
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Feb. 2011, p. 1399–1404 Vol. 77, No. 4
0099-2240/11/$12.00 doi:10.1128/AEM.02131-10
Copyright © 2011, American Society for Microbiology. All Rights Reserved.

Inactivation of Murine Norovirus 1, Coliphage �X174, and
Bacillus fragilis Phage B40-8 on Surfaces and Fresh-Cut

Iceberg Lettuce by Hydrogen Peroxide and UV Light�

Dan Li,1 Leen Baert,1 Maarten De Jonghe,1 Els Van Coillie,2 Jaak Ryckeboer,3
Frank Devlieghere,1 and Mieke Uyttendaele1*

Laboratory of Food Microbiology and Food Preservation, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653,
B-9000 Ghent, Belgium1; Institute for Agricultural and Fisheries Research, Technology and Food Science Unit,

Brusselsesteenweg 370, 9090 Melle, Belgium2; and Research & Development,
ABT Belgium BVBA, Ledebaan 86/2, 9300 Aalst, Belgium3

Received 9 September 2010/Accepted 15 December 2010

In this study, the inactivating properties of liquid hydrogen peroxide (L-H2O2), vaporized hydrogen peroxide
(V-H2O2), UV light, and a combination of V-H2O2 and UV light were tested on murine norovirus 1 (MNV-1)
and bacteriophages (�X174 and B40-8) as models for human noroviruses. Disinfection of surfaces was
examined on stainless steel discs based on European Standard EN 13697 (2001). For fresh-produce decon-
tamination, a mixture of the viruses was inoculated onto shredded iceberg lettuce and treated after overnight
incubation at 2°C. According to our results, L-H2O2 (2.1%) was able to inactivate MNV-1 and �X174 on
stainless steel discs by approximately 4 log10 units within 10 min of exposure, whereas for B40-8, 15% of
L-H2O2 was needed to obtain a similar reduction in 10 min. Only a marginal reduction (<1 log10 unit after 5
min of exposure) by V-H2O2 (2.52%) was achieved for the tested model viruses, although in combination with
UV light, a 4-log10-unit decrease within 5 min of treatment was observed on stainless steel discs. Similar trends
were observed for the decontamination of shredded iceberg lettuce, but the viral decline was reduced. These
results demonstrated that both L-H2O2 and a combination of V-H2O2 and UV light can be used for norovirus
inactivation on surfaces; V-H2O2 (2.52%) in combination with UV light is promising for decontamination of
fresh produce with much less consumption of water and disinfectant.

In recent years, noroviruses (NoVs) have been increasingly
recognized as the most important agents causing outbreaks as
well as sporadic cases of acute gastroenteritis worldwide (19,
24, 28, 37). Transmitted mainly through the fecal-oral route,
large-scale NoV outbreaks are often the result of a combina-
tion of several transmission routes. As reviewed by Patel et al.
(31), people from different age groups and with different histo-
blood group antigens (HBGA) show various host susceptibili-
ties. Often a sensitive population is exposed to the virus
through contaminated food or water, followed by transmission
via direct person-to-person contact or a contaminated environ-
ment (14). Within these transmission routes, contamination of
environmental surfaces plays a key role (22, 41). Fresh produce
is also a major indicated source of NoV outbreaks (13, 21, 26).
Consequently, studies simulating practical conditions for effec-
tive disinfection of surfaces and fresh produce are crucial for
the prevention of virus transmission.

Since NoVs were first detected by immunoelectron micros-
copy during a 1968 outbreak of gastroenteritis in Norwalk,
OH, the lack of suitable animal models and the inability to
propagate the viruses in cell cultures have hampered their
further study (11). Straub et al. (34) have described a highly

differentiated three-dimensional cell culture model that sup-
ports the natural growth of human NoVs. However, this system
is rather complex and not yet confirmed by other groups;
therefore, surrogate viruses that share common pathological
and/or molecular features with human NoVs are used instead.
Feline calicivirus (FCV) and coliphage MS2 were almost ex-
clusively used as a surrogate virus in previous studies (1, 10, 16,
36). In 2003, a NoV that infects mice, namely, murine norovi-
rus 1 (MNV-1), was identified (23). A study investigating the
applicability of MNV-1 and FCV as surrogates for the human
NoVs with regard to the stability and inactivation of NoVs
demonstrated that MNV-1 was more acid tolerant than FCV,
thus probably making it a more suitable surrogate for the
human NoVs (7). Both coliphage �X174 and Bacillus fragilis
phage B40-8 have been proposed as indicator systems for en-
teric viral pathogens and as tools for studying viral disinfection
(3, 4, 6, 17, 32). Bacteriophages are preferred to MNV-1, as
they are not pathogenic, are easy to detect and cultivate, and
can be even used outside the laboratory environment (3).

