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Currently, the emergence of a novel human coronavirus, SARS-CoV-2, has become a global
health concern causing severe respiratory tract infections in humans. Human-to-human
transmissions have been described with incubation times between 2-10 days, facilitating
its spread via droplets, contaminated hands or surfaces. We therefore reviewed the lit-

2020 erature on all available information about the persistence of human and veterinary

coronaviruses on inanimate surfaces as well as inactivation strategies with biocidal agents
Keywords: used for chemical disinfection, e.g. in healthcare facilities. The analysis of 22 studies
Coronavirus reveals that human coronaviruses such as Severe Acute Respiratory Syndrome (SARS)
Persistence coronavirus, Middle East Respiratory Syndrome (MERS) coronavirus or endemic human
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Chemical inactivation
Biocidal agents
Disinfection

coronaviruses (HCoV) can persist on inanimate surfaces like metal, glass or plastic for up to
9 days, but can be efficiently inactivated by surface disinfection procedures with 62—71%
ethanol, 0.5% hydrogen peroxide or 0.1% sodium hypochlorite within 1 minute. Other
biocidal agents such as 0.05—0.2% benzalkonium chloride or 0.02% chlorhexidine digluc-
onate are less effective. As no specific therapies are available for SARS-CoV-2, early

L, containment and prevention of further spread will be crucial to stop the ongoing outbreak
e and to control this novel infectious thread.

© 2020 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction spread in the public and healthcare settings. Transmission of

coronaviruses from contaminated dry surfaces has been
postulated including self-inoculation of mucous membranes
of the nose, eyes or mouth [4,5], emphasizing the impor-

A novel coronavirus (SARS-CoV-2) has recently emerged
from China with a total of 45171 confirmed cases of pneu-

monia (as of February 12, 2020) [1]. Together with Severe
Acute Respiratory Syndrome (SARS) coronavirus and Middle
East Respiratory Syndrome (MERS) coronavirus [2], this is the
third highly pathogenic human coronavirus that has emerged
in the last two decades. Person-to-person transmission has
been described both in hospital and family settings [3]. It is
therefore of utmost importance to prevent any further
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tance of a detailed understanding of coronavirus persistence
on inanimate surfaces [6]. Various types of biocidal agents
such as hydrogen peroxide, alcohols, sodium hypochlorite or
benzalkonium chloride are used worldwide for disinfection,
mainly in healthcare settings [7]. The aim of the review was
therefore to summarize all available data on the persistence
of all coronaviruses including emerging SARS-CoV and MERS-
CoV as well as veterinary coronaviruses such as transmissible
gastroenteritis virus (TGEV), mouse hepatitis virus (MHV)
and canine coronavirus (CCV) on different types of

0195-6701/© 2020 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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inanimate surfaces and on the efficacy of commonly used
biocidal agents used in surface disinfectants against
coronaviruses.

Method

A Medline search has been done on January 28, 2020. The
following terms were used, always in combination with
*coronavirus”, “TGEV”, "MHV” or “CCV”: survival surface (88 /
10 / 25 / 0 hits), persistence surface (47 / 1 / 32 / 0 hits),
persistence hand (8 / 0 / 3 / 0 hits), survivalhand (22 /0/3 /1
hits), survival skin (8 / 0/ 0 / 1 hits), persistence skin(1/0/0/
1 hit), virucidal (23 / 3 / 3 / 1 hits), chemical inactivation (33 /
0/6 /1), suspension test (18 /0 / 0/ 0 hits) and carrier test (17
/ 4/ 0/ 0 hits). Publications were included and results were
extracted given they provided original data on coronaviruses on
persistence (surfaces, materials) and inactivation by biocidal
agents used for disinfection (suspension tests, carrier tests,
fumigation studies). Data with commercial products based on
various different types of biocidal agents were excluded.
Reviews were not included, but screened for any information
within the scope of this review.
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Results
Persistence of coronavirus on inanimate surfaces

Most data were described with the endemic human coro-
navirus strain (HCoV-) 229E. On different types of materials it
can remain infectious for from 2 hours up to 9 days. A higher
temperature such as 30°C or 40°C reduced the duration of
persistence of highly pathogenic MERS-CoV, TGEV and MHV.
However, at 4°C persistence of TGEV and MHV can be increased
to > 28 days. Few comparative data obtained with SARS-CoV
indicate that persistence was longer with higher inocula
(Table 1). In addition it was shown at room temperature that
HCoV-229E persists better at 50% compared to 30% relative
humidity [8].

Inactivation of coronaviruses by biocidal agents in
suspension tests

Ethanol (78—95%), 2-propanol (70—100%), the combination
of 45% 2-propanol with 30% 1-propanol, glutardialdehyde
(0.5—2.5%), formaldehyde (0.7—1%) and povidone iodine

Table |
Persistence of coronaviruses on different types of inanimate surfaces
Type of surface Virus Strain / isolate Inoculum (viral titer) Temperature Persistence Reference
Steel MERS-CoV Isolate HCoV-EMC/2012 10° 20°C 48 h [21]
30°C 8—24h
TGEV Unknown 10° 4°C >28d [22]
20°C 3-28d
40°C 4-96 h
MHV Unknown 10° 4°C >28d [22]
20°C 4-28d
40°C 4-96 h
HCoV Strain 229E 10° 21°C 5d [23]
Aluminium HCoV Strains 229E and OC43 5x 10° 21°C 2—-8h [24]
Metal SARS-CoV Strain P9 10° RT 5d [25]
Wood SARS-CoV Strain P9 10° RT 4d [25]
Paper SARS-CoV Strain P9 10° RT 4-5d [25]
SARS-CoV Strain GVU6109 10° RT 24 h [26]
10° 3h
10* < 5min
Glass SARS-CoV Strain P9 10° RT 4d [25]
HCoV Strain 229E 10° 21°C 5d [23]
Plastic SARS-CoV Strain HKU39849 10° 22°-25°C <5d [27]
MERS-CoV Isolate HCoV-EMC/2012 10° 20°C 48 h [21]
30°C 8—24h
SARS-CoV  Strain P9 10° RT 4d [25]
SARS-CoV Strain FFM1 107 RT 6—9d [28]
HCoV Strain 229E 107 RT 2-6d [28]
PVC HCoV Strain 229E 10° 21°C 5d [23]
Silicon rubber HCoV Strain 229E 103 21°C 5d [23]
Surgical glove (latex) HCoV Strains 229E and 0C43 5x 10° 21°C <8h [24]
Disposable gown SARS-CoV Strain GVU6109 10° RT 2d [26]
10° 24 h
10* 1h
Ceramic HCoV Strain 229E 10° 21°C 5d [23]
Teflon HCoV Strain 229E 10° 21°C 5d [23]

MERS = Middle East Respiratory Syndrome; HCoV = human coronavirus; TGEV = transmissible gastroenteritis virus; MHV = mouse hepatitis virus;

