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Cotton and woolen fabrics and fabrics of synthetic fibers were exposed by direct
contact (pipette) and by aerosolization to poliovirus and to vaccinia virus in sep-

arate experiments, allowed to dry for 16 hr at 25 C in 35% relative humidity, and
randomly tumbled with sterile swatches of the same fabrics for 30 min. By use of a
HEp-2 cell assay system, up to 103 5 CCID50 of poliovirus per ml and 10.4- CCID50 of
vaccinia virus per ml were recovered from the originally sterile fabrics as early as 1
to 10 min after contact. Maximum transfer of both viruses was achieved with wool
blanket material, although high titers of vaccinia virus were recovered from all
fabrics tested. Poliovirus placed on the fabrics in an aerosol tended to be transferred
to the sterile fabrics at a greater rate than when it was placed on the fabrics by direct
contact. The method of exposure had essentially no effect on the rate ot transfer of
vaccinia virus.

Clothing and household textiles have been
among the many possible fomites implicated in
the transmission of viruses (1, 3-5, 13, 18).
Recent experiments have shown that two viruses
of public health importance, polio and vaccinia,
are capable of persisting on various cotton and
wool fabrics for sufficient periods of time for the
materials to be potentially capable of their trans-
mission (3, 13, 14). Such information on viral
persistence, although of importance, is in itself
inadequate if conclusions are to be drawn regard-
ing the role of a fabric in virus dissemination.
Still needed are studies to determine whether the
persisting viruses can be released from such
contaminated materials in sufficient amounts to be
capable of dissemination to susceptible animal
hosts. In the present report, experiments are
described which demonstrate the transfer of
poliovirus and vaccinia virus from a variety of
dry fabrics, typical of those used in clothing or in
household textiles, to sterile pieces of the same
fabrics.

MATERIALS AND METHODS
Viruses. The Lederle chorioallantoic strain of vac-

cinia virus and the MEF-1 strain of poliovirus, ob-
tained in cell culture suspensions from Parke, Davis &
Co., Detroit, Mich., were used in this study. Virus

I Present address: Department of Virology, ICN Nucleic Acid
Research Institute, Irvine, Calif. 92664.

stock was prepared in HEp-2 cells (9) and stored at
-70 C until used. These were the same viruses used in
our previously cited virus persistence studies (3,
13-15).

Fabrics. The following fabrics were used in this
study: 1.28 cotton sheeting (no. 8/422, Testfabrics,
Inc., New York, N.Y.), cotton terry cloth (no. S/420,
Testfabrics, Inc.), washable wool (Wurlan finished)
shirting (W. Fong, Western Utilization Research and
Development Division, U.S. Department of Agricul-
ture, Albany, Calif.), wool blanketing (Fieldcrest Mills,
Spray, N.C.), dull nylon jersey (no. S/304A, Test-
fabrics, Inc.), and dacron 54/cotton 65/35 shirting
(no. S/7406, Testfabrics, Inc.). All fabrics were
bleached white and were untreated with mothproofing
or antimicrobial finishes. All were laundered twice in
anionic detergent (a "typical" product, containing
sodium linear alkyl sulfonate, alkyl ethylene oxide
condensate, sodium tripolyphosphate, sodium silicate,
sodium sulfate, and miscellaneous, supplied by Procter
and Gamble Co., Cincinnati, Ohio). The washing
machine setting used was the one most appropriate for
each fabric. After this preliminary laundering, all were
cut with a mechanized die into swatches having a
diameter of ca. 5 cm. Sterilization was accomplished
with ethylene oxide (Steri-Vac Sterilizer, Minnesota
Mining and Manufacturing Co., Minneapolis, Minn.;
16). After sterilization, the fabrics were held in closed
petri dishes for at least 10 days at room temperature
prior to exposure to virus.

