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Inanimate surfaces, or fomites, can serve as routes of transmission of enteric and respiratory pathogens. No previous studies
have evaluated the impact of surface disinfection on the level of pathogen transfer from fomites to fingers. Thus, the present
study investigated the change in microbial transfer from contaminated fomites to fingers following disinfecting wipe use. Esche-
richia coli (108 to 109 CFU/ml), Staphylococcus aureus (109 CFU/ml), Bacillus thuringiensis spores (107 to 108 CFU/ml), and po-
liovirus 1 (108 PFU/ml) were seeded on ceramic tile, laminate, and granite in 10-�l drops and allowed to dry for 30 min at a rela-
tive humidity of 15 to 32%. The seeded fomites were treated with a disinfectant wipe and allowed to dry for an additional 10 min.
Fomite-to-finger transfer trials were conducted to measure concentrations of transferred microorganisms on the fingers after
the disinfectant wipe intervention. The mean log10 reduction of the test microorganisms on fomites by the disinfectant wipe
treatment varied from 1.9 to 5.0, depending on the microorganism and the fomite. Microbial transfer from disinfectant-wipe-
treated fomites was lower (up to <0.1% on average) than from nontreated surfaces (up to 36.3% on average, reported in our pre-
vious study) for all types of microorganisms and fomites. This is the first study quantifying microbial transfer from contami-
nated fomites to fingers after the use of disinfectant wipe intervention. The data generated in the present study can be used in
quantitative microbial risk assessment models to predict the effect of disinfectant wipes in reducing microbial exposure.

Inanimate objects and surfaces (fomites) are known to be a reser-
voir for the transmission of pathogens in the environment directly,

by surface contact with the mouth or abraded skin, or indirectly by
contamination of fingers and subsequent hand-to-mouth, hand-to-
eye, or hand-to-nose contact (1, 2). Previous laboratory studies have
modeled food preparation in domestic kitchens to better understand
cross-contamination of food-borne pathogens (3, 4). The occur-
rence and spread of pathogens throughout the home and health
care settings have also been studied to better understand the role
of fomites in pathogen exposure and acquired infections (5–11).
The potential for pathogen transfer from contaminated fomites to
fingers is a concern in health care environments; particularly those
in close proximity to the patient that are frequently touched (12–
25). Health care-acquired infections caused by methicillin-resis-
tant Staphylococcus aureus (MRSA), methicillin-susceptible S. au-
reus, and Clostridium difficile are associated with high morbidity
and mortality (18, 20, 22, 26–30). Most nosocomial and food-
borne pathogens can persist on fomites for weeks or even months
(18, 19, 31, 32) and on fingers for up to several hours (33–35).
Pathogen presence and survival on fomites in domestic homes,
public places, hospitals, and other health care facilities are impor-
tant factors in evaluating potential health risks to humans (36).

Environmental and hand hygiene is crucial in preventing the
spread of infectious diseases in homes, health care facilities, and
public places. Numerous studies have examined the efficacy of
surface cleaners and disinfectants in reducing pathogen exposure
in households (7, 37, 38), hospitals (14, 16, 18, 19, 23–25, 29, 30,
37, 58–60), and nursing homes (20). However, only few studies
have quantitatively assessed the efficiency of microbial transfers to
and from various surfaces or the ability of disinfectant wipe inter-
vention to inhibit such transfers. Further studies are needed for
the development of quantitative microbial risk assessment
(QMRA) models to assess the impact of interventions on the risk
of infection (2, 39–42).

Recently, we reported fomite-to-finger transfer efficiencies of
various types of microbial pathogens and fomites at different rel-
ative humidity levels (43). In the present study, we assessed the
impact of a disinfectant wipe intervention on microbial transfer
from contaminated fomites to fingers.

MATERIALS AND METHODS
Subjects. A single subject conducted the fomite-to-finger transfer exper-
iments. Permission was obtained from the University of Arizona’s Office
for Human Subjects Research prior to the study.

Bacteria, virus, and preparation of inocula. (i) Study microorgan-
isms. Escherichia coli C3000 (ATCC 15597), S. aureus (ATCC 25923), and
Bacillus thuringiensis (ATCC 10792) were obtained from the American
Type Culture Collection (ATCC; Manassas, VA). Poliovirus 1 (PV-1;
strain LSc-2ab) was obtained from the Department of Virology and Epi-
demiology at the Baylor College of Medicine (Houston, TX). These mi-
croorganisms were selected as models of human-pathogenic Gram-nega-
tive and Gram-positive bacteria, spore-forming bacteria, and viruses.

