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Abstract

Human enteric viruses are associated with several clinical
features, especially gastroenteritis. Large amounts of these vi-
ruses can be released in the environment and spread to peo-
ple. Enteric viruses are nonenveloped viruses and have dis-
played good survival in the environment. They can be
significantly resistant in food and water but also on fomites,
and this is thought to play a role in transmission, leading to
sporadic cases or outbreaks. The survival of enteric viruses on
fomites relies on many factors including the virus itself, fo-
mite properties, and extrinsic environmental factors such as
temperature or relative humidity. Several reports in the litera-
ture have found an association with gastroenteritis cases or
outbreaks and fomites naturally contaminated by enteric vi-
ruses. However, the study of virus survival following natural
contaminationis challenging, and most published studies are
laboratory based, using experimental contamination. In addi-
tion, recent and detailed data on the resistance of each of the
main enteric viruses on fomites are scarce. Many approaches,
both physical and chemical, can be used to inactivate enteric
viruses, the efficacy of which depends on the virus and the
disinfection conditions. ©2017 S. Karger AG, Basel

Introduction

The term “enteric viruses” refers to an important but
complex community of viruses found in the intestinal
tract of humans and animals. Enteric viruses include
more than 100 viral entities belonging to families such as
Reoviridae, Caliciviridae, Astroviridae, Adenoviridae,
and Picornaviridae and more rarely Coronaviridae and
Picobirnaviridae. These agents are related to a broad
range of clinical features including gastroenteritis mainly
but also hepatitis, neurological manifestations, and oth-
ers. The main representatives in humans are rotavirus,
norovirus, astrovirus, adenovirus, enterovirus, hepatitis
A virus (HAV), and hepatitis E virus (HEV) [1-3].

Individuals infected with enteric viruses can excrete
large amounts of viral particles in body secretions, espe-
cially feces, even beyond the stage of symptomatic illness.
These nonenveloped viruses are very stable in the envi-
ronment and they are transmitted via the fecal-oral route.
Most outbreaks of enteric viral disease have been associ-
ated with water- or foodborne transmission [4, 5].

However, contamination of environmental surfaces
seems to play an important role in the spread of these in-
fections, especially in indoor establishments such as hos-
pitals, nurseries, day care centers, and institutions for the
elderly. Many enteric viruses have been associated with
nosocomial and health care-related infections via con-
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taminated hands and surfaces [6]. Various surfaces such
as door handles, clothes, telephones, toilet seats, walls,
thermometers, gloves, and papers can be contaminated
and serve as vehicles for the virus [7].

Most fomite contaminations occur through direct
contact or deposition of aerosol particles containing the
virus. Aerosols can be produced for example by toilet
flushing [8] or via vomiting, coughing, sneezing, or talk-
ing [7]. Thereafter, the virus can be transferred easily to
others fomites through interaction with individuals [7].

Virus transfer from hands to fomites and vice-versa is
thought to play a significant role in the spreading of infec-
tion. It has been shown that hands can be easily contami-
nated with norovirus by transfer from fomites, and then
the contaminated hands could cross-contaminate up to 7
other surfaces without any recontamination [9].

In hospitals and others health care centers, further dis-
semination has been associated with parents and staff
trafficking when hygiene measures such as hand washing
before and after visiting a patient are not strictly respect-
ed [10].

The prevention of enteric virus-related nosocomial in-
fections or outbreaks requires a good understanding of
virus persistence in the environment and of the role of
contaminated surfaces and objects in virus transmission.

The survival of main enteric viruses on fomites and its
implication for virus transmission will be analyzed, and
the major disinfection procedures and their impact will
be described.
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Factors Involved in Virus Survival on Fomites

The resistance of viruses in the environment, which
determines the risk of transmission, is multifactorial, de-
pending not only on virus characteristics but also on
fomite properties and extrinsic environmental factors
(Fig. 1).

The virus type is determinant for survival on surfaces,
as well as the initial inoculum. Generally enteric viruses
are resistant and have been reported to persist on fomites
for several weeks to months, as compared for example to
respiratory viruses which can only resist for a few hours
or days [11]. The higher the contaminating viral titer is,
the longer the persistence will be [7]. Some differences
between the groups of viruses involved in gastroenteritis
have also been described. HAV and rotavirus have been
shown to be more resistant than adenovirus and entero-
virus [12].

