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Congenital cytomegalovirus (CMV) affects �1 of 150 births

and is a leading cause of hearing loss and intellectual dis-

ability. It has been suggested that transmission may occur

via contaminated surfaces. CMV AD169 in filtered human

saliva, applied to environmental surfaces, was recovered at

various time points. Samples were evaluated by culture and

real-time polymerase chain reaction. CMV was found viable

on metal and wood to 1 hour, glass and plastic to 3 hours,

and rubber, cloth, and cracker to 6 hours. CMV was cultured

from 83 of 90 wet and 5 of 40 dry surfaces. CMV was more

likely to be isolated from wet, highly absorbent surfaces at

earlier time points.

Congenital cytomegalovirus (CMV) infection, which occurs as

a result of infection during pregnancy, affects �1 of 150 live

births and is a leading cause of hearing loss and intellectual dis-

ability in the United States [1–3]. In a typical cohort of 4 million

live births, this translates to �30 000 babies born with a con-

genital CMV infection [1]. Of those born with CMV, �6000

(20%) will suffer permanent sequelae (eg, sensorineural hearing

loss and intellectual disability), and �150 (0.5%) will die of

complications of the infection.

CMV is an enveloped virus that establishes lifelong latency

following primary infection and periodically reactivates, usually

without symptoms. Reinfection with additional strains is known

to occur [4]. Transmission occurs via direct contact with bodily

fluids of an infected individual. In adults, asymptomatic shed-

ding of virus in saliva and urine may persist for weeks to months

after initial infection. Children, especially those congenitally

infected or ,3 years old, may actively shed CMV in saliva and

urine for months to years [5–8].

Exposure to bodily fluids from young children poses sub-

stantial risk for CMV exposure among women of reproductive

age. Consequently, recommendations set forth by various ex-

perts for reducing CMV exposure have centered on behavioral

precautions, such as routinely washing hands after exposure to

bodily fluids, refraining from sharing food or drink with young

children, and avoiding contact with saliva when kissing young

children [2, 9–12]. However, little is known about the duration

of CMV viability on environmental surfaces and the extent to

which bodily fluids deposited on surfaces may be sources of

exposure.

Methods

Seven types of common surfaces were studied: rubber, glass,

plastic, metal, sanded wood, cloth, and wheat crackers. Surfaces

were categorized as either highly absorbent or poorly absorbent

surfaces. Highly absorbent surfaces included cloth (100% cot-

ton), whole wheat crackers, and sanded pine plywood. Standard

window glass, steel sheet metal, plastic (Plexiglas), and rubber

matting were categorized as poorly absorbent surfaces. Ten de-

fined areas (�2 cm2) were marked on each material for the

application and recovery of virus. For poorly absorbent surfaces

it was necessary to demarcate an area (using a grease pencil) on

the surface to keep the virus solution within the test area.

CMV strain AD169 from a single large stock (5.96 3 109 genome

equivalents/mL) was titered on human lung fibroblasts using

a plaque assay and was suspended in filtered human saliva

diluted 1:1 in phosphate-buffered saline (PBS), pH 7.4, at

a concentration of 103 virons/mL. For each surface, 200 lL of

viral-saliva solution (�200 viable virions) were applied to each of

10 marked areas and recovered using polyester fiber-tipped swabs

(plastic shaft; BD Falcon) at time points ranging from 1 minute to

6 hours after application. When liquid was present, the remaining

liquid was measured using a Pipet-Aid (Drummond Scientific

Company, Broomall, PA) pipette controller and the volume ad-

justed to 200 lL with PBS to maximize consistency in recovery.

An additional 100 lL of PBS was used to rewet the surfaces and

collected onto a swab. The swab and fluids were placed into the

barrel of a 3-cm3 syringe, inserted into an open sterile 15-cm3

centrifuge tube, and centrifuged at 200g for 10 minutes to maxi-

mally recover the sample. For cloth and cracker, the entire 2-cm2

area moistened by the sample was excised, placed into a syringe
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barrel to which 100 lL of PBS was added, and centrifuged as for

other specimens. Recovered liquid was measured and adjusted to

200 lL with PBS.