Hydrogen peroxide is a commercial sterilizing agent which
has been widely used in the food industry and has been ap-
proved by the Food and Drug Administration (9). Recently,
hydrogen peroxide vapor has been increasingly used for de-
contamination, and its effect on other microorganisms has al-
ready been proven by others (29, 30). In this study, the reduc-
tion in infectivity of MNV-1, �X174, and B40-8 on surfaces of
stainless steel discs treated with liquid hydrogen peroxide (L-
H2O2), vaporized hydrogen peroxide (V-H2O2), UV light, and
a combination of V-H2O2 and UV light was studied. The
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efficacy of these treatments in reducing the viral load on fresh-
cut iceberg lettuce was also investigated.

MATERIALS AND METHODS

Preparation of MNV-1 lysate and plaque assay. Cells of the murine macro-
phage cell line RAW 264.7 (ATCC TIB-71; kindly provided by H. W. Virgin,
Washington University School of Medicine, St. Louis, MO) were grown in
complete Dulbecco’s modified Eagle’s medium (DMEM) at 37°C under a 5%
CO2 atmosphere. Complete DMEM consisted of DMEM (Lonza, Walkersville,
MD) containing 10% low-endotoxin fetal bovine serum (HyClone, Logan, UT),
100 U/ml penicillin, 100 �g/ml streptomycin (Lonza), 10 mM HEPES (Lonza),
and 2 mM L-glutamine (Lonza).

RAW 264.7 cells were infected with MNV-1.CW1, passage 6, at a multiplicity of
infection (MOI) of 0.05 (MNV-1 to cells) for 2 days. After two freeze-thaw cycles,
low-speed centrifugation was used to remove cellular debris from the virus lysate, as
described by Wobus et al. (40). The lysate was stored in aliquots at �75°C.

The titer of MNV-1 (PFU/ml) was determined by plaque assay, as described by
Wobus et al. (40). Briefly, RAW 264.7 cells were seeded into six-well plates at a
density of 2 � 106 viable cells per well. On the following day, 10-fold dilutions of
the samples of unknown viral titer were prepared in complete DMEM, and 1 ml
per dilution of the sample was plated onto two wells at 0.5 ml per well. Plates
were incubated for 1 h at room temperature and manually rocked every 15 min
before the inoculum was aspirated and the cells were overlaid with 1.5% Sea-
Plaque agarose (Cambrex, Rockland, ME) in minimum essential medium Eagle
(MEME) (Lonza) supplemented with 10% low-endotoxin fetal bovine serum,
1% HEPES, 1% penicillin-streptomycin, and 2% glutamine (complete MEME)
per well. Plates were incubated at 37°C and 5% CO2 for 2 days. To visualize
plaques, cells were stained with 1.5% SeaKem agarose in complete MEME
containing 1% neutral red (Sigma Aldrich, St. Louis, MO) per well for 6 h.

Preparation of B40-8 lysate and phage assay. Bacteriophage B40-8 and the
host strain B. fragilis HSP40 were kindly provided by M. Muniesa and J. Jofre
(University of Barcelona, Barcelona, Spain). B. fragilis HSP40 was grown in
bacteroides phage recovery medium (BPRM) as described by Tartera et al. (35).
B40-8 lysate was prepared by the infection of B. fragilis HSP40 grown in BPRM
broth anaerobically at 37°C until it reached 2 � 108 CFU/ml at a MOI of 0.1.
After 16 to 20 h, chloroform (0.3 volume; VWR, Fontenay-sous-Bois, France)
was added to the culture at room temperature. The next day, the top layer was
taken from the chloroform-culture mixture and centrifuged (10 min, 4,000 � g,
4°C). The supernatant (approximately 10.6 log PFU/ml) was stored at 4°C.

