmission may not be possible [16]. These data are compatible with respiratory
droplet or short-range aerosol transmission.
In a case study of a spreader event in a restaurant in
China, more infections were reported among members
of the family seated downstream of the index case, along
the flow of the air conditioner, than in the family seated
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upstream [17]. Santarpia et al. found that 63.2% of air
samples from 11 residential isolation rooms in the
Nebraska Biocontainment Unit and National Quarantine Unit and 58.3% of samples taken outside the
rooms in the hallways tested positive for SARS-CoV-2
by RT-PCR [18]. The air samples taken near infected
patients had a higher concentration of RNA than
those taken farther than 2 m away, near the door of
the room (4.07 vs 2.48 copies/L of air, respectively)
[18]. Furthermore, viral RNA was detected in all the
samples from the floor under beds. This could be explained by airflow modeling, which predicted that
some fraction of the airflow was directed under the
patients’ beds [18]. Taken together, these results suggest
that SARS-CoV-2 is transmitted through the airborne
route, primarily through respiratory droplets and shortrange aerosols [18].
It should be noted that conclusions may be limited
from SARS-CoV-2 environmental sampling studies
reporting only RT-PCR data. This is because these studies reflect the presence of viral RNA rather than viable,
transmissible virus. Nevertheless, additional research is
needed to assess the contributions of short-range aerosols vs. respiratory droplets in the transmission of SARSCoV-2.
Fomite transmission

Early in the pandemic, direct contact with fomites harboring SARS-CoV-2 and subsequent contact with the respiratory or ocular mucosa was implicated in virus
transmission. In support of this possibility, infectious
SARS-CoV-1 particles (P9 strain) were found to persist
for up to 4–5 days on metal, paper surfaces, wood and
plastic surfaces [2]. A study of inanimate surfaces in two
hospitals in Bangkok and Taipei detected SARS-CoV-1
RNA by RT-PCR in 12 of 43 swabs from patient rooms
and 10 of 47 swabs from other parts of the hospital.
However, all cultures of these samples showed no
growth [19]. The surface stability of SARS-CoV-2 appears to differ slightly from that of SARS-CoV-1, as the
former remains viable on copper metal for up to 4 h, on
cardboard for up to 1 day, and on plastic and stainless
steel for 2–3 days [10, 11]. However, it is important to
note that the inoculum used to infect the surfaces in the
latter study was significantly higher than that shed by infected persons [10, 11].
In a study by Ong et al., samples taken from bathroom
surfaces, including toilets and sinks, in a clinical center
treating patients with COVID-19 yielded positive results
for viral RNA, suggesting that these surfaces could represent conduits for virus transmission [20]. A similar
study was conducted by Guo et al. at Huoshenshen Hospital in Wuhan. SARS-CoV-2 RNA was detected in samples collected from the floors of the intensive care unit
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(70%), general wards (15.4%), and the hospital pharmacy
(100%) [8]. Interestingly, no patients entered the pharmacy before sample collection, suggesting that SARSCoV-2 might be carried on the soles of the shoes of
medical staff and subsequently aerosolized during walking. In particular, smaller particles (< 2.5 μm) could be
catapulted from personal protective equipment during
removal, while the larger ones (> 2.5 μm) might be
stirred from the floor by the shoes of the medical staff
[21]. The virus was also detected by PCR on other surfaces, like computer mice, trash cans, sickbed handrails,
and doorknobs [8]. Liu et al. showed that samples collected from hospital areas accessible only to medical staff
yielded greater amounts of SARS-CoV-2 RNA than
those collected from patient-accessible regions [21].
Although these data suggest that fomites might contribute to community and nosocomial spread of SARS-CoV-2,
one should interpret the findings with caution. In studies
investigating the viability of the virus on inanimate surfaces,
very high inocula were used, and other environmental sampling studies tested for viral RNA rather than viable virus
[22]. Additional studies, with conditions more reflective of
typical and real-life SARS-CoV-2 exposure conditions,
should be conducted [22, 23].
Other body fluids

Studies have shown the presence of SARS-CoV-2 in human saliva. In a study by To et al., among 12 confirmed
cases of COVID-19, 11 had virus detectable by PCR, and
three patients had viable virus in their saliva [24]. These
findings could indicate direct infection of the salivary
glands by SARS-CoV-2, or the transit of respiratory secretions from the nasopharynx or lower airways through
the mouth. This could allow for the spread of SARSCoV-2 through the exchange of saliva, e.g., by kissing or
sharing toothbrushes [25].
Ocular involvement has not been described with
MERS-CoV and SARS-CoV [26]. On the other hand, in
a study by Loon et al., the tear samples of three patients
with SARS were shown to have SARS-CoV-1 RNA [27].
Xia et al. reported the presence of SARS-CoV-2 RNA in
the tears of one of 30 COVID-19 patients with conjunctivitis [28]. However, viable virus could not be cultured
from the samples in either of the above studies.
To study the potential transmission of SARS-CoV-2
through feces, Zhang et al. collected anal and oral swabs
from 16 patients with COVID-19, and found detectable
RNA in anal swabs from 4 and 6 patients 0 and 5 days
since diagnosis, respectively [29]. Conversely, oral swabs
were positive by RT-PCR in 8 and 4 patients on day 0 and
day 5, respectively. It is important to note that virus viability in fecal samples was not tested in this study [29].
Nonetheless, it has been suggested that feces could be deposited on bathroom fomites as patients attempt to clean
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themselves, and these could then be deposited onto respiratory mucosal surfaces [30]. Ding and colleagues detected a robust viral RNA signal in 4 out of the 107
samples collected from surfaces in the bathroom area in a
COVID-19 dedicated hospital [31]. It is also possible that
aerosolization of SARS-CoV-2 from feces during toilet
flushes may result in transmission [31].
Qiu et al. were unable to detect virus by RT-PCR in
vaginal samples collected from 10 women with COVID19 [32]. As only one sample was collected from each
woman, and some of them were collected more than 17
days after infection, the window for detection of SARSCoV-2 could have been missed. Furthermore, since all of
them were postmenopausal, it is unclear if these findings
are generalizable to younger women [32].
Pan et al. analyzed 6 male patients with symptoms
suggestive of viral orchitis [33], but were unable to detect SARS-CoV-2 RNA in their semen. Similarly, Song
et al. found that semen samples collected from each of
12 patients recovering from COVID-19 and the postmortem testes samples from a deceased individual tested
negative for SARS-CoV-2 RNA [34]. In contrast, Li et al.
recovered SARS-CoV-2 RNA from the semen of 6 of 38
patients with active COVID-19 [35]. Also, it was noted
that three of the six patients with RNA-positive semen
died subsequently, but all 32 semen-negative patients
survived. This suggests that the presence of SARS-CoV2 in semen might be a marker of severe disease.
Although reproductive fluids are unlikely to represent a
significant mode for transmission of SARS-CoV-2, additional studies are needed to fully assess the risk patients
with COVID-19 pose to their sexual partners.

