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Congenital cytomegalovirus (CMV) transmission can occur when women acquire CMV while pregnant. Infection control guide-
lines may reduce risk for transmission. We studied the duration of CMV survival after application of bacteria to the hands and
after transfer from the hands to surfaces and the effectiveness of cleansing with water, regular and antibacterial soaps, sanitizer,
and diaper wipes. Experiments used CMV AD169 in saliva at initial titers of 1 � 105 infectious particles/ml. Samples from hands
or surfaces (points between 0 and 15 min) were placed in culture and observed for at least 2 weeks. Samples were also tested us-
ing CMV real-time PCR. After application of bacteria to the hands, viable CMV was recovered from 17/20 swabs at 0 min, 18/20
swabs at 1 min, 5/20 swabs at 5 min, and 4/20 swabs at 15 min. After transfer, duration of survival was at least 15 min on plastic
(1/2 swabs), 5 min on crackers and glass (3/4 swabs), and 1 min or less on metal and cloth (3/4 swabs); no viable virus was col-
lected from wood, rubber, or hands. After cleansing, no viable virus was recovered using water (0/22), plain soap (0/20), antibac-
terial soap (0/20), or sanitizer (0/22). Viable CMV was recovered from 4/20 hands 10 min after diaper wipe cleansing. CMV re-
mains viable on hands for sufficient times to allow transmission. CMV may be transferred to surfaces with reduced viability.
Hand-cleansing methods were effective at eliminating viable CMV from hands.

Each year approximately 30,000 infants are born with congeni-
tal cytomegalovirus (CMV) infection. These infants acquire

CMV in utero, either from a primary maternal infection or from a
maternal reactivation or reinfection (1). Among infants with con-
genital CMV infection, approximately 20% will suffer from long-
term sequelae such as hearing loss, vision loss, and intellectual
disability (2). Congenital CMV infection is one of the most com-
mon viral causes of birth defects and developmental disabilities (3,
4). Although rated a top priority for vaccine development by the
U.S. Institute of Medicine, no CMV vaccine has been tested be-
yond a stage II clinical trial, and, to date, no stage III trials have
been registered (3, 5–10). In the absence of a vaccine, one prom-
ising means for the prevention of congenital CMV is the promo-
tion of behaviors that reduce exposures to CMV during pregnancy
(11–14).

CMV is an enveloped virus that is transmitted through direct
contact with the urine, saliva, or other bodily fluids of a person
shedding the virus. CMV transmission can occur from mother to
child in utero or through breastfeeding and from person to person
through sexual contact and through contact with infected body
fluids (e.g., child to mother or child to child). Hand cleansing has
been proposed by several experts to reduce congenital CMV in-
fections by preventing maternal CMV exposure during pregnancy
(3, 11, 15, 16). CMV can be found in body fluids of young children
(i.e., urine and saliva), with viral loads seen as high as 2.3 � 104

infectious virions/ml in healthy children and 4.9 � 105 infectious
virions/ml in congenitally infected newborns.(17–19). It is possi-
ble to transfer these fluids to hands, and CMV has been isolated
from hands (20). In such instances, CMV could presumably be
transmitted if a person touched his/her eyes, nose, or mouth while
viable virus is still present on the hands. Therefore, it is reasonable
to expect that hand cleansing may help reduce CMV transmission

risk. However, only one previous study has looked at the biology
of CMV on hands and the effect of hand cleansing on CMV, and it
had several important limitations (21).

The purpose of our study was to evaluate the duration of CMV
survival on hands, the transmissibility of CMV from hands to
other surfaces, and the effectiveness of five hand-cleansing meth-
ods to remove CMV or render it nonviable.

(Part of this research was presented by S. C. Dollard at the
Third International Congenital CMV Conference in September
2010 in Paris, France.)