The number of B40-8 PFU/ml was determined by the double-agar-layer plaque
assay as described by Araujo et al. (2). Briefly, 10-fold dilutions of the sample
with unknown viral titer were prepared in peptone physiological salt solution
(PPS) (1 g of peptone per liter [Oxoid, Basingstoke, United Kingdom] and 8.5 g
of NaCl per liter [Sigma Aldrich, Steinheim, Germany]). From each dilution of
the sample, 1 ml was added to tubes containing 2.5 ml of melted semisolid BPRM
(ssBPRM) agar. Subsequently, 1 ml of B. fragilis strain HSP40 grown until the

exponential phase was added to the sample-ssBRPM suspension. After gentle
mixing, the suspension was poured onto BPRM agar in a 90-mm petri dish. The
ssBPRM agar was allowed to solidify, and plates were incubated in an anaerobic
jar at 37°C for 24 h.

Preparation of �X174 lysate and phage assay. Coliphage �X174 and the host
strain Escherichia coli CB390 were kindly provided by M. Muniesa and J. Jofre
(University of Barcelona, Barcelona, Spain). E. coli CB390 was grown in Tryp-
ticase-yeast extract-glucose (TYG) broth containing 10 g/liter Trypticase pep-
tone (Becton Dickinson Company, Franklin Lakes, NJ), 1 g/liter yeast extract
(Oxoid), and 8 g/liter NaCl (Sigma Aldrich) supplemented with 50 mg/liter
ampicillin (Merck, Darmstadt, Germany). The titer of �X174 was determined by
a double-agar-layer plaque assay. Briefly, 10-fold dilutions of the sample with
unknown viral titer were prepared in PPS. From each dilution of the sample, 1
ml was added to tubes containing 2.5 ml of melted ssTYG-agar [TYG broth with
7.5 g/liter agar (Oxoid), 4 mM CaCl2 (Sigma Aldrich), and 6 mM D-(�)-glucose
(Sigma Aldrich)]. Subsequently, 1 ml of E. coli CB390 grown until the exponen-
tial phase was added to the sample-ssTYG suspension. After gentle mixing, the
suspension was poured onto TYG agar (TYG broth with 15 g/liter agar [Oxoid])
in a 90-mm petri dish. Plates were incubated at 37°C for 18 h.

Since it is hard to propagate �X174 in liquid medium, �X174 lysate was
prepared by performing the �X174 plaque assay with a sample containing �X174
to induce confluent lysis on the plate. After 18 h of incubation at 37°C, the soft
agar was scraped from 10 agar plates and mixed with 10 ml PPS. Chloroform (2
ml) was added and incubated at room temperature for 30 min. The supernatant,
i.e., �X174 lysate, was taken after centrifugation at 4,000 � g for 10 min at 20°C
and stored at 4°C.

Surface disinfection test using stainless steel discs. The surface disinfection
test was based on EN 13697, 2001 (12). Stainless steel discs (20-mm diameter)
were incubated in a 5% (vol/vol) Decon 90 solution (Decon Laboratories Ltd.,
Hove, England) for 1 h. Afterwards the discs were rinsed twice with distilled
water for 10 s and were then placed in 70% isopropanol (Sigma Aldrich, Stein-
heim, Germany) for 15 min. Finally, the discs were dried by evaporation in sterile
petri dishes.

For B40-8 and �X174, virus inocula were prepared by 10 times dilution of
virus lysate in order to eliminate the interfering effect of the medium and mixing
with bovine serum albumin (BSA) as an interfering substance (0.3 g/liter as the
final concentration for clean conditions and 3 g/liter for dirty conditions). Since
the initial titer of MNV-1 lysate was comparatively lower, the MNV-1 lysate was
directly used as the virus inoculum. The protein concentration of MNV-1 lysate
was determined to be 3.8 g/liter by a Bradford protein assay, which is similar to
the interfering protein concentration defined as the dirty condition.