At each time point, observations regarding visible wetness of

the material (wet or dry) were recorded. One hundred microliters

of each recovered sample was immediately transferred to T25

sterile culture flasks (Corning) containing a confluent monolayer

of primary human lung fibroblasts in complete minimal essential

medium supplemented with 5% fetal calf serum and antibiotics

(Gibco). Cultures were observed for $2 weeks for signs of viral

growth. The remaining sample was frozen for subsequent

quantitative CMV polymerase chain reaction (PCR) analysis.

Viral growth in cultures was scored from 0 to 41 based on the

extent of cytopathic effect. A quantitative CMV real-time PCR

assay was performed on all samples to confirm the presence of

CMV. DNA copies per reaction were used as a control for

sampling consistency.

Results

For each surface, the quantity of infectious virions declined with

time, as measured by level of cytopathic effect produced in cul-

ture. In general, duration of CMV viability was shorter on poorly

absorbent surfaces compared with highly absorbent surfaces

(Figure 1A–D). Among poorly absorbent surfaces, CMV viability

persisted longest on rubber, retaining viability for up to 6 hours.

Samples applied to glass retained infectivity up to 3 hours. CMV

applied to metal was rendered nonviable within 2 hours. Al-

though viability was somewhat variable for CMV applied to

plastic, viral infectivity persisted up to 3 hours. No viable virus

was recovered at 1 hour for either trial of rubber, but given

viability at multiple flanking time points on both sides of the

timeline, this was interpreted as an experimental anomaly.

CMV survived longer on most of the highly absorbent surfaces

used in the study than on poorly absorbent surfaces (Figure 1E–G).

Viral infectivity was retained on cloth up to 6 hours. CMV applied

to wheat cracker remained infectious for 6 hours in both trials,

and, unlike on all other surfaces, in 1 trial retained 41 cytopathic

effect 3 hours after application. In contrast to the other highly

absorbent surfaces, viral viability on sanded wood declined from

a score of 41 at 1 minute to a score of 0 at 2 hours.

The cracker surface remained visibly wet throughout the

6-hour study period. Among the other surfaces, the reduction of

viability generally correlated with subjective visual observation of

the surface becoming dry, although glass, cloth, and plastic re-

tained viable virus for up to 1–2 hours after the surface appeared

completely dry. This was observed in samples taken at the 5-hour

sampling on cloth, 2-and 3-hour samplings on plastic, and 2-and

3-hour samplings on glass (Figure 1A, 1C, and 1E). No viable virus

was recovered in experiments evaluating CMV survival at time

points from 18 to 24 hours after application (data not shown).

As a measure of reliability and consistency of CMV sample

recovery, harvested samples were separately assayed by

quantitative real-time CMV PCR to estimate genome copy

number. Results are displayed in the line graphs under each

chart in Figure 1. These assays suggest that CMV sample recovery

was highly consistent for all 10 sampling areas on all 7 surfaces. In

only 1 of the trials, CMV DNA load dropped substantially at the

6-hour time point for metal (6.32 copies) and cloth (23.5 copies).

Discussion

In this systematic evaluation of CMV survival on surfaces, we

found that CMV viability can sufficiently persist to enable fomite

transmission. In fact, viable CMV can persist on surfaces as long as

they remain wetdin some cases at least up to 6 hours. There are

no additional data to conclude whether virus remains viable on

surfaces that remain wet for more than 6 hours. However, the

amounts of viable virus on wet surfaces decreased over a 6-hour

period, suggesting that virus on wet surfaces may be less likely to

survive over longer periods of time (eg, overnight). Additionally,

we found that apparently dry surfaces can harbor viable virus in

the 1–2-hour time period between when they are visibly dry and

when, presumably, the microenvironment becomes completely

dry. However, visibly wet surfaces were much more likely to

harbor viable virus and to harbor higher amounts of viable virus

than dry surfaces.

In most cases it appears that CMV viability is more closely

related to wetness than to the particular surface where it is applied.

Indeed, we found a correlation between CMV viability and the

capacity of each particular material to retain moisture: with the

exception of processed wood, viral viability persisted much longer

in highly absorbent surfaces that would be expected to effectively

retain moisture. The procedure for virus recovery from cloth and

cracker, which were both centrifuged, may be most similar to

a situation where cloth is placed in the mouth or a cracker is eaten.