Environmental factors
Temperature, humidity, and precipitation

Kampf et al. noted that high temperatures (above 30 °C)
reduce the viability of coronaviruses, while low temperatures (4 °C) prolong their persistence to over 28 days
[36]. Darnell et al. found that progressively higher temperatures resulted in accelerated inactivation of SARSCoV-1 [37], leading the authors to conclude that
pasteurization may be highly effective in inactivating the
virus [37]. Humidity may also affect coronavirus survival
in the environment. HCoV-299E had improved viability
at 50% humidity compared to 30% [36]. Chan et al.
found that subjecting SARS-CoV-1 to > 95% humidity
produced a smaller reduction in viral titer than at 40–
50% humidity [38]. Sobral et al. estimated that for every
one-degree Fahrenheit increase in ambient temperature,
the number of confirmed COVID-19 infections decreased by 1.44 cases/day, while for each inch increase
in precipitation/day, there was an increase of 56.01
cases/day [39]. These results suggest that the persistence
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of SARS-CoV-2 might correlate negatively with
temperature and positively with humidity.
However, other studies have suggested that the relationship between relative humidity and coronavirus stability in the environment may not be linear. Casanova
et al. observed that SARS-CoV-1 survival was greatest at
20 and 80% humidity, and lowest at 50% [40]. In
addition to low average temperature and mild diurnal
temperature range, Liu et al. concluded that low humidity favors COVID-19 transmission [41]. Eykelbosh reported that high relative humidity reduces airborne
material and the viability of virus in airborne particles
and on surfaces, thereby decreasing the risk of COVID19 transmission in humid environments [42].
Using transmission data of two beta-coronaviruses,
HCoV-HKU1 and HCoV-OC43, Baker et al. generated
computational models to simulate the global spread of
SARS-CoV-2. The results from the first model showed
that the basic reproduction number (R0) might decline
or remain the same as the humidity increases [43]. This
suggests that SARS-CoV-2 survival may be inversely correlated with humidity. The second model suggests that
pandemic size is dependent on latitude: in the northern
hemisphere, the differences in simulations performed in
New York, London, and Delhi were not significant, despite all three having very different climates. All tropical
locations had longer duration and lower intensity pandemics than northern locations. The third model concluded that if the R0 is higher, control measures are
more important in reducing the impact of the pandemic.
If R0 is lower, climate plays a more substantial role in
determining the magnitude of the pandemic [43].
The majority of the evidence suggests that elevated
temperature adversely affects SARS-CoV-2 viability,
however the precise effect of humidity remains unclear.
More research is needed to elucidate the dependence of
SARS-CoV-2 transmission on climate, especially at lower
temperatures and humidity.
Radiation

UV light, with a wavelength of 254 nm, is an effective biocide. However, excessive exposure can cause eye and skin
irritation in the short-term, and scarring in the long term
[44, 45]. In contrast, UVC light, with a wavelength of
207–222 nm, is believed to be safer [46]. Buonanno et al.
noted that when aerosolized HCoV-OC43 was exposed to
UVC levels well below the regulatory exposure limit of 3
mJ/cm2, 99.9% of particles were inactivated. Thus, it was
estimated that 25 min of exposure to 3 mJ/cm2 of UVC
light could inactivate 99.9% of SARS-CoV-2 particles with
minimal risk of harm to nearby humans [46].
Darnell et al. found that gamma radiation from
Cobalt-60 and UVA had no effect on SARS-CoV-1 inactivation, even after 15 min of exposure [37]. However,
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UVC light emitted from a source 3 cm from the sample
at an intensity of 4016 μW/cm2 partially inactivated
SARs-CoV-1 after 1 min of exposure and completely
inactivated [≤1.0 TCID50 (log10)] the virus after 15 min.
Duan et al. achieved inactivation of SARS-CoV-1 after
60 min by using a light intensity > 90 μW/cm2 at a distance of 80 cm [2]. Because the CDC has used a much
higher dose of 2 × 106 rad of gamma radiation from
Cobalt-60 to inactivate potential SARS-CoV-infected
serum specimens for study in BSL2 laboratories compared to the 1.5 × 104 rad used by Darnell et al., these results do not invalidate the CDC’s radiation sterilization
guidelines [37].
It is important to note these virus inactivation approaches may not be feasible in practice. Mills et al.
found that a 1 J/cm2 dose of UVC radiation on circular
coupons prepared from N95 respirators was sufficient to
kill MERS-CoV and SARS-CoV-1 [47]. However, such a
dose was insufficient to sterilize a sizable number of
soiled facepieces and straps [47]. Narla et al. concluded
that it is essential to make sure that no shadowing materials, e.g., cosmetics or sunscreen, are present on PPE
when sanitizing to ensure thorough cleaning [48]. Further research is needed to determine the necessary radiation dosages to achieve virus sterilization.
pH

Extremely basic and acidic conditions significantly reduce SARS-CoV-1 viability [37]. Exposure of SARSCoV-1 to pH 12–14 for 1 hour and pH of 1–3 at 25–
35°C completely inactivated the virus. In contrast, a pH
range of 5–9 was generally hospitable to SARS-CoV-1,
regardless of temperature. Further studies are needed to
test the translatability of these results to SARS-CoV-2
[37].