The nature of fomites could influence the survival of
viruses. Surfaces are generally classified as porous (e.g.,
papers and clothes) or nonporous (e.g., stainless steel,
plastic, and glass). Available data suggest that the major-
ity of viruses persist longer on nonporous surfaces [7];
however, results are sometimes conflicting, and the effect
of fomite properties might also depend on the viral type.
For example, rotavirus seem to survive very well on non-
porous surfaces, while results are very variable for porous
ones [13]. Poliovirus has been shown to be particularly
susceptible to aluminum. By comparing HAV and rota-

Alidjinou/Sane/Firquet/Lobert/Hober

Color version available online



virus, it has been shown that HAV is more resistant on
nonporous materials, while rotavirus is more stable on
porous surfaces such as paper [12]. In similar conditions,
astroviruses are able to persist for up to 90 days on paper,
while they survive for a maximum of 60 days on nonpo-
rous surfaces [14].

The environmental factors include mainly air temper-
ature and humidity, but the length of virus viability may
also depend on the cleanliness of the surface, which can
be determined for example by the presence or not of fecal
material or by the number of microbes on the surface.
These factors largely affect the resistance to desiccation,
which appears to be an important determinant of virus
survival on fomites [5]. For most enteric viruses, low tem-
peratures have been reported to promote a longer persis-
tence [11]. The effect of humidity is less consistent. It has
been reported that decreases in humidity could affect the
infectivity of HAV, rotavirus, and adenovirus [12]. An-
other study found that HAV was further preserved at a
low humidity [15]. Conflicting results have also been de-
scribed for other enteric viruses [11]. Indeed, it has been
suggested that viruses have a better survival at both low
and high humidity, while intermediate humidity (e.g., be-
tween 40 and 70%) is deleterious [16]. Overall, the hu-
midity level is thought to play an important role in virus
persistence in the environment, and it has been suggested
to explain the seasonality of rotavirus infections, for ex-
ample [17]. Nevertheless, in most studies, relative humid-
ity (temperature dependent) has been reported, while
some authors have shown more recently that absolute hu-
midity (temperature independent) rather than relative
humidity could explain the seasonality of infections [18].
Absolute humidity shows a high correlation between in-
door and outdoor conditions [19], and it could be more
useful to explain infections occurring in closed environ-
ments, such as norovirus outbreaks [18].

Evidence of the Role of Fomites in the Transmission
of Enteric Viruses

The contamination and the survival of enteric viruses
on surfaces and objects can undoubtedly explain a sig-
nificant proportion of acute viral diarrhea. Direct evi-
dence of virus transmission via fomites is difficult to ob-
tain because others routes such as person-to-person
transmission are also usually suspected.

Enteric viruses have been detected frequently from
naturally contaminated fomites in hospitals, houses, or
others community facilities. The early reported preva-

Resistance of Enteric Viruses on Fomites

lence of rotaviruses on fomites was very high, especially
in pediatric settings, ranging from 19 to 79% [20-23]. In
a more recent study, a significant rate (14%) was detected
on environmental surfaces in a hospital intensive care
unit [24]. Toys were associated with a rotavirus outbreak
in a pediatric oncology unit [25]. Beyond detection of vi-
ral RNA by RT-PCR, infectious particles have been re-
ported in some cases [24]. Noroviruses have been found
on surfaces and objects around patients during outbreaks
in hospitals, hotels, or cruise ships [7, 26, 27]. The role of
contamination of environmental surfaces such as dining
room tables or elevator buttons used by staff has been re-
ported in a norovirus outbreak in a long-term care center
[28]. Touching a reusable grocery bag was linked to cases
in a norovirus outbreak in a soccer team [29]. A high rate
of norovirus contamination (58%) in environmental
swabs has been observed during outbreaks [30].

Contamination of fomites by adenoviruses has been
described [31, 32], including the presence of infectious
particles [33].

