
Vol.:(0123456789)1 3

Environmental Chemistry Letters (2021) 19:1935–1944 
https://doi.org/10.1007/s10311-021-01186-y

REVIEW

Current understanding of the surface contamination and contact 
transmission of SARS‑CoV‑2 in healthcare settings

Hosoon Choi1 · Piyali Chatterjee1 · John D. Coppin1 · Julie A. Martel1 · Munok Hwang1 · Chetan Jinadatha1 · 
Virender K. Sharma2 

Received: 28 December 2020 / Accepted: 15 January 2021 / Published online: 11 February 2021 
© This is a U.S. government work and not under copyright protection in the U.S.; foreign copyright protection may apply 2021

Abstract
The novel coronavirus disease (COVID-19) has rapidly spread across the world and was subsequently declared as a pandemic 
in 2020. To overcome this public health challenge, comprehensive understanding of the disease transmission is urgently 
needed. Recent evidences suggest that the most common route of transmission for SARS-CoV-2 is likely via droplet, aerosol, 
or direct contact in a person-to-person encounter, although the possibility of transmission via fomites from surfaces cannot 
be ruled out entirely. Environmental contamination in COVID-19 patient rooms is widely observed due to viral shedding 
from both asymptomatic and symptomatic patients, and SARS-CoV-2 can survive on hospital surfaces for extended periods. 
Sequence of contact events can spread the virus from one surface to the other in a hospital setting. Here, we review the stud-
ies related to viral shedding by COVID-19 patients that can contaminate surfaces and survival of SARS-CoV-2 on different 
types of surfaces commonly found in healthcare settings, as well as evaluating the importance of surface to person transmis-
sion characteristics. Based on recent evidences from the literature, decontamination of hospital surfaces should constitute 
an important part of the infection control and prevention of COVID-19.
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Introduction

The coronavirus infectious disease 2019 (COVID-19), first 
reported in Wuhan, China, has now spread to 227 countries 
and territories around the world, and the number of cases 
and deaths associated with COVID-19 keeps increasing ever 
since the WHO declared COVID-19 as a pandemic on March 
11, 2020 (World Health Organization 2020a). COVID-19 is 
caused by a new type of coronavirus, severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2). Despite millions 
of cases, many factors are unknown about the transmission 

of the disease producing massive uncertainty in prevention 
efforts of the spread of the virus. SARS-CoV-2 shares some 
aspects with previous epidemic coronavirus such as Middle 
Eastern respiratory syndrome coronavirus (MERS-CoV) and 
SARS-CoV-1 that occurred in the early 2000’s. However, the 
transmission of SARS-CoV-2 is markedly different from that 
of the other coronaviruses. Understanding of SARS-CoV-2 
transmission is critical to institute effective control measures 
for preventing the spread of COVID-19.

SARS-CoV-2 enters the body through the nose, mouth 
or eyes and spreads to the lining of the nose, sinus cavity, 
and throat (Kaur et al. 2020). Initial symptoms often include 
fever, dry cough, sore throat, loss of smell and taste, or head 
and body aches (Qian et al. 2020b; The COVID-19 Investi-
gation Team 2020; Zhou et al. 2020a). In the first week or 
so, the virus can attack lungs and result in pneumonia. Heart 
and blood vessels are also vulnerable to infection (Mokhtari 
et al. 2020). Damage of kidney, gastrointestinal system, brain 
and nervous system is very frequently observed in COVID-
19 patients. Patients with pre-existing pulmonary disease 
or with blood vessel damage, diabetes and high blood pres-
sure, appear to have higher risk of serious disease (Zaim 
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et al. 2020). SARS-CoV-2 disproportionately impacts older 
people and people with immune deficiency (Fig. 1) (Zaim 
et al. 2020; Zhou et al. 2020a).