The virus inoculum of MNV-1, �X174, or B40-8 (50 �l) was pipetted sepa-
rately in the middle of a clean and disinfected stainless steel disc and dried at
37°C for 30 min. Different concentrations of hydrogen peroxide were freshly
prepared from EcoClearProx, a stabilized hydrogen peroxide solution containing
42.1% H2O2 (Advanced Biological Technologies [ABT] Belgium, Belgium), in
hard water (12) and used within 2 h. For L-H2O2 treatment, 100 �l of the test

FIG. 1. Scheme of the prototype apparatus (ABT Belgium in cooperation with DDR systems).
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solution was pipetted on the inoculated discs and incubated for 5 or 10 min. As
a positive control, the inoculated disc received 100 �l of hard water instead of a
hydrogen peroxide solution. For V-H2O2 and UV treatment, inoculated discs were
transferred in the middle of the drum of a prototype apparatus (ABT Belgium in
cooperation with DDR systems, Voorde-Ninove, Belgium) with principle similar to
that described by Vandekinderen et al. (38) and received treatment of 5 min without
tumbling. The H2O2 (2.52%) was vaporized by a spray device (Nocospray, 230V;
Airel, France), while UV irradiation was done with three low-pressure mercury
lamps (TUVN4 4K P 165 lamp, 4 W each; UV-Technik Speziallampen GmbH,
Wolfsberg OT Wümbach, Germany) producing mainly 254-nm UV light. One of
these three lamps was fixed in the spray-generating chamber, while the other two
were fixed in the middle of the drum (diameter, 33 cm by 48 cm) inside the sealed
cabinet (50 cm by 35 cm by 35 cm) (Fig. 1).

The discs representing the positive-control and treated samples were trans-
ferred into 25-ml sterile containers, which were previously filled with 10 ml of
neutralizer (5 g/liter sodium thiosulfate; Sigma Aldrich, Steinheim, Germany) to
stop the inactivating activity and 5 g of glass beads (0.25- to 0.50-mm diameter)
to increase virus recovery by mechanical abrasion. After a neutralization of 5 min
(including a shaking of 1 min), the neutralized treated virus solution (positive-
control and treated samples) was stored at �75°C until the PFU of MNV-1,
�X174, and B40-8 were determined according to the assays described above.

Decontamination test on fresh-cut iceberg lettuce. Iceberg lettuce was pur-
chased from a local store and freshly cut. A viral suspension (50 ml) of approx-
imately 6 log PFU/ml each of MNV-1, �X174, and B40-8 was spotted on 500 g
fresh-cut iceberg lettuce in a sterile stomacher bag. The procedure of spotting
included several steps: (i) adding 20 ml of viral suspension in drops on lettuce pieces
present on one side of the stomacher bag, (ii) turning the stomacher bag, (iii) again
adding 20 ml of viral suspension in drops, (iv) shaking the sample manually and
gently, (v) adding 10 ml of viral suspension, and finally (vi) again shaking manually
and gently to distribute the viral inoculum uniformly throughout the lettuce pieces.
Subsequently, the bags were sealed and stored overnight at 2°C.

For L-H2O2 treatment, 50 g of inoculated fresh-cut iceberg lettuce was treated
in 500 ml H2O2 solution (1.26% or 2.52% H2O2) for 5 min. Treated fresh-cut
iceberg lettuce was rinsed in tap water (5 min) afterwards. Washing of fresh-cut
iceberg lettuce with water was performed similarly to the L-H2O2 treatment
except that 500 ml tap water was used instead of an H2O2 solution.

For V-H2O2 and UV treatment, 500 g of fresh-cut iceberg lettuce was trans-
ferred to the drum of the prototype apparatus. The drum tumbled at a speed of
77 rpm during treatment. The consumption of liquid H2O2 (2.52%) was 80 ml
per treatment.

After treatment, the model viruses (MNV-1, �X174, and B40-8) were ex-
tracted according to the procedure described by Baert et al. (4). Briefly, 10 g of
treated iceberg lettuce was washed with 30 ml of elution buffer (0.1 M Tris-HCl
[Sigma], 3% beef extract powder [Sigma], and 0.05 M glycine [Sigma], pH 9.5) in
a stomacher bag with a filter compartment (full filter blender bag, 190 by 300
mm, FBAG-04; Novolab, Geraardsbergen, Belgium) on a shaking platform (ro-
tating at 120 rpm) for 20 min. The filtrate was centrifuged at 10,000 � g for 15
min at 4°C, and the pH of the supernatant was adjusted to 7.2 to 7.4. Polyeth-
ylene glycol (PEG) 6000 (Sigma) and NaCl were added to obtain a final con-
centration of 10% PEG and 0.3 M NaCl. The samples were placed on a shaking
platform (rotating at 120 rpm) overnight at 4°C. The next day, the samples were
centrifuged at 10,000 � g for 30 min at 4°C. The supernatant was discarded, and
the pellet was dissolved in 1 ml of phosphate-buffered saline (PBS) (Lonza).
Virus extracts were stored at �75°C until the PFU of MNV-1, �X174, and B40-8
were determined by the assays described above.