MATERIALS AND METHODS
We recruited adults from the Atlanta, GA, metropolitan area via e-mail
lists and flyers to participate in the assessment of three study groups: (i)
CMV survival on hands for up to 15 min in the absence of hand cleansing,
(ii) CMV transferability from hands to other surfaces, and (iii) CMV
survival on hands up to 10 min after hand cleansing using five different
agents.

Participants. Participants were included if seropositive at a screening
visit (i.e., CMV IgG positive). Although reactivation and reinfection may
occur, healthy individuals who are seropositive are at much less risk for
primary infection and significant sequelae. Participants were excluded if
pregnant, planning a pregnancy, using an unreliable form of birth control
(e.g., rhythm method or withdrawal), or reported presence of an immu-
nocompromising medical condition. A total of 139 potential participants
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were screened for CMV, including 110 females and 29 males. Of these, 47
were eligible for and 39 participated in the study (31 female and 8 male).
Eligible participants that did not participate were generally lost due to
communication and scheduling difficulties. The study was approved by
the Institutional Review Board of the Centers for Disease Control and
Prevention for human subject research, and informed consent was ob-
tained from each potential participant. Some participants took part in
more than one group, with a minimum of 1 week between visits.

Lab protocol. Titers of CMV strain AD169 from a single stock (5.96 �
109 genome equivalents/ml) were determined on human lung fibroblasts
(HLF), and then virus was suspended in saliva–phosphate-buffered saline
(PBS) diluent at a concentration of 1 � 105 infectious particles per ml. The
original CMV AD169 stock was obtained from the American Type Cul-
ture Collection (ATCC VR-538). The titer was chosen to represent the
high viral load that might be expected from a young child, especially one
that might have been congenitally infected (17, 18). The diluent solution
was a 1:1 (vol/vol) mixture of freshly isolated and filtered pooled human
saliva (from several volunteer donors) and phosphate-buffered saline, pH
7.4. The average number of genome equivalents/ml from multiple prep-
arations was 1.211E�06. The same stock lot of AD169 was used for all
tests in this study. Using an automatic pipetting aid (Drummond Scien-
tific Company, Broomall, PA), 400 �l of virus-saliva solution was applied
evenly (100 �l to each of four digits) to the ventral surface of the digits of
each participant’s hands. As each participant’s digits varied in size, a uni-
form surface area was not determined. No time was added to the protocol
to allow for drying of the solution before treatment and sample collection.

Before sample collection, swabs were premoistened with 100 �l of
PBS. The entire contaminated surface of the digits of the hand were then
uniformly swabbed with cotton-tipped swabs (Fisher Scientific Company,
Pittsburgh, PA) to collect any fluid for culture of viable CMV or CMV
DNA by applying pressure while the entire surface of the contaminated
area was swabbed. Care was taken to swab each digit in the same manner.
After sample collection, swabs were soaked for 30 min in minimal essen-
tial medium (MEM; Life Technologies, Grand Island, NY). The barrel of a
3-cm3 syringe (Becton, Dickinson, Franklin Lakes, NJ) was inserted into a
sterile 15-cm3 tube (BD Falcon, Franklin Lakes, NJ). The tip of each swab,
along with the soaking fluid, was broken off and then placed into the
syringe barrel and centrifuged at 1,000 � g for 30 min. This was done to
suspend the swab above the collection tube and allow all fluids and virus to
be extracted from the swab. Sample fluids were measured by utilizing the
window and adjustment dial on the pipette to draw up the recovered
sample. The reading on the pipette window was recorded, and fluids were
adjusted to 200 �l with PBS. A total of 100 �l from each sample was
transferred to T25 sterile culture flasks (Corning Life Science, Lowell,
MA) containing a confluent monolayer of primary human cell fibroblast
(HLF) cells in complete MEM supplemented with 5% fetal calf serum and
antibiotics (Life Technologies, Grand Island, NY). The cells used for cul-
ture were obtained from a central cell tissue facility maintained at the
CDC. Cells were maintained at 37°C and 5% CO2. Cultures were observed
for at least 2 weeks for virus growth. Viral cultures were scored from 0 to
4� at 2 weeks based on subjective visual assessment of cytopathic effect.
DNA was extracted from the other 100 �l of sample, and quantitative
real-time CMV PCR was performed to estimate the number of genome
equivalents of CMV DNA present in each sample. PCR testing was done
using TaqMan-based primers and probes, which target the viral glycopro-
tein B gene, as described by Boppana et al. (17). The PCR method outlined
by Boppana et al. was validated extensively in-house with two different
CMV templates: CMV AD169 purified genome and ABI-quantified CMV
genome. DNA extraction and quantitative CMV PCR testing were per-
formed as a control for the consistency of DNA recovery from inoculated
surfaces and to confirm removal of viral DNA in hand-washing protocols.