Measures to prevent transmission
Doung-Ngern et al. conducted a case-control study in
Thailand to determine the extent to which preventive
measures independently reduce COVID-19 transmission
[49]. They found that maintaining an interpersonal distance of greater than 1 m reduced the odds ratio of developing COVID-19 to less than 0.2. The next greatest
reduction was that produced by always wearing any face
mask (nonmedical or medical mask), followed by occasional use of a mask, as each practice reduced the odds
ratio to just over 0.2. Finally, limiting interpersonal contact to less than 15 min and at least sporadic handwashing reduced the odds ratio to around 0.3 [49].
Use of face masks or coverings

The WHO and CDC have recommended the routine
universal use of face masks or coverings to prevent
SARS-CoV-2 transmission during the pandemic [16, 50].
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Since a significant drop in COVID-19 incidence in New
York City and Italy coincided with mandated use of face
masks/coverings, Zhang et al. concluded that airborne
transmission was the dominant route for the spread of
COVID-19 [51]. However, Leung et al. reported that
facemasks or coverings may also prevent the spread of
SARS-CoV-2 via respiratory droplets [52].
In a study at the Boston’s Mass General Brigham hospitals, the SARS-CoV-2 positivity rate changed from a
daily increase of 1.16% per day to a daily decrease of
0.49% per day after instituting a mandatory masking policy for all healthcare workers and patients [53]. Similarly,
Lyu et al. studied the association between masking mandates and transmission rates across the U.S. and found
that daily case rates declined by 0.9, 1.1, 1.4, 1.7, and 2%
within 1–5, 6–10, 11–15, 16–20, and 21 or more days,
respectively, after masking mandates [54]. All case rate
declines were statistically significant, indicating that
masks are effective in reducing SARS-CoV-2 transmission. A case-control study by Fisher et al. found that visiting restaurants and coffee shops that offer dine-in
options, where masks are removed while eating and
drinking, were associated with higher SARS-CoV-2 positivity [55].
N95 respirators can filter 95% or more of particles as
small as 0.3-μm in diameter [56]. Leung et al. found that
even surgical masks are capable of filtering both SARSCoV-2-containing respiratory droplets and aerosols in exhaled breath [52]. However, an earlier study found that
surgical masks reduced the emission of respiratory droplets, but not of aerosols containing influenza virus [57].
The reason for the differences in efficacy of surgical masks
in preventing expulsion of SARS-CoV-2 and influenza by
the wearer remains unexplored.
Furthermore, Verma et al. found that folded handkerchiefs and homemade facemasks reduced the size of the
particle cloud, but noted that particles leaked around the
edges and through the material of such masks [58]. In a
study by Chan et al. assessing the efficacy of surgical
masks to prevent COVID-19 infection in golden hamsters,
they found that orienting the mask such that the fluidrepellent blue layer faced the naïve hamsters resulted in
fewer infections than if the mask was reversed [59].
A contact tracing investigation of a mechanically ventilated patient with delayed COVID-19 diagnosis at a
Singapore hospital identified 41 health care workers who
had exposure to aerosol-generating procedures for at
least 10 min at a distance of less than 2 m from the patient [60]. Of these contacts, 85% wore surgical masks
during the aerosol-generating procedures, while the remainder wore N95 masks. None of the 41 health care
workers acquired COVID-19 infection, leading the authors to conclude that surgical masks, hand hygiene, and
other standard procedures protected them from
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becoming infected [60]. These findings are consistent
with prior studies showing that N95 masks are not significantly superior to surgical masks for preventing influenza infection in health care workers [61]. These
findings offer some reassurance that surgical masks may
be acceptable alternatives in high-risk settings where
N95 masks are not available.
As in the nosocomial setting, the use of face masks
also appears to be effective in preventing SARS-CoV2 transmission in the community. In a hair salon in
Missouri, two hair stylists attended to 139 clients between first symptom onset and testing positive. One
stylist wore a double-layered cotton face covering,
and the other stylist wore either a double-layered cotton face covering or a surgical mask at work during
the time period before and while feeling ill. All the
clients at the salon wore face masks during the entire
appointment. None of the 139 clients reported developing COVID-19, and none of the 67 clients who
underwent nasopharyngeal swab for RT-PCR testing
for SARS-CoV-2 had positive results. However, four
housemates of stylist A subsequently developed
COVID-19 infection [62, 63]. These findings show
that face coverings provide effective protection against
virus transmission, including in indoor airspaces, and
also that the home environment, especially when
masks are not routinely used, represents one of the
most common venues of transmission [64]. A trial by
Bundgaard et al. showed that mask wearing did not
reduce the risk of SARS-CoV-2 infection in the
wearer. However, there were a number of limitations
to this study, including poor adherence to mask wearing in the intervention group [65]. Also, this study
did not investigate the potential protection against
COVID-19 offered to the greater community due to
mask wearing [65, 66].
Since face masks or coverings significantly reduce the
expulsion of respiratory droplets and aerosols containing
SARS-CoV-2 by infected individuals [52], their universal
use could reduce community transmission during the
pre-symptomatic stage or in asymptomatic individuals.
This is particularly important since various studies suggest that 40–80% of COVID-19 cases are asymptomatic
[67, 68], although such individuals may still be contagious [69, 70]. Also, He et al., found that patients with
COVID-19 infection begin shedding viral particles up to
3 days prior to displaying symptoms, with peak infectiousness occurring up to 2 days before symptom onset
[71], leading the authors to conclude that 25–69% of
COVID-19 transmission occurs during the presymptomatic period [71]. Several recent meta-analyses
also support the conclusion that face mask use significantly reduces COVID-19 transmission and infection
rates [72, 73].
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Many U.S. health care systems have implemented the
use of eye protection in addition to face masks/covering
during interactions of medical personnel and staff with
low-risk inpatients and ambulatory patients [74]. Huang
et al. reported the case of a man potentially infected with
SARS-CoV-2 through the ocular membranes during an
inspection in Wuhan [75]. Despite using an N95 mask,
he developed redness of the eyes several days before the
onset of pneumonia. A study by Chu et al. found that
the adjusted odds ratio for infection in people using eye
protection versus those who did not was 0.12 to 0.39,
which lends further support for the use of eye protection
[76]. More studies and data are needed before recommending the routine use of face shields or safety goggles
in public spaces.

