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Introduction

Although nosocomial infections are a well-recognized risk

for patients in many healthcare settings, healthcare work-

ers (HCWs) are also affected. Caring for patients with

communicable diseases places HCWs at risk for exposure

to pathogens during patient care activities, and requires

protective measures such as patient isolation, HCW vacci-

nation and the use of personal protective equipment

(PPE). PPE plays a crucial role in interrupting transmis-

sion of infectious bacterial and viral agents from patients

to HCWs. PPE includes use of barriers (gowns, gloves

and eye shields) and respiratory protection (masks and

respirators) alone or in combination to protect mucous

membranes, airways, skin and clothing from contact with

infectious agents during patient care (Siegel et al. 2007).

The importance of PPE in preventing HCW infection

was brought to the forefront of infection control by the

worldwide outbreak of severe acute respiratory syndrome

(SARS). This outbreak included a number of cases

acquired by HCWs in the course of caring for SARS

patients (Chen et al. 2004; Lau et al. 2004; Loeb et al.

2004; McDonald et al. 2004; Wong et al. 2004), and

studies of the spread of SARS in healthcare environments

established a crucial role for PPE in preventing the spread

of SARS from patients to HCWs. Nosocomial SARS also

brought renewed attention to the question of whether

viruses can spread from person to person via fomites in

the healthcare environment, as SARS coronavirus (SARS-

CoV) nucleic acids were recovered from hospital surfaces,

including bedrails, doorknobs, telephones and ventilator

controls, in outbreak settings (Dowell et al. 2004).

Furniture and healthcare equipment are not the only

fomites in healthcare environments that have the poten-

tial to spread viruses, PPE itself could also play a role in

viral spread. During the performance of healthcare tasks,
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Abstract

Aims: To develop methods for recovering a model virus (bacteriophage MS2)

from healthcare personal protective equipment (PPE).

Methods and Results: Nine eluents were evaluated for recovery of infectious

MS2 from PPE: 1Æ5% beef extract (BE) pH 7Æ5 with and without 0Æ1% Tween

80, 1Æ5% BE pH 9Æ0 with and without 0Æ1% Tween 80, 3% BE pH 7Æ5 with and

without 0Æ1% Tween 80, 3% BE pH 9Æ0 with and without 0Æ1% Tween 80 and

PBS with 0Æ1% Tween 80. Methods were applied to experimentally contami-

nated PPE. Elution followed by two-step enrichment assay could recover virus

inputs as low as 1Æ5 log10, and could recover >90% of inoculated virus from

used items of experimentally contaminated PPE worn by human volunteers.

Conclusions: BE was effective for recovering infectious viruses from a range of

PPE materials.

Significance and Impact of the Study: PPE plays a crucial role in interrupting

transmission of infectious agents from patients to healthcare workers (HCWs).

The fate of micro-organisms when PPE is removed and disposed of has impor-

tant consequences for infection control. Methods described here can be used to

conduct rigorous studies of viral survival and transfer on PPE for risk assess-

ments in infection control and HCW protection.
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items of PPE may become contaminated by viable patho-

genic micro-organisms spread by contact, droplets or

aerosols from patients’ respiratory secretions, urine, faeces

and other body fluids. Bacteria and viruses can survive

for extended periods on the types of materials PPE is

made from (Bean et al. 1982; Brady et al. 1990; Wang

1999). Thus, PPE items are potential fomites, and may

play a role in the transmission of disease if they become

contaminated with infectious micro-organisms. The fate

of contaminating micro-organisms when PPE is removed

and disposed of has important consequences for infection

control, and the possibility that PPE itself may be a fom-

ite that contributes to the spread of viruses remains a

poorly understood area in need of research. In order to

determine the dynamics of virus survival and transmis-

sion via contaminated PPE and the attendant health risks,

levels of viral contamination on PPE need to be quanti-

fied. This requires effective and reproducible methods to

recover infectious viruses from items of PPE including

contact isolation gowns, N95 respirators, gloves and eye

protection.

We describe methods for recovering a model virus,

bacteriophage MS2, from PPE. Many of the viruses that

have been identified as important causes of nosocomial

viral infection or have high potential for nosocomial

transmission, such as rotaviruses, rhinoviruses, parvo-

viruses and noroviruses, are nonenveloped viruses. MS2 is

a nonpathogenic, nonenveloped virus, and has been used

extensively as a surrogate for nonenveloped pathogenic

viruses of humans (Allwood et al. 2003; Meschke and

Sobsey 2003; Dawson et al. 2005; Sickbert-Bennett et al.