Participant preparation. At the study visit, participants were outfitted
with personal protective wear (disposable gown, mask, and cap) before
beginning the study procedures. Participants were then instructed to wash
their hands with a commercial soap, rinse and dry them, and place them

inside a laminar flow biological safety cabinet. Baseline swabs (prior to
application of solution) of a single digit on both hands of each participant
were taken to ensure that CMV was not present prior to application of the
virus. If CMV was shown to be present in the baseline swabs either via cell
culture or PCR testing, the results from the corresponding test swabs were
not included in the analysis (no occurrences of CMV already present on
hands were detected during testing).

Survival of CMV on live hands. In the survival tests, we assessed the
hands as the unit of analysis (i.e., 10 participants are equal to 20 hands).
The survival test included a virus-saliva solution that was applied to the
participants’ fingers and left there for 15 min. Swabs of the participants’
hands in the CMV survival group were taken at 0, 1, 5, and 15 min after
contamination of the hands, each time from a different finger. After sam-
ple collection was complete, participants washed their hands with a health
care- and laboratory-approved disinfectant cleanser, SoftCIDE (Erie Sci-
entific Company, Portsmouth, NH).

Transferability of CMV from hands to surfaces. In the transferability
test, we assessed environmental surfaces as the unit of analysis (two swabs
from the eight surfaces at each of the four time points). Each of the eight
participants in the transfer assessment was assigned to a surface. Surfaces
included plastic (Plexiglas), zinc-plated sheet metal, glass, plywood, rub-
ber matting (Glacier Bay), cloth (100% cotton, ribbed), whole wheat
crackers (Barilla, Parma, Italy), and another human hand. Surfaces varied
in size but were at least as large as the participants’ hands. Surfaces were
not subjected to sterilization; however, test swabs to confirm the absence
of CMV were performed. Participants were instructed to press their hands
immediately (while still wet) after application of the virus-saliva solution
to an assigned area on one surface for 5 s. The amount of pressure likely
varied, but participants were not instructed to apply force but only to
press their hands to the surface, which was situated such that added pres-
sure due to a participant’s weight would be difficult to apply. Additionally,
there may have been a time lag between contamination of the hand and
contact with the object, but no more than 10 to 15 s was allowed. In the
instance of another human hand acting as a receptive surface, a contam-
inated hand was pressed to the “clean” hand, and samples were taken from
the receptive hand to determine the effectiveness of transfer. The surfaces
were swabbed at 0, 1, 5, and 15 min after contamination of the surface,
with each swab taken from a different area of the surface. After sample
collection was complete, participants washed their hands for 30 s with
SoftCIDE disinfectant cleanser.

