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Abstract

Objectives The maintenance of infectivity of influenza

viruses on the surfaces of personal protective equipment

and clothing is an important factor in terms of controlling

viral cross-infection in the environment and preventing

contact infection. The aim of this study was to determine if

laboratory-grown influenza A (H1N1) virus maintained

infectivity on the surfaces of personal protective equipment

and clothing used in healthcare settings.

Methods Influenza A virus (0.5 mL) was deposited on the

surface of a rubber glove, an N95 particulate respirator, a

surgical mask made of non-woven fabric, a gown made of

Dupont Tyvek, a coated wooden desk, and stainless steel.

Each sample was left for 1, 8, and 24 h, and hemaggluti-

nation (HA) and 50% tissue culture infective dose

(TCID50)/mL were measured.

Results The HA titer of this influenza A virus did not

decrease in any of the materials tested even after 24 h. The

infectivity of influenza A virus measured by TCID50 was

maintained for 8 h on the surface of all materials, with the

exception of the rubber glove for which virus infectivity

was maintained for 24 h.

Conclusions Our results indicate that the replacement/

renewal of personal protective equipment and clothing by

healthcare professionals in cases of exposure to secretions

and droplets containing viruses spread by patients is an

appropriate procedure to prevent cross-infection.

Keywords Control � Cross-infection � Environment �
Infectivity � Influenza

Introduction

Healthcare professionals may be exposed to high doses of

influenza viruses during their examination of patients [1].

The healthcare environment is commonly contaminated

with secretions and droplets, including viruses spread by

patients. It is likely that viruses shed by influenza virus-

infected patients are responsible for the maintenance of

virus infectivity in the environment [2–5]. Accordingly,

measures should be taken to limit influenza virus conta-

mination of the environment to prevent cross-infection

among healthcare professionals.

Healthcare professionals use personal protective equip-

ment and clothing to prevent infection [6, 7] that may

include any type of clothing, equipment, or respiratory

protective device designed to protect against droplet

infection [8]. Personal protective equipment and clothing,

such as gloves, gowns, surgical masks, and N95 particulate

respirators, can prevent direct contact with viruses, but the

surface of the equipment may still become contaminated

[9–11] with virus particles. Consequently, the inappropriate

disposal of such protective equipment and clothing after
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use may result in inadvertent exposure to virus contami-

nation through contact with the surface of the material.

Additionally, people frequently touch their face with their

hands [12], which may also result in contact infection.

A number of studies have shown that the influenza virus

can maintain infectivity on environmental surfaces. Bean

et al. [13] investigated the survival of laboratory-grown

influenza A (H1N1) virus on the surfaces of various

materials, such as stainless steel, plastic, pajamas, tissue

paper, magazines, and a handkerchief. These researchers

found that the 50% of the tissue culture infective dose

(TCID50) was reduced to below the detection limit on the

pajamas, tissue paper, magazines, and a handkerchief after

12 h, while the virus maintained infectivity for 24 h on the

plastic and stainless steel surfaces, with the TCID50 falling

below the detection limit only after 48 h.

In order to prevent cross-infection via personal pro-

tective equipment in healthcare settings, it is necessary to

know how long the influenza virus maintains infectivity on

the surface of such equipment. However, to the best of our

knowledge, there have been very few studies on this

aspect of virus infectivity and public healthcare. The aim

of this study was to determine both whether influenza

viruses maintain infectivity and survive on the surfaces of

personal protective equipment in healthcare settings and

the appropriate time to replace personal protective

equipment.

Materials and methods

In this study we used influenza A (H1N1) virus strain A/

PR/8/34 [ATCC VR-95, 1280 hemagglutination (HA)

units, 1999-12-10] obtained from allantoic fluid. We con-

ducted a series of experiments designed to assess the

duration of the infectivity of influenza A viruses on the

surfaces of personal protective equipment in healthcare

settings.