According to a statement released by World Health 
Organization (WHO) in January 2020, the initial estimated 
 R0, an indication of how contagious an infectious disease, 
for COVID-19 was 1.4–2.5 (World Health Organization 
2020c). This initial estimation was lower than previous 
coronavirus outbreaks like the SARS-CoV-1  (R0 2–5) but 
higher than that of MERS-CoV (R0 less than 1) (Bauch and 
Oraby 2013; Sattar 2001). Current systematic reviews indi-
cate that the mean R0 has increased to 3.38 ± 1.40, with a 
range of 1.90–6.49 (Alimohamadi et al. 2020). Estimated R0 
supports WHO’s statement that SARS-CoV-2 is predomi-
nantly spread through person-to-person transmission (World 
Health Organization 2020d).

The factors that affect the modes of transmission include 
characteristics of the virus strain itself, host population, and 
interplay with the environment. The features of the virus 
such as the ability to infect the host, survivability, viral shed-
ding, and host factors such as susceptibility and behavior 
contributes to the spread. In addition, environmental fac-
tors such as host density and movement patterns play a piv-
otal role in the spread (Spicknall et al. 2010). In the case of 
COVID-19, respiratory droplets, generated when infected 
persons cough, sneeze, talk or sing, which can then reach the 
mouth, nose or eyes of susceptible persons, are considered to 
be playing a major role in the spread of this infection. Trans-
mission through respiratory droplet occurs over distances 
of no more than 3 or 4 feet. Aerosol transmission is also 
now recognized as a mode of spread (Klompas et al. 2020; 

Tang et al. 2020). However, other modes of transmission are 
possible including indirect contact transmission involving 
contaminated objects or surfaces.

The existing data for indirect method of transmission for 
respiratory viruses are mostly limited but some evidences 
through stochastic transmission models and review of litera-
ture have suggested a possible mode of transmission through 
fomites for influenza viruses (Brankston et al. 2007; Bridges 
et al. 2003). The transfer of infectious viruses may readily 
occur once a fomite is contaminated. Fomites can be con-
taminated with virus by direct contact with body secretions 
or fluids, contact with SARS-CoV-2 contaminated hands, 
or respiratory droplets landing directly on surfaces (Gold-
mann 2000; Sattar 2001). However, direct experimental evi-
dence of viral transmission of human infection via fomite 
is very difficult to establish due to widespread community 
transmission. In this review, we will discuss experimental 
and observational evidences gathered so far on transmis-
sion of COVID-19. These efforts will allow us not only to 
identify the sources of transmission but also help formulate 
effective strategies and institutional guidelines for infection 
prevention.

Shedding of SARS‑CoV‑2

Understanding viral shedding is important to optimize the 
treatment and prevent transmission. The reverse transcrip-
tion polymerase chain reaction (RT-PCR) assays of SARS-
CoV-2 RNA have been extensively used to demonstrate the 
presence of the virus due to its high sensitivity. The studies 
found SARS-CoV-2 in respiratory samples, saliva, blood, 
feces, and rarely from urine (Pan et al. 2020; The COVID-
19 Investigation Team 2020; To et al. 2020; Zheng et al. 
2020; Zou et al. 2020). SARS-CoV-2 was detected from 
the pre-symptomatic period (Pan et al. 2020) and lasted 
significantly after symptom resolution (Fig. 2) (Dou et al. 
2020; Lan et al. 2020; Li et al. 2020). The median duration 
of viral shedding in respiratory samples was 12–24 days 
(Gombar et al. 2020; Hu et al. 2020a; Lo et al. 2020; Qi 
et al. 2020; Qian et al. 2020a; The COVID-19 Investigation 
Team 2020; Xiao et al. 2020b; Xu et al. 2020; Zheng et al. 
2020; Zhou et al. 2020a). The longest reported duration 
was 67 days (Perera et al. 2020). Duration of the virus in 
the respiratory samples was significantly longer in patients 
with severe disease (median 21 days, 14–30 days) com-
pared to patients with milder disease (14 days, 10–21 days; 
P = 0.04) (Zheng et al. 2020). Among patients with severe 
symptoms, the duration of the viral shedding was signifi-
cantly longer in male patients (Xu et al. 2020; Zheng et al. 
2020), older age (Xiao et al. 2020a, 2020b; Xu et al. 2020; 
Zheng et al. 2020), and in patients on glucocorticoids 

Fig. 1  The modes of entry, contributing factors, and organs affected 
in SARS-CoV-2 infection
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treatment (Xu et al. 2020; Zheng et al. 2020), with longer 
time from symptom onset to hospital admission (Qi et al. 
2020; Xu et al. 2020).