Data analysis. Data from the surface disinfection using stainless steel discs
were obtained by comparison with positive controls, which were processed in a
manner similar to that for the inactivated groups except that they did not
undergo the H2O2 or UV treatment but were treated with hard water. Samples
were tested in duplicate for the surface disinfection using stainless steel discs and
in triplicate for the decontamination of shredded iceberg lettuce. Each error bar
represents the data range. Statistical analyses of the reductions obtained by the
decontamination of fresh-cut iceberg lettuce were performed by one-way analysis
of variance (ANOVA) (the Tukey HSD test was used as a post hoc test) with
SPSS 17.0 for Windows (SPSS Inc.). Differences were considered significant
when the P value was �0.05.

RESULTS

Initially, the experimental setup of the surface disinfection
test was evaluated. It was shown that the difference between
the titers of virus lysate and the positive control was no greater

than 2 log10 units (data not shown), which means that the
treatments other than H2O2 or UV had no observable inacti-
vating effects. Less than a 0.3-log10-unit difference in viral titer
was observed between the viral contents of an inoculated disc
immersed in neutralizer supplemented with 100 �l hard water
and those of an inoculated disc immersed in neutralizer sup-
plemented with 100 �l 20% H2O2 solution (data not shown),
suggesting complete neutralization.

The treatment with L-H2O2 at a concentration of 2.1% was
able to inactivate MNV-1 and �X174 on stainless steel discs by
approximately 4 log10 units with a contact time of 10 min (Fig.
2A and B), whereas for B40-8, a similar reduction was not
obtained within the same contact time until the concentration
of L-H2O2 was increased to 15% (Fig. 2C). The influence of

FIG. 2. (A) Reductions of infectious titer of MNV-1 on stainless
steel discs by liquid H2O2 treatment. The concentration of H2O2 and
exposure time are shown on the horizontal axis. Each data point is an
average of duplicates, and each error bar represents the data range.
The reduction of MNV-1 treated with H2O2 (2.1%) for 10 min reached
the detection limit. (B) Reductions of infectious titer of �X174 on
stainless steel discs by liquid H2O2 treatment. The concentration of
H2O2 and exposure time are shown on the horizontal axis. Each data
point is an average of duplicates, and each error bar represents the
data range. (C) Reductions of infectious titer of B40-8 on stainless
steel discs by liquid H2O2 treatment. The concentrations of H2O2 and
exposure times are shown on the horizontal axis. Each data point is an
average of duplicates, and each error bar represents the data range.
The reduction of B40-8 treated with H2O2 (20%) for 10 min reached
the detection limit. All experiments were performed at room temper-
ature.
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the protein load on the efficacy of H2O2 was tested on �X174
(Table 1) and B40-8 (data not shown) by the addition of 3
g/liter BSA (dirty conditions) and 0.3 g/liter BSA (clean con-
ditions). Less than a 0.5-log10-unit difference was observed for
both viruses; therefore, only results obtained under dirty
(worse) condition are shown here.

V-H2O2 (2.52%) induced only a marginal reduction (�1
log10 unit after 5 min of exposure) for the tested model viruses,
although UV light induced a considerable higher decrease (3
log10 units) within 5 min of treatment. When V-H2O2 (2.52%)
was combined with UV light, a 3-log10-unit reduction (detec-
tion limit reached) for MNV-1 and 4-log10-unit reductions for
�X174 and B40-8 were obtained (Fig. 3).