(ii) Gram-negative and Gram-positive bacterial inoculum prepara-
tion. Frozen aliquots of E. coli and S. aureus were transferred into separate
flasks containing 100 to 150 ml of tryptic soy broth (TSB; EMD Chemicals
Inc., Gibbstown, NJ), incubated for 18 � 2 h at 37°C on an orbital shaker
(150 to 180 rpm), and streaked for isolation onto tryptic soy agar (TSA;
EMD Chemicals Inc.) plates. The bacteria were then subcultured in a flask
of TSB and incubated for 18 � 2 h at 37°C on an orbital shaker (150 to 180
rpm) (44).
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(iii) Endospore-forming bacterial inoculum preparation. B. thurin-
giensis spores were prepared as previously described, with minor modifi-
cations (45). Briefly, spores were suspended in Difco sporulation medium
with supplements (DSM�S; Becton, Dickinson and Company, Sparks,
MD), cultivated for 24 h at 37°C on an orbital shaker (150 to 180 rpm),
and resuspended in fresh DSM�S to a final optical density of 600 nm of
0.1 (Spectronic Genesys 5; Milton Roy, Ivyland, PA).

(iv) Virus inoculum preparation. PV-1 propagation and plaque-
forming assays were conducted as described previously (46, 47). Briefly,
PV-1 was propagated on buffalo green monkey (BGM) (ATCC CCL-
81; American Type Culture Collection, Manassas, VA) kidney cell line
monolayers with minimal essential medium containing 5% calf serum
(HyClone Laboratories, Logan, UT) at an incubation temperature of 37°C
with 5% CO2. PV-1 was propagated by inoculating cell monolayers. Fol-
lowing the observation of �90% destruction of the monolayer, the cell
culture flasks were frozen (at �20°C) and thawed (at 37°C) three succes-
sive times to release the viruses from the host cells. The suspension was
then centrifuged (1,000 � g for 10 min) to remove cell debris; this was
followed by precipitation with polyethylene glycol (9% [wt/vol]) and so-
dium chloride (5.8% [wt/vol]) overnight at 4°C (48). The virus was then
centrifuged (15,300 � g for 30 min at 4°C). After resuspension of the virus
pellet in phosphate-buffered saline (pH 7.4; Sigma-Aldrich, St. Louis,
MO), Vertrel XF extraction was performed at a 1:1 ratio to promote
monodispersion of the virus and the removal of lipids (centrifugation at
1,900 � g for 15 min at 4°C) (48). Plaque-forming assays were performed
with six-well plates and confluent monolayers of BGM cells.

Control wash and disinfection. Prior to all experiments, the subject’s
hands were washed with warm water and nonantibacterial liquid dish
detergent (Liquid Joy; Procter and Gamble, Cincinnati, OH) for 45 s,
rinsed with water, and dried with paper towels. Each hand was then
sprayed twice with 70% ethanol, the alcohol was rubbed thoroughly over
the hands and wrists for 15 s, and the hands were subsequently air dried.
After conducting fomite-to-finger transfer experiments with the prepared
inocula, fingers were disinfected twice with 70% ethanol, wrapped with a
70% ethanol-saturated paper towel for 30 s, washed and rinsed with warm
water and Softsoap antibacterial liquid hand soap (Colgate-Palmolive,
Morristown, NJ) for 45 s, and then dried with paper towels. After the
sampling of fingers for B. thuringiensis spores and PV-1, fingers were
placed in 10% bleach (The Clorox Company, Oakland, CA) for 15 s and
then neutralized with 10% sodium thiosulfate (EMD Chemicals Inc.). The
hands were then washed as described above to prepare for subsequent
trials. Up to four trials were performed on the same day, and no visible
change in skin condition was observed throughout the day of the experi-
ments.

Relative humidity and temperature. The seeded fomites were placed
in an incubator; the incubator was turned off and thus was at room tem-
perature (i.e., 19 to 25°C). The temperature and relative humidity in the
incubator were monitored with a high-accuracy Thermo Hygrometer
(VWR, Mississauga, Ontario, Canada). To maintain a relative humidity of
15 to 32%, t.h.e. (EMD Chemicals Inc.) and Drierite (Drierite, Xenia, OH)
desiccants were used to decrease the relative humidity in the incubator
when the ambient relative humidity in the laboratory was greater than
32%.