Significantly, the detection of viral RNA does not neces-
sarily equate to infectious viruses being present (Atkinson 
and Peterson 2020). Presence of infectious viruses can be 
undoubtedly confirmed by cell culture, but it is difficult and 
expensive. Live virus isolation from throat swabs provide 
evidence of the virus replication in the upper respiratory 
tract (Bullard et al. 2020; Perera et al. 2020; Wolfel et al. 
2020). To distinguish viable virus from non-viable virus 
using PCR, RT-PCR tests for subgenomic mRNA can be 
applied. Viral subgenomic mRNA indicates the presence of 
actively infected cells in samples since subgenomic RNA 
is transcribed only in infected cells and is not present in 
virions (Kim et al. 2020). The subgenomic mRNA of SARS-
CoV-2 was detected in the upper respiratory samples and 
this indicates that active replication of SARS-CoV-2 occurs 
in the upper respiratory tract (Doddapaneni et al. 2020; 
Perera et al. 2020; Wolfel et al. 2020), whereas replica-
tion of SARS-CoV-1 mainly occurs in the lower respira-
tory tract (Cheng et al. 2004). The replication in the upper 
respiratory tract makes SARS-CoV-2 more transmissible. 
The live SARS-CoV-2 was isolated during the first week 
of symptoms from swabs and sputum samples while no 
live SARS-CoV-2 was detected 8 days after symptom onset 
(Bullard et al. 2020; He et al. 2020; Perera et al. 2020; Sun 
et al. 2020; Wolfel et al. 2020). The subgenomic mRNA of 
SARS-CoV-2 was also detected up to 8 days after the onset 
of symptoms (Perera et al. 2020).

The high viral load in respiratory samples was observed 
at the time of symptom onset, but, viral loads gradually 
decreased during the disease progression (He et al. 2020; 
To et al. 2020; Wolfel et al. 2020; Zheng et al. 2020; Zou 
et al. 2020). Overall, high (> 1 × 106 copies per mL) viral 
load was detected from early days of infection (Pan et al. 
2020). The viral load in respiratory samples continued to be 
high during the third and fourth weeks after disease onset in 
patients with severe disease but the viral load was reduced 
after the second week in patients with mild disease (Zheng 
et al. 2020). Temporal profile of viral load corresponded 
well to the dynamics of SARS-CoV-2 infectiousness. The 
infectiousness of SARS-CoV-2 starts from 1 to 4 days before 
symptom onset (Byrne et al. 2020) and peaked at 2 days 
before to 1 day after symptom onset and declined within 
7 days (He et al. 2020). The median incubation period of 
COVID-19 is estimated to be 5 days with the 95% range 
spanning from 2 to 14 days (Linton et al. 2020). The long 
incubation period and the high infectivity of SARS-CoV-2 
during the incubation period make implementing the pre-
ventive measure difficult. Proportion of pre-symptomatic 
transmission was estimated to be 37–48% of transmission 
(He et al. 2020).

Furthermore, a significant portion of infected persons 
show no symptom but could still shed viruses (Zhou et al. 
2020c). Asymptomatic infections were estimated at 15–30% 
(Chen et al. 2020; Long et al. 2020; Mizumoto et al. 2020; 
Nishiura et al. 2020). However, asymptomatic infection 
may be more common than the current estimation. In Vo’, 
Italy, 43 percent of surveyed town residents tested positive 