The surfaces used as test materials included a rubber

glove, an N95 particulate respirator (Hi-Luck 350; Koken,

Tokyo, Japan), a surgical mask made of non-woven fabric,

a gown made of Dupont Tyvek, a coated wooden desk, and

stainless steel. Tyvek is a material made from 0.5- to 10-

lm, very fine, continuous polyethylene fibers bonded

together by heat. Being very soft and strong, it is widely

used as a material for gowns used by healthcare profes-

sionals [14]. A coated wooden desk and stainless steel

surface were used as samples for comparison with personal

protective equipment. A sample (0.5 mL) of viral suspen-

sion containing 103.8 TCID50/mL was deposited on a 3-cm2

area of each test material. A 0.5-mL volume was selected

because this volume was the optimal volume for collection

with a cotton pad.

The HA and the TCID50/mL were measured at 0 h,

immediately after application of the viral suspension, to

provide baseline data to monitor the changes over time.

Aliquots of influenza A/PR/8/34(H1N1) were deposited

and remained on the surface of each material for 0, 1, 8, or

24 h. The temperature of the laboratory was maintained at

25.2�C, and the relative humidity was 55%.

At the specified time periods post-virus application (1, 8,

24 h), a piece of the rubber glove, N95 particulate respi-

rator, surgical mask made of a non-woven fabric, and gown

made of Dupont Tyvek were each placed in a separate

centrifuge tube containing 5 mL phosphate-buffered saline

(PBS). If liquid was left on the coated wooden desk or

stainless steel, it was aspirated with a dropper, and the

residual liquid was wiped with absorbent cotton. Both the

aspirated liquid and the absorbent cotton were also placed

in a centrifuge tube containing 5 mL PBS. The solution

containing the recovered virus from each material was then

mixed for 30 s on a vortex mixer to dislodge any attached

test virus. The virus solutions obtained were used for

quantification. Figure 1 shows the procedure for recovering

the virus on the coated wooden desk and stainless steel

surfaces.

Determination of HA titer

The recovered virus solution (50 lL) was serially diluted

twice with 50 lL veronal-buffered saline (diluent), pH 6.6,

and 50 lL of 1% avian erythrocyte solution prepared using

the diluent was then added and mixed. The mixture was

allowed to stand in a refrigerator before the HA titer was

defined as the highest dilution causing agglutination.

Determination of virus infectivity titer (TCID50)

Virus preparations recovered from various surfaces were

serially diluted tenfold in PBS. The diluted virus solutions

were used to inoculate Madin–Darby canine kidney

(MDCK) cells cultured in medium [Dulbecco’s modified

Eagle’s medium supplemented with 5% fetal bovine serum

(FBS) and containing 100 IU/mL penicillin and 100 mg/mL

streptomycin) in 96-well plates and incubated for 3 days

in a 5% CO2 incubator at 37�C. After incubation, the

cells in each well were examined by light microscopy to

observe any cytopathic effect (CPE) caused by virus

infection. The TCID50 was determined as the dilution of

sample at which the virus infected 50% of the MDCK cells

in the wells to cause CPE. Since the influenza virus is able

to infect MDCK cells, the appearance of CPE was con-

sidered to be specifically caused by influenza virus infec-

tion. The appearance of normal MDCK cells is shown in

Fig. 2a, while cells showing typical CPE due to virus

proliferation are shown in Fig. 2b. The TCID50 was
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determined on the basis of the number of CPE-positive

wells to calculate the infectivity titer of the test virus

(TCID50/mL) and calculated using the Reed–Muench

formula [15].

Results

The HA titer of the influenza virus solution was determined

to be 64 for all samples at 0 h, immediately after the

application of virus suspensions onto the surface of each

material. At 1, 8, and 24 h post-virus application, the HA

titer on the surface of all samples was 32, demonstrating that

the HA titer of the influenza virus remained stable over time

without any marked decrease, irrespective of the material.