SARS = Severe Acute Respiratory Syndrome; RT = room temperature.
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Table Il
Inactivation of coronaviruses by different types of biocidal agents in suspension tests
Biocidal agent Concentration Virus Strain / isolate Exposure time Reduction of Reference
viral infectivity
(log10)
Ethanol 95% SARS-CoV Isolate FFM-1 30s >5.5 [29]
85% SARS-CoV Isolate FFM-1 30s >5.5 [29]
80% SARS-CoV Isolate FFM-1 30s >4.3 [29]
80% MERS-CoV Strain EMC 30s > 4.0 [14]
78% SARS-CoV Isolate FFM-1 30s >5.0 [28]
70% MHV Strains MHV-2 10 min > 3.9 [30]
and MHV-N
70% ccv Strain 1-71 10 min > 3.3 [30]
2-Propanol 100% SARS-CoV Isolate FFM-1 30s > 3.3 [28]
75% SARS-CoV Isolate FFM-1 30s > 4.0 [14]
75% MERS-CoV Strain EMC 30s > 4.0 [14]
70% SARS-CoV Isolate FFM-1 30s >3.3 [28]
50% MHV Strains MHV-2 10 min > 3.7 [30]
and MHV-N
50% ccv Strain 1-71 10 min > 3.7 [30]
2-Propanol and 45% and 30% SARS-CoV Isolate FFM-1 30s >4.3 [29]
1-propanol SARS-CoV Isolate FFM-1 30s >2.8 [28]
Benzalkonium chloride 0.2% HCoV ATCC VR-759 10 min 0.0 [31]
(strain OC43)
0.05% MHV Strains MHV-2 10 min > 3.7 [30]
and MHV-N
0.05% ccv Strain 1-71 10 min > 3.7 [30]
0.00175% ccv Strain S378 3d 3.0 [32]
Didecyldimethyl 0.0025% ccv Strain S378 3d > 4.0 [32]
ammonium chloride
Chlorhexidine 0.02% MHV Strains MHV-2 10 min 0.7-0.8 [30]
digluconate and MHV-N
0.02% cev Strain 1-71 10 min 0.3 [30]
Sodium hypochlorite 0.21% MHV Strain MHV-1 30s > 4.0 [33]
0.01% MHV Strains MHV-2 10 min 2.3-2.8 [30]
and MHV-N
0.01% ccv Strain 1-71 10 min 1.1 [30]
0.001% MHV Strains MHV-2 10 min 0.3-0.6 [30]
and MHV-N
0.001% ccv Strain 1-71 10 min 0.9 [30]
Hydrogen peroxide 0.5% HCoV Strain 229E 1 min > 4.0 [34]
Formaldehyde 1% SARS-CoV Isolate FFM-1 2 min > 3.0 [28]
0.7% SARS-CoV Isolate FFM-1 2 min > 3.0 [28]
0.7% MHV 10 min > 3.5 [30]
0.7% ccv Strain 1-71 10 min > 3.7 [30]
0.009% ccv 24 h > 4.0 [35]
Glutardialdehyde 2.5% SARS-CoV Hanoi strain 5 min > 4.0 [36]
0.5% SARS-CoV Isolate FFM-1 2 min > 4.0 [28]
Povidone iodine 7.5% MERS-CoV Isolate HCoV-EMC/2012 15s 4.6 [37]
4% MERS-CoV Isolate HCoV-EMC/2012 15s 5.0 [37]
1% SARS-CoV Hanoi strain 1 min > 4.0 [36]
1% MERS-CoV Isolate HCoV-EMC/2012 15s 4.3 [37]
0.47% SARS-CoV Hanoi strain 1 min 3.8 [36]
0.25% SARS-CoV Hanoi strain 1 min > 4.0 [36]
0.23% SARS-CoV Hanoi strain 1 min > 4.0 [36]
0.23% SARS-CoV Isolate FFM-1 15s > 4.4 [38]
0.23% MERS-CoV Isolate HCoV-EMC/2012 15s > 4.4 [38]

SARS = Severe Acute Respiratory Syndrome; MERS = Middle East Respiratory Syndrome; MHV = mouse hepatitis virus; CCV = canine coronavirus;
HCoV = human coronavirus.



Table Il
Inactivation of coronaviruses by different types of biocidal agents in carrier tests

Biocidal agent Concentration Virus Strain / isolate Volume / material Organic Exposure Reduction of Reference
load time viral
infectivity
(log1o0)
Ethanol 71% TGEV Unknown 50 ul / stainless steel None 1 min 3.5 [39]
71% MHV Unknown 50 pl / stainless steel None 1 min 2.0 [39]
70% TGEV Unknown 50 ul / stainless steel None 1 min 3.2 [39]
70% MHV Unknown 50 ul / stainless steel None 1 min 3.9 [39]
70% HCoV Strain 229E 20 pl / stainless steel 5% serum 1 min > 3.0 [40]
62% TGEV Unknown 50 ul / stainless steel None 1 min 4.0 [39]
62% MHV Unknown 50 pul / stainless steel None 1 min 2.7 [39]
Benzalkoniumchloride 0.04% HCoV Strain 229E 20 pl / stainless steel 5% serum 1 min < 3.0 [40]
Sodium hypochlorite 0.5% HCoV Strain 229E 20 pl / stainless steel 5% serum 1 min > 3.0 [40]
0.1% HCoV Strain 229E 20 pl / stainless steel 5% serum 1 min > 3.0 [40]
0.06% TGEV Unknown 50 ul / stainless steel None 1 min 0.4 [39]
0.06% MHV Unknown 50 ul / stainless steel None 1 min 0.6 [39]
0.01% HCoV Strain 229E 20 ul / stainless steel 5% serum 1 min < 3.0 [40]
Glutardialdehyde 2% HCoV Strain 229E 20 pl / stainless steel 5% serum 1 min > 3.0 [40]
Ortho-phtalaldehyde 0.55% TGEV Unknown 50 ul / stainless steel None 1 min 2.3 [39]
0.55% MHV Unknown 50 pl / stainless steel None 1 min 1.7 [39]
Hydrogen peroxide Vapor of unknown TGEV Purdue strain 20 wl / stainless steel None 2-3h 4.9-5.3* [41]
concentration type 1

TGEV = transmissible gastroenteritis virus; MHV = mouse hepatitis virus; HCoV = human coronavirus; *depending on the volume of injected hydrogen peroxide.
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(0.23—7.5%) readily inactivated coronavirus infectivity by
approximately 4 log;o or more. (Table Il). Sodium hypochlorite
required a minimal concentration of at least 0.21% to be
effective. Hydrogen peroxide was effective with a concen-
tration of 0.5% and an incubation time of 1 min. Data obtained
with benzalkonium chloride at reasonable contact times were
conflicting. Within 10 min a concentration of 0.2% revealed no
efficacy against coronavirus whereas a concentration of 0.05%
was quite effective. 0.02% chlorhexidine digluconate was
basically ineffective (Table II).

Inactivation of coronaviruses by biocidal agents in
carrier tests

Ethanol at concentrations between 62% and 71% reduced
coronavirus infectivity within 1 min exposure time by 2.0—4.0
log;o. Concentrations of 0.1—0.5% sodium hypochlorite and 2%
glutardialdehyde were also quite effective with > 3.0 logqo
reduction in viral titre. In contrast, 0.04% benzalkonium
chloride, 0.06% sodium hypochlorite and 0.55% ortho-
phtalaldehyde were less effective (Table Ill).

Discussion

Human coronaviruses can remain infectious on inanimate
surfaces at room temperature for up to 9 days. At a temper-
ature of 30°C or more the duration of persistence is shorter.
Veterinary coronaviruses have been shown to persist even
longer for 28 d. Contamination of frequent touch surfaces in
healthcare settings are therefore a potential source of viral
transmission. Data on the transmissibility of coronaviruses from
contaminated surfaces to hands were not found. However, it
could be shown with influenza A virus that a contact of 5 s can
transfer 31.6% of the viral load to the hands [9]. The transfer
efficiency was lower (1.5%) with parainfluenza virus 3and a5 s
contact between the surface and the hands [10]. In an obser-
vational study, it was described that students touch their face
with their own hands on average 23 times per h, with contact
mostly to the skin (56%), followed by mouth (36%), nose (31%)
and eyes (31%) [11]. Although the viral load of coronaviruses on
inanimate surfaces is not known during an outbreak situation it
seem plausible to reduce the viral load on surfaces by dis-
infection, especially of frequently touched surfaces in the
immediate patient surrounding where the highest viral load can
be expected. The WHO recommends "to ensure that environ-
mental cleaning and disinfection procedures are followed
consistently and correctly. Thoroughly cleaning environmental
surfaces with water and detergent and applying commonly
used hospital-level disinfectants (such as sodium hypochlorite)
are effective and sufficient procedures.” [12] The typical use
of bleach is at a dilution of 1:100 of 5% sodium hypochlorite
resulting in a final concentration of 0.05% [13]. Our summarized
data with coronaviruses suggest that a concentration of 0.1% is
effective in 1 min (Table Ill). That is why it seems appropriate
to recommend a dilution 1:50 of standard bleach in the coro-
navirus setting. For the disinfection of small surfaces ethanol
(62—71%; carrier tests) revealed a similar efficacy against
coronavirus. A concentration of 70% ethanol is also recom-
mended by the WHO for disinfecting small surfaces [13].

No data were found to describe the frequency of hands
becoming contaminated with coronavirus, or the viral load on

hands either, after patient contact or after touching con-
taminated surfaces. The WHO recommends to preferably apply
alcohol-based hand rubs for the decontamination of hands,
e.g. after removing gloves. Two WHO recommended for-
mulations (based on 80% ethanol or 75% 2-propanol) have been
evaluated in suspension tests against SARS-CoV and MERS-CoV,
and both were described to be very effective [14]. No in vitro
data were found on the efficacy of hand washing against
coronavirus contaminations on hands. In Taiwan, however, it
was described that installing hand wash stations in the emer-
gency department was the only infection control measure
which was significantly associated with the protection from
healthcare workers from acquiring the SARS-CoV, indicating
that hand hygiene can have a protective effect [15]. Com-
pliance with hand hygiene can be significantly higher in an
outbreak situation but is likely to remain an obstacle especially
among physicians [16—18]. Transmission in healthcare settings
can be successfully prevented when appropriate measures are
consistently performed [19,20].