Hand cleansing. In each of the cleansing tests we also assessed the
hands as the unit of analysis (i.e., 10 participants are equal to 20 hands).
While the study was carefully planned and controlled, the specific brand
of cleansing product used was not thought to be important, and selections
were made solely based on availability and active ingredients. There are
numerous similarly formulated products that would be expected to per-
form comparably, and we are not endorsing the preferential use of any
specific brand or product for this purpose. Participants assigned to the
water-only cleansing group were instructed to rinse their hands while
rubbing them for 15 s with running water and then dry them with a paper
towel. Rinsed virus was inactivated with bleach prior to disposal. The
plain-soap group cleansed their hands with Ivory liquid soap (no active
ingredients/no FDA identified ingredients with pharmacological effects
on skin), and the antibacterial cleansing group used Softsoap antibacterial
liquid soap (active ingredient, benzalkonium chloride; percentage un-
available due to proprietary restrictions). Participants in the soap cleans-
ing groups were instructed to wash their hands with water and approxi-
mately 1 ml of liquid soap for 15 s and then dry their hands with a paper
towel. Those assigned to the alcohol-based sanitizer group were instructed
to place approximately 1 ml of alcohol-based Purell sanitizer on their
hands and then rub them together until dry. The active ingredient in the
hand sanitizer used in this experiment was 65% ethyl alcohol. Participants
assigned to a diaper wipe group were instructed to wipe their hands with
a Pampers Baby Fresh diaper wipe for 15 s and allow their hands to air dry.
The diaper wipes used in the study contained the cleansing agents benzyl
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alcohol, ethylhexylglycerin, and disodium EDTA (percentages unavail-
able due to proprietary restrictions). After contamination of the hands,
participants were instructed to immediately apply the assigned cleansing
method. For each assessed cleansing method, swabs of participants’ hands
were taken at 0, 1, 5, and 10 min after cleansing, with the sample at each
time point taken from a different finger. After sample collection was
complete, participants washed their hands with SoftCIDE disinfectant
cleanser.

RESULTS
CMV survival and DNA recovery. In the CMV survival assess-
ment, CMV DNA was quantified in all swabs at all time points and
was cultured from swabs from 17 of 20 hands collected at 0 min
after application. This initial time point fluctuated due to minor
variances in application and recovery times but usually by no
more than 10 to 15 s; all 0-min time point swabs were still wet
upon visual observation (i.e., not allowed to dry). The proportion
of culture-positive swabs declined over the 15-min collection time
period, with 18/20 positive at 1 min, 5/20 positive at 5 min, and
4/20 positive at 15 min (Fig. 1). Cytopathic effect was negatively
correlated with elapsed time (P � 0.00), and no correlation was
seen between culture results and DNA recovery (P � 0.677).
Quantitative CMV PCR results are shown below the bar graphs in

Fig. 1 and 2. For the survival group (Fig. 1), CMV sample recovery
was fairly consistent over time, with the number of DNA copies
per ml at all time points being separated by less than a 10-fold
difference. While minor variances in CMV DNA recovery are to
be expected, these data show close recovery for all data points in
the survival and transferability groups and all data points after
cleansing treatments in the remaining groups (minimum, 1 �
105.05 DNA copies/ml; maximum, 1 � 106.27 DNA copies/ml;
standard deviation, 1 � 101.22 DNA copies/ml). Culture results
were not significantly correlated with DNA recovery amounts
(P � 0.677).

The various hand-cleansing treatments all resulted in immedi-
ate and dramatic reductions in the viable CMV recoverable in
culture (Fig. 2). Concomitant reductions were observed in the
amount of CMV DNA that could be recovered from hands using
cleansing procedures that involved rinsing with water (water only,
plain soap, and antibacterial soap) (Fig. 2). However, this was not
observed for the hand sanitizer treatment, which retained high
levels of recoverable viral DNA but contained no culturable CMV
following treatment. Treatment with diaper wipes resulted in
some loss of viral DNA but less than for protocols that included a
rinse step. Despite this, viable virus was still recoverable from
hands treated with diaper wipes as late as 10 min following treat-
ment. For treatments that resulted in a reduction in the amount of
recoverable viral DNA, the quantity of viral DNA in all instances
was consistent for all posttreatment time points (Fig. 2, DNA re-
covery data).