Fig. 2  Modes and duration of transmission in SARS-CoV-2 infection
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despite having no symptoms (Lavezzo et al. 2020). Further-
more, when all passengers and crew were COVID-19 tested 
in a cruise ship, 80% of the COVID-19-positive patients 
were asymptomatic (Ing et al. 2020). A recent review indi-
cated that the asymptomatic patients could account for up 
to 45% of infections (Oran and Topol 2020). Viral trans-
mission by asymptomatic carriers has also been reported 
in many studies (Bai et al. 2020; Hu et al. 2020c; Lavezzo 
et al. 2020; Qian et al. 2020b; Rothe et al. 2020; Tong et al. 
2020). Some investigations indicate transmission rates by 
asymptomatic patients are as high as symptomatic patients 
(Chen et al. 2020; Yin and Jin 2020) while others estimate 
the rate as one third of that of symptomatic transmissions 
(Wu 2020). Indeed, there is no significant difference in viral 
load between asymptomatic and symptomatic groups (Zou 
et al. 2020) while the asymptomatic group shed virus signifi-
cantly longer than the symptomatic group (Long et al. 2020). 
Those results indicate that the symptom-based screening is 
not enough to control transmission.

SARS-CoV-2 was also detected from stool (53–59%) 
and serum (40–59%) in a significant fraction of patients 
(Lo et al. 2020; Pan et al. 2020; To et al. 2020; Wang et al. 
2020; Wolfel et al. 2020; Zhang et al. 2020b; Zheng et al. 
2020). The positive rates for stool and serum samples gradu-
ally increased during the first week and decreased from the 
third week onwards (Zheng et al. 2020). The live virus has 
been isolated from stool samples (Wolfel et al. 2020; Xiao 
et al. 2020c). Very few critically ill patients have detect-
able virus RNA in their urine samples (Zheng et al. 2020). 
The viral load of stool samples peaked during the third and 
fourth week after disease onset (Zheng et al. 2020). The 
median duration of viral shedding in the stool samples 
was significantly longer than from respiratory and serum 
samples; 22 days (interquartile range 17–31 days) in stool, 
18 days (interquartile range 13–29 days) in respiratory, and 
16 days (interquartile range 11–21 days) in serum (Zheng 
et al. 2020).

Environmental contamination 
of SARS‑CoV‑2

Patients can be either pre-symptomatic, symptomatic, pauci-
symptomatic, and asymptomatic shedding viruses in their 
vicinity. Environmental contamination in occupied patient 
rooms is known to be higher in the first week of illness for 
COVID-19 patients than the subsequent period of their stay 
due to high viral shedding. Persistence of viruses on the 
surfaces for a few days may promote transmission from these 
surfaces to healthcare workers (HCWs) to other patients. 
In addition, patients often share common spaces, therefore 
fomites can spread through touch contamination followed by 
self-inoculation of the mucous membranes.

The results of transmissibility of coronaviruses from 
contaminated surfaces in hospital settings are now emerg-
ing. Previous large outbreaks of MERS and SARS-CoV-1 
have similarly been driven by the nosocomial spread. 
These studies confirmed that the environmental contami-
nation is common. Some common themes have emerged 
from recent studies of hospitalized COVID-19 patients 
in several countries including China, England and Italy 
(Li et al. 2020; Razzini et al. 2020; Zhou et al. 2020b). 
High-touch surfaces of hospitals are likely to be more con-
taminated than the low-touch surfaces (Tan et al. 2020). 
Moreover, within the hospital, intensive care units (ICUs) 
have the highest positivity of viruses, followed by isola-
tion wards. A very little viral RNA was recovered from 
other areas of the hospital such as common areas, nursing 
stations, corridors, and anterooms. Patients with severe 
COVID-19 symptoms tend to spread more viruses around 
them versus patients with milder symptoms. Interestingly, 
asymptomatic patients have been found to shed viruses in 
the environment which can also lead to further spread. In 
most studies, viable viruses have not been recorded (Wei 
et al. 2020). The lack of viable viruses may be due to des-
iccation and death of the viruses at the time of collection. 
However, one study was able to recover viable viruses thus 
far. As mentioned earlier, transiently contaminated hands 
of healthcare workers are likely to have important implica-
tions for the viral spread. Other areas include floors around 
bathroom toilets where the presence of viral RNA have 
been reported. Therefore, adherence to strict environmen-
tal cleaning policies is needed and routine hospital sur-
face disinfection methods have been shown to decrease the 
presence of viruses on contaminated surfaces efficiently 
(Ryu et al. 2020). In fact, one study depicts environmental 
sampling done after cleaning tested negative with no viral 
particles being recovered, whereas, if done prior to clean-
ing it yielded positive results with recovery of viral RNA 
(Hu et al. 2020b). In addition, higher viral load in patients 
corresponds to higher positivity rates of recovery of viral 
RNA from surfaces.