Social distancing

Although the maximum transmission distance of
aerosolized SARS-CoV-2 is not definitively known, the
CDC suggests that carriers can infect people within a 6ft radius [13]. This is supported by the systematic review
by Chu et al., which found that virus transmission was
significantly lower with physical distancing of 1 m or
more, compared with a distance of less than 1 m (pooled
adjusted odds ratio of 0.18 [95% CI 0·09 to 0·38]) [52].
These results are consistent with respiratory droplets,
and perhaps short-range aerosols, as the primary mode
by which SARS-CoV-2 is transmitted. Nevertheless, longer range aerosol transmission of SARS-CoV-2 is still
possible. Some researchers believe that aerosolized
SARS-CoV-2 particles can be dispersed to distances up
to 10 ft [77], while Guo et al. suggested that the maximum transmission distance of aerosolized SARS-CoV-2
could be 4 m [8]. A recent study compared the incident
cases of SARS-CoV-2 among students and staff in Massachusetts public schools by comparing districts with
different physical distancing requirements [78]. This
study showed that among 251 eligible school districts,
the case rates among students and staff were similar in
the districts with ≥3 ft versus ≥6 ft of physical distancing
requirement [78]. More research is needed to conclusively determine the minimum separation required for
social distancing to be effective.
Gallaway et al. observed that shortly after the lifting of
stay-at-home orders, case counts increased by 151% in
the first 2 weeks of June in Arizona. Following the implementation of mask-wearing mandates and social distancing, case counts fell 75% over 4 weeks [79]. Because
pre-symptomatic and symptomatic transmission comprise the majority of the total R0 of SARS-CoV-2, Ferretti et al. concluded that preventing interactions
between infected individuals and their contacts is the
best way to halt the COVID-19 epidemic [80].
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However, emerging evidence suggests that sharing indoor space is a major SARS-CoV-2 infection risk. Qian
et al. investigated the circumstances surrounding 7324
cases of COVID-19, of which only two occurred outdoors [64]. These data suggest that while self-isolation
and quarantine may help to reduce the overall transmission rate of COVID-19, it might increase the risk of indoor transmission [64]. Kupferschmidt also suggested
that home isolation together with other individuals
might not be ideal to prevent COVID-19 transmission
[81]. In an epidemiological investigation of an outbreak
at an indoor call center in South Korea, 97 of 1143
people tested positive, with an attack rate of 43.5%
(95%CI, 36.9–50.4) [82]. SARS-CoV-2 is thought to have
a dispersion factor ‘k’ slightly higher than that of MERS,
another related coronavirus. Thus, being in close proximity in enclosed spaces is an important factor contributing to SARS-CoV-2 transmission [81].
Hand hygiene

The WHO and CDC recommend frequent handwashing
and hand sanitization using at least 70% alcohol solutions to prevent spreading and contracting COVID-19
[83–85]. These recommendations were corroborated by
Kratzel et al., who found that both 80% ethanol and 75%
2-propanol reduced the amount of viable SARS-CoV
particles by over 99.9% [86]. Kampf et al. observed that
ethanol was more effective than 2-propranol against
SARS-CoV, with a 105.5 reduction in viral infectivity in
30 s by 95% ethanol, and 104.0 reduction with 75% 2propranol [36]. Darnell et al. reported that neither 1:
4000 dilution formalin nor glutaraldehyde could completely inactivate SARS-CoV-1 at 4o C. However, at
higher temperature, formalin and glutaraldehyde inactivated SARS-CoV-1 particles in two to 3 days [36, 37].
More research is needed to determine the most effective
biocide against SARS-CoV-2.
In the case-control study by Doung-Ngern et al., handwashing was associated with a reduced odds ratio of
transmission (0.34; 95%CI 0.13–0.87), but the protection
is significantly lower when compared to mask wearing
[49]. Given that hand hygiene is a relatively straightforward and benign public health measure, it seems prudent to continue to recommend its implementation.
However, given the low likelihood of fomites as vectors
of transmission relative to respiratory droplets and
short-range aerosols, the emphasis of public health messaging should be placed on mask wearing and physical
distancing for preventing SARS-CoV-2 transmission.

Maintaining preventive behavioral interventions
during the COVID vaccine rollout
A number of COVID-19 vaccines are currently being administered. While they have the potential to curb the
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pandemic, it is important to note that until the threshold
for herd immunity is met, it remains important to implement behavioral interventions to minimize transmission
through various routes discussed above [87]. Such interventions will also prevent the evolution of novel variants
against which current vaccines might be less effective
[88]. Though it is not clear what this threshold is, computational models predict that even in the most ideal of
circumstances, vaccines need to be administered to a
majority of the population in order to significantly reduce SARS-CoV-2 transmission. Mukandavir et al. suggests that in South Africa, even with a 100% effective
vaccine, over 65% of the population must be vaccinated
for the COVID-19 outbreak to be contained [89]. More
realistically, a vaccine with 70% efficacy must be administered to almost 95% of the South African population to
contain the epidemic [89]. A model of the United States
predicts that if face mask use stops completely, between
33 and 58% of the population would need to be vaccinated with a 100% effective vaccine to suppress the epidemic [90]. This threshold is roughly the same in the
realistic scenario where face mask use is reduced by 50%
and vaccine effectiveness is 80% [90]. As more research
is done to determine the threshold for herd immunity,
the sustained implementation of preventive behavioral
interventions remains important in preventing ongoing
community transmission of SARS-CoV-2.

Conclusion
Current knowledge suggests that the transmission dynamics of SARS-CoV-2 is similar to that of other
beta-coronaviruses, with the respiratory system being
the most common point of entry and respiratory
droplets and aerosols being the most common modes
of transmission. Based on epidemiological and modeling data, the CDC and WHO have developed guidance to prevent transmission of the infection. There
is substantial evidence to show that the regular use of
any face mask, and social distancing can effectively
reduce the transmission of this virus. There is not
enough evidence on the type of mask that is best for
the prevention of transmission of infection in the
community. Handwashing with soap or the use of alcohol sanitizer have also been shown to reduce the
risk of infection in the community to a certain extent.
More research is needed on the sterilization of instruments and surfaces, and the importance of the role of
fomites in the transmission of the infection. Further
research on SARS-CoV-2 will also expand our understanding of the transmission of other respiratory
viruses.
Acknowledgements
Nil

Page 7 of 9

Authors’ contributions
L. Z., and P.C.K. conceived the study. L.Z., S. A., V. C and P.C.K. drafted the
manuscript. V.C. and P.C.K. corrected the draft. All authors critically reviewed
the manuscript and approved the final version of the article.
Funding
The study was supported by NIH K24 AI143447 to P.C.K.
Availability of data and materials
As this is a review article, primary data were not obtained.