Transferability of CMV from hands to surfaces. For the
transfer assessment, CMV DNA was quantified in 64/64 swabs (8
from each surface) at all time points by real-time PCR after trans-
fer from hands to surfaces (Fig. 3). The concentration of recover-
able CMV DNA indicated that the harvesting technique was con-
sistent. CMV was cultured for up to 15 min on plastic (1 of 2
swabs). In contrast, the latest time point at which CMV was cul-
tured from the other surfaces was 5 min on a cracker (2/2 swabs at
0 min, 2/2 at 1 min, and 2/2 at 5 min) and glass (0/2 swabs at 0 min,
0/2 at 1 min, and 1/2 at 5 min), 1 min on metal (2/2 swabs at 0 min
and 1/2 at 1 min), and less than 1 min on cloth (1/2 swabs at 0
min). Viable virus could not be recovered at any time point after
transfer to wood, rubber, or another human hand. Positive culture
values were not significantly correlated with higher numbers of
DNA copies recovered (P � 0.199) or with the transfer surface
(P � 0.066).

Hand cleansing. Twenty-two hands were tested in the water-
only and hand sanitizer groups, and 20 hands were tested in the
plain soap, antibacterial soap, and diaper wipe groups. CMV DNA
was detected by real-time PCR in 416/416 swabs at all time points
ranging from 0 to 10 min after cleansing. In all of the cleansing
groups except for the diaper wipe group, there were no culture-
positive swabs collected from hands postcleansing. In the diaper
wipe group, 2 of 20 swabs taken at the 0-min time point and 4 of 20
swabs taken at the 10-min time point were culture positive. Figure
2A to E compare the results from the cleansing assessments to the
results from the 0-min time point from the survival assessment
group. These were used as a comparison or control group to indi-
cate the levels of viable virus and DNA present with no cleansing
treatment. As stated above, 17/20 swabs in the control group had
a positive culture result for CMV, and 20/20 swabs in the control
group were positive for CMV DNA (Fig. 2).

FIG 1 Cytopathic effect by number of hands and DNA copies after contami-
nation of live human hands with saliva containing CMV. Cytopathic effect was
seen through a 2-week observation of viral culture on human lung fibroblast
cells. A score of 1 to 4� indicates a positive CMV culture. The numbers of
DNA copies per ml from quantitative real-time CMV PCR assays are shown
with mean values. Time points refer to time after application of viral solution
to the hands.
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DISCUSSION

In this study of the duration of CMV survival on hands and its
relation to hand cleansing, we report three key findings: (i) viable
CMV can persist on hands for at least 15 min, potentially long
enough for transfer to a mucosal surface; (ii) most methods of
hand cleansing are effective at eliminating viable CMV from
hands; and (iii) CMV in the environment loses viability more
rapidly when saliva containing CMV is transferred from hands to
surfaces other than plastic.

Our findings that various cleansing agents are effective at inac-
tivating or removing CMV from the hands expand on those of
Faix, who found that CMV in transport medium applied to glove
fingertips, cadaver skin, and his own hands was no longer viable
after cleansing solutions were applied via pipette (21). However,

our findings are more generalizable to real-world conditions: we
placed on participants’ ungloved hands levels of CMV typical of
those shed in human saliva and followed routine hand-washing
practices with widely available cleansing agents. Our study had the
additional strength of using PCR to ensure that CMV had been
consistently applied to and harvested from the surfaces from
which we attempted to culture CMV.

One important difference in our findings was that Faix found
that CMV remained viable much longer on latex gloves or cadaver
skin (240 and 120 min, respectively), whereas we observed an
interval of survival on living human hands (21). This discrepancy
is likely due to the differences in the surfaces of gloves, cadaver
skin, and the biochemical environment found on a live human
hand. This suggests that perhaps Faix’s findings are more compa-