Fecal matter/stool samples from the toilet bowl, sink 
and door handles were found to be positive for SARS-
CoV-2 by the PCR technique. Two possible contamination 
routes include either respiratory droplets contaminating 
the toilet or environmental fecal contamination. The fecal 
contamination, caused by an infected person, also caused 
the spread of the SARS-CoV-2 virus (Zhang et al. 2020a). 
There is a possibility that larger outbreak can happen from 
viral stool shedding that can lead to sewage contamination. 
These findings contrast earlier reports by the WHO, which 
did not support the fecal–oral transmission of the SARS-
CoV-2 virus (World Health Organization 2020b).
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Survival of SARS‑CoV‑2 on healthcare 
surfaces

The indirect modes of transmission of coronaviruses 
through surface contamination/fomites have been contro-
versial. Recent evidences suggest that most viruses such as 
coronaviruses, coxsackieviruses, influenza virus, MERS, 
and rhinoviruses can be present on the surfaces for pro-
longed periods of time. The fact that these viruses can 
survive for prolonged periods of time on different sur-
faces suggest that they can serve as possible reservoirs 
for onward transmission from surfaces to human (Kramer 
et al. 2006).

The duration that coronaviruses (SARS-CoV-1, MERS, 
SARS-CoV-2) persist on surfaces has been studied in vitro 
over the years (Chan et al. 2011; Coulliette et al. 2013; van 
Doremalen et al. 2020). Different surfaces made of plas-
tics and metals demonstrated variable viral survivability. 
Typically, the type of test material has an influence on the 
survival of the viruses depending on their porosity. A com-
parison of survivability of the coronaviruses on different 
types of dry surfaces is included as a table (Table 1). In 
general, survival of these viruses on plastic is longer than 
on steel. Interestingly, survival times for coronaviruses 
on copper surfaces have been consistently found to be the 
shortest, suggesting copper surfaces may be beneficial in 
preventing transmission (Noyce et al. 2007). Other experi-
mental factors that have been shown to influence virus 
viability in vitro include longer persistence of the viruses 
with higher inoculum, in presence of protein, serum, spu-
tum or without dust (Casanova et al. 2010; Rabenau et al. 
2005). Lower temperatures improved survival of these 
viruses. Relative humidity is also an important factor that 
contributes to the virus survival. There have been reports 

of strain variation on survivability of influenza viruses, but 
this is largely unknown for coronaviruses (Coulliette et al. 
2013; Dublineau et al. 2011).

Several methods have been employed to detect the pres-
ence of coronaviruses on various surfaces. The vast major-
ity of the studies to date have used real-time PCR assays 
that can detect the virus as well as determine the viral load 
(Zuo et al. 2013). However, whether the virus is viable is not 
known when using this method (PCR). Cell culture methods 
are usually used to detect the presence of viable viruses. It is 
of paramount importance to determine the infectivity of each 
virus because the mere presence of the viral RNA on a sur-
face does not signify that they can be transmitted and infect 
another person. Several other newer methods using CRISPR 
(Dara and Talebzadeh 2020) based diagnostic assays and 
loop mediated isothermal amplification (Lu et al. 2020; Yan 
et al. 2020; Yu et al. 2020) are also being applied for detect-
ing the virus. Future studies on persistence of coronaviruses 
outside of its host are needed to define the role of contami-
nated surfaces on the transmission like those observed in 
cases of influenza and parainfluenza viruses.