2005; Bae and Schwab 2008). MS2 has also been shown

to have a higher binding potential for PPE materials than

other viruses traditionally used as viral surrogates, such as

FX174 (Lytle et al. 1991; Lytle and Routson 1995),

making it a conservative surrogate for studies of disrup-

tion of viral binding to PPE. These qualities suggest that

MS2 may be a promising surrogate for evaluating meth-

ods for recovery of viruses from healthcare PPE.

Candidate eluents for recovery of virus from PPE

should be selected for their potential to disrupt viral

binding to PPE materials. The attachment of viruses to

surfaces is largely governed by electrostatic and Van der

Waals interactions with other molecules and surfaces

(Gerba 1984). PPE items are often made of synthetic

polymers with both charged and hydrophobic characteris-

tics. The protein coats of nonenveloped viruses can have

pockets of hydrophobicity, and enveloped viruses have

hydrophobic lipid membranes (Gerba 1984). Therefore,

virus attachment to PPE may be mediated by electrostatic

interactions, where charged viral surfaces encounter

charged groups on PPE surfaces and hydrophobic reac-

tions, where hydrophobic molecules on the surface of

both viruses and PPE are excluded by the surrounding

water molecules. Methods to elute viruses from PPE

materials can be designed to disrupt these interactions.

Robust and efficient virus recovery methods based on

altering the adsorption and attachment behaviour of

viruses in contact with surfaces have been developed for

eluting viruses from charged filter media using protein

solutions (Polaczyk et al. 2007). Molecules in proteina-

ceous eluents have a variety of surface charges, and com-

pete with viruses for attachment and adsorption sites on

surfaces (Gerba 1984). These findings suggest that protein

eluents, particularly beef extract (BE), may be effective for

eluting viruses from different types of surfaces. The addi-

tion of detergents that disrupt hydrophobic interactions,

such as Tween 80, may also promote virus recovery from

surfaces (Farrah 1982; Lukasik et al. 2000).

Currently, there are limited data on the survival, persis-

tence and transmission of viruses on contaminated PPE.

Robust methods for recovering viruses from PPE items

are a necessary first step for obtaining such data. Methods

using protein eluents for virus recovery, developed using

a model virus, have the potential for application in stud-

ies of the recovery and survival of a range of pathogenic

viruses on HCW PPE.

Materials and methods

Preparation of virus stocks

Bacteriophage MS2 was propagated in the host bacterium

Escherichia. coli C3000 (ATCC no. 15597) using the soft

agar coliphage propagation method. Briefly, 50 ll of virus

stock was added to 30 ml of a log-phase host bacterial

culture, grown on a rotating shaker for 4 h at 37�C and

purified by chloroform extraction using a 2 : 1 volume

ratio of virus to chloroform, followed by centrifugation

(5900 g, 30 min, 4�C). ‘Soft’ agar was prepared by adding

agar to tryptic soy broth (TSB) at a final concentration of

0Æ7%, and bottom agar plates were prepared using full

strength tryptic soy agar in 150 mm Petri dishes. Purified

virus stock (0Æ5 ml) and log-phase host culture (0Æ5 ml)

were added to 30 ml of soft agar and dispensed into

bottom agar plates. Plates were incubated at 37�C for

24 h. The top soft agar layer was then harvested, and soft

agar from all plates was pooled, purified by chloroform

extraction as described above, and stored as stock in 20%

glycerol-TSB at )80�C.

Comparison of eluents for virus elution from PPE

Nine eluents were selected for comparison of their effi-

ciency in recovering viruses from PPE: 1Æ5% BE pH 7Æ5,

1Æ5% BE pH 7Æ5 with 0Æ1% Tween 80, 1Æ5% BE pH 9Æ0,
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1Æ5% BE pH 9Æ0 with 0Æ1% Tween 80, 3% BE pH 7Æ5, 3%

BE pH 7Æ5 with 0Æ1% Tween 80, 3% BE pH 9Æ0, 3% BE

pH 9Æ0 with 0Æ1% Tween 80 and PBS with 0Æ1% Tween

80 (Table 1). BE was chosen because it has been used

extensively an eluent for recovery of viruses from different

surface types. Virus stocks were diluted in 0Æ01-mol l)1

phosphate buffered saline, pH 7Æ2, to the desired concen-

tration. Inocula for experiments were titred using the

double agar layer (DAL) plaque assay on tryptic soy agar

(Becton Dickinson, Franklin Lakes, NJ, USA; USEPA

2001b). Virus was applied to 4 cm2 swatches of contact

isolation gown fabric in a single drop containing 10 ll.