FIG 2 Cytopathic effect and DNA copies by number of hands after contamination with saliva containing CMV and subsequent cleansing of live human hands.
Cleansing assessments involving water only, plain soap, antibacterial soap, hand sanitizer, and diaper wipes are shown. Time points were measured from the time
of the cleansing procedure. Cytopathic effect was seen through a 2-week observation of viral culture on human lung fibroblast cells and scored as 0 to 4�. The
numbers of DNA copies per ml from quantitative real-time CMV PCR assays are shown with mean values. Comparison group (control) data are from the validity
assessment immediately after application of virus (0-min time point). Time points refer to time after the assigned cleansing treatment was complete.
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rable to findings from a previous environmental survival study
where CMV persisted on surfaces similar to latex (i.e., plastic) for
much longer time periods than we observed on live human skin in
this study (22). The results from this previous study confirmed the
potential for the virus to remain viable on environmental surfaces
for periods of time that may allow potential transmission. How-
ever, direct transmission through person-to-person contact (via
mucous membranes) is still considered the most likely route of
infectivity.

CMV may remain viable on hands for a shorter time than on
other surfaces due to the hostile microenvironment on human
skin. The epidermis has intrinsic processes that are primarily re-
sponsible for the establishment and maintenance of the acid man-
tle which serves as the first line of defense against microbial inva-
sion (23). The acid mantle is maintained at a pH ranging from 4.5
to 6.2 on the surface of the skin. Other human herpesviruses, such
as varicella-zoster virus, are known to be susceptible to a pH of less
than 6.2 (24). While such data for CMV are not available, similar-
ities among the herpesviruses suggest that CMV susceptibility to
acidity would be similar. This susceptibility may account for a
portion of the loss of viability on the human hand. The difference
in duration of survival on hands versus other surfaces was even
more remarkable given that the saliva placed on hands in this
study had 100-fold higher concentrations of CMV (105 infectious
units/ml) than the saliva placed on the environmental surfaces
(103 infectious units/ml) we examined in our previous study (22).
One would expect higher concentrations to have longer terms of
viability. However, shorter duration of survival was seen with
greater concentrations on live human hands than on other sur-
faces with lower concentrations, suggesting that there are signifi-
cant differences in the microenvironments of some of the surfaces.

The impact of the hand environment (i.e., acidity) on shorten-
ing virus viability, together with the added step of transferring
saliva from the hands to other surfaces, likely explains why CMV
remained viable on these surfaces for a shorter time than when the
environmental surfaces were directly inoculated with saliva in our
previous study (22). Taken together, these studies suggest that
transmission via hands and/or surfaces is less efficient than direct
contact of bodily fluids with mucous membranes of the eyes, nose,
or mouth. Furthermore, each additional contact with a surface
(hand or inanimate object) probably lowers transmission effi-
ciency due to reduction in saliva quantity, increased time for saliva
evaporation and virus desiccation, and, in the case of hands, ex-
posure to the microenvironment of the skin. This can most clearly
be seen with a comparison between the CMV survival group and
the hand-to-hand transfer results, where a significant loss of via-
bility resulted immediately after transfer. It was important to wash
hands with a mild detergent (Ivory soap) prior to virus application
to start all hands with relatively the same hand environment and
to remove any foreign substances (i.e., bacteria) that would inter-
fere with successful culturing. While the environment of the hands
may have been altered somewhat, it is clear that a difference still
exists between surfaces and the hand environment due to the in-
activation of large amounts of virus in a relatively short time.

The PCR results suggest that a substantial quantity of viral
DNA is physically removed by treatments that involve washing
(i.e., water only, plain soap, and antibacterial soap). As might have
been expected, hand sanitizer does not remove viral DNA from
the hands but does render the virus nonviable. Similarly, although
cleansing with a diaper wipe physically removes less viral DNA
than other cleansing methods, it can render the virus nonviable.
Both the sanitizer and diaper wipes contain ingredients that likely

FIG 3 Culture and DNA recovery after transfer from contaminated hands to surfaces. Cytopathic effect was seen through a 2-week observation of viral culture
on human lung fibroblast cells. A score of 1 to 4� indicates a positive CMV culture. The numbers of DNA copies per ml from quantitative real-time CMV PCR
assay are shown. After transfer, the latest time points where positive cultures were recorded occurred immediately on cloth, at 1 min on metal, at 5 min on glass
and crackers, and as long as at 15 min on plastic (latest time points plotted above).
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lead to the inactivation of the virus although the latter were less
effective at ablating viral viability. All of these agents would have
been expected to compromise the virion envelope.