Declarations
Ethics approval and consent to participate
Ethics committee approval was not required for this review article.
Consent for publication
All authors consent towards publication of this manuscript in BMC infectious
diseases.
Competing interests
The authors declare no competing interests.
Received: 14 December 2020 Accepted: 21 May 2021

References
1. Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, et al. The origin,
transmission and clinical therapies on coronavirus disease 2019 (COVID-19)
outbreak- A n update on the status. Military Medical Research. 2020;7.
https://doi.org/10.1186/s40779-020-00240-0.
2. Duan S-M, Zhao X-S, Wen R-F, Huang J-J, Pi G-H, Zhang S-X, et al. Stability
of SARS coronavirus in human specimens and environment and its
sensitivity to heating and UV irradiation. Biomed Environ Sci. 2003;16(3):
246–55.
3. Chidambaram V, Tun NL, Haque WZ, Majella MG, Sivakumar RK, Kumar A,
et al. Factors associated with disease severity and mortality among patients
with COVID-19: A systematic review and meta-analysis. Bhatt GC, editor.
PLoS One. 2020;15(11):e0241541.
4. Coronavirus (COVID-19) - Google News [Internet]. [cited 2020 Oct 25].
Available from: https://news.google.com/covid19/map?hl=en-US&mid=%2
Fm%2F02j71&gl=US&ceid=US%3Aen
5. Seto WH, Tsang D, Yung RWH, Ching TY, Ng TK, Ho M, et al. Effectiveness of
precautions against droplets and contact in prevention of nosocomial
transmission of severe acute respiratory syndrome (SARS). Lancet. 2003;
361(9368):1519–20. https://doi.org/10.1016/S0140-6736(03)13168-6.
6. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission
dynamics in Wuhan, China, of novel coronavirus–infected pneumonia. N
Engl J Med. 2020;382(13):1199–207. https://doi.org/10.1056/NEJMoa2001316.
7. Asadi S, Wexler AS, Cappa CD, Barreda S, Bouvier NM, Ristenpart WD.
Aerosol emission and superemission during human speech increase with
voice loudness. Sci Rep. 2019;9(1):1–10.
8. Guo Z-D, Wang Z-Y, Zhang S-F, Li X, Li L, Li C, et al. Aerosol and surface
distribution of severe acute respiratory syndrome coronavirus 2 in hospital
wards, Wuhan, China, 2020. Emerg Infect Dis. 2020;26(7):1586–91.
9. Fernstrom A, Goldblatt M. Aerobiology and its role in the transmission of
infectious diseases. J Pathogens. 2013;2013:1–13. https://doi.org/10.1155/2
013/493960.
10. Van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A,
Williamson BN, et al. Aerosol and surface stability of SARS-CoV-2 as
compared with SARS-CoV-1. New England J Med Massachussetts Medical
Society. 2020;382:1564–7.
11. Rubens JH, Karakousis PC, Jain SK, Schwartz KL, Kim J, Garber G, et al.
Stability and viability of SARS-CoV-2. N Engl J Med. 2020;382(20):1962–6.
https://doi.org/10.1056/NEJMc2007942.
12. Shen Y, Li C, Dong H, Wang Z, Martinez L, Sun Z, et al. Community
outbreak investigation of SARS-CoV-2 transmission among bus riders in
eastern China. JAMA Intern Med. 2020;180(12):1665–71. https://doi.org/10.1
001/jamainternmed.2020.5225.