Swatches were held at room temperature in a biological

safety cabinet for 15 min, then immersed 250 ml sterile

eluent solution. Eluent and PPE were agitated on a reci-

procal shaking platform at 120 cycles min)1 for 20 min.

Swatches were removed and discarded, and eluent was

diluted in TSB (Becton Dickinson) and assayed for MS2

by the DAL method.

Elution of viruses from PPE

Virus stocks were diluted in 0Æ01-mol l)1 phosphate buf-

fered saline to the desired concentration. For selected

experiments, viruses diluted in PBS were monodispersed

after dilution by sequential passage through hydrophilic

polycarbonate filters with pore sizes of 0Æ2 lm (Isopore�;

Millipore, Billerica, MA, USA) and 0Æ08 lm (Nuclepore�

track-etched membranes; Whatman, Kent, UK) prerinsed

with 0Æ01% Tween 80 and sterile distilled water. Inocula

for experiments were titred by DAL. Virus was applied to

the surface of PPE in a single volume of 10 ll. PPE items

were held at room temperature in a biological safety

cabinet for 15 min, and then immersed in 1–2-l eluent

solution (depending on size of item). Eluent and PPE

were agitated on a reciprocal shaking platform at

120 cycles min)1 for 20 min. PPE was removed from the

eluent, the additional eluent was expressed into the

container by wringing, and the item was discarded. The

eluent was assayed for infectious virus using a two-step

enrichment-spot plate lysis procedure for MS2 (USEPA

2001a).

PPE worn by human volunteers

Protocols for human volunteer experiments were approved

by the University of North Carolina Chapel Hill Biomedical

IRB and written informed consent was obtained. Enrolled

participants met the following inclusion criteria: over

18 years of age, nonpregnant, nonlatex-allergic, no active

skin disorders and medical evaluation approval for N95

respirator fit testing and use. Experiments took place in a

patient care room in the UNC Hospitals’ General Clinical

Research Center. Volunteers donned contact isolation

gowns (MediChoice�, Arden, NC, USA), gloves (Evolution

One�; Microflex, Reno, NV, USA), respirators (N95 1860

healthcare particulate respirator, 3M Co., St Paul, MN) and

splash proof plastic goggles (Monogoggle�; American All-

safe, Tonawanda, NY, USA). Items of PPE were then con-

taminated with MS2 in a solution containing 0Æ01-mol l)1

PBS and GloGerm� (GloGerm, Moab, UT, USA), syn-

thetic beads that fluoresce under ultraviolet light (for visual

tracking of virus). Sites of contamination were: front shoul-

der of the gown, back shoulder of the gown, right side of

the N95 respirator, upper right front of the goggles and

palm of the dominant hand. Each site was contaminated

with a total of 104 plaque forming units (PFU) of MS2, in

five drops of 5 ll each. Participants simulated a routine

healthcare task by measuring blood pressure on a manne-

quin, and then removed PPE. Gowns, N95 respirators,

gloves and goggles were collected after removal, immersed

in eluent solution and transported immediately back to the

laboratory for analysis. Eluent and PPE were agitated on a

reciprocal shaking platform at 120 cycles min)1 for

20 min. PPE was removed from the eluent, the additional

eluent was expressed into the container by wringing and

the item was discarded. Eluent was assayed for infectious

virus using the two-step enrichment-spot plate lysis

method.

Two-step enrichment-spot plate lysis method

Eluent samples were diluted as needed using additional

sterile eluent. For enrichment, 4-mol l)1 MgCl2
(12Æ5 ml l)1) and 10 · TSB [1 : 20 (V ⁄ V) broth to

Table 1 Evaluation of nine candidate eluents for their efficiency in

recovering MS2 from 4-cm2 swatches of contact isolation gown

material (original inoculum on each swatch 5Æ8 log10 PFU)

Eluent

Total virus

recovered

[PFU (SD)]

% Recovery

(SD)

1Æ5% Beef extract pH 7Æ5 5Æ6 (0Æ12) 73Æ0 (37Æ87)

1Æ5% Beef extract pH 9Æ0 5Æ5 (0Æ22) 60Æ7 (41Æ81)

3% Beef extract pH 7Æ5 5Æ0 (0Æ54) 17Æ1 (14Æ22)