For the hand-cleansing methods, the virus may have been re-
moved physically (e.g., through rinsing or drying) or may have
been inactivated (e.g., by alcohol or soap), or, likely, by a combi-
nation of both.(25–28). Following cleansing with diaper wipes,
the viability of CMV at 10 min in some swabs is most likely ex-
plained by the cleansing procedure. The solution in the diaper
wipes, while it may have been effective at inactivating CMV, may
have been difficult to apply evenly and effectively to all areas.
Therefore, if a participant did not cleanse the 10-min finger with a
diaper wipe as thoroughly as the other fingers (e.g., the 1- and
5-min fingers), then virus on the 10-min finger could have re-
mained viable while virus on the more thoroughly cleansed fingers
did not. Although cleansing with diaper wipes was not completely
effective, it may be better than nothing if other cleansing options
are unavailable or inconvenient.

One limitation of our study was the use of a laboratory strain
CMV AD169 which accumulates genetic anomalies in the course
of high numbers of passages in culture. However, significant sim-
ilarities in the viral envelope in both wild-type strains and labora-
tory strains of CMV suggest comparable susceptibilities to desic-
cation and various cleansing treatments. While CMV strains
adapted to growth in HLF cell culture can rapidly lose some prop-
erties found in wild-type viruses, it seems unlikely that the physi-
cal properties of the virus that contribute to survival time on
hands would be different in laboratory strains. Both laboratory
strains and wild-type viruses express the receptors needed for en-
try into fibroblasts, and the viral envelope acquired from the host
cell is thus identical in both types of strains. Additionally, it is well
known that when desiccation occurs, membrane integrity is lost as
well as viability. Since the envelopes of both strains are seemingly
identical, comparable desiccation is also expected. This is sup-
ported by the results of Faix’s study, where various clinical strains
were used but each seemed as likely to be rendered nonviable by
cleansing (21). Additionally, only two swabs were taken from each
time point testing the effectiveness of transfer from hands to en-
vironmental surfaces. The reduction that is seen when a transfer
step is introduced suggests that this route of transmission may
play a much smaller role in CMV transmission as a whole. The
results suggest a reduction in viability and consistent CMV DNA
recovery; however, due to a small number of trials, the data re-
quire confirmation with additional repetitions of the testing. A
further limitation of our study was that cultures were followed for
only 2 weeks. While some growth may have become apparent at 3
or 4 weeks, the main focus of this study was to assess the relative
risk associated with survival times on a human hand with and
without hand-washing treatments and after transfer to an envi-
ronmental surface. Given the high concentration of viable CMV
applied to participants’ hands prior to cleansing, we considered it
unlikely that virus quantities requiring more than 2 weeks to man-
ifest in culture would pose a realistic clinical transmission risk.

Though it is difficult to definitively prove that CMV transmis-
sion occurs via contaminated hands, it is biologically plausible.
Therefore, it is important to know what measures might reduce
the risk of transmission via this route. While the results of the
hand-washing challenge were to be expected, in order for respon-
sible public health communications to be designed, it is necessary
to document the effectiveness of hand washing and other forms of

hand cleansing against CMV. Our data support the use of alcohol-
based sanitizer or almost any hand-cleansing method that in-
volves washing with water as a way to significantly reduce levels of
viable CMV on hands and, presumably, reduce transmission risk.
This information, in conjunction with other important research,
may help to form the basis for effective health communications to
inform women of reproductive age on reducing their risk for con-
genital CMV.
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