The TCID50/mL of the solution of influenza virus was

103.8 for all samples of the virus recovered at 0 h, imme-

diately after application of the virus suspension. At 1, 8,

and 24 h post-virus application, the TCID50/mL of the virus

suspension on the surface of the rubber glove was 102.8. In

comparison, the TCID50/mL of the virus suspension on the

N95 particulate respirator surface was 103.0 after 1 h,

increasing to 103.8 after 8 h, before decreasing to 100.8 after

24 h. Similar to the N95 particulate respirator surface, the

mask made of a non-woven fabric had a TCID50/mL of

100.8 after 24 h. Virus survival on the Tyvek surface was

determined to be 102.8 TCID50/mL after 8 h and 100.8 after

24 h. On the surface of the coated desk, the TCID50/mL

was 103.6 after 1 h, 102.8 after 8 h, and 100.8 after 24 h. The

TCID50/mL on the stainless steel surface was 102.8 after

Fig. 1 Methods used for virus inoculation and subsequent virus

isolation from various surfaces. a Virus was recovered from a 3-cm2

test piece of a rubber glove, N95 particulate respirator, non-woven

surgical mask, and gown made of Dupont Tyvek. A 3-cm2 area of

coated wooden desk and stainless steel was enclosed with tape for

application of the viral suspension. b The liquid remaining on the

coated wooden desk and stainless steel was recovered by aspiration

with a dropper. c The residual liquid after aspiration and the dried

liquid were recovered by wiping with absorbent cotton. d The liquid

thus recovered was placed in a centrifuge tube containing 5 mL

phosphate buffered saline, and the resulting solution was mixed for

30 s on a Vortex mixer to wash out the test virus. The virus solutions

thus obtained were used as samples for quantification

Fig. 2 Cytopathic effect (CPE)

observed in influenza virus-

inoculated Madin–Darby canine

kidney (MDCK) cells.

a Normal, uninfected MDCK

cells, b MDCK cells showing

cell rounding consistent with the

CPE observed with influenza

virus proliferation
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8 h and 100.8 after 24 h. Figure 3 shows a summary of the

changes in TCID50/mL for the influenza virus suspension

allowed to stand on the surface of each material for the

specified periods.

Discussion

The aim of this study was to assess the time course of

changes in influenza virus infectivity on personal protec-

tive equipment used in healthcare settings. The results

demonstrate that the virus TCID50 was relatively stable at a

certain level on the surface of personal protective equip-

ment after 8 h. However, after 24 h, while the HA titer

remained at a relatively stable level in all samples, the

TCID50 decreased to below the detection limit in all sam-

ples except the rubber glove.

The stability of the HA titer after 24 h seems to be

explained by the inherent properties of virus-associated

carbohydrates and proteins. Hemagglutinin, found on the

surface of the influenza virus, is composed of sialic acid-

binding polysaccharides [16] and carbohydrates resistant to

heat and dryness. Since the HA assay detects the red blood

cell agglutinating ability of hemagglutinin, regardless of

the presence of infectious influenza virus, the assay was

able to detect HA even after 24 h. In contrast, virus-asso-

ciated proteins necessary for the infectivity of influenza

virus are susceptible to heat and dryness, and this suscep-

tibility is likely to be the reason why the virus infectivity,

as determined by TCID50, was reduced over time.

Surgical masks and N95 particulate respirators are made

from non-woven fabric and are used by healthcare pro-

fessionals during patient examinations [9, 17, 18] or by

patients to prevent transmission of a virus [19, 20]. In our

experiments, the virus maintained infectivity on the sur-

faces of the surgical mask and the N95 particulate

respirator for at least 8 h. There have been no reports to

date on the maintenance of infectivity of the influenza virus

on non-woven fabric surface. However, Bean et al. [13]

reported that the TCID50 on the surface of a handkerchief

and pajamas decreased to below the detection limit in 12 h.

We considered that a virus would dry on the Tyvek

surface, a material used to manufacture medical gowns

because these materials do not absorb water. We observed

that under our experimental conditions, the virus main-

tained its infectivity for at least 8 h, but it was below the

detection limit after 24 h.