Fomites tested. The three nonporous fomite materials tested, ce-
ramic tile porcelain (Home Depot, Atlanta, GA), laminate (Wilsonart
International, Temple, TX), and granite (GRANITE Kitchen & Bath
Countertops, Tucson, AZ), ranged in surface area from 16 to 25 cm2. After
fomite-to-finger transfers of E. coli and S. aureus, the fomites were sprayed
three times with 70% ethanol and allowed to dry for 10 min. Fomites used
for finger transfers of B. thuringiensis spores and PV-1 were disinfected
with 10% bleach (The Clorox Company), allowed to sit for 10 min, and
subsequently neutralized in 10% sodium thiosulfate (EMD Chemicals
Inc.). The fomites were then washed with warm running water and non-
antibacterial soap (Liquid Joy; Procter and Gamble), rubbed with a wet

paper towel on the seeded surface area, rinsed thoroughly with reverse
osmosis-treated water, air dried, and autoclaved.

Disinfectant wipe. The disinfectant tested in this study was a ready-
to-use disinfectant wipe (Clorox Disinfecting Wipes; The Clorox Com-
pany) measuring 20.5 by 18.0 cm. The active ingredients were: n-alkyl
(C14, 60%; C16, 30%; C12, 5%; C18, 5%) dimethyl benzl ammonium chlo-
ride at 0.184% and n-alkyl (C12, 68%; C14, 32%) dimethyl ethylbenzyl
ammonium chloride at 0.184%, which are quaternary ammonium com-
pounds (QACs).

Seeding of fomites. (i) Layout of fomites. For each of the three non-
porous fomites, 10 swatches were evenly spaced in three rows on the
middle shelf of an incubator. Of the 10 swatches, 6 were subjected to
application of the disinfectant wipe, of which 3 were subjected to fomite-
to-finger transfer events and designated “treated-transfer” swatches, and
the other 3 were not subjected to transfer events and designated “treated-
nontransfer” control swatches. Three were used as “nontreated-nontrans-
fer” control swatches (with neither the application of a disinfectant wipe
nor a fomite-to-finger transfer event), and the remaining swatch was used
as a negative control to ensure that fomites were not previously contam-
inated.

(ii) Microorganism concentration. The concentrations of microor-
ganisms added to the fomites were approximately 108 to 109 CFU/ml of E.
coli in TSB (EMD Chemicals Inc.), 109 CFU/ml of S. aureus in TSB, 107 to
108 CFU/ml of B. thuringiensis spores in DSM�S medium (Becton, Dick-
inson and Company), and 108 PFU/ml of PV-1 in phosphate-buffered
saline (PBS; Sigma-Aldrich) in 10-�l droplets. With a pipette tip, the
10-�l droplets were spread over approximately a 1.0-cm2 area in the cen-
ter of each fomite. The fomites were allowed to dry for 30 min and were
visibly dry in the relative humidity range.

Fomite-to-finger transfer, sampling, intervention, and assays. (i)
Fomite sampling. The nontreated-nontransfer control swatches and the
treated-nontransfer control swatches were sampled with a cotton-tipped
swab applicator (Puritan Medical Products Company, Guilford, ME) af-
ter seeding with E. coli, S. aureus, and B. thuringiensis. In the case of PV-1,
a polyester fiber-tipped applicator swab (Falcon; Becton, Dickinson and
Company, Cockeysville, MD) was used. Swabs were wetted in 1.0 ml of
D/E neutralizing medium (EMD Chemicals Inc.), and then an area of
approximately 6 cm2 on the fomite was swabbed with a firm sweeping-
and-rotating motion to ensure that the entire area (approximately 1 cm2)
was swabbed. The swab was then placed back into the remaining D/E and
vortexed for 5 s.

(ii) Intervention application. The six swatches that were to be treated
with the disinfectant wipe were taken one at a time from the incubator,
placed on the counter, and held stationary with the left hand. Subse-
quently, the swatch was treated with a disinfectant wipe applied in one
application and one sweeping motion in one direction (from the far cor-
ner of the swatch toward the proximal corner) in a pressure range of 300
to 500 g/cm2 (22, 29, 30, 49). The application of the disinfectant wipe was
approximately 1 s long, as previously described (50). The disinfectant
wipe was then discarded, and the fomite was placed back into the con-
trolled-humidity room temperature incubator for an additional 10 min of
drying (50, 51).