Conclusions

Human coronaviruses can remain infectious on inanimate
surfaces for up to 9 days. Surface disinfection with 0.1% sodium
hypochlorite or 62—71% ethanol significantly reduces corona-
virus infectivity on surfaces within 1 min exposure time. We
expect a similar effect against the SARS-CoV-2.
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Aerosol and Surface Stability of SARS-CoV-2
as Compared with SARS-CoV-1

TO THE EDITOR: A novel human coronavirus that
is now named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (formerly called
HCoV-19) emerged in Wuhan, China, in late 2019
and is now causing a pandemic.! We analyzed
the aerosol and surface stability of SARS-CoV-2
and compared it with SARS-CoV-1, the most
closely related human coronavirus.?

We evaluated the stability of SARS-CoV-2 and
SARS-CoV-1 in aerosols and on various surfaces
and estimated their decay rates using a Bayesian
regression model (see the Methods section in
the Supplementary Appendix, available with the
full text of this letter at NEJM.org). SARS-CoV-2
nCoV-WA1-2020 (MN985325.1) and SARS-CoV-1
Tor2 (AY274119.3) were the strains used. Aero-
sols (<5 wm) containing SARS-CoV-2 (10°>* 50%
tissue-culture infectious dose [TCID_] per milli-
liter) or SARS-CoV-1 (10675700 TCID,, per milliliter)
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were generated with the use of a three-jet Colli-
son nebulizer and fed into a Goldberg drum to
create an aerosolized environment. The inoculum
resulted in cycle-threshold values between 20 and
22, similar to those observed in samples obtained
from the upper and lower respiratory tract in
humans.

Our data consisted of 10 experimental condi-
tions involving two viruses (SARS-CoV-2 and
SARS-CoV-1) in five environmental conditions
(aerosols, plastic, stainless steel, copper, and
cardboard). All experimental measurements are
reported as means across three replicates.

SARS-CoV-2 remained viable in aerosols
throughout the duration of our experiment
(3 hours), with a reduction in infectious titer
from 10°° to 10*” TCID, per liter of air. This
reduction was similar to that observed with
SARS-CoV-1, from 10** to 10** TCID, per milli-
liter (Fig. 1A).

SARS-CoV-2 was more stable on plastic and
stainless steel than on copper and cardboard,
and viable virus was detected up to 72 hours
after application to these surfaces (Fig. 14), al-
though the virus titer was greatly reduced (from
10*7 to 10°¢ TCID, per milliliter of medium after
72 hours on plastic and from 10*7 to 10°° TCID,
per milliliter after 48 hours on stainless steel).
The stability kinetics of SARS-CoV-1 were simi-
lar (from 10°* to 10°7 TCID,, per milliliter after
72 hours on plastic and from 10*¢ to 10°° TCID, |
per milliliter after 48 hours on stainless steel).
On copper, no viable SARS-CoV-2 was measured
after 4 hours and no viable SARS-CoV-1 was
measured after 8 hours. On cardboard, no viable
SARS-CoV-2 was measured after 24 hours and no
viable SARS-CoV-1 was measured after 8 hours
(Fig. 1A).
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Figure 1 (previous page). Viability of SARS-CoV-1

and SARS-CoV-2 in Aerosols and on Various Surfaces.
As shown in Panel A, the titer of aerosolized viable virus
is expressed in 50% tissue-culture infectious dose
(TCIDs,) per liter of air. Viruses were applied to copper,
cardboard, stainless steel, and plastic maintained at 21
to 23°C and 40% relative humidity over 7 days. The titer
of viable virus is expressed as TCID;, per milliliter of
collection medium. All samples were quantified by
end-point titration on Vero E6 cells. Plots show the
means and standard errors (I bars) across three repli-
cates. As shown in Panel B, regression plots indicate
the predicted decay of virus titer over time; the titer is
plotted on a logarithmic scale. Points show measured
titers and are slightly jittered (i.e., their horizontal posi-
tions are modified by a small random amount to reduce
overlap) along the time axis to avoid overplotting.
Lines are random draws from the joint posterior distri-
bution of the exponential decay rate (negative of the
slope) and intercept (initial virus titer) to show the
range of possible decay patterns for each experimental
condition. There were 150 lines per panel, including 50
lines from each plotted replicate. As shown in Panel C,
violin plots indicate posterior distribution for the half-
life of viable virus based on the estimated exponential
decay rates of the virus titer. The dots indicate the pos-
terior median estimates, and the black lines indicate a
95% credible interval. Experimental conditions are or-
dered according to the posterior median half-life of
SARS-CoV-2. The dashed lines indicate the limit of de-
tection, which was 3.33x10° TCID, per liter of air for
aerosols, 10°° TCID;, per milliliter of medium for
plastic, steel, and cardboard, and 10*®* TCIDs, per mil-
liliter of medium for copper.

Both viruses had an exponential decay in virus
titer across all experimental conditions, as indi-
cated by a linear decrease in the log, TCID, per
liter of air or milliliter of medium over time
(Fig. 1B). The half-lives of SARS-CoV-2 and
SARS-CoV-1 were similar in aerosols, with me-
dian estimates of approximately 1.1 to 1.2 hours
and 95% credible intervals of 0.64 to 2.64 for
SARS-CoV-2 and 0.78 to 2.43 for SARS-CoV-1
(Fig. 1C, and Table S1 in the Supplementary Ap-
pendix). The half-lives of the two viruses were also
similar on copper. On cardboard, the halflife of
SARS-CoV-2 was longer than that of SARS-CoV-1.
The longest viability of both viruses was on
stainless steel and plastic; the estimated median
half-life of SARS-CoV-2 was approximately 5.6
hours on stainless steel and 6.8 hours on plastic
(Fig. 1C). Estimated differences in the half-lives
of the two viruses were small except for those on
cardboard (Fig. 1C). Individual replicate data were
noticeably “noisier” (i.e., there was more varia-

N ENGL J MED 382]16

tion in the experiment, resulting in a larger
standard error) for cardboard than for other
surfaces (Fig. S1 through S5), so we advise cau-
tion in interpreting this result.

We found that the stability of SARS-CoV-2
was similar to that of SARS-CoV-1 under the
experimental circumstances tested. This indicates
that differences in the epidemiologic character-
istics of these viruses probably arise from other
factors, including high viral loads in the upper
respiratory tract and the potential for persons
infected with SARS-CoV-2 to shed and transmit
the virus while asymptomatic.>* Our results in-
dicate that aerosol and fomite transmission of
SARS-CoV-2 is plausible, since the virus can re-
main viable and infectious in aerosols for hours
and on surfaces up to days (depending on the
inoculum shed). These findings echo those with
SARS-CoV-1, in which these forms of transmis-
sion were associated with nosocomial spread
and super-spreading events,” and they provide
information for pandemic mitigation efforts.
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Epidemiologic and Survival Trends in Amyloidosis, 1987-2019

TO THE EDITOR: Amyloidosis is a group of rare
disorders caused by deposition of misfolded pro-
teins as insoluble fibrils, which leads to progres-
sive multiorgan failure and death.! The past 30
years have seen remarkable advances in diagnos-
tic imaging, more accurate identification of fi-
brils, and (in recent years) the first approved
treatments.>?

We report here data on 11,006 patients who
received a diagnosis of amyloidosis during the
period from 1987 through October 2019. All

data were obtained from the United Kingdom
National Amyloidosis Centre database. The num-
ber of cases increased by 670% from the period
1987-1999 to the period 20102019 (Fig. 1A).
Systemic light-chain (AL) amyloidosis remained
the most common type and accounted for 55%
of all cases (Fig. 1B). With the advances in
therapies that target plasma cells, overall sur-
vival among patients with AL amyloidosis in-
creased from a median of 18 months among
patients who received a diagnosis before 2005 to

A Diagnoses of Amyloidosis According to Time Period and Type B Diagnoses of Amyloidosis According to Type, 1987-2019
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Figure 1. Diagnoses of Amyloidosis over Three Decades and Amyloidosis Types.
Panel A shows data for 11,006 cases of amyloidosis diagnosed from 1987 to 2019. Panel B shows data for the 10,755 cases for which fibril
type could be determined accurately. AA denotes amyloid A, AApol amyloid apolipoprotein A-I, AB2M amyloid beta,-microglobulin,
AFib amyloid fibrinogen, ALect2 amyloid leukocyte chemotactic factor 2, AL light chain, ALys amyloid lysozyme, ATTR transthyretin-
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Efficacy of Soap and Water and Alcohol-Based
Hand-Rub Preparations against Live HIN1 Influenza
Virus on the Hands of Human Volunteers

M. Lindsay Grayson,'”* Sharmila Melvani,' Julian Druce,’ lan G. Barr’ Susan A. Ballard,' Paul D. R. Johnson,"**

Tasoula Mastorakos,’ and Christopher Birch*

'Infectious Diseases Department, Austin Health, 2Department of Epidemiology and Preventive Medicine, Monash University, *Department of
Medicine, University of Melbourne, and *Victorian Infectious Diseases Reference Laboratory, Melbourne Health, and *World Health Organization
Collaborating Centre for Influenza, Melbourne, Australia

Background. Although pandemic and avian influenza are known to be transmitted via human hands, there
are minimal data regarding the effectiveness of routine hand hygiene (HH) protocols against pandemic and avian
influenza.