In our study, a coated wooden desk and stainless steel

were used as samples for comparison with personal pro-

tective equipment. In healthcare settings, these materials

may be contaminated by droplets containing pathogens

from patients [11]. These materials, as well as Tyvek, do

not absorb water. We found that the influenza virus

maintained infectivity for at least 8 h post-virus application

on the surface of these materials, without showing any

decrease in TCID50, subsequently falling to below the

detection limit in 24 h. This finding suggests that the virus

did not maintain its infectivity for 24 h, which is consistent

with the results obtained from the samples of personal

protective equipment. According to Bean et al. [13], a

laboratory-grown influenza A virus (A/H1N1) maintained

infectivity for at least 24 h on the surface of stainless steel

at a temperature between 27.8 and 28.3�C and 35–40%

relative humidity, and TCID50 reached the detection limit

in 48 h. During our study, the temperature of the laboratory

was maintained at 25.2�C and 55% relative humidity. This

humidity was slightly higher than that in the study con-

ducted by Bean et al. [13] and was less favorable for

infectivity of the influenza virus [21, 22].

Rubber gloves are recommended as a standard public

health precaution [23, 24] and are used for almost all

procedures in healthcare settings [25]. Under the conditions

of this study, the TCID50 on the surface of the rubber glove

remained at a relatively stable level for at least 24 h post-

virus application. Future studies should focus on whether a

virus maintains its infectivity for more than 24 h on the

surface of rubber gloves under the same conditions. One

possible mechanism for the infectivity of the virus being

maintained on the rubber glove is that the surface of the

rubber glove was hydrophobically treated, while the other

samples were hydrophilic. The virus solution formed water

droplets on the rubber glove and, as a result, the droplets

became embedded in the protein of the egg used to pro-

liferate the laboratory-grown influenza virus, consequently

protecting the virus from drying out.

It is clear from the results of our studies that influenza

virus contained in droplets is able to maintain its infectivity

on the surface of personal protective equipment as well as

on a coated wooden desk and stainless steel in medical
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Fig. 3 The value of 50% tissue culture infective dose (TCID50) of

influenza virus recovered from various surfaces after 0, 1, 8, and 24 h

exposure. The detection limit of the TCID50 assay was determined to

be 0.8 log10 TCID50/mL
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settings for at least 8 h. However, on the surface of rubber

gloves, the virus can maintain its infectivity for the rela-

tively long time of 24 h. Accordingly, healthcare profes-

sionals should renew/replace personal protective

equipment if they have been exposed to droplets from

patients with influenza [26, 27]; however, in practice,

personal protective equipment cannot be replaced for each

patient. For example, during the severe acute respiratory

syndrome (SARS) panademic, personal protective equip-

ment could not be replaced for each patient for the simple

reason that there was a shortage in the supply of such

equipment and clothing [28]. However, our findings sug-

gest that caring for patients without an renewal or

replacement of protective equipment may be responsible

for cross-infection of influenza virus and, therefore, that a

frequent replacement of personal protective equipment for

each patient would prevent cross-infection. Since we have

shown that the influenza virus maintains infectivity for at

least 8 h on almost all surfaces, the disposal of personal

protective equipment to prevent cross-infection after pos-

sible exposure to influenza virus is an important healthcare

procedure.

This study has a number of limitations. First, the

experiments were only conducted at one specific tem-

perature and 55% relative humidity. This experiment

should be conducted under various conditions of low

temperatures and low humidity, such as those found

during winter when an influenza pandemic is likely to

break out. The second limitation is that our experiments

did not assess the time course of changes in virus infec-

tivity between 8 and 24 h. Therefore, the possibility

cannot be ruled out that infectivity was lost in \24 h. The

third limitation is that our experiments used a laboratory-

grown influenza A virus, while a previous study con-

ducted to assess the infectivity of the influenza virus

showed that influenza virus mixed with human mucus

maintained its infectivity on the surfaces of banknotes up

to 17 days [29]. On the basis of this latter finding, we

hope to investigate the infectivity of dried influenza virus

or droplets mixed with mucus on the surfaces of personal

protective equipment. Since the amount of virus in

droplets emitted from patients with influenza has not been

reported in the literature, it is unknown whether the

amount of virus in such droplets is equivalent to that in

the virus solution used in our experiments. This issue

remains to be elucidated in future studies. Further studies

involving a larger number of samples are required to

assess the validity of this study.

In conclusion, the appropriate exchange of personal

protective equipment in cases of exposure to secretions and

droplets, including viruses spread by patients, should be

encouraged among healthcare professionals to prevent

cross-infection of the influenza virus.
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