(iii) Transfer experiment. One transfer trial consisted of three sepa-
rate fomite-to-finger transfer events with the index, middle, and ring fin-
gers of the right hand for each surface type. Two transfer trials were con-
ducted, resulting in a total of six transfers for each fomite. A protocol from
Ansari et al. (33) and Mbithi et al. (34) was used to perform the transfer
experiments with modifications. Briefly, the fomite-to-finger transfer ex-
periments were performed after 30 min of inoculum drying plus an addi-
tional 10 min of drying after application of the disinfectant wipe. The
following conditions were used for the transfer experiments. The fomite
was placed at the center of a scale with a digital readout, and a finger
transfer was performed by placing the right-hand finger on the center,
covering the seeded area of the fomite for 10 s with an average pressure of
1.0 kg/cm2 (98.0665 kPa; range, of 700 to 1,500 g/cm2) (33, 34).
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(iv) Finger sampling. With a cotton-tipped swab applicator (Puritan
Medical Products Company) wetted in 1.0 ml of D/E neutralizing me-
dium (EMD Chemicals Inc.), the index, middle, and ring finger pads were
sampled with a sweeping-and-rotating motion. Subsequently, the swab
applicator was placed in the D/E vial and vortexed. A polyester-tipped
swab (Puritan Medical Products Company) was used to sample PV-1.

(v) Microorganism assays. E. coli, S. aureus, and B. thuringiensis
spores were enumerated by the spread plate technique on MacConkey
agar (EMD Chemicals Inc.), mannitol salt agar (EMD Chemicals Inc.),
and TSA (EMD Chemicals Inc.) plates, respectively. The plates were in-
cubated at 37°C for 18 � 2 h. B. thuringiensis spore samples were heat
shocked at 81 � 2°C for 10 min prior to spread plating to stimulate
germination. PV-1 titrations were performed by using 10-fold serial dilu-
tion plaque-forming assays as described previously (46, 47). All dilutions
were assayed in duplicate. If no bacteria or virus was recovered from the
finger pad, the lower detection limit of 10 CFU or PFU was used to esti-
mate the number of microorganisms recovered, as previously described
(52, 53). The swabbed microorganisms were eluted in 1,000 �l of PBS, of
which 100 �l was used for plate counting (bacteria) or plaque assay (vi-
rus). Assuming that the detection limit is 1 CFU or PFU per assay, the
lower detection limit was 10 CFU or PFU/2 cm2.

Calculations and statistical analyses. (i) Calculation formulae. The
“resulting transfer” was defined as microorganism transfer to the finger,
regardless of the application of the disinfectant wipe, relative to the recov-
ered microorganisms from the nontreated-nontransfer control fomite,
which is expressed by equation 1:

resulting transfer �%�

� � CFU or PFU on finger

CFU or PFU on nontreated-nontransfer control fomite� � 100 (1)

A resulting transfer value with a less-than sign indicates that the num-
ber of microorganisms on the finger was lower than the lower limit of
detection. Log10 microbial count reduction on fomites following disinfec-
tant wipe use was calculated with equation 2:

reduction �log10� � � log10� CFU or PFU on treated fomite

CFU or PFU on nontreated fomite� (2)

where the “treated fomite” represents the disinfectant-wipe-treated non-
transfer control fomite.

(ii) Statistical analyses. Data were entered in Microsoft Excel 2010
(Microsoft Corp., Redmond, WA) and the software package StatPlus:mac
2009 (AnalystSoft) to compute the descriptive statistic measures of mean
percent resulting transfer, the standard deviation, and statistical signifi-

cance. Student’s t test was performed to determine whether there was a
statistically significant difference in percent resulting transfer of a partic-
ular type of microorganism between the disinfectant-wipe-treated and
nontreated fomites. Differences were considered statistically significant if
the resultant P value was 0.05 or lower.

RESULTS
Removal of microorganisms from fomites by the disinfectant
wipe. To determine the sources of transfer potential with and
without intervention, microbial counts of E. coli, S. aureus, B.
thuringiensis spores, and PV-1 recovered from disinfectant-treat-
ed–nontransfer control fomites were compared to those recov-
ered from nontreated-nontransfer control fomites. The numbers
of test microorganisms recovered from nontreated-nontransfer
fomites (4.5 to 6.9 log10 CFU/2 cm2 or PFU/2 cm2) were signifi-
cantly greater than those recovered from treated-nontransfer fo-
mites (�1.2 to 2.7 log10 CFU/2 cm2 or PFU/2 cm2) for all types of
microorganisms and fomites tested (Student’s t test, P � 0.05),
resulting in mean log10 microbial reductions of 1.9 to 5.0 (Table
1). Reduction of B. thuringiensis spores was always less than that of
the other microorganisms (mean log10 reduction of 1.9 to 2.5
versus 3.5 to 5.0) (Table 1), showing that B. thuringiensis spores
were more likely to be available for transfer after disinfectant wipe
treatment.