Transmission characteristics 
of surface‑to‑person transmission

Larger droplets deposited onto surfaces via gravitational 
sedimentation occur relatively close to the emitter. This 
is likely a common contamination route for items within 
2–6 m distance from the individual who coughs or sneezes 
(Xie et al. 2007). However, aerosolized particles less than 
5 µm can also deposit on surfaces. Mathematical models, 
based on information from studies taking sputum and swab 
samples, suggest that the typical emitter who is asympto-
matic may emit enough virus through normal breathing to 

Table 1  Persistence of coronaviruses on commonly used hospital surfaces under different environmental conditions

Type of surface HCoV-229E SARS-CoV-1 MERS-CoV SARS-CoV-2

Plastic 2 d, 5 d
Rabenau et al. (2005)
Warnes et al. (2015)

6 d, 4 d, 3 d, 28 d, 1 d
Duan et al. (2003)
van Doremalen et al. (2020)
Chan et al. (2011)

2 d, 8 h, 1 d
van Doremalen et al. (2013)
van Doremalen et al. (2020)

3 d, 4 d
van Doremalen et al. (2020)
Chin et al. (2020)

Stainless steel 5 d
Warnes et al. (2015)

2 d
van Doremalen et al. (2020)

8 h, 1 d, 2 d
van Doremalen et al. (2013)

3 d, 4 d
van Doremalen et al. (2013)
Chin et al. (2020)

Copper 20 min, 30 min, 1 h
Warnes et al. (2015)

8 h
van Doremalen et al. (2020)

– 4 h
van Doremalen et al. (2020)

Glass 5 d
Warnes et al. (2015)

4 d
Duan et al. (2003)

– 2 d
Chin et al. (2020)

Aluminum 2 h, 6 h
Sizun et al. (2000)

– – –

Brass 10 min, 15 min, 2 h
Warnes et al. (2015)

– – –
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produce a concentration of 0.0043 copies/m3 of virus in a 
room with a normal air exchange rate or 0.000758 copies/m3 
in a room with similar air exchange rate as a hospital (Lopez 
et al. 2013). Under the same scenarios, they estimated that a 
high emitter may emit enough virus through normal breath-
ing such that the concentration in a room is 560 copies/m 
and in a hospital room is 99 copies/m3. Frequent cough-
ing from this high emitter boosts the estimate to more than 
588,000 copies/m3 in a hospital room. While this potentially 
poses risk of airborne transmission to anyone in the room as 
these particles remain suspended for long periods of time, 
some also settle onto surfaces, contaminating the surface. 
Thus, surfaces can be contaminated both by droplets and 
small aerosolized microdroplets.

Surfaces may also be contaminated via direct contact 
from the person to the surface. Julian et al. studied the 
transfer fraction ((f = Rr/(Rr + Rd) where Rr is the recipient 
surface and Rd is the donor surface) for 3 different phages 
to determine the transfer efficiency of the phages from a 
person’s skin to glass and vice versa (Julian et al. 2010). 
Using high and low inoculated surfaces of between 100 and 
600 or 1000 and 6000 PFU in 5 µl, and allowed to dry, they 
determined the overall mean transfer fraction for all three 
phages combined was 0.23 with a standard deviation of 0.20. 
Results from similar experiments that loaded much greater 
 (1011 pfu) amounts of MS2 phage gave similar results as the 
above study under low relative humidity for transfer from 
fomite to finger for glass (19.3% (13.2%)), and in addition, 
they looked at a variety of surface types and humidity to 
understand how these factors might change the transfer effi-
ciency (Julian et al. 2010). Under high relative humidity, 
the transfer increased to 67.3% (25.0%). The transfer also 
varied greatly with the type of fomite. Under low humid-
ity, acrylic (21.7% (15.0%)) and glass (19.3% (13.2%)) had 
greater transfer efficiency than other non-porous surfaces 
like ceramic tile (7.1% (4%)), laminate (5.4% (3.6%)), stain-
less steel (6.9% (8.9%)), and granite (10.2% (5%)).