Because these highly absorbent surfaces can retain moisture in-

ternally, they may pose a higher transmission risk when they are

mouthed or ingested than when only their surface is touched.

CMV viability was eliminated more rapidly in wood samples than

in other highly absorbent surfaces studied, suggesting a process of

active neutralization. This may be attributable to substances nat-

urally present in wood (eg, organic alcohols and aromatic liquids)

or to chemicals used to treat lumber during production.

This study is the first controlled systematic research aimed at

evaluating CMV viability in human fluids on surfaces over time.

Few previous studies have provided evidence specifically related

to opportunities for viral transmission from common surfaces.

A study conducted in 1982 in a childcare center identified

toddlers shedding CMV in their saliva. CMV was cultured from

all 4 of the plastic toys that were swabbed immediately after

removal from the mouth of a shedding child [13]. In an addi-

tional study in 1986, toys mouthed by CMV-excreting children

were swabbed after removal from the child’s mouth. CMV was

detected on 5 of 7 toys immediately, 4 of 7 toys after 10 minutes,

and 2 of 7 toys after 30 minutes [14]. Unfortunately, it is difficult
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to compare results between past studies and the current study,

because toy surfaces were not physically described in the former.

Finally, a study from 1985 investigated CMV survival on surfaces

such as Plexiglas and bedding in the immediate neonatal in-

tensive care unit environment of congenitally infected infants

[15]. That study found that virus was more likely to be recovered

from surfaces that came into direct contact with the infants and

that higher viral titers were associated with longer persistence on

surfaces.

The strengths of the current study include the evaluation of

CMV survival using titered preparations of viable virus sus-

pended in a natural fluid (saliva) and the use of objective ex-

perimental controls (CMV real-time PCR) to monitor the

consistency of sample recovery from surfaces. One possible

limitation was the use of laboratory strain AD169. CMV strains

adapted to growth in human lung fibroblast cell culture can

rapidly lose some properties found in wild-type viruses, partic-

ularly with respect to infection of other cell types (eg, epithelial

cells). However, it seems unlikely that the physical properties of

the virus that contribute to survival time on inanimate surfaces

would be different in laboratory-adapted strains. Laboratory

strains and wild-type viruses both express the receptors needed

for entry into fibroblasts, and the viral envelope is acquired from

the host cell and is thus identical in both types of strains. When

desiccation occurs, membrane integrity is lost, and viability

along with it. Because the macromolecular composition of the

viral envelope is identical for laboratory strains and wild-

type viruses, comparable susceptibility to desiccation is probable.

Another important limitation is that recovery of specimen was

not designed to reflect real-world transmission. Instead, it was

designed for comparability of different surfaces and to maximize

the possibility of recovering viable virus. For these reasons, we

rewet dry surfaces and centrifuged the cloth and cracker. Com-

pared with the likelihood of recovering viable virus through

these methods, we would expect that a person who touches dry

surfaces or touches the cloth or cracker would be less likely to

transfer viable virus to their fingers. Additionally, cultures were

followed for only 2 weeks. Although it is true that some foci may

have appeared after 3 or 4 weeks of observation, the intent of the

study was to compare viable virus on multiple surfaces and their

relative survival times.

As shown, CMV in saliva can survive long enough on surfaces to

pose a transmission risk. Young children commonly shed CMV for

extended periods, contaminating toys, food, and other objects in

Figure 1. Cytopathic effect, dehydration, and DNA copies after inoculation of common environmental surfaces with cytomegalovirus (CMV). Cytopathic
effect seen through 2-week observation of viral culture on human lung fibroblast cells and scored from 0 to 41. Plus sign indicate wet appearance; minus
signs, dry appearance. Results of quantitative real-time CMV polymerase chain reaction assay are shown as DNA copies per reaction.
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the environment. To reduce exposure to CMV, women who are

pregnant should cleanse their hands after touching objects that may

have been in contact with children’s saliva (eg, toys, countertops),

especially if the surface appears or feels wet. Additionally, surfaces

that have come in contact with children’s saliva should be cleansed

regularly, especially when noticeably wet. Finally, women should

take precautions to avoid sharing food or drink with a young

child and avoid contact with saliva when kissing a young child.
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