Methods of virus exposure. The fabrics were exposed
to virus by direct contact and by aerosol in separate
experiments as described previously (17).
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Recovery of virus. Each swatch was macerated in a
homogenizer with Eagle's (6) basal medium supple-
mented with 5.0% agamma calf serum and 0.5% chick
embryo extract and adjusted to pH 7.2. The eluate
resulting from the maceration process was diluted in a
series of 10-fold dilutions and added to quintuplicate
vinyl-plastic panel (12) cups containing HEp-2 cells.
The presence of virus was determined by microscopi-
cally discernible virus-induced cytopathogenic effects
seen in the cell monolayer. A 50% cell culture infec-
tious dose per ml of eluate (CCID5o/ml) was calcu-
lated by using the Reed-Muench procedure (11).

Determination of virus transfer. Ten swatches of
each fabric type were exposed to virus either by direct
contact or by aerosol. After storage for 16 hr at 25 C
in 35% relative humidity, 15 of the swatches were
placed in a sterile battery jar (15 by 30 cm) with at
least 15 sterile swatches of the same fabric. The sterile
swatches were marked for recognition by a cut in the
side of each. The battery jar was sealed, and the jar
was turned manually in a random tumbling motion for
30 min. The tumbling speed was approximately the
same in each experiment. Five of the originally sterile
swatches were removed every 10 min and tested for
virus content to determine the rate of virus transfer.
When preliminary experiments showed that viral
transfer was probably rapid, the sampling times were
altered in an attempt to determine better the rate of
transfer. Five originally contaminated swatches were
tested at the beginning of the experiment to determine
the initial titer of the contaminated swatches being
tumbled with the sterile fabric. These five swatches
were labeled "virus controls" in this study.

RESULTS
The results of a typical virus transfer experi-

ment are shown in Table 1. In this experiment,
wool blanketing was exposed to poliovirus by
direct contact. A mean titer of 10 -4CCID50 of
poliovirus per ml was recovered from the virus
control swatches after storage for 16 hr at 25 C in
35% humidity. In this experiment, 25 sterile (test)
swatches were added to the tumbling chamber
with the 25 virus-contaminated swatches; five of
the test swatches were removed 3, 6, 10, 20, and
30 min later and immediately assayed to deter-
mine the amount of virus received during the
tumbling process. Approximately 103-0 CCID50 of
virus per ml was recovered from each of the
previously sterile swatches, with the maximum
amounts demonstrated at the 20-min sampling
period. Little variation in titer occurred between
each sample within a particular group, the stan-
dard error usually being approximately < 100-2
CCID50o/ml.
The results of all of the poliovirus transfer

experiments on all six fabrics are summarized in
Table 2. The degree of transfer of this virus varied
markedly according to the fabric type and method
of exposure of the fabric to the virus. Those
fabrics containing relatively small amounts of

TABLE 1. Transfer ofpoliovirus from wool blanket-
ing exposed to virus by direct contact

Virus Mean
Swatch identification Sample (CtCita u'(tCCIDt/

MI) j MI)

Virus controlb

3-Min testC

6-Min test

10-Min test

20-Min test

30-Min test

2
3
4
5

6
7
8
9
10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

104 '
104.2
104.2
104.2
104.6

102.7

103 .1
102.9
102.8
102.2

102.8
103.1

10 .8

12 .7

12 .4

103.6
103.6
102 .9
102.9
103 .1

103.4
103 .0
103.6
103.6
103.7

102.9

103 .0
103.1
103 .1

103 .0

102.8

102.8

103.3

103.5

103 .0

a Concentration of virus in the eluate after
maceration of each swatch. Each titer is the mean
of quintuplicate tests on each swatch.
bSwatches which received by pipette 0.4 ml of

virus suspension. The titers shown were obtained
after storage at 25 C in 35% relative humidity for
16 hr and immediately prior to adding identical
control swatches to the tumbling chamber with the
sterile swatches.