Methods. Twenty vaccinated, antibody-positive health care workers had their hands contaminated with 1 mL
of 107 tissue culture infectious dose (TCID),,/0.1 mL live human influenza A virus (HIN1; A/New Caledonia/20/
99) before undertaking 1 of 5 HH protocols (no HH [control], soap and water hand washing [SW], or use of 1
of 3 alcohol-based hand rubs [61.5% ethanol gel, 70% ethanol plus 0.5% chlorhexidine solution, or 70% isopropanol
plus 0.5% chlorhexidine solution]). HIN1 concentrations were assessed before and after each intervention by viral
culture and real-time reverse-transcriptase polymerase chain reaction (PCR). The natural viability of HIN1 on
hands for >60 min without HH was also assessed.

Results. There was an immediate reduction in culture-detectable and PCR-detectable HIN1 after brief cuta-
neous air drying—14 of 20 health care workers had HIN1 detected by means of culture (mean reduction, 10°*
TCID,,/0.1 mL), whereas 6 of 20 had no viable HIN1 recovered; all 20 health care workers had similar changes
in PCR test results. Marked antiviral efficacy was noted for all 4 HH protocols, on the basis of culture results (14
of 14 had no culturable HIN1; P<.002) and PCR results (P<.001; cycle threshold value range, 33.3-39.4), with
SW statistically superior (P<.001) to all 3 alcohol-based hand rubs, although the actual difference was only 1-
100 virus copies/uL. There was minimal reduction in HINI after 60 min without HH.

Conclusions. HH with SW or alcohol-based hand rub is highly effective in reducing influenza A virus on
human hands, although SW is the most effective intervention. Appropriate HH may be an important public health
initiative to reduce pandemic and avian influenza transmission.

Although person-to-person transmission of influenza
virus is due primarily to aerosol spread, transmission
on the hands of patients and their caregivers is also
potentially important [1-6]. Appropriate hand-hygiene
(HH) practices should reduce transmission risk, but
there are few in vivo data to confirm the antiviral ef-
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ficacy of currently available HH protocols [7-10]. Fur-
thermore, the long-term viability of influenza virus on
unwashed human hands remains unclear, yet this has
important ramifications for the risk of transmission by
health care workers (HCWs) and others, should they
neglect to undertake appropriate HH while caring for
patients with influenza. Because of recent concerns
about avian influenza and the potential for a worldwide
influenza pandemic [2], we aimed to clarify theses prac-
tical issues by assessing the efficacy of various HH pro-
tocols using human volunteers cutaneously exposed to
live HINI influenza under controlled conditions.

Presented in part: 47th Interscience Conference on Antimicrobial Agents and
Chemotherapy, Chicago, lllinois, September 2007 (abstract K-1796).
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METHODS

We assessed the virological effectiveness of 4 commonly used
HH protocols with use of a standardized human study protocol,
and we compared the results of these protocols with any natural
change in influenza viability on HCW hands when left undis-
turbed by HH activities.

Influenza strain. We used a live (infectious) influenza A
virus strain (A/New Caledonia/20/99 [HIN1]) that was a com-
ponent of the influenza vaccine administered to Australian
HCWs during 2005-2006. This HIN1 strain was considered to
be a suitable surrogate for H5N1 avian influenza, because their
envelopes have similar physicochemical properties, but it was
less likely to be associated with a significant risk of severe illness,
given the ability to prevaccinate participants [4, 6]. HIN1 was
originally isolated and repassaged in embryonated chicken eggs
before allantoic fluid was collected, pooled, and aliquoted into
1-mL samples that contained ~1.8 X 107 tissue culture infec-
tious dose (TCID),,/0.1 mL live HIN1 (PCR cycle threshold
[Ct] value: 17.3; World Health Organization Collaborating Cen-
tre for Influenza, Melbourne), which was stored at —70°C until
used.

Participants. We recruited HCW volunteers who had un-
dergone vaccination with the 2005 influenza vaccine (Fluvax)
and had demonstrable adequate levels of antibody to influenza
A before study commencement [11]. Participants were asked
to avoid medicated HH products, lotions, and shampoos, as
well as bathing in chlorinated pools, for 24 h before com-
mencement of each study protocol. The hands of participants
were carefully inspected, and those with dermatoses, open
wounds, or other skin disorders were excluded from partici-
pation until healed. All consenting participants underwent de-
tailed training in the correct use of each of the HH protocols
and wore a fitted high-filtration (N-95) face mask, a hat, and
a long-sleeved gown throughout each procedure.

All volunteers participated in the HH efficacy study, and a
subset of these volunteers participated in the HIN1 viability
study. Appropriate stocks of the antiviral agent oseltamivir
(Tamiflu) were available to treat any participants who devel-
oped signs of clinical disease. All experiments involving humans
were performed in secure negative-pressure respiratory isola-
tion facilities at the Victorian Infectious Diseases Reference
Laboratory (Melbourne, Australia), and all influenza diagnostic
procedures (i.e., serological testing, PCR, and virus culture)
were performed in appropriate secure laboratories at either
Victorian Infectious Diseases Reference Laboratory or the
World Health Organization Collaborating Centre for Influenza
(Melbourne, Australia). The study was approved by the Austin
Health Human Research Ethics Committee.

Procedure for hand contamination and virus sampling.
To more accurately replicate likely clinical conditions experi-
enced by HCWs who are exposed to large quantities of influ-

enza-infected body fluids, we used a modified version of the
American Society for Testing and Materials (ASTM) standard
assessment protocols [12, 13] to contaminate HCWs’ hands
and used both direct swabs and a modified glove-juice tech-
nique to obtain culture specimens from their palms, fingertips,
and entire hands (figure 1) [14, 15]. In brief, this involved the
following: 1 mL of undiluted live HIN1 in allantoic fluid was
placed in the participant’s right palm, and the participant mas-
saged it for 30 s using the fingertips of his or her left hand.
This inoculum (1.8 X 10” TCID,,/0.1 mL) was chosen to mimic
the concentrations expected in the respiratory fluids of patients
with active influenza infection (usual range, 10”7 TCID,,/0.1
mL) [4, 16]. Participants then allowed their hands to air dry
for 2 min before undergoing assessment to determine the pres-
ence of viable HIN1, as follows: the finger pads of all 5 digits
of the left hand were swabbed using a sterile cotton-tipped
applicator (Defries Industries) soaked in viral transport media,
which was then stored for subsequent real-time RT-PCR (PCR)
analysis.

Protocols to assess the efficacy of HH products and the nat-
ural viability of influenza virus were then followed before the
quantity of detectable HIN1 was again assessed by PCR and
culture (immediately after drying after each HH regimen) as
follows: the palm of the participant’s right hand was swabbed
10 times with a sterile cotton-tipped applicator soaked in 2 mL
viral transport media, which was then stored for culture and
PCR analysis. The participant’s entire right hand was then also
sampled by the modified glove-juice technique, with use of 5-

1 mL of live HIN1 virus (107 TCIDsg per 0.1 mL) poured
into the palm area of the HCW's right hand

] HCW massages palm area using fingertips of the lefi hand for 30 seconds l

l HCW allows hands to air dry for 2 min |

Confirm presence and quantity of HIN1:
Swab fingertips of HCW’s lefi hand for PCR for HIN]

Efficacy of HH protocol Natural viability protocol
(20 HCWs) (8 HCWs)

Assessment of the anti-influenza efficacy
of routine HH protocols:
* Clean hands with defined HH

Assessment of the natral viability of
influenza over time on HCWs' hands:
= No HH protocol performed
protocol, except in Control *  HCW waits for 60 min after
assessment when no HH protocol contamination without hand contact
used. before assessment for viable HIN1.

Assess quantity of detectable HINI virus
1. Swab palm of HCW’s right hand for HINI PCR and culture
then
2. Sample HCW’s right hand using modified glove-juice technique for HINI
RT-PCR and culture

HCW undertakes detailed iodine-based surgical scrub to thoroughly
disinfect both hands

Figure 1. Study protocol. HCW, health care worker; HH, hand hygiene.
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mL viral transport media, to obtain samples for both viral
culture and PCR [14, 15].