3% Beef extract pH 9Æ0 5Æ0 (0Æ33) 14Æ7 (8Æ67)

1Æ5% Beef extract

pH 7Æ5 + 0Æ1% Tween 80

5Æ4 (0Æ22) 52Æ5 (36Æ23)

1Æ5% Beef extract

pH 9Æ0 + 0Æ1% Tween 80

5Æ5 (0Æ24) 67Æ8 (49Æ21)

3% Beef extract

pH 7Æ5 + 0Æ1% Tween 80

5Æ2 (0Æ25) 20Æ1 (9Æ65)

3% Beef extract

pH 9Æ0 + 0Æ1% Tween 80

4Æ8 (0Æ68) 21Æ0 (24Æ11)

PBS + 0Æ1% Tween 80 5Æ5 (0Æ24) 63Æ9 (44Æ37)

Each data point represents average of four trials.
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sample] were added to the final sample dilutions. Appro-

priate dilutions were split into 10 replicate volumes per

dilution, and 0Æ5 ml of log-phase bacterial host was added

to each replicate volume. Enrichment samples were incu-

bated for 24 h at 37�C. For spot plates, 20 ml log-phase

bacterial host was added to 1 l molten half-strength tryp-

tic soy agar (30-g TSB, 7Æ5-g Bacto agar (Becton Dickin-

son) per litre) at 45�C and dispensed into 150-mm petri

dishes. After incubation of enrichment samples, 10 ll

from each dilution replicate was placed on the surface of

a spot plate and allowed to dry. Aliquots of bacterial host

cultures were also placed on spot plates to check for viral

contamination of host. Spot plates were incubated at

37�C for 24 h. After incubation, dilution replicates were

scored as positive or negative based on the presence or

absence of lysis zones, within and ⁄ or around the spots.

Results of positive and negative enrichment-spot plate

volumes were expressed as most probable number (MPN)

of viruses per unit volume of sample.

Data analysis

MPN calculations were done using the FDA Bacterio-

logical Analytical Manual calculator (FDA, College Park,

MD, USA). Data on virus recoveries were statistically

analysed using excel 2003 (Microsoft, Redmond, WA,

USA) and graph pad prism 5 (Graph Pad, San Diego,

CA, USA).

Results

In the first phase, nine candidate eluent solutions were

compared for their efficiency in eluting 5Æ8 log10 PFU of

MS2 from 4-cm2 swatches of contact isolation gown

material. BE was chosen based on its efficacy in recover-

ing viruses from surfaces in other applications, such as

ionically charged filters (Polaczyk et al. 2007). The effects

of BE concentration (1Æ5% vs 3%), pH (7Æ5 vs 9Æ0) and

the addition of 0Æ1% Tween 80, a nonionic detergent,

were evaluated. PBS with 0Æ1% Tween 80 was also used

to evaluate the effect of detergent alone. Virus stocks used

in these initial experiments were not monodispersed. Elu-

ent samples were assayed by DAL. Virus recoveries using

each eluent are shown in Table 1.

No significant difference was found in recoveries from

any of the nine eluents using one-way analysis of variance

(anova) (P = 0Æ14). Four eluents with the highest mean

recovery (1Æ5% BE pH 7Æ5, 73%; 1Æ5% BE pH 9Æ0, 61%;

1Æ5% BE pH 9Æ0 + 0Æ1% Tween 80, 68%; and PBS + 0Æ1%

Tween 80, 64%) were then tested for their efficiency in

eluting low numbers of virus (1Æ8 log10 PFU) from con-

tact isolation gown swatches. To maximize recovery of

low numbers of virus, the entire volume of eluent was

examined using the two-step enrichment-spot plate lysis

method. The results are shown in Fig. 1.

The two eluents with the highest mean recovery, 1Æ5%

BE pH 7Æ5 (mean 1Æ3 log10 MPN or 31% of inoculated

viruses) and PBS + 0Æ1% Tween 80 (mean 1Æ25 log10

MPN or 16% of inoculated viruses), did not differ signifi-

cantly (unpaired t-test, P = 0Æ59). The solution with the

simplest composition, 1Æ5% BE at pH 7Æ5, was chosen for

subsequent experiments. This eluent was evaluated for its

efficiency in eluting low numbers of MS2 (1Æ5 log10 PFU)

from multiple PPE items using two-step enrichment-spot

plate lysis assays of recovered eluent. PPE items tested

were 4-cm2 swatches of contact isolation gown fabric,

whole contact isolation gowns, whole N95 respirators,

splash proof goggles and whole latex gloves. Gown

swatches were immersed in 250-ml eluent. PPE items

were immersed in 1–2 l of eluent, depending on the size

of the item. Results are shown in Fig. 2.