Zhou et al. BMC Infectious Diseases

(2021) 21:496

13. How to Protect Yourself & Others | CDC [Internet]. [cited 2020 Oct 9].
Available from: https://www.cdc.gov/coronavirus/2019-ncov/preventgetting-sick/prevention.html
14. Miller SL, Nazaroff WW, Jimenez JL, Boerstra A, Buonanno G, Dancer SJ, et al.
Transmission of SARS-CoV-2 by inhalation of respiratory aerosol in the
Skagit Valley Chorale superspreading event. Indoor Air. 2020:ina.12751.
15. Azimi P, Keshavarz Z, Guillermo J, Laurent C, Stephens BR, Allen JG.
Mechanistic Transmission Modeling of COVID-19 on the Diamond Princess
Cruise Ship Demonstrates the Importance of Aerosol Transmission. medRxiv.
2020;2020:07.13.20153049.
16. Xu P, Qian H, Miao T, Yen H, Tan H, Cowling B, et al. Transmission routes of
Covid-19 virus in the Diamond Princess Cruise ship. medRxiv. 2020;2020:04.
09.20059113.
17. Lu J, Gu J, Li K, Xu C, Su W, Lai Z, et al. COVID-19 outbreak associated with
Air conditioning in restaurant, Guangzhou, China, 2020. Emerg Infect Dis.
2020;26(7):1628–31. https://doi.org/10.3201/eid2607.200764.
18. Santarpia JL, Rivera DN, Herrera VL, Morwitzer MJ, Creager HM, Santarpia
GW, et al. Aerosol and surface contamination of SARS-CoV-2 observed in
quarantine and isolation care. Sci Rep. 2020;10(1):12732. https://doi.org/10.1
038/s41598-020-69286-3.
19. Dowell SF, Simmerman JM, Erdman DD, Wu JSJ, Chaovavanich A, Javadi M,
et al. Severe acute respiratory syndrome coronavirus on hospital surfaces.
Clin Infect Dis. 2004;39(5):652–7. https://doi.org/10.1086/422652.
20. Ong SWX, Tan YK, Chia PY, Lee TH, Ng OT, Wong MSY, et al. Air, Surface
Environmental, and Personal Protective Equipment Contamination by Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) from a Symptomatic
Patient. JAMA. 2020;323(16):1610–2. https://doi.org/10.1001/jama.2020.3227.
21. Liu Y, Ning Z, Chen Y, Guo M, Liu Y, Gali NK, et al. Aerodynamic analysis of
SARS-CoV-2 in two Wuhan hospitals. Nature (London). 2020;582(7813):557–
60. https://doi.org/10.1038/s41586-020-2271-3.
22. Goldman E. Exaggerated risk of transmission of COVID-19 by fomites. Lancet
Infect Dis Lancet Publishing Group. 2020;20:892–3.
23. Mondelli MU, Colaneri M, Seminari EM, Baldanti F, Bruno R. Low risk of
SARS-CoV-2 transmission by fomites in real-life conditions. The Lancet
Infectious Diseases. 2020;21. https://doi.org/10.1016/S1473-3099(20)30678-2.
24. To KKW, Tsang OTY, Yip CCY, Chan KH, Wu TC, Chan JMC, et al. Consistent
detection of 2019 novel coronavirus in saliva. Clin Infect Dis. 2020;71(15):841–3.
25. Wei J, Li Y. Airborne spread of infectious agents in the indoor environment. Am J
Infect Control. 2016;44(9):S102–8. https://doi.org/10.1016/j.ajic.2016.06.003.
26. Li J-PO, Lam DSC, Chen Y, Ting DSW. Novel coronavirus disease 2019
(COVID-19): the importance of recognising possible early ocular
manifestation and using protective eyewear. Br J Ophthalmol. 2020;104(3):
297–8. https://doi.org/10.1136/bjophthalmol-2020-315994.
27. Loon S-C, Teoh SCB, Oon LLE, Se-Thoe S-Y, Ling A-E, Leo Y-S, et al. The
severe acute respiratory syndrome coronavirus in tears. Br J Ophthalmol.
2004;88(7):861–3. https://doi.org/10.1136/bjo.2003.035931.
28. Xia J, Tong J, Liu M, Shen Y, Guo D. Evaluation of coronavirus in tears and
conjunctival secretions of patients with SARS-CoV-2 infection. J Med Virol.
2020;92(6):589–94. https://doi.org/10.1002/jmv.25725.
29. Zhang W, Du R-H, Li B, Zheng X-S, Yang X-L, Hu B, et al. Molecular and
serological investigation of 2019-nCoV infected patients: implication of
multiple shedding routes. Emerg Microbes Infect. 2020;9(1):386–9. https://
doi.org/10.1080/22221751.2020.1729071.
30. COVID-19: Toilets dominate environmental detection of SARS-CoV-2 in a
hospital - CEBM [Internet]. [cited 2020 Oct 14]. Available from: https://www.
cebm.net/study/covid-19-toilets-dominate-environmental-detection-of-sarscov-2-in-a-hospital/
31. Ding Z, Qian H, Xu B, Huang Y, Miao T, Yen HL, et al. Toilets dominate
environmental detection of severe acute respiratory syndrome coronavirus
2 in a hospital. Sci Total Environ. 2021;753:141710. https://doi.org/10.1016/j.
scitotenv.2020.141710.
32. Qiu L, Liu X, Xiao M, Xie J, Cao W, Liu Z, et al. SARS-CoV-2 is not detectable
in the vaginal fluid of women with severe COVID-19 infection. Clin Infect
Dis. 2020;71(15):813–7. https://doi.org/10.1093/cid/ciaa375.
33. Pan F, Xiao X, Guo J, Song Y, Li H, Patel DP, et al. No evidence of severe
acute respiratory syndrome–coronavirus 2 in semen of males recovering
from coronavirus disease 2019. Fertil Steril. 2020;113(6):1135–9. https://doi.
org/10.1016/j.fertnstert.2020.04.024.
34. Song C, Wang Y, Li W, Hu B, Chen G, Xia P, et al. Absence of 2019 novel
coronavirus in semen and testes of COVID-19 patients. Biol Reprod. 2020;
103(1):4–6. https://doi.org/10.1093/biolre/ioaa050.