After this sampling, all participants thoroughly disinfected
their hands by undertaking a supervised, detailed, surgical scrub
using 7.5% povidone-iodine (Orion Laboratories) [7]. All par-
ticipants were provided verbal and written information with
regard to the signs and symptoms of influenza and were in-
structed to contact the study coordinator if any problems arose.
Because the study involved the assessment of a number of HH
products, each participant was required to have an interval of
at least 24 h between participation in each arm of the study
protocol.

PCR. Viral RNA extraction, sample spiking with internal
control (bovine viral diarrheal virus [BVDV]), and reverse tran-
scription were performed using a Magnapure automated ex-
traction robot and random primers/AMV-RT (avian myelob-
lastosis virus reverse transcriptase) enzyme as described
elsewhere [17]. Mastermix was prepared using ABI universal
fast mastermix (Applied Biosystems) with influenza A matrix
protein gene primers (forward primer, FLAM-F MGAGGTCG-
AAACGTAYGTTCTCT; reverse primer, FLAM-R GTCTTGTC-
TTTAGCCAYTCCATGA) and probe (FLAM probe, FAM-
CCCCCTCAAAGCCGA-MGB-3’) in concentrations of 0.1
pmol and 0.2 pmol, respectively. For BVDV (internal control),
the primers were BVDV-F 5-TCAGCGAAGGCCGAAAAG,
BVDV-R TGCTACCCCCTCCATTATGC-3’, and BVDV-probe
VIC-CTAGCCATGCCCTTAGT-MGB at concentrations of
0.02 pmol and 0.1 pumol, respectively. Two microliters of com-
plementary DNA template was added to 18 uL of mastermix,
and real-time PCR was performed on an ABI 7500 Fast real-
time PCR system (Applied Biosystems) with use of ABI opti-
mized reaction conditions.

The relationship between PCR cycle threshold (Ct) and in-
fluenza RNA copy number was assessed using a plasmid that
contained a single copy of the matrix gene of influenza A virus.
Serial log dilutions of the plasmid preparation containing 10°
to 10° copies per input volume were tested in the described
PCR assay, and a standard curve was constructed to enable
estimation of the RNA copy number associated with the Ct
value obtained from samples tested in the assay.

Viral culture. Viral culture was performed at the World
Health Organization Collaborating Centre for Reference and
Research on Influenza. In brief, 10-fold dilutions (10" to 10~%)
of each test sample, including the control virus, were prepared
in serum-free medium, and 100 puL was added in triplicate to
wells of 96-well, flat-bottomed plates (Greiner Bio One) that
contained Madin-Darby canine kidney (MDCK) cells (CCL-
34, ATCC) that had been seeded a day earlier with 3 X 10* cells
per well. After adsorption for 2 h at 35°C in 5% carbon dioxide,
the inoculums were removed, and 200 uL of serum-free me-
dium supplemented with 4 pug/mL trypsin (JRH Biosciences)

was added to all wells. The plates were then incubated for 4-
5 days at 35°C in 5% carbon dioxide and were observed daily,
by microscopy, for cytopathic effect, and at day 4 or 5, the
presence of influenza virus was confirmed by taking 25 uL of
the supernatant and mixing it with 25 uL of 1% turkey RBCs,
incubating at room temperature for 30 min, and assessing
whether hemagglutination was present. To determine the virus
titer (TCID,,/0.1 mL), the remaining medium was removed
from each well and was replaced with 200 uL of 0.036% (w/
v) neutral red and was incubated and washed, and residual
neutral red levels were quantified by measuring the absorbance
at 490 nm [18]. The TCID,, endpoint titrations were deter-
mined using the method of Reed and Muench [19].

Efficacy of various HH products. After initial influenza
contamination and viral confirmation assessment (figure 1),
each participant used 1 of the 5 HH protocols: no HH (control),
hand washing with nonmedicated liquid soap (Microshield skin
care cleanser [SW]; Johnson and Johnson Medical), and hand
rubbing with Microshield antimicrobial hand gel (61.5% eth-
anol plus skin emollient [ETOH only]; Johnson and Johnson
Medical), DeBug HH solution (70% isopropyl alcohol plus
0.5% chlorhexidine plus skin emollient [ISOP-CHX]; Orion
Laboratories), or Avagard antiseptic hand rub (70% ethanol
plus 0.5% chlorhexidine plus skin emollient [ETOH-CHX]; 3M
Pharmaceuticals). This was followed by an assessment for de-
tectable HIN1 (table 1). The control (i.e., no HH) assessment
was performed immediately after the 2-min period of air dry-
ing. Each participant performed all protocols in the same se-
quence (as listed in table 1), and all 4 HH products were used
in the recommended manner [7], followed by assessment
for detectable HIN1 and the detailed surgical scrub. All HH
protocols with use of alcohol-based hand rub (ABHR) prod-
ucts were performed with a minimum of 24 h between each
protocol.

Natural viability of influenza virus. Participants in the
natural viability protocol had their hands contaminated in the
usual manner, followed by culture and PCR for detectable
HINI immediately after the 2-min period of air drying (base-
line). The hands were then recontaminated and allowed to air
dry for the routine 2 min, followed by a further 60-min period
during which the participant simply kept his or her hands
suspended in the study safety cabinet, at room temperature,
without contact with any other objects or HH products. Each
participant’s right hand was subsequently assessed for detect-
able virus by PCR and culture, in the described manner, to
identify any change in viral concentrations during the 60 min
after initial contamination.

Statistical analysis. When appropriate, PCR results were
summarized as geometric mean (= SD) values and were com-
pared by Student’s t test before and after each intervention (i.e.,
after use of each HH product or after the 60-min period of air
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Table 1. Hand hygiene protocols assessed, in order of testing.

Product

Composition

Hand-washing procedure [7]

Microshield skin care cleanser®

Nonmedicated liquid soap

Before use of liquid soap and water, hands were

Microshield antimicrobial hand gel®

DeBug hand-hygiene solution®

Avagard antiseptic hand rub®
plus skin emollient

61.5% Ethanol plus skin emollient

70% lsopropy! alcohol plus 0.5%
chlorhexidine plus skin emollient

70% Ethanol plus 0.5% chlorhexidine

rinsed briefly in tap water, then ~3 mL of liquid
soap was dispensed into the palm of the right
hand; hands were rubbed together and washed
with tap water in the prescribed manner [7] for
40 s, then dried with paper towel

A single 2-3-mL volume of alcohol-based hand rub
product was dispensed onto the right palm, and
the hands were rubbed together in the pre-
scribed manner [7] for 20 s, then air dried

A single 2-3-mL volume of alcohol-based hand rub
product was dispensed onto the right palm, and
the hands were rubbed together in the pre-
scribed manner [7] for 20 s, then air dried

A single 2-3-mL volume of alcohol-based hand rub
product was dispensed onto the right palm, and
the hands were rubbed together in the pre-
scribed manner [7] for 20 s, then air dried

@ Johnson and Johnson Medical.
® Orion Laboratories.
¢ 3M Pharmaceuticals.

drying). Because the limit of reliable PCR detection was a Ct
value of 40, any specimens that had PCR Ct values >40 were
arbitrarily assigned a Ct of 40.1. Results that were not normally
distributed were compared using the Wilcoxon signed-rank
test. A P value <.05 was considered to be statistically significant.

RESULTS

Twenty HCWs participated in the assessment of HH products,
and 8 of them also participated in the natural viability study.
An immediate reduction in HIN1 was noted in all participants
immediately after the 2-min period of air drying, with mean
(=SD) PCR Ct values of 25.2 + 3.9 and 254 * 3.8 for the
palm and glove-juice specimens, respectively. Only 14 of 20
HCWs had culture-detectable virus in the palm and/or glove
juice specimens at this baseline assessment, with a 3—4-log re-
duction noted, compared with the initial inoculum (107 re-
duced to 10°™* TCID,,/0.1 mL) (table 2). For the remaining 6
participants, no HIN1 could be detected by culture at baseline
or could be reliably detected before each HH regimen.
Among the 14 participants with baseline culture-detected
HINI1, marked antiviral efficacy was noted for all 4 HH pro-
tocols on the basis of both culture (14 of 14 had no culture-
detected HIN1 after HH; P<.002) and PCR results (P<.001)
(table 2). All HH protocols performed well, although SW hand
washing appeared to be statistically superior (P<.001) to all
ABHR products on the basis of PCR analysis of glove-juice
fluid and to be superior to ETOH only (P = .017) and ETOH-
CHX (P = .01) and comparable to ISOP-CHX (P = .08) on
the basis of palm swab assessment (table 2). However, the actual

difference in virus concentrations on participants’ hands with
SW, compared with each ABHR, was 1-100 virus copies/uL.
All 3 ABHR products were found to have similar efficacy on
the basis of PCR analysis of both glove juice and palm swabs
(table 2), with reduction in viral contamination to ~100 virus
copies/pL. Among the 6 HCWs with baseline cultures negative
for HIN1, PCR results were similar to those observed for the
14 other participants, both at baseline and after each HH pro-
tocol, which suggests that similar quantities of HIN1 were pre-
sent but that virus was less viable on the skin of these individuals
(data not shown).