- Originally sterile swatches were tumbled for
the indicated time intervals with virus-contami-
nated swatches and immediately assayed for virus
titer.

virus on the control swatches also had little or
no demonstrable virus transferred to the sterile
fabrics. This observation was particularly appa-
rent with the cotton, the dacron/cotton, and the
washable wool shirting fabrics, in which usually
less than 102-. CCID50 of virus per ml remained on
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TABLE 2. Transfer of poliovirus to sterile fabrics during dry tumbling

Maximum Time to Control
Fabric Method of virus exposure recovered virusa maximum virus virus titer

(CCIDso/ml) transferb (CCIDss)/ml) c

Cotton sheeting Aerosol 100.6 10 102.2
Direct contact 100.4 20 101.3

Cotton terry cloth Aerosol 100.6 ld101.5
Direct contact 100.4 > 30 100.6

Washable wool shirting Aerosol 101.1 30 101.6
Direct contact 100.4 >30 101.6

Wool blanketing Aerosol 102.8 3 103.3
Direct contact 103.5 20 104.4

Nylon jersey Aerosol 101.2 ld 102.3
Direct contact 101.5 30 103.9

Dacron/cotton shirting Aerosol 100.4 ld 101.0
Direct contact 100-4 ld10019

a Maximum mean virus titer demonstrated on sterile fabrics tumbled with virus-containing fabric of
the same type.
> b Sampling time interval, during which sterile and virus-containing fabrics were tumbled, when the
maximum virus titer was recovered from the originally sterile fabric.

r Mean titer of virus demonstrated on five original virus-containing swatches 16 hr after virus exposure
and immediately prior to initiation of tumbling.

d Earliest sampling time.

TABLE 3. Trantsfer of vaccinia virus to sterile fabrics during dry tumbling

Maximum Time to Control
Fabric Method of virus exposure recovered virusa maximum virus titer

(CCIDso/ml) virus transferb (CCIDs5/ml)

Cotton sheeting Aerosol 1019 lOd 104.0
Direct contact 100.6 10 103.3

Cotton terry cloth Aerosol 103.3 10 104.9
Direct contact 104.2 20 105.3

Washable wool shirting Aerosol 103.3 10 105.2
Direct contact 101.8 10 104.1

Wool blanketing Aerosol 104.2 20 105.3
Direct contact 104.4 10 105.9

Nylon jersey Aerosol 102.8 10 105.2
Direct contact 102.8 10 105.

Dacron/cotton shirting Aerosol 103.0 10 105.2
Direct contact 102.6 10 105.2

a Maximum mean virus titer demonstrated on sterile fabrics tumbled with virus-containing fabric of
the same type.

b Sampling time interval, during which sterile and virus-containing fabrics were tumbled, when the
maximum virus titer was recovered from the originally sterile fabric.

c Mean titer of virus demonstrated on five original virus-containing swatches 16 hours after virus ex-
posure and immediately prior to initiation of tumbling.

d Earliest sampling time was 10 min in the vaccinia virus study.
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the control swatches after the 16-hr storage period.
Those fabrics receiving aerosolized virus tended
to lose this virus at a greater rate to the sterile
fabrics during the tumbling process, but the total
amount of virus transferred was approximately
the same as that transferred from fabrics exposed
by direct contact. Maximum poliovirus transfer
was demonstrated with the wool blanketing and
nylon jersey materials.
The vaccinia virus experiments are summarized

in Table 3. Higher titers of virus were demon-
strated on the control fabrics after the 16-hr
storage, and more virus was apparently trans-
ferred to the test swatches than was observed in
the poliovirus experiments. In the majority of the
experiments, maximum virus transfer was seen at
the 10-min testing time, the earliest used in the
vaccinia virus study. Method of exposure of the
control fabrics to the virus had essentially no more
effect on the rate of transfer than occurred in the
poliovirus experiments, but the total amount of
virus transferred was usually higher (up to 1010
CCID5o/ml) on the fabrics originally exposed to
the aerosolized virus. Maximum virus transfer
occurred on the wool blanketing material; the
least virus transfer was seen with the cotton
sheeting.