Page 8 of 9

35. Li D, Jin M, Bao P, Zhao W, Zhang S. Clinical characteristics and results of
semen tests among men with coronavirus disease 2019. JAMA Netw Open.
2020;3(5):e208292. https://doi.org/10.1001/jamanetworkopen.2020.8292.
36. Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of coronaviruses on
inanimate surfaces and their inactivation with biocidal agents. J Hospital
Infect. 2020;104(3):246–51. https://doi.org/10.1016/j.jhin.2020.01.022.
37. Darnell MER, Subbarao K, Feinstone SM, Taylor DR. Inactivation of the
coronavirus that induces severe acute respiratory syndrome, SARS-CoV. J
Virol Methods. 2004;121(1):85–91. https://doi.org/10.1016/j.jviromet.2004.
06.006.
38. Chan KH, Peiris JSM, Lam SY, Poon LLM, Yuen KY, Seto WH. The effects of
temperature and relative humidity on the viability of the SARS coronavirus.
Adv Virol. 2011;2011:1–7. https://doi.org/10.1155/2011/734690.
39. Sobral MFF, Duarte GB, da Penha Sobral AIG, Marinho MLM, de Souza Melo
A. Association between climate variables and global transmission oF SARSCoV-2. Sci Total Environ. 2020;729:138997. https://doi.org/10.1016/j.
scitotenv.2020.138997.
40. Casanova LM, Jeon S, Rutala WA, Weber DJ, Sobsey MD. Effects of Air
temperature and relative humidity on coronavirus survival on surfaces. Appl
Environ Microbiol. 2010;76(9):2712–7. https://doi.org/10.1128/AEM.02291-09.
41. Liu J, Zhou J, Yao J, Zhang X, Li L, Xu X, et al. Impact of meteorological
factors on the COVID-19 transmission: a multi-city study in China. Sci Total
Environ. 2020 Jul;726:138513. https://doi.org/10.1016/j.scitotenv.2020.138513.
42. Eykelbosh A. High-humidity environments and the risk of COVID-19
transmission [internet]. 2020. Available from: https://ncceh.ca/sites/default/files/
High%20Humidity%20Environments%20-%20Oct%2022%202020%20FINAL.pdf
43. Baker RE, Yang W, Vecchi GA, Metcalf CJE, Grenfell BT. Susceptible supply
limits the role of climate in the early SARS-CoV-2 pandemic. Science
(American Association for the Advancement of Science). 2020;369(6501):
315–9. https://doi.org/10.1126/science.abc2535.
44. Zaffina S, Camisa V, Lembo M, Vinci MR, Tucci MG, Borra M, et al. Accidental
exposure to UV radiation produced by germicidal lamp: case report and risk
assessment. Photochem Photobiol. 2012;88(4):1001–4. https://doi.org/1
0.1111/j.1751-1097.2012.01151.x.
45. Trevisan A, Piovesan S, Leonardi A, Bertocco M, Nicolosi P, Pelizzo MG, et al.
Unusual high exposure to ultraviolet-C radiation. Photochem Photobiol.
2006;82(4):1077. https://doi.org/10.1562/2005-10-27-RA-728.
46. Buonanno M, Welch D, Shuryak I, Brenner DJ. Far-UVC light (222 nm)
efficiently and safely inactivates airborne human coronaviruses. Sci Rep.
2020;10(1):10285. https://doi.org/10.1038/s41598-020-67211-2.
47. Mills D, Harnish DA, Lawrence C, Sandoval-Powers M, Heimbuch BK.
Ultraviolet germicidal irradiation of influenza-contaminated N95 filtering
facepiece respirators. Am J Infect Control. 2018;46(7):e49–55. https://doi.
org/10.1016/j.ajic.2018.02.018.
48. Narla S, Lyons AB, Kohli I, Torres AE, Parks-Miller A, Ozog DM, et al. The
importance of the minimum dosage necessary for UVC decontamination of
N95 respirators during the COVID-19 pandemic. Photodermatol
Photoimmunol Photomed. 2020;36(4):324–5. https://doi.org/10.1111/
phpp.12562.
49. Doung-ngern P, Suphanchaimat R, Panjangampatthana A, Janekrongtham
C, Ruampoom D, Daochaeng N, et al. Case-control study of use of personal
protective measures and risk for SARS-CoV 2 infection, Thailand. Emerg
Infect Dis. 2020;26(11):2607–16. https://doi.org/10.3201/eid2611.203003.
50. Use Masks to Help Slow Spread | CDC [Internet]. [cited 2020 Oct 21].
Available from: https://www.cdc.gov/coronavirus/2019-ncov/preventgetting-sick/diy-cloth-face-coverings.html
51. Zhang R, Li Y, Zhang AL, Wang Y, Molina MJ. Identifying airborne
transmission as the dominant route for the spread of COVID-19. Proc Natl
Acad Sci. 2020;117(26):14857–63. https://doi.org/10.1073/pnas.2009637117.
52. Leung NHL, Chu DKW, Shiu EYC, Chan KH, McDevitt JJ, Hau BJP, et al.
Respiratory virus shedding in exhaled breath and efficacy of face masks. Nat
Med. 2020;26(5):676–80. https://doi.org/10.1038/s41591-020-0843-2.
53. Boston hospitals show wearing face masks lowered coronavirus spread
among workers during surge [Internet]. [cited 2020 Oct 21]. Available from:
https://www.bostonherald.com/2020/07/15/boston-hospitals-show-universa
l-mask-wearing-lowered-coronavirus-spread-among-workers-during-surge/
54. Lyu W, Wehby GL. Community use of face masks and COVID-19: evidence
from a natural experiment of state mandates in the US. Health Aff. 2020;
39(8):1419–25. https://doi.org/10.1377/hlthaff.2020.00818.
55. Fisher KA, Tenforde MW, Feldstein LR, Lindsell CJ, Shapiro NI, Files DC, et al.
Community and close contact exposures associated with COVID-19 among

Zhou et al. BMC Infectious Diseases

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.
67.

68.
69.

70.

71.

72.

73.

74.

75.
76.

(2021) 21:496

symptomatic adults ≥18 years in 11 outpatient health care facilities —
United States, July 2020. MMWR Morb Mortal Wkly Rep. 2020;69(36):1258–
64. https://doi.org/10.15585/mmwr.mm6936a5.
Dugdale CM, Walensky RP. Filtration Efficiency, Effectiveness, and Availability
of N95 Face Masks for COVID-19 Prevention. JAMA Int Med. 2020;180:1612–
3. https://doi.org/10.1001/jamainternmed.2020.4218.
Milton DK, Fabian MP, Cowling BJ, Grantham ML, Mcdevitt JJ. Influenza virus
aerosols in human exhaled breath: particle size, Culturability, and effect of
surgical masks. PLoS Pathog. 2013;9(3):1003205.
Verma S, Dhanak M, Frankenfield J. Visualizing the effectiveness of face
masks in obstructing respiratory jets. Phys Fluids. 2020;32(6):061708. https://
doi.org/10.1063/5.0016018.
Chan JFW, Yuan S, Zhang AJ, Poon VKM, Chan CCS, Lee ACY, et al. Surgical
Mask Partition Reduces the Risk of Noncontact Transmission in a Golden
Syrian Hamster Model for Coronavirus Disease 2019 (COVID-19). Clin Infect
Dis. 2020;71:2139–49. https://doi.org/10.1093/cid/ciaa644.
Ng K, Poon BH, Kiat Puar TH, Shan Quah JL, Loh WJ, Wong YJ, et al. COVID19 and the risk to health care workers: a case report. Ann Intern Med. 2020;
172(11):766–7. https://doi.org/10.7326/L20-0175.
Radonovich LJ, Simberkoff MS, Bessesen MT, Brown AC, Cummings DAT,
Gaydos CA, et al. N95 respirators vs medical masks for preventing influenza
among health care personnel: a randomized clinical trial. JAMA. 2019;322(9):
824–33. https://doi.org/10.1001/jama.2019.11645.
CDC calls on Americans to wear masks to prevent COVID-19 spread | CDC
Online Newsroom | CDC [Internet]. [cited 2020 Oct 21]. Available from:
https://www.cdc.gov/media/releases/2020/p0714-americans-to-wear-masks.
html
Hendrix MJ, Walde C, Findley K, Trotman R. Absence of apparent
transmission of SARS-CoV-2 from two stylists after exposure at a hair salon
with a universal face covering policy — Springfield, Missouri, may 2020.
MMWR Morb Mortal Wkly Rep. 2020;69(28):930–2. https://doi.org/10.15585/
mmwr.mm6928e2.
Qian H, Miao T, Liu L, Zheng X, Luo D, Li Y. Indoor transmission of SARSCoV-2. Indoor Air. 2020:ina.12766.
Bundgaard H, Bundgaard JS, Raaschou-Pedersen DET, von Buchwald C,
Todsen T, Norsk JB, et al. Effectiveness of adding a mask recommendation
to other public health measures to prevent SARS-CoV-2 infection in Danish
mask wearers. Ann Intern Med. 2020;18:M20–6817.
Abbasi K. The curious case of the Danish mask study. BMJ. 2020;371:m4586.
COVID-19 Pandemic Planning Scenarios | CDC [Internet]. [cited 2020 Nov 6].
Available from: https://www.cdc.gov/coronavirus/2019-ncov/hcp/planningscenarios.html
Ing AJ, Cocks C, Green JP. COVID-19: in the footsteps of Ernest Shackleton.
Thorax. 2020;75(8):693–4. https://doi.org/10.1136/thoraxjnl-2020-215091.
Bai Y, Yao L, Wei T, Tian F, Jin D-Y, Chen L, et al. Presumed asymptomatic
carrier transmission of COVID-19. JAMA. 2020;323(14):1406–7. https://doi.
org/10.1001/jama.2020.2565.
Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G, Wallrauch C, et al.
Transmission of 2019-nCoV infection from an asymptomatic contact in
Germany. N Engl J Med. 2020;382(10):970–1. https://doi.org/10.1056/NEJMc2
001468.
He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in
viral shedding and transmissibility of COVID-19. Nat Med. 2020;26(5):672–5.
https://doi.org/10.1038/s41591-020-0869-5.
Li Y, Liang M, Gao L, Ayaz Ahmed M, Uy JP, Cheng C, et al. Face masks to
prevent transmission of COVID-19: A systematic review and metaanalysis.
Am J Infect Control. 2020. https://doi.org/10.1016/j.ajic.2020.12.007.
Tabatabaeizadeh S-A. Airborne transmission of COVID-19 and the role of
face mask to prevent it: a systematic review and meta-analysis. Eur J Med
Res. 2021;26(1):1. https://doi.org/10.1186/s40001-020-00475-6.
Tabah A, Ramanan M, Laupland KB, Buetti N, Cortegiani A, Mellinghoff J,
et al. Personal protective equipment and intensive care unit healthcare
worker safety in the COVID-19 era (PPE-SAFE): An international survey. J Crit
Care. 2020;59:70–5. https://doi.org/10.1016/j.jcrc.2020.06.005.
wei LC, fen LX, fang JZ. 2019-nCoV transmission through the ocular surface
must not be ignored. Lancet Lancet Publishing Group. 2020;395:e39.
Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schünemann HJ, et al. Physical
distancing, face masks, and eye protection to prevent person-to-person
transmission of SARS-CoV-2 and COVID-19: a systematic review and metaanalysis. Lancet (British edition). 2020;395(10242):1973–87.