Similar trends were obtained for H2O2 treatments with or
without UV on fresh-cut iceberg lettuce as on stainless steel
discs (Fig. 4). L-H2O2 (2.52%, 5 min) was more effective than
V-H2O2 (2.52%, 5 min) (P � 0.05) for all three model viruses.
The combination of UV and V-H2O2 (2.52%) could induce a
significantly higher reduction of �X174 than the traditional
method of washing with water (P � 0.05). B40-8, which was
quite persistent on stainless steel discs, showed a reduction
similar to that for MNV-1 and �X174 in the case of washing of
iceberg lettuce with water or treating with L-H2O2 (P � 0.05).
�X174 was the most sensitive of the three model viruses to UV
treatment as well as the combination of UV and V-H2O2

(2.52%). No significant change of appearance or sensorial
quality for fresh-cut lettuce was observed after H2O2 treat-
ments with or without UV (data not shown).

DISCUSSION

Multiple studies evaluating NoV inactivation on surfaces
and fresh produce have been recently performed, since they
may play an important role in the spread of human NoVs (1, 4,
8, 18, 27). Magulski et al. (27) tested the inactivating properties
of several chemical biocides using MNV-1 as a surrogate for
human NoVs and suggested products based upon peroxyacetic
acid (0.1%), glutaraldehyde (0.25%), ethanol (50%, vol/vol),
and isopropanol (30%, vol/vol) which could inactivate MNV-1
on stainless steel discs by � 4 log10 units within 5 min. In 2010,
Girard et al. (18) also evaluated the effectiveness of different
household disinfectants and found that sodium hypochlorite
(3%) could produce a �3-log10-unit reduction of genomic cop-
ies of both MNV-1 and human NoVs after 10 min. According
to our results, liquid H2O2 at a concentration of 2.1% enabled
more than 4-log10-unit reductions of MNV-1 and �X174 on
stainless steel discs in 10 min.

As reviewed by Beuchat (5), disinfection using chemical
disinfectants and sanitizers has been identified as an important
procedure for fresh produce to lower the risk of enteric patho-
gens. However, reductions of viral infectivity on fresh produce
are always lower than reductions on surfaces. Allwood et al. (1)
conducted a series of experiments to compare the survival of
Escherichia coli, feline calicivirus, and F-specific coliphage
MS2 on cabbage and lettuce with and without disinfection,
suggesting that viruses were resistant to sodium bicarbonate
(10%, 5 min), sodium hypochlorite (0.02%, 2 min), peroxyace-
tic acid (0.008%, 2 min), and hydrogen peroxide (3%, 2 min)
(�3-log10-unit PFU reductions). In 2005, Dawson et al. (8)
tested the efficacy of chlorine wash (0.01% free chlorine) to
reduce MS2 on fresh fruit and vegetables, obtaining only a
0.89-log10-unit reduction as the mean value across all produce
types. In our study, a reduction of only 1 log10 unit was ob-
tained in the test of decontamination of fresh-cut iceberg let-
tuce by liquid H2O2 at a concentration of 2.52% for MNV-1,
�X174, and B40-8.

Although they have effective inactivating properties, liquid
disinfectants still have a series of limitations in practical usage.
As for surfaces, it is difficult to ensure enough contact time
between the contaminated surface and the aqueous sanitizer.
In food disinfection, aqueous sanitizers often fail to reach
pathogens located in inaccessible sites, and they require large
amount of potable water and disinfectant. With a high pene-

TABLE 1. Comparison of the infectious titers of �X174 in the
presence of a low protein concentration (0.3 g/liter BSA) and

a high protein concentration (3 g/liter BSA) on stainless
steel discs with L-H2O2 treatment