DISCUSSION
Poliovirus and vaccinia virus can persist for

significant periods of time on certain fabrics
(3, 13-15). This observation has been extended
to a degree in the present study, since the dry
persisting viruses were obviously transferred from
contaminated to sterile fabrics during dry random
contact. It is yet to be determined whether an

animal, and, specifically, a human being, would
become clinically infected by the quantity of virus
that was transferred to the sterile fabrics used in
the present study, since quantitative data are

lacking regarding the amount of these viruses
required to cause a clinical human infection. From
a practical viewpoint, the large quantities of virus
placed on the fabrics initially in these experiments
should also be considered. In domestic uses, such
initial high-virus inocula would not usually be
expected, although Downie et al. (5) have reported
smallpox virus to be recovered in significant
quantities from the bedclothes of infected patients.
Also to be considered is the fact that the viruses
used were only representative of the many which
are of public health importance. Because of the
wide differences between poliovirus and vaccinia
virus, however, we may cautiously assume that
perhaps most of the important human viruses
would behave similarly under the conditions used
in this study. Additional studies with other viruses
are needed to confirm this assumption. Herpes-

virus and parainfluenza virus have been recovered
in relatively high titer from wool gabardine
material after drying (16), a finding similar to that
seen with poliovirus and vaccinia virus, but it is
not yet known whether these other viruses will
transfer to other fabrics during dry contact.

Certain factors were found to enhance notice-
ably the degree of virus transfer. Fabric type was
particularly important. As we have reported
previously, both poliovirus and vaccinia virus
tend to survive more readily on woolen fabrics
than on cotton materials. Wool blanketing
apparently provided the most suitable environ-
ment, probably as a result of the physical con-
struction of the wool itself, since the wool fiber
has overlapping scales and a higher moisture
content than the cotton fabrics, although such a
construction would not explain the ease of virus
transfer observed with this fabric. The two fabrics
containing synthetic fibers also allowed a greater
degree of viral persistence and transfer than was
seen with the cotton materials. The method of
exposure of the fabrics to the viruses was of
importance, with the aerosolized viruses being
transferred more readily than those placed on the
fabrics by direct contact. Such a variation may
have been caused by an alteration in construction
of the virus aerosol particle which would prevent
the particle from adhering as strongly to the
fabrics as the viruses placed on the fabric in
aqueous suspension with a pipette. Such altera-
tions would be expected, since dehydration would
remove much of the bound water in the macro-
molecule (19), and other physical and chemical
stresses are known which will influence the
viability of aerosolized microorganisms (2, 20).
A surprising observation was the relatively

short period of time needed to achieve a maximum
virus transfer in the majority of these experi-
ments. Even in those experiments in which the
time to maximum virus transfer was as long as 20
min, a significant quantity of virus was demon-
strated on the sterile material at the earliest times
tested. Such rapid transfer would suggest that the
virus particles were adhering very loosely to the
fabric and would probably be disseminated from
contaminated clothing and household textiles
with little difficulty under normal conditions of
use.
The mechanisms by which viruses are dis-

seminated in human populations depend to a con-
siderable extent on the type of virus. These mech-
anisms are still not completely understood, par-
ticularly with regard to the two viruses specifically
employed in this study. It is clear that close
association is needed in poliovirus transmission
(10), particularly in view of the rapid inactivation
rate of the virus upon drying (2, 7, 8). The virus
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will survive for significant periods of time, how-
ever, on certain fabrics (2), and in the present
study it was shown to be capable of transferral
from fabrics after drying. Smallpox infection has
definitely been attributed to contaminated textile
articles in certain instances (1, 4, 5). The present
studies with the closely related vaccinia virus
provide further evidence that clothing is a
potential disseminator of this disease agent.
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