In the assessment of natural viability of HIN1, all 8 partic-
ipants had culture-detected HIN1 at baseline and had initial
reductions in virus concentrations and viability after the base-
line 2-min period of air drying that were similar to those found
in the larger HH efficacy study. However, no further reduction
in culture-detectable virus was noted after the subsequent 60-
min period of noncontact air drying (not statistically signifi-
cant, by Wilcoxon test). Similarly, there was no difference in
the baseline-to-60-min PCR Ct values for glove-juice fluid
(P = .39), but a slight decrease in virus concentrations was
detected by the palm swab PCR (P = .036), which was equiv-
alent to a reduction of <10 viral copies/pL.

DISCUSSION

To our knowledge, this is the first human study to assess the
comparative efficacy of various HH products against live in-
fluenza virus in concentrations that are likely to mimic the level

of cutaneous contamination encountered during an influenza
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Table 2. Assessment, by PCR and culture, of the efficacy of various hand hygiene (HH) protocols against live HIN1
influenza virus on the hands of 14 human volunteers who were culture-positive at baseline.

Real-time RT-PCR,® mean Ct value = SD (range) Culture TCID4,/0.1 mL level, mean = SD (range)

HH product Palm Glove juice Palm Glove juice
Control 24.0 = 3.4° (19.8-32.2) 243 + 3.8° (18.6-32.4) 3325 + 8352° (0-32,000) 1041 = 1701° (0-5600)
SW 37.6 + 3.2°(30.9-40.1) 39.4 = 1.1%(37.0-40.1) 0 (0-0) 0 (0-0)
ETOH only  34.8 + 2.6°(30.4-40.1) 33.3 = 2.1° (30.1-36.3) 0 (0-0) 0 (0-0)
ISOP-CHX 36.7 + 2.2°(32.8-40.1) 335 = 2.5° (30.5-39.8) 0 (0-0) 0 (0-0)
ETOH-CHX 34.4 + 2.9°(28.3-38.2) 33.3 = 3.0% (28.9-38.6) 0 (0-0) 0 (0-0)

NOTE. Control, no product was used; Ct, cycle threshold; ETOH-CHX, ethanol 70% plus 0.5% chlorhexidine solution; ETOH only, ethanol
61.5% gel; glove juice, right hand glove juice; ISOP-CHX, isopropanol 70% plus 0.5% chlorhexidine solution ; palm, right palm; SW, soap and
water.

@ Ct values increase with decreasing quantities of detectable virus copies per microliter. Baseline left-hand fingertip (control) R-PCR results
(mean = SD) were similar for the assessment using no product and all HH protocol assessments: no product (control), 23.2 + 3.5; range,
19.6-31.0; SW, 21.9 + 2.2; range, 18.4-27.1; ETOH only, 23.3 =+ 2.8; range, 19.8-30.3; ISOP-CHX, 24.8 + 3.3, range, 20.7-30.7; ETOH-CHX,

24.4 + 2.9; range, 20.8-31.1.

b Significant change in Ct values for each HH product compared with no product (control) (P<.001).

¢ Difference between SW and other HH protocols: ETOH only, P = .02; ETOH-CHX, P = .01; ISOP-CHX, P = .08.

d Significant difference between SW and other HH protocols, P<.001 for all.

© Significant difference between no product (control) and each HH protocol: palm culture, P<.002; glove juice, P<.002, by Wilcoxon signed-

rank test.

pandemic [4, 16]. We found there to be an immediate reduction
in culture- and PCR-detected HIN1 virus when the virus fluid
was allowed to dry on human hands, even for brief periods of
only 2 min. Among the 14 participants with culture-detected
HINT at this baseline assessment, there was a 3—4 log reduction
in virus, compared with the initial inoculum. Interestingly, 6
of 20 participants repeatedly had no culture-detected virus at
baseline, suggesting that in some cases, human hands may be
a naturally hostile environment for HIN1 virus and that the
initial act of drying and possibly the presence of natural skin
oils on the hands may also have an antiviral effect. However,
among the 8 HCWs who participated in the natural viability
study, little change in the concentrations of HIN1 was noted
after a further 60-min period during which no HH or contact
was undertaken.

We found all 4 HH protocols commonly used in Australian
health care settings (i.e., SW, ETOH only, ISOP-CHX, and
ETOH-CHX) were highly effective in achieving a large reduc-
tion in HIN1 from human hands, with reductions to levels
undetectable by culture analysis and down to ~100 virus copies/
pL by PCR analysis. Notably, SW was found to be statistically
superior to all ABHR products on the basis of glove-juice anal-
ysis and superior to ethanol-containing ABHR products on the
basis of direct palm swab PCR. Only isopropanol-containing
ABHR was comparable to SW (P = .08) on the basis of this
latter analysis. These potential slight differences in antiviral
efficacy between ethanol- and isopropanol-containing products
are consistent with the results of previous in vitro studies [8,
9]. Nevertheless, the actual difference in viral concentrations
after SW washing, compared with concentrations after any
ABHR use, was only 1-100 virus copies/uL. Given the addi-

tional time required to perform SW HH, compared with use
of ABHRSs, the latter may be preferred by some busy HCWs
[20-22]. Also, skin emollients contained in ABHRs allow for
repeated use without causing irritation [23].

Although, theoretically, some carry-over from each HH
product could have technically affected the viral culture results,
such carry-over should not have affected the PCR results. The
fact that the decrease in PCR-detected virus was consistent with
the culture results suggests that each HH regimen had a genuine
impact on the quantity of HINI on participants’ hands.

Our in vivo results are similar to the in vitro results reported
by others for enveloped viruses [7-9, 24, 25] and are notable
because of the known ability of influenza to survive in dust
and on environmental surfaces [26-28]. Furthermore, our find-
ings support the original 1919 observation by Lynch and Cum-
ming [29] with regard to the potential role of hand contact on
influenza transmission and are consistent with the in vivo study
by Sickbert-Bennett et al. [30], who found that SW was highly
effective in removing MS2 bacteriophage (a surrogate for non-
enveloped viruses). Similar results have also been noted in hu-
man studies of ABHRs on feline calicivirus [31]. Of course, the
exact role that hand and fomite contact plays in influenza trans-
mission in hospitals and the community has been debated [1-
6]. Therefore, the importance of appropriate HH as a public
health and infection-control measure remains uncertain, but it
is likely to be of benefit.

Our study has some limitations. First, we would have pre-
ferred to assess a larger number of participants and to ran-
domize the order in which each HH regimen was performed.
However, given the complexity and inherent potential risks
associated with the study protocol, we believe that our enroll-
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ment rate reflected the realities of conducting a study such as
this. Furthermore, because our study design was a detailed
surgical scrub after each HH regimen, randomizing the se-
quence of HH regimens is unlikely to have changed the final
results. Second, the initial reduction in culture-detected HIN1
after simple 2-min air drying may be related to limitations in
our detection methods rather than to any true decrease in virus
viability. However, the fact that we found similar consistent
changes by PCR suggests that our culture results and estimates
of virus viability are likely to be valid. Third, we used a rather
high contaminating concentration of HINI in an attempt to
mimic a worst-case clinical scenario. Therefore, we cannot be
absolutely certain that our results would be the same if lower
HINI1 concentrations had been used—hence, our results can-
not be generalized to all clinical situations. Finally, we cannot
be sure whether HH products with higher concentrations of
alcohol, such as those used in some European countries, would
demonstrate the same or greater efficacy.

We believe that our findings have potentially important pub-
lic health implications, because simple hand washing with un-
medicated soap and water appears to be highly effective in
removing influenza virus from hands and is, therefore, likely
to be effective in preventing transmission of influenza, as long
as HH is undertaken appropriately [1-3]. For busy HCWs for
whom the number of HH opportunities is likely to be very
high [32], the use of ABHR would seem to be a very suitable
alternative. Future public health initiatives should highlight the
importance of compliance with HH protocols for HCWs, pa-
tients, and caregivers.
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Survival of Severe Acute Respiratory Syndrome
Coronavirus

Mary Y. Y. Lai, Peter K. C. Cheng, and Wilina W. L. Lim
Virology Division, Public Health Laboratory Services Branch, Centre for Health Protection, Department of Health, Hong Kong, China

Background.  The primary modes of transmission of severe acute respiratory syndrome (SARS) coronavirus
(SARS-CoV) appear to be direct mucus membrane contact with infectious droplets and through exposure to
formites. Knowledge of the survival characteristics of the virus is essential for formulating appropriate infection-
control measures.