Detection of astroviruses on environment surfaces was
also reported during a hospital outbreak [23, 34]. Con-
tamination of drinking glasses with HAV by a barman
during incubation of the infection resulted in an outbreak
of hepatitis A in a public house [35].

Experimental Study of Virus Survival on Fomites

The abundant data available in the literature on virus
survival come mainly from laboratory investigations and
disinfection intervention studies. All of these studies are
generally conducted following similar principles. Briefly,
a sample of a specific virus suspension with a known in-
fectious titer is applied on the surface under selected con-
ditions and exposition times that are close to the studied
natural contamination. Then, after recovery, the viral ti-
ter is determined and compared to the former one, and
statistical methods are used to calculate the decline in in-
fectious particles [5]. The recovery method, especially the
swab material used (cotton, polyester, rayon, macrofoam,
or an antistatic wipe), can be critical for the results [36,
37].

Cell culture methods (plaque assay, 50% tissue culture
infective dose) are required for assessment of the viral ti-
ter. Indeed, viral nucleic acids detected by molecular
methods cannot differentiate between infective and non-
infective viruses. This could constitute a limit to virus sur-
vival investigation because only viruses able to propagate
in cell lines can be studied. Recently, some authors sug-
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gested new PCR-based approaches that could correlate to
viral infectivity either by assessing the presence of an in-
tact genome or an amplifiable undamaged genome using
direct amplification or by coupling a pre-PCR sample en-
zymatic treatment in order to assess viral capsid integrity
prior to nucleic acid extraction and amplification [38].

Results are usually expressed as inactivation coefti-
cients defined as the ratio between the decline of the viral
titer and time. Alternative ways of expressing viral resis-
tance include T90 and T99 values, which represent the
time needed for the initial viral titer to decrease by 90 and
99%, respectively, and they are determined using a sur-
vival curve [7].

In the following section, the experimental data accu-
mulated in the literature about the survival of the main
enteric viruses on fomites are presented.

Norovirus

Norovirus is a leading cause of sporadic and epidemic
cases of acute gastroenteritis across all age groups world-
wide [39]. The virus is highly infectious and 10-100 viri-
ons are enough to cause gastroenteritis. To date, human
norovirus cannot be propagated in mammalian cell lines.
Therefore, survival and inactivation studies are common-
ly conducted using cultivable surrogates such as feline
calicivirus (FCV) or murine norovirus (MNV) [40]. Doul-
tree et al. [41] assessed FCV survival on glass and glass
coverslips. The virus remained infectious for up to 57 days
at 4°C and the resistance decreased significantly with
higher temperatures. D’Souza et al. [42] also found that
FCV survived for more than 7 days at room temperature
on stainless steel, ceramic, and formica surfaces. A shorter
survival ranging from 8-12 h (keyboard keys and brass) to
2-3 days (telephone buttons and telephone receivers) was
reported on uncommon fomites. Unlike norovirus, which
is an enteric pathogen, FCV causes respiratory diseases in
cats and is not an ideal surrogate. MNV has been reported
to be more applicable as a norovirus surrogate because it
shows environmental stability and is genetically close to
human norovirus [43]. Kim et al. [40] investigated MNV
survival on steel and wood, and a better resistance was
shown on wood at lower temperature and higher relative
humidity values. In another study conducted at room
temperature, the authors demonstrated that MNV could
survive for up to 28 days on 6 different surfaces and the
rank order of infectivity reduction from highest to lowest
was stainless steel, plastic, rubber, glass, ceramic, and
wood [44]. Human norovirus, MNV, and FCV were found
to remain infective beyond 70 days on stainless steel and
plastic both at 7°C and at room temperature [45].
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Rotavirus

Rotavirus is the leading cause of diarrhea-related ill-
ness worldwide among children aged <5 years, account-
ing for the majority of diarrhea-related deaths, especially
in low-income countries [46]. Rotavirus has displayed a
good resistance in the environment. When rotavirus sus-
pension in culture medium is applied on aluminum and
paper, infectious particles can be detected for more than
2 months between 4 and 20°C at a high relative humidity.
However, in a 20% fecal suspension, survival was better
at 20°C [12]. The impact of relative humidity is not con-
sistent throughout studies [13, 17].