Recovery from multiple PPE types using this eluent

was variable, and was significantly greater than the inocu-

lum titre, by up to fourfold. It was hypothesized that this

was a result of viruses in the inoculum existing as aggre-

gates. The titre of viruses existing in an aggregated state

can be underestimated by plaque count methods because

of single plaques being formed by an aggregate consisting

of multiple viruses (Teunis et al. 2005). Protein solutions
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Figure 1 Evaluation of beef extract and PBS+Tween 80 eluents for

recovery of MS2 from swatches of contact isolation gown material

(average of four trials). (Original inoculum on each swatch (indicated

by dashed line) = 1Æ8 log10 PFU; error bars represent 95% CI.).
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such as BE can disrupt aggregates formed by viruses

(Gerba 1984). If aggregated viruses in the inoculum were

subsequently dispersed by the BE eluent, the titre of virus

recovered from the eluent would be higher than that of

the inoculum. In an effort to address this problem,

viruses in subsequent experiments were monodispersed by

sequential filtration before being inoculated onto PPE. To

evaluate the effect of monodispersion on virus recovery,

monodispersed MS2 was inoculated onto multiple PPE

types in amounts of 1Æ5, 2Æ5 or 4Æ6 log10 PFU and eluted

as described above. As seen in Fig. 3, when virus is

dispersed, the titre of virus recovered from gowns and

other PPE types does not differ significantly (using

unpaired t-test) from the inoculum titre, with mean

recoveries of 95% of initial viruses inoculated. These

results indicate that monodispersion of viral inocula prior

to application is necessary to accurately measure viral

recovery from experimentally contaminated PPE materials.

Based on the results of these experiments, two-step

enrichment-spot plate lysis assay using BE eluent was

then applied to items of PPE that underwent simulated

viral contamination while being worn by human volun-

teers during a routine healthcare task. Ten subjects put

on gowns, N95 respirators, gloves and goggles, which

were then contaminated with 4Æ3 log10 PFU of mono-

dispersed MS2 (see section ‘Materials and methods’).

After a volunteer took a blood pressure on a mannequin

to simulate a routine task that might be performed while

wearing PPE, their PPE was removed and analysed for

recovery of MS2.

As shown in Fig. 4, elution with 1Æ5% BE pH 7Æ5 fol-

lowed by two-step enrichment assay can efficiently

recover >90% of infectious MS2 from contaminated PPE

that has been worn during the performance of a health-

care task. Recovery did not differ significantly among PPE

types (one-way anova, P = 0Æ98).

Discussion

There are still knowledge gaps in assessing the risk of viral

disease transmission posed by handling contaminated

PPE. To accurately assess these risks, we need data on

levels of viral contamination and the extent of viral

survival on PPE items. The methods described in this

work can help fill data gaps that currently exist in both

these areas. The existing literature on viruses on PPE

encompasses only some materials, and different studies
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Figure 3 (a) Recovery of monodispersed MS2 from contact isolation

gowns using 1Æ5% beef extract pH 7Æ5 (three trials). (b) Recovery of

monodispersed MS2 from multiple PPE types using 1Æ5% beef extract

pH 7Æ5 (two trials). (a) error bars represent 95% CI. (b) Original inocu-

lum on each swatch (indicated by dashed line) 4Æ6 log10 PFU.
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have used a variety of methods to recover viruses from

test materials, making comparisons between them diffi-

cult. Different methods for viral recovery may have differ-

ent recovery efficiencies, especially if the method was not

specifically developed for the recovery of viruses. This

study demonstrated that a protein-based eluent, BE, is

effective for eluting nonenveloped viruses from a range of

PPE materials, possibly because of the disruption of both

charged and hydrophobic interactions between the virus

and the PPE surface. Greater than 90% of input virus was

recovered from PPE experimentally contaminated with

MS2 after it was worn by human volunteers, showing that

immersion in neutral pH BE with agitation can efficiently

recover a nonenveloped virus from PPE.

Methods used for measuring viral contamination on

PPE need to be able to recover low numbers of virus.