Methods.  Survival of SARS-CoV strain GVU6109 was studied in stool and respiratory specimens. Survival of
the virus on different environmental surfaces, including a laboratory request form, an impervious disposable gown,
and a cotton nondisposable gown, was investigated. The virucidal effects of sodium hypochlorite, house detergent,
and a peroxygen compound (Virkon S; Antec International) on the virus were also studied.

Results.  SARS-CoV GVU6109 can survive for 4 days in diarrheal stool samples with an alkaline pH, and it
can remain infectious in respiratory specimens for >7 days at room temperature. Even at a relatively high con-
centration (10* tissue culture infective doses/mL), the virus could not be recovered after drying of a paper request
form, and its infectivity was shown to last longer on the disposable gown than on the cotton gown. All disinfectants
tested were shown to be able to reduce the virus load by >3 log within 5 min.

Conclusions.  Fecal and respiratory samples can remain infectious for a long period of time at room tem-
perature. The risk of infection via contact with droplet-contaminated paper is small. Absorbent material, such as
cotton, is preferred to nonabsorptive material for personal protective clothing for routine patient care where risk

of large spillage is unlikely. The virus is easily inactivated by commonly used disinfectants.

In the early spring of 2003, a mysterious outbreak of
severe pneumonia occurred in southern China and rap-
idly spread throughout the world. The causative agent
was later found to be a novel coronavirus and was
designated “severe acute respiratory syndrome (SARS)
coronavirus” (SARS-CoV) [1-3]. As of 31 December
2003, a total of 8096 cases had been reported, of which
774 were fatal [4]. Altogether, 1706 health care workers
were affected. More than 20% of the patients with SARS
were themselves health care workers, which could be
explained by the unique shedding pattern of SARS-CoV,
with viral loads reaching a peak ~2 weeks after onset
of disease, when patients were in hospital care [5]. This
shedding pattern of SARS-CoV also highlights the im-
portance of control of nosocomial spread of the disease.
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Soon after the isolation of SARS-CoV in our labo-
ratory, we were able to perform a survival study of the
virus, and partial results were reported on the World
Health Organization Communicable Disease Surveil-
lance and Response Web site on SARS [6]. Here, we
provide a full report of our study of the survival char-
acteristics of SARS-CoV in different clinical sample ma-
trices, as well as on various environmental surfaces in
the laboratory and hospital. The risk of acquisition of
SARS-CoV attributed to the inanimate environment is
also discussed. We also report the virucidal effect of 3
common liquid disinfectants on SARS-CoV.

MATERIALS AND METHODS

Viruses and cell line. SARS-CoV strain GVU6109 was
used in the present study. GVU6109 was isolated from
a lung tissue specimen obtained from a patient during
the SARS outbreak in 2003. The virus was inoculated
into the Vero E6 cell line, which was grown in minimum
essential medium (MEM) with 2% fetal calf serum at
37°C. All virus culture experiments were performed in
a biosafety level 3 laboratory.
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Survival of SARS-CoV in different stool specimens.
Four different stool samples were used. The samples tested
negative for SARS-CoV, norovirus, rotavirus, and other viral
agents. Stool sample A was a normal stool specimen obtained
from a 6-month-old baby, and samples B and C were 2 normal
stool specimens obtained from adults. Sample D was a diarrheal
stool specimen obtained from an adult. A 10% suspension of
each stool specimen was prepared in PBS (pH, 7.4). After cen-
trifugation at 1500 g for 20 min, the supernatant was collected,
and the pH was checked with pH paper. Stool sample A had
a pH of 6-7, sample B had a pH of 7-8, sample C had a pH
of 8, and sample D had a pH of 9.

A total of 1.8 mL of each 10% stool suspension was spiked
with 0.2 mL of virus stock GVU6109 (10" TCID,,/mL). As a
control, 1.8 mL of viral transport medium was also spiked with
0.2 mL of the virus stock. The samples were incubated in closed
containers at room temperature (20°C) for 0.5 h, 1 h, 3 h, 6
h, 1 day, 2 days, 4 days, 5 days, 6 days, and 7 days. Serial 10-
fold dilutions of a different stool suspension and control were
prepared in Earl’s diluent. Fifty microliters of each dilution was
inoculated into 4 wells of a 96-well plate. One hundred mi-
croliters of Vero E6 (10° cells/mL) was added to each well, and
the plates were sealed and incubated at 37°C in 5% CO, for 4
days. Virus concentration (in TCID,,/50 uL) for each stool
suspension at a different time was calculated on the basis of
the Kérber method [7]. The whole experiment was repeated
using a trivalent poliovirus vaccine to compare the effect of
pH on a nonenveloped RNA virus.

Survival of SARS-CoV in different respiratory specimens.
A total of 0.3 mL of virus stock GVU6109 (10" TCID,,/mL)
was added to 2.7 mL of a nasopharyngeal aspirate (NPA) spec-
imen, throat and nasal swab (TNS) specimens, and viral trans-
port medium as a control. The respiratory specimens had been
determined to be negative for respiratory viruses. They were
then incubated in closed containers at room temperature or
4°C for 3 h, 6 h, and 1, 3, 4, 5, 7, and 10 days. The virus
concentration (TCID,,/50uL) for each sample at various time
points was determined as above.

Survival of SARS-CoV on paper, impervious disposable
gowns, and cotton nondisposable gowns. To simulate the
event of large droplets that contain SARS-CoV falling on paper
and on cotton and disposable gowns, experiments were per-
formed to determine whether SARS-CoV survived on these
surfaces.

Paper. A paper laboratory request form was cut into small
pieces (area, 1 X 1 cm), which were sterilized by autoclave at
121°C for 15 min. Stock virus GVU6109 (10" TCID,,/mL) was
serially diluted to 10* TCID,,/mL with PBS. At each virus di-
lution, 5 uL was applied to the surface of each piece of sterilized
paper. The sample was allowed to be absorbed at room tem-
perature, and the paper pieces were left to stand for different

durations (5 min, 1 h, 2 h, 3 h, 6 h, 1 day, and 2 days). Each
piece of paper was then placed into a Vero E6 cell culture tube.
For each virus dilution and at different intervals after absorp-
tion, 4 pieces of paper were inoculated into 4 cell culture tubes.
All of the tubes were incubated at 37°C and were examined
after 4 days. Sterilized paper without virus suspension was also
included in the study to check for any toxicity to cell culture.

Disposable gown. For the disposable gown, the whole pro-
cess used for paper was repeated, except that a disposable gown
was used after treatment by irradiating it under UV light for
1 h. The gown is part of the personal protection equipment
used in our laboratory when handling specimens that are po-
tentially contaminated with SARS-CoV. It is made of polypro-
pylene material (35 g/m?®) coated with a polyethylene film (15
g/m’), and the waist and neck are tied when the gown is used
to provide full-body protection.

Cotton gown. For testing of the cotton gown, a large piece
of cloth cut from an ordinary cotton laboratory coat was soaked
in distilled water overnight and was then boiled for 1 h. The
whole process was repeated 3 times to remove chemical residue
that was found to be toxic to the cell culture. After drying, the
cloth was cut into small pieces (area, 1 X 1 cm). The pieces
were then sterilized by autoclaving. The sterilized cotton cloth
was then tested in the manner used for the paper and the
disposable gown.

Effect of different disinfectants and detergents on the sur-
vival of SARS-CoV. Different dilutions of sodium hypochlo-
rite solution (1:50 and 1:100 of the stock solution, which con-
tains 50,000 ppm of active chlorine); a household detergent
containing sodium lauryl ether sulphate, alkyl polyglycosides,
and coco-fatty acid diethanolamide (1:50 and 1:100; AXE
brand); and Virkon S (1%; Antec International) were made by
dilution with distilled water. Fifty microliters of stock virus
GVU6109 (10" TCID,,/mL) was added to 450 uL of different
dilutions of the hypochlorite solution, household detergent, and
Virkon S and to viral transport medium as a control. After
standing at room temperature for 5 min, 10 min, 20 min, and
30 min, serial 10-fold dilutions of different disinfectants or
controls were made in Earl’s diluent. Fifty microliters of each
virus dilution was added to each of 4 wells of a 96-well plate.
A total of 50 uL of MEM was added to each well. After adding
100 uL of Vero E6 cells to each well, the plates were sealed and
incubated at 37°C in a 5% CO, incubator. Cytopathic effect
was recorded at day 4, and residual virus TCID,, was calculated
from wells without showing cell toxicity.