Adenovirus

Human adenoviruses type 40/41, known as enteric ad-
enoviruses, have been associated with sporadic acute di-
arrhea as well as outbreaks [47, 48]. Adenovirus 40 has
been shown to resist for more than 1 month between 4
and 20°C. Survival is longer on paper than on aluminum
[12].

Astroviruses

Human astroviruses are considered gastrointestinal
pathogens that affect mainly children worldwide [49].
The experimental survival of astroviruses has been poor-
ly investigated. It has been shown that the virus can sur-
vive for a long time on both porous and nonporous sur-
faces. Resistance is better at low temperatures and on po-
rous surfaces (up to 90 days at 4°C on paper) [14].

Hepatitis A

Viral hepatitis A is a global health problem that affects
hundreds of millions of children and adults, especially in
low-income countries where food and water hygiene may
be of a low standard [50]. The virus is primarily a human
pathogen transmitted by person-to-person contact or in-
gestion of contaminated food or water, but contaminated
fomites can play a role in transmission. HAV can survive
for more than 2 months on fomites, and a better resis-
tance has been observed on nonporous surfaces. Fecal
suspension and a low temperature have been shown to
have a positive effect on persistence [12], but the impact
of the relative humidity level has not been confirmed [15].
A recent study found in similar conditions a better sur-
vival on wood [40].

Enteroviruses

The genus Enterovirus includes a great variety of hu-
man pathogens such as polioviruses, coxsackieviruses A
and B, echovirus, and EV71. Enteroviruses can cause gas-
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Table 1. Selected examples of survival of enteric viruses on experimentally contaminated fomites

Viruses Highest survival on fomites Reference
conditions survival, days T90, days
Feline calicivirus Glass coverslip, 4° C 57 10 41
Murine norovirus Wood, 25° C, 30% RH >30 10 40
Rotavirus Aluminum, 20° C, 45-55% RH, 20% FS >60 15 12
Hepatitis A virus Paper, 4° C, 85-90% RH, 20% FS >60 45 12
Adenovirus Paper, 4° C, 85-90% RH, 20% FS >30 <1 12
Astrovirus China, 4%, 85-95% RH 60 8 14
Coxsackievirus B4 Petri dish, 20° C 35 31 53

RH, relative humidity; FS, fecal suspension; T90, time needed for the initial viral titer to decrease by 90%.

trointestinal symptoms; however, studies investigating
the role of nonpolio enteroviruses in acute diarrhea are
rare compared to those on major agents such as rotavirus
[51]. Enteroviruses are involved in various and numer-
ous acute diseases, and their role in chronic cardiac dis-
eases and type 1 diabetes is highly suspected [52]. Data
on the survival of enteroviruses are scarce, with only few
old data focusing on the poliovirus prototype. Poliovirus
can survive for up to 1 month at 4°C. Feces increase sur-
vival, while a rapid decrease has been observed on alumi-
num surfaces [12]. Recently our team investigated the
survival of Coxsackievirus B4 on an inanimate surface.
When the virus was dried on a petri dish lid at 20°C, in-
fectious particles could be detected for up to 5 weeks.
CVB4 was especially susceptible to repetitive cycles of
drying and resuspension, with a significant decrease in
the viral titer at each cycle. The viability of CVB4 was also
highly reduced when the virus was dried in a protein-rich
medium [53].

Selected data on the survival of enteric viruses are
shown in Table 1 [12, 14, 40, 41, 53].

Inactivation of Enteric Viruses on Fomites: Physical
Approaches

Several physical inactivation methods have been de-
scribed for enteric viruses, including heating, high-pres-
sure processing, dehydration, freezing, ultraviolet (UV)
inactivation, and heavy metal use. However, some of
these approaches cannot be easily applied routinely to
surfaces and are more appropriate for water or food. This
section only focuses on the methods that can be applied
on fomites to reduce virus survival.