Page 9 of 9

77. Is 6 feet enough space for social distancing? | Live Science [Internet]. [cited
2020 Oct 21]. Available from: https://www.livescience.com/coronavirus-sixfeet-enough-social-distancing.html
78. van den Berg P, Schechter-Perkins EM, Jack RS, Epshtein I, Nelson R, Oster E,
et al. Effectiveness of three versus six feet of physical distancing for
controlling spread of COVID-19 among primary and secondary students and
staff: A retrospective, state-wide cohort study. Clin Infect Dis [Internet]. 2021;
(ciab230) [cited 2021 Apr 1]. Available from: https://doi.org/10.1093/cid/
ciab230.
79. Gallaway MS, Rigler J, Robinson S, Herrick K, Livar E, Komatsu KK, et al.
Trends in COVID-19 incidence after implementation of mitigation measures
— Arizona, January 22–august 7, 2020. MMWR Morb Mortal Wkly Rep. 2020;
69(40):1460–3. https://doi.org/10.15585/mmwr.mm6940e3.
80. Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dörner L, et al.
Quantifying SARS-CoV-2 transmission suggests epidemic control with digital
contact tracing. Science (American Association for the Advancement of
Science). 2020;368(6491):eabb6936.
81. Kupferschmidt K. Why do some COVID-19 patients infect many others,
whereas most don’t spread the virus at all? Science; 2020.
82. Park SY, Kim YM, Yi S, Lee S, Na BJ, Kim CB, et al. Coronavirus disease
outbreak in call center, South Korea. Emerg Infect Dis. 2020;26(8):1666–70.
https://doi.org/10.3201/eid2608.201274.
83. Modes of transmission of virus causing COVID-19: implications for IPC
precaution recommendations [Internet]. [cited 2020 Oct 14]. Available from:
https://www.who.int/news-room/commentaries/detail/modes-of-tra
nsmission-of-virus-causing-covid-19-implications-for-ipc-precautionrecommendations
84. Cleaning And Disinfecting Your Home | CDC [Internet]. [cited 2020 Oct 14].
Available from: https://www.cdc.gov/coronavirus/2019-ncov/preventgetting-sick/disinfecting-your-home.html
85. WHO | WASH and COVID-19. WHO. 2020;
86. Kratzel A, Todt D, V’kovski P, Steiner S, Gultom M, Thao TTN, et al.
Inactivation of severe acute respiratory syndrome coronavirus 2 by WHOrecommended hand rub formulations and alcohols. Emerg Infect Dis. 2020;
26(7):1592–5. https://doi.org/10.3201/eid2607.200915.
87. Su Z, Wen J, McDonnell D, Goh E, Li X, Šegalo S, et al. Vaccines are not yet
a silver bullet: The imperative of continued communication about the
importance of COVID-19 safety measures. Brain Behav Immun Health. 2021;
12:100204.
88. Garcia-Beltran WF, Lam EC, St. Denis K, Nitido AD, Garcia ZH, Hauser BM,
et al. Multiple SARS-CoV-2 variants escape neutralization by
vaccineinducedhumoral immunity. Cell. 2021;184. https://doi.org/10.1016/j.
cell.2021.03.013.
89. Mukandavire Z, Nyabadza F, Malunguza NJ, Cuadros DF, Shiri T, Musuka G.
Quantifying early COVID-19 outbreak transmission in South Africa and
exploring vaccine efficacy scenarios. Shaman J, editor. PLoS One. 2020;15(7):
e0236003.
90. Shen M, Zu J, Fairley CK, Pagán JA, An L, Du Z, et al. Projected COVID-19
epidemic in the United States in the context of the effectiveness of a
potential vaccine and implications for social distancing and face mask use.
Vaccine. 2021;39:2295–302. https://doi.org/10.1016/j.vaccine.2021.02.056.

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