RESULTS

Survival of SARS-CoV in different stool specimens. Figure 1
shows the duration of SARS-CoV survival after incubation in
stool specimens at different pHs. The virus was not recoverable
within 1 day after incubation in normal adult stool specimens
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Figure 1.
medium.

or within 3 h after incubation in the baby stool specimen with
a slightly acidic pH. However, the virus survived for 4 days in
a diarrheal stool specimen with a pH of 9. Poliovirus did not
show these survival characteristics. Poliovirus spiked in the
same baby stool specimen survived for >4 days, and it survived
for even longer in the diarrheal stool specimen (data not
shown). The duration of survival for SARS-CoV in the stool
suspension was retested in another 2 diarrheal stool specimens,
with the same results (data not shown).

Survival of SARS-CoV in different respiratory specimens.
The virus can remain alive in respiratory specimens, such as

[—o—pl1 67 (baby)
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T |
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Time

Survival time of severe acute respiratory syndrome coronavirus in different stool specimens at room temperature. VTM, viral transport

NPA or TNS specimens, for >7 days at room temperature and
for >20 days at 4°C (figure 2).

Survival of SARS-CoV on paper, the impervious disposable
Table 1 shows the
duration of survival for SARS-CoV on different materials. Even

gown, and the cotton nondisposable gown.

with a relatively high virus load in the droplet, rapid loss of
infectivity was observed for paper and cotton material. Inac-
tivation on impervious surface took much longer. No cell cul-
ture toxicity was observed for the paper, disposable gown, or
cotton nondisposable gown.

Effect of different disinfectants and detergents on SARS-
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Figure 2.

Time

Survival time of severe acute respiratory syndrome coronavirus in nasopharyngeal aspirate (NPA) specimens, throat and nasal swab

(TNS) specimens, or viral transport medium (VTM) at room temperature (RT) and at 4°C.
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Table 1. Duration of survival of severe acute respiratory syn-
drome coronavirus (SARS-CoV) on paper, a disposable gown, and
a cotton gown.

Time taken to inactivate
SARS-CoV, by surface

Inoculation, Disposable Cotton
TCIDgy/mL Paper gown gown
10° 24 h 2 days 24 h
10° 3h 24 h 1h
10* <5 min 1h 5 min

CoV. After incubation with various disinfectants, a reduction
in the virus load of >3 log was taken to indicate inactivation
(table 2). All disinfectants reduced the virus load by >3 log
within 5 min after incubation. Cell toxicity was observed in
wells inoculated with a virus/disinfectant mixture at a 1:10
dilution. Thus, when trying to calculate the residual TCID,,
results from wells with dilutions starting from 1:100 were used.

DISCUSSION

A recent study showed evidence that SARS-CoV has contam-
inated a variety of environmental surfaces in some hospital
settings [8]. The presence of SARS-CoV on surfaces is always
a concern, although few studies in which live virus has been
successfully isolated from an environmental surface have been
reported. Surfaces were usually contaminated with patient’s
droplets or by indirect transfer of virus from gloves that were
contaminated with excreted virus. The increase in the isolation
rate of methicillin-resistant Staphylococcus aureus at the inten-
sive care unit of a Hong Kong hospital during the SARS out-
break suggested that increased cross-contamination could occur
if gloves and gowns were worn all of the time [9]. It is important
to gather evidence of the survival of SARS-CoV on surfaces so
that appropriate infection-control measures can be taken.
The present study demonstrates that SARS-CoV can survive
in respiratory samples for 5 days at room temperature and for
up to 3 weeks at 4°C. Although normal fecal material seems
to have a deleterious effect on its survival, the present study
shows that the virus could have a prolonged survival when

present in diarrheal stool. The virus can survive for 4 days at
room temperature after being spiked in diarrheal stool with an
alkaline pH. This observation lends evidence that fecal droplets
containing SARS-CoV remain infectious for a period of time.
This may explain the Amoy Gardens outbreaks, in which the
drainage and sewage system was implicated in facilitating the
spread of SARS, as was pointed out in the SARS Expert Com-
mittee study [10] and in a simulation study by Yu et al. [11].

On the basis of quantitative data obtained from our own
study [5], stool samples contain a much higher viral load than
do NPA samples. The mean virus concentration may reach 10°
TCID,,/mL at 2 weeks after onset of disease in stool samples,
compared with 10** TCID,,/mL for NPA samples. Our present
data show that, at a high concentration of virus (10° TCID,,/
mL), SARS-CoV can survive for 4-5 days at room temperature
in both respiratory and diarrheal stool samples. From the point
of view of infection control of SARS, it is important to know
that excreta from patients with SARS (especially those who have
diarrhea) may remain highly infectious for a considerably long
period, and appropriate precautions must be taken to prevent
formation of aerosols, because of probable airborne transmis-
sion of SARS.

During the SARS outbreak in 2003, contamination of paper
documents was a concern for health care workers, who fre-
quently had to handle such documents in their daily work. The
present study simulates a situation in which large respiratory
droplets (volume, 5 pL; radius, ~1 mm) that contain the virus
fall onto paper. Even with a higher concentration of virus (10*
TCID,,/mL) than would normally occur in NPA samples (10**
TCID,,/mL), no virus infectivity remained after the paper was
dried. Paper contaminated with a higher concentration of virus
(equivalent to that of fecal excreta [i.e., 10° TCIDs,/mL]) was
not infectious after 3 h, and no viral infectivity was shown after
24 h, even with a concentration of 10° TCID,,/mL. Our study
shows that the risk of infection through contact with a droplet-
contaminated paper is small. Standard infection-control mea-
sures, such as hand washing after touching any potential in-
fectious material, are effective against nosocomial transmission
of SARS [12].

Table 2. Effect of disinfectants on severe acute respiratory syndrome coronavirus.

Disinfectant (dilution), residual TCID./mL

Duration of Hypochlorite  Hypochlorite  Detergent  Detergent

exposure, min (1:50) (1:100) (1:50) (1:100) 1% Virkon S VTM
5 <102 <10? <102 <102 <102 10°
10 <102 <102 <102 <102 <102 10°%
20 <102 <102 <102 <102 <102 10%%°
30 <10? <10? <10? <10? <10? 10%7%

NOTE. VTM, viral transport medium.
@ Manufactured by Antec International.
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A previous study reported that coronavirus 229E and OC43
can survive for a few hours after drying on 3 different surfaces
(aluminium, cotton gauze sponges, and latex gloves) [13]. In
the present study, we compared the survival of SARS-CoV on
2 types of gowns: disposable gowns and cotton gowns. Our
results showed that, even with a high concentration of virus
(10° TCID,,/mL), the droplets will lose all infectivity after 1 h
on cloth, compared with 24 h needed for the disposable gown.
Apparently, droplets will be absorbed more quickly on cotton
material than on fluid-repellent material. The present data show
that an ordinary cotton gown offers reasonable protection
against small droplets containing SARS-CoV. Our study also
raises the possibility that any droplets that hang on a nonab-
sorbent disposable gown may pose a risk of contaminating the
environment when health care workers wear the gown all of
the time or when they try to remove the gown. A similar
conclusion may also be drawn for gloves, although gloves were
not tested in the present study. A specially designed disposable
garment with a fluid-repellent lamination that has an outer
fluid-absorbing sheet may offer better protection for the
personnel.

Finally, our study shows that 3 common liquid detergents/
disinfectants are equally effective against the SARS-CoV. All
demonstrated a minimum 10°-fold reduction in the initial virus
titer within 5 min after incubation in solution [14]. The house-
hold detergents tested in this study were shown to be effective
against the SARS-CoV with a lipid envelope and could be used
for cleaning common items and surfaces that are not grossly
contaminated with secretions or excreta.

Although we did not perform specific neutralizing steps for
the 3 detergents/disinfectants, the fact that the wells that we
examined to calculate the residual virus TCID,, were free of
cell toxicity highly suggests that nonneutralized disinfectants
also have no effect on the virus during the 4 days of incubation.

The SARS-CoV is a newly discovered virus. Thus far, there
have only been a few reports of its survival characteristics [15].
Here, we demonstrate that this deadly virus can remain infec-
tious for a long period in stool specimens. The samples that
we spiked with SARS-CoV were incubated in closed containers
during the entire period of incubation, simulating the condi-
tions in a sewage drainage pipe. Thus, our results showed that,
in this situation, droplets may be a concern with regard to
disease transmission, as occurred in the Amoy Gardens out-
breaks. This has significant implications for sewage treatment
in both domestic and hospital environments. Fortunately, this
virus is also susceptible to drying. We showed that, when virus-
containing droplets were dried, the virus was inactivated rapidly

on paper and cotton cloth. Transmission through droplet-
contaminated paper and cotton gowns is unlikely, and common
household detergents can be effective decontaminating agents
for use in the laboratory and hospital.
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