Resistance of Enteric Viruses on Fomites

Thermal Inactivation

Temperature is one of the major factors determining
virus survival outside a cell. Its effect on virus inactivation
has been evaluated under different conditions, including
wet and dry. The common mechanism reported for pi-
cornaviruses and caliciviruses is destabilization and dis-
ruption of the viral capsid leading to its breakdown and
the release of viral RNA [54], while for rotaviruses heat
treatment has been shown to primarily target viral tran-
scription functions [55].

Experiments for evaluation of the long-term persis-
tence of enteric viruses outside a cell have shown that,
overall, enteric viruses have a long-term survival in sus-
pension at environmental temperatures (e.g., up to 25°C)
[56-58].

Thermal inactivation is principally used for enteric vi-
ruses in suspension and in food samples and less often for
fomites. Two temperatures have been commonly applied:
63°C, recommended for pasteurization and, 72°C, rec-
ommended for sterilization, with an exposure time of 30
and 2 min, respectively. Under experimental conditions
these two temperatures would most likely result in effi-
cient virus inactivation.

Resistance on warmed surfaces of MNV and CVB4
contained in droplets has been studied [59]. CVB4 was
inactivated in 5 s at 70°C, while 90 min were necessary to
inactivate MNV at 80°C.

UV Inactivation

UV irradiations are commonly used for viral inactiva-
tion in food, in water, on food preparation surfaces, and
in microbiology laboratories [60, 61]. UV-C radiation at
wavelengths of 250-280 nm has been approved for disin-
fection purposes by the US Food and Drug Administra-
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tion (FDA). Its antiviral activity is well known and can be
applied to food, water, and surfaces [60, 62].

Susceptibility may vary between viruses. Enteroviruses
have been inactivated with commonly recommended
UV-C doses, while adenoviruses have been reported to be
more resistant [63, 64].

Park and al. [62] evaluated the effect of continuous
UV-C treatment on stainless steel experimentally con-
taminated with MNV and HAV. Their data showed that
HAYV was more resistant to UV-C radiation than to MNV.
Using various UV-C dosages, they concluded that only
40 mW/cm? was needed to reduce MNV infectivity by 2
logs, while this result was achieved beyond 180 mW/cm?
for HAV [62].

Pulsed UV light has been reported to be more effective
than conventional (continuous) UV light, inducing a
more rapid inactivation of infectious agents. One 2-s
treatment (6 pulses) can result in a 5-log decrease in the
viral load for both MNV and HAV. Effectiveness is re-
duced in the presence of organic matter (fetal bovine se-
rum) [61]. The effects of UV inactivation have been ob-
served at the protein and RNA levels. It has been shown
that UV disrupts the MNV-1 structure and degrades both
viral protein and RNA [65].

Heavy Metal-Impregnated Surfaces

Certain heavy metals have been shown to have intrinsic
antimicrobial effects. The most known include copper
and gold. The effect of copper and copper alloy surfaces
has been extensively investigated [66, 67]. Studies have
shown a rapid inactivation of bacterial, fungal, and viral
pathogens on copper and copper alloy surfaces, and these
have led to clinical trials and real strategies for reduction
of the microbial burden in some health settings [68, 69].
Reports on enteric viruses have focused on noroviruses.
MNV has been rapidly inactivated on copper and copper
alloys containing over 60% of copper in both simulated
wet fomite and dry touch contamination, while no reduc-
tion of infectivity has been observed on stainless steel.
MNYV is completely inactivated within 30 min on copper.
The highest rate of inactivation occurs upon immediate
contactand is proportional to the copper content of alloys.
It has also been shown that Cu?* and Cu* ions but not su-
peroxide and hydroxyl radicals are the primary effectors
of toxicity, and the targets are both viral capsid and RNA
[70, 71]. Similar findings have also been reported for hu-
man norovirus [72].
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Inactivation of Enteric Viruses on Fomites: Chemical
Disinfectants

Disinfectants are commonly used for virus inactiva-
tion, especially in the health care settings and the food
industry, to prevent outbreaks due to enteric viruses.

The most popular disinfectants are ethanol, peroxy-
acids, chlorine, and quaternary ammonium. Laboratory
or field investigations have evaluated the efficacy of
these disinfectants for the inactivation of enteric viruses
[5, 73]. However, most of these studies have focused on
human norovirus and cultivable surrogates as enteric vi-
rus models because human norovirus combines many of
the epidemiological characteristics of enteric viruses
[74].