L-H2O2
treatment

Mean titer (log PFU/ml) � SD

Low protein concn High protein concn

Positive control 7.12 � 0.01 6.65 � 0.05
1%

5 min 5.71 � 0.01 5.52 � 0.06
10 min 5.13 � 0.05 4.59 � 0.06

2.1%
5 min 4.18 � 0.03 3.42 � 0.03
10 min 3.01 � 0.12 2.61 � 0.09

FIG. 3. Reductions of infectious titers of MNV-1 (white bars), �X174 (gray bars), and B40-8 (black bars) on stainless steel discs. The treatments
are shown on the horizontal axis. All experiments were performed at room temperature. Each data point is an average of duplicates, and each error
bar represents the data range. Reductions of MNV-1 treated with UV and the combination of UV and 2.52% H2O2 and of �X174 treated with
the combination of UV and 2.52% H2O2 reached the detection limits.
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trating activity and broad spectrum of applicable sanitizers,
aerosolization may be an alternative sanitizer delivery system
for the food industry. The antiviral activity of hydrogen perox-
ide spray in combination with UV light has already been re-
ported. Xie et al. (42) evaluated the efficacy of inactivation of
MS2 inoculated onto 5-cm2 iceberg lettuce sections and found
a reduction of 0.5 to 1.0 log10 PFU by UV light for 20 to 60 s
and a 3-log10-unit reduction with 2% H2O2 spray at 50°C. An
even higher reduction (4.12 log10 units) was obtained with
H2O2 spray followed by UV illumination. In our experiments,
only a marginal reduction by V-H2O2 was achieved for the
tested model viruses, although in combination with UV light, a
4-log10-unit decrease within 5 min of treatment could be es-
tablished for �X174 and B40-8 in the surface disinfection test.
For the treatment of iceberg lettuce, the combination of UV
and V-H2O2 (2.52%) induced a 2-log10-unit reduction of
�X174, which was significantly higher than that obtained by
the traditional method of washing with water (P � 0.05), rep-
resenting a good method to enhance the microbiological safety
of fresh produce. The additive effect of this combination can be
explained by the fact that radical formation from hydrogen
peroxide is greatly enhanced in the presence of UV light (33),
while the further mechanism still should be explored in the
future.

A number of previous studies have shown that a higher
organic load could result in a decreased effectiveness of viral
inactivation (15, 25, 39). In the surface disinfection test, �X174
and B40-8 suspensions were mixed with bovine serum albumin
as an interfering substance to simulate clean (0.3% BSA) and
dirty (3% BSA) conditions (12). Interestingly, there were no
significant differences in virus reduction on surfaces under
clean or dirty conditions. Nevertheless, for viruses inoculated
on lettuce, the viral decline was indeed lower. This result, being
consistent with some previous studies (16, 27), indicates that
due to the sheltering or inaccessibility of the food structures,
the interfering effect of real food might be too complicated to
be simulated by one simple protein.

Up to now, MNV-1 has been recognized as the most repre-
sentative surrogate for human NoVs. It is a member of the
genus Norovirus and infects via the gastrointestinal tract. How-
ever, Girard et al. (18) compared the inactivation effect of
household disinfectants on both MNV-1 and human NoVs by
real-time reverse transcription-PCR (RT-PCR), revealing that
MNV-1 was more sensitive than human NoVs to chemical

disinfectants. Bacteriophages have also been proposed as in-
dicator systems for enteric viral pathogens and as tools for
studying viral disinfection. As they are genetically less closely
related to human NoVs, the correlation between bacterio-
phages and enteroviruses has been and is still under explora-
tion (3, 8, 20). In this study, we performed treatments on
MNV-1, coliphage �X174, and B. fragilis phage B40-8. Al-
though B40-8 was more persistent with L-H2O2 than MNV-1
and �X174 in the surface disinfection test, they tended to have
similar reductions under L-H2O2 treatment on iceberg lettuce.
�X174 was more sensitive than the other two model viruses to
UV treatment as well as the combination of UV and V-H2O2

(2.52%) in the decontamination test on fresh-cut iceberg let-
tuce.

In summary, both L-H2O2 and a combination of V-H2O2

and UV light could be used for NoV inactivation on surfaces.
V-H2O2 (2.52%) in combination with UV light might be prom-
ising for the decontamination of fresh produce with much less
consumption of water and disinfectant, suggesting an econom-
ical processing method to enhance the microbiological safety
of fresh produce for the industry.
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ERRATUM

Inactivation of Murine Norovirus 1, Coliphage �X174, and Bacteroides fragilis
Phage B40-8 on Surfaces and Fresh-Cut Iceberg Lettuce by

Hydrogen Peroxide and UV Light
Dan Li, Leen Baert, Maarten De Jonghe, Els Van Coillie, Jaak Ryckeboer,

Frank Devlieghere, and Mieke Uyttendaele
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Volume 77, no. 4, p. 1399–1404, 2011. Page 1399: The article title should read as shown above.
Page 1399, column 2, line 14: “Bacillus fragilis” should read “Bacteroides fragilis.”
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