Porous surfaces had very low transfer efficiencies with 
cotton (0.03% (0.02%)), polyester (0.3% (0.2%)), and 
paper currency (0.4% (0.4%)) all being similar. Under high 
humidity, the transfer efficiency increased across all mate-
rials except for cotton, with little effect on the porous sur-
faces, but large increases on the non-porous surfaces with 
acrylic (79.5% (21.2%)), glass (67.3% (25%)), ceramic tile 
(41.2% (18.8%)), laminate (63.5% (24%)), stainless steel 
(37.4% (16%)), and granite (30% (24.3%)) all showing 
marked increases in transfer efficiency. In a more real-world 
approach, Rusin et al. showed that participants performing 
tasks (such as turning the faucet on/off and holding a phone 
receiver) that involved inoculated objects showed the highest 
transfer efficiencies for the phage from hard surfaces (faucet 
33% and phone receiver 66%) (Rusin et al. 2002). The same 
study also showed 34% transfer efficiency of phage from 

inoculated fingertip to lip. Thus, contamination of surfaces 
via direct contact is very probable, especially for high-touch 
surfaces.

So-called high-touch surfaces have been described by 
several studies (Jinadatha et al. 2017; John et al. 2017). 
Certain surfaces, particularly bed-parts such as bedrails, 
receive a large amount of contact both by the patient and 
the healthcare workers. Touches to a surface generally do not 
occur in isolation, but rather as part of a sequence of touches 
involving a variety of fomites. For example, when studying 
touch sequences of healthcare workers, a sequence could be 
defined as all of the touches a healthcare worker performs 
between their entry into a patient room and their exit (Jina-
datha et al. 2017). During this time period, they may touch 
more than a dozen items in the room. Within these long 
sequences are sub-sequences of touches that occur more 
frequently. For example, Jinadatha et al. reported that the 
most common sub-sequence within a patient care sequence 
was touching the patient and then the bedrail (28.1% of 
all patient care sequences contained this sub-sequence) 
or touching the bedrail and then the patient (26.3% of all 
patient care sequences contained this sub-sequence) (Jina-
datha et al. 2017). Touching a computer-on-wheels portable 
medical device and then the patient was the 5th most com-
mon sub-sequence. These findings demonstrate how inter-
related all the items are in a room in terms of touch contacts. 
Given a certain probability to transfer a pathogen from a 
hand to a surface (as described in the transfer efficiency 
studies above), then it is possible that pathogens could be 
transferred to a surface and then to the patient or to another 
surface and then the patient. If the fomite is a portable medi-
cal equipment (PME), then it may be brought into multiple 
patient rooms where the sequence of touches involves touch-
ing the portable medical equipment and then the patient or a 
surface that the patient may later touch.

As an oversimplified example, imagine a situation where 
a healthcare worker touched a contaminated fomite that 
contained 1,000 COVID-19 virus, subsequently touched a 
patient bedrail, and then the patient touched the same bed-
rail. Using a point estimated mean transfer efficiency of 0.23, 
1000 * 0.23 (to healthcare worker hand) * 0.23 (healthcare 
worker to patient bedrail) * 0.23 (bedrail to patient hand) = 12 
virus on the patient’s hand. This oversimplified example, of 
course, makes many assumptions, particularly that the virus 
contact spot was touched completely on each subsequent 
surface and that the transfer efficiency was exactly 0.23 at 
each transfer. Even so, it is not hard to imagine the possi-
bility of multiple fomites being contaminated in sequence 
via a variety of vectors. The studies detailed above reveal 
large standard deviations in the reported transfer efficien-
cies, so when this error is included and propagated through 
an example like the above, rather than just using a point 
estimated transfer efficiency, then it is quite possible to 
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calculate anywhere from zero virus transferred to a rather 
large number. Thus, based on the available data, estimating 
the transfer of virus through a series of transfer events would 
be speculative at best. However, these studies do reveal that 
transfer through a series of events is quite possible.

Indeed, sequences of contact events where a fraction 
of pathogen is transferred with each successive touch as 
described above likely explain the findings by multiple stud-
ies that have reported widespread contamination of objects 
in the patient room, common work areas, and on portable 
medical equipment in the hospital after inoculating a few 
surfaces with cauliflower mosaic virus DNA markers (John 
et al. 2017; Oelberg et al. 2000).
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