MNYV and FCV are to date the most common surro-
gates and the latter is still considered the gold standard
by the US Environmental Protection Agency for evalu-
ating the antinoroviral activity of new products. How-
ever, the use of multiple surrogate viruses rather than
one is more judicious and recommended to obtain more
reliable information on the effectiveness of disinfectants
and this has been well documented in some studies [73,
75]. Indeed, differences in the sensitivity of the surro-
gates to experimental conditions and inactivation treat-
ments have been reported. Some studies have shown
that MNV is more susceptible to alcohols than FCV,
whereas FCV is more susceptible to chlorine [76, 77]. In
a systematic meta-analysis, Hoelzer et al. [73] showed
that HAV and MNV were significantly more resistant to
disinfection than FCV, even if the differences in viral
titer reduction appeared to be modest (i.e., 1.5 log PFU)
[73].

Other studies have compared the efficacy of 3 com-
monly used active agents (ethanol, chlorine, and quater-
nary ammonium) at different concentrations against 2
human norovirus strains and 2 surrogates (MNV and
FCV). Data from these studies revealed a complete or rel-
ative lack of efficacy of quaternary ammonium against all
of the viruses tested [76, 78, 79]. In another study FCV
applied on a surface, but not in suspension, was effective-
ly inactivated by a quaternary ammonium-based disin-
fectant, while CVB4, an enterovirus, was resistant [80].
Ethanol has shown minimal efficacy against human nor-
ovirus and FCV, but it is active against MNV, with a clear
dose-dependent impact [76, 81-83]. Very high concen-
trations of hypochlorite (2500 ppm) are necessary to in-
activate human norovirus and MNV; FCV has been
shown to be more susceptible to hypochlorite than hu-
man noroviruses [76, 79, 81].
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Chlorine dioxide (ClO,) represents a strong alterna-
tive to chlorine, with an increased ability to reduce or in-
activate enteric viruses in the environment. ClO; is very
attractive compared to chlorine because it has been shown
to be less affected by pH conditions than chlorine and
very effective even at low concentrations [84, 85]. Indeed,
several studies have shown that the disinfection efficacy
of ClO, is higher than that of chlorine when tested on en-
teric viruses, including human rotavirus, enteric adeno-
viruses, caliciviruses, and enteroviruses [84-86]. Howev-
er, commonly active doses of chlorine dioxide against
these viruses have been shown to have some, albeit lim-
ited, activity against human norovirus [87, 88].

Taken together, all of these studies have highlighted
the fact that human noroviruses are much less sensitive
to commonly used disinfectants than surrogate viruses,
and one might pay attention to and integrate several pa-
rameters when extrapolating data between surrogate vi-
ruses and human noroviruses.

Different peroxyacids, including peracetic, perpropi-
onic, perlactic, and percitric, have been assessed for noro-
virus inactivation on stainless steel and polyvinyl chloride
surfaces. Peracetic acid and perpropionic acid have been
found to be the most effective. Exposure to a solution at
50 mg/mL for 5 min resulted in a 3-log reduction of the

viral titer in all of the conditions tested [89]. Interestingly,
peracetic acid airborne disinfectant was reported by our
team to be very efficient in inactivating poliovirus applied
on stainless steel carriers [90].

Conclusion

Enteric viruses represent an important public health
issue both in developed and in developing countries.
These nonenveloped viruses have shown a high level of
resistance in the environment. They can survive for along
time on animate and inanimate surfaces and be easily
transferred to hands when hygiene measures are lacking.
The role of fomites has been shown in the transmission
of these viruses and the occurrence of outbreaks, espe-
cially in closed environments. Several factors impact the
survival of viruses on fomites, and detailed experimental
studies comparing all of the main enteric viruses are
scarce. The implication of this strong resistance is the im-
plementation of adequate disinfection strategies in health
care centers and the food industry. Chemical disinfection
is currently the most used in these settings, and great dif-
ferences have been shown in the effects of various com-
pounds on enteric viruses.
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