Disinfectant wipe intervention effect on fomite-to-finger mi-
crobial transfer. In order to evaluate the intervention effect on
fomite-to-finger microbial transfer, we compared the resulting
transfer from the disinfectant-wipe-treated fomite with that from
the nontreated fomite; the resulting transfer from the nontreated
fomites was adapted from our previous study (43) (Table 2). The
resulting transfer from the disinfectant-wipe-treated fomites was
lower than from the nontreated fomites for all types of microor-
ganisms and fomites tested (mean value of �0.0002 to 0.1% ver-
sus �0.04 to 36.3%) (Table 2). The counts of E. coli CFU on the
finger were all below the detection limit of 10 CFU/cm2 for all
disinfectant-wipe-treated fomites, which produced a less-than
percent resulting transfer value for all trials; the other microor-
ganisms also showed a less-than percent resulting transfer value
for at least one trial.

TABLE 1 Microorganisms recovered from treated-nontransfer and nontreated-nontransfer fomites

Surface type or
parameter

Mean count � SD (range)

E. coli S. aureus B. thuringiensis PV-1

Ceramic tile
Nontreateda 5.1 � 0.4 (4.8–5.5) 6.8 � 0.1 (6.7–6.8) 4.6 � 0.2 (4.4–4.8) 5.6 � 0.4 (5.1–6.2)
Treateda �1.6 � 0.9 (�1.0–3.2)b 2.3 � 0.6 (1.5–2.9) 2.7 � 0.4 (2.2–3.4) 1.6 � 0.4 (1.0–2.1)
Reductionc 3.6 � 0.9 (2.3-�4.5) 4.5 � 0.6 (3.7–5.3) 1.9 � 0.5 (1.1–2.5) 3.9 � 0.8 (3.0-�5.2)

Laminate
Nontreateda 5.1 � 0.9 (4.2–6.6) 6.9 � 0.1 (6.8–7.1) 4.6 � 0.1 (4.5–4.7) 5.6 � 0.1 (5.5–5.7)
Treateda �1.2 � 0.4 (�1.0–1.9)b �1.9 � 0.8 (�1.0–2.9)b �2.1 � 0.6 (�1.0–2.6)b �1.8 � 0.5 (�1.0–2.5)b

Reductionc 4.0 � 0.9 (3.2-�5.6) 5.0 � 0.8 (4.0-�5.8) 2.5 � 0.7 (1.9-�3.6) 3.8 � 0.5 (3.2-�4.7)

Granite
Nontreateda 5.4 � 0.1 (5.3–5.6) 6.8 � 0.3 (6.4–7.1) 4.5 � 0.3 (4.1–4.9) 5.5 � 0.2 (5.0–5.7)
Treateda �1.9 � 1.0 (�1.0–3.2)b �2.5 � 1.2 (�1.0–3.8)b �2.4 � 0.8 (�1.0–3.2)b �1.8 � 0.8 (�1.0–2.8)b

Reductionc 3.5 � 0.9 (2.4-�4.3) 4.4 � 1.1 (3.1-�5.7) 2.1 � 0.9 (1.3-�3.8) 3.7 � 0.9 (2.8-�4.5)
a Values are expressed as log10 numbers of CFU/2 cm2 or PFU/2 cm2 (n 	 6 for each fomite and microorganism).
b Transfer of organisms from fomites to fingers for one or more transfer events were below the detection limit of 10 CFU/2 cm2 (indicated by a less-than sign).
c Log10 reduction 	 �log10(CFU or PFU control fomite with intervention/CFU or PFU control fomite without intervention).
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The microorganism counts on treated-nontransfer control fo-
mites were significantly low, because the disinfectant wipe was
highly effective at removing microorganisms from the fomites or
inactivating them on the fomites (Table 1). As a result, we were
unable to recover microorganisms from fingers for many repli-
cates, which produced less-than percent resulting transfer values
for all types of microorganisms and fomites (Table 2).