The methods described here can recover as few as 30 PFU

(1Æ5 log10) from contaminated PPE, making them applica-

ble in studies of PPE used in healthcare practice, where

levels of contamination may be very low. BE may also be

efficacious for the elution of other types of pathogenic

viruses from PPE, including enveloped viruses such as

SARS-CoV, influenza, parainfluenza, mumps, measles and

respiratory syncytial virus, but these methods need to be

evaluated using these or other enveloped viruses to deter-

mine their recovery efficacy.

The results of this study indicate that BE elution can

recover nonenveloped viruses without inactivating them,

making them applicable to studies of virus survival. To

date, there have been few studies assessing the survival of

pathogens on materials used to make PPE (Yassi et al.

2005), but they suggest that viruses have the potential to

survive on PPE materials for longer than single-use PPE

is usually worn, creating the potential for viral transfer

when PPE is handled after wearing. Some investigations

have found that viruses can survive on materials used to

make other types of PPE. When deposited in high num-

bers (106 TCID50), SARS-CoV has been found to survive

on gowns for up to 2 days (Lai et al. 2005). Enveloped

ssRNA viruses have been shown to survive on latex glove

material; human CoV 229E can survive for up to 2 h,

although it loses up to 85% of its infectious titre (Sizun

et al. 2000), and avian influenza virus can survive for up

to 6 days without loss of infectious titre (Tiwari et al.

2006). Nonenveloped RNA viruses, such as human rotavi-

rus and hepatitis A virus, can survive for several days on

latex under ambient conditions, with only 1 log10 loss in

infectious titre (Abad et al. 1994). These findings suggest

that further studies are needed to determine how long

pathogenic viruses can survive on PPE and what risk this

might pose to HCWs. Comparative studies of survival of

a range of pathogenic viruses on different PPE types can

be greatly strengthened by the use of efficient elution

methods designed for viruses, applied consistently across

studies. The use of BE elution appears to be a candidate

method for these types of investigations.

These methods are also applicable to studies of viral

contamination on PPE during actual patient care activities.

If patients shed viruses onto HCWs’ PPE in the course of

patient care, these viruses can remain infectious when PPE

is removed. Transfer of viruses from experimentally con-

taminated fabrics (Rusin et al. 2002), plastic surfaces

(Gwaltney and Hendley 1982) and gloves (Hall et al. 1980)

to hands has been demonstrated, suggesting that viruses

can transfer from PPE to hands when contaminated items

are handled in the course of removal and disposal. In addi-

tion, contamination can be present on skin after exposure

to pathogens even when PPE is worn (Zamora et al. 2006),

and may be transferred to used items of PPE, if they are

handled after removal. Virus transfer between hands and

PPE items can encourage both accidental autoinoculation

by the HCW and subsequent transmission of viruses to

other patients, staff or family members, especially when

inadequate hand hygiene is practised (Pittet et al. 2006).

Although this risk has been recognized, the magnitude of

risk is difficult to assess because there are few data avail-

able on levels of viral contamination on PPE after use in

patient care. The methods we have developed, which can

recover low numbers of viruses, can be used to recover

viruses from PPE items used in patient care, providing

data that will aid in the assessment of risks posed by

handling of contaminated PPE after patient care activities.
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Figure 4 Recovery of MS2 from PPE worn by human volunteers

during healthcare tasks (10 trials). (Original inoculum (indicated by

dashed line) 4Æ3 log10 PFU; error bars represent 95% CI.).
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The results of this study also suggest that MS2 is a

promising surrogate for studying the dynamics of nonen-

veloped virus survival and transfer in healthcare settings.

It has been used in studies of the efficacy of healthcare

handwashing agents (Sickbert-Bennett et al. 2005), virus

transfer between hands and objects (Hall et al. 1980;

Gwaltney and Hendley 1982; Rusin et al. 2002) and HCW

contamination after removal of contaminated PPE (Casa-

nova et al. 2008). As a nonpathogenic virus that can be

efficiently recovered and assayed for infectivity, MS2 may

be a useful surrogate for modelling the spread viral of

contamination during PPE use and removal in healthcare

environments. Robust methods to measure viral contami-

nation on PPE items can be applied to more accurately

assess these and other microbial risks of PPE removal,

handling and reuse in all healthcare settings. The methods

described here are the first that have been shown to give

high virus recovery with multiple types of PPE. These

methods can be used with model viruses or evaluated for

pathogenic viruses to conduct rigorous studies of viral

survival and transfer on PPE for risk assessments in infec-

tion control and HCW protection.
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