DISCUSSION

The purpose of the present study was to determine the effect of a
disinfectant wipe intervention on microbial transfer from con-
taminated fomites to fingers. While laboratory protocols to deter-
mine the efficacy of disinfectant wipes on microbial reduction are
available, no empirical studies have been conducted to determine
the impact of disinfectant wipe treatment on potential microbial
transfer from fomites to fingers. The information obtained in the
present study can be used to model the probability of infection in
disinfectant-wipe-treated and nontreated scenarios and assess mi-
crobial exposure via fomites. However, the lack of standard meth-
ods for quantifying microbial transfer makes it difficult to com-
pare the results of different studies (43). In the present study, we
used the same experimental parameters as in our previous study
(43), such as the humidity level, fomite-to-finger contact pressure,
drying time, sampling method, etc., which allowed us to compare
the fomite-to-finger microbial transfer values from both studies.
In order to directly compare the transferred microbial numbers
relative to the original microbial numbers on the fomite between
treated and nontreated conditions, we used the “resulting trans-
fer” defined by equation 1. Using the resulting transfer enabled us
to show the effect of the disinfectant wipe on microbial transfer to
fingers. In addition, including more volunteer hands could also
help to better characterize the variability that might be expected
among different individuals. However, the main focus of the pres-
ent study was not to determine the variability of fomite-to-finger
microbial transfer that results from different subjects but rather to
obtain a clearer picture of the effect of the disinfectant wipe on
microbial transfer to fingers. The variability of fomite-to-finger
microbial transfer efficiency among different subjects needs to be
investigated in future studies.

Four types of microorganisms, E. coli, S. aureus, B. thuringien-
sis, and PV-1, were used in the present study as models. These

microorganisms have been widely used as models of Gram-posi-
tive and -negative bacteria, spore-forming bacteria, and enteric
viruses. Especially E. coli and S. aureus have been used in transfer
studies (43, 54–56).

In the present study, a 10-min drying time was used following
the application of a disinfectant wipe to allow the treated fomites
to dry, as described previously (50, 51). During the 10-min drying
time, the active ingredients (i.e., QACs) might have interacted
with any remaining microorganisms after physical removal by the
wipe, which may produce an additional microbial count reduc-
tion (50, 51); QACs are known to damage bacterial cell mem-
branes, but their effect against bacterial spores is limited (57).

As expected, our results showed that the use of a disinfectant
wipe greatly reduced the microbial load on fomites (Table 1). S.
aureus, E. coli, and PV-1 counts on fomites were reduced by 3.5 to
5.0 log10, whereas B. thuringiensis spore counts were reduced by up
to only 2.5 log10. These findings are consistent with previous stud-
ies that showed that disinfectant wipes reduce the microbial load
on contaminated surfaces (22, 29, 30, 49–51). The present study
demonstrated B. thuringiensis spores to be more resistant to phys-
ical removal and/or inactivation by disinfectant wipes than non-
spore-forming bacteria, which is consistent with the findings of
Siani et al. (22) for Clostridium difficile spores. Panousi et al. (49)
on the other hand, showed B. subtilis spores to be more readily
removed from surfaces by impregnated wipes than Staphylococcus
epidermidis and MRSA.

We conducted these experiments under clean-fomite condi-
tions in order to minimize the variability of fomite surface condi-
tions, which reflect the same experimental conditions as our pre-
vious study (43), but a previous study was conducted showing the
efficacy of disinfectant wipes under dirty- and clean-surface con-
ditions and reported a similar mean log10 removal (30). However,
an earlier study suggests that the presence of a higher organic
material on surfaces can reduce the ability of the wipes to remove
bacteria (29). Several studies have tested the efficacy of disinfec-
tant wipes by the method described by Williams et al. (29) and
found results similar to those of the present study, showing mi-
crobial reduction on fomites after wiping with a disinfectant wipe
(22, 29, 30, 49). In addition, our findings are also consistent with
previous studies that observed a microbial count reduction after

TABLE 2 Resulting fomite-to-finger microorganism transfer

Surface type

Avg % transfer efficiency � SD (range)a

E. coli S. aureus B. thuringiensis PV-1

Ceramic tile
Nontreatedd 11.6 � 11.8 (0.1–33.3) 2.7 � 2.3 (0.8–6.7) �0.2 � 0.1 (�0.1–0.4)b 23.1 � 24.0 (0.4–52.7)
Treated �0.01 (�0.02)b �0.003 � 0.01 (�0.0001–0.02)b �0.04 � 0.03 (�0.02–0.1)b �0.01 � 0.02 (�0.004–0.05)b

Laminate
Nontreatedd 21.7 � 23.9 (5.2–66.5) 4.3 � 2.4 (1.3–7.4) �0.2 � 0.1 (�0.1–0.3)b 36.3 � 8.7 (24.1–50.0)
Treated �0.02 (�0.1)b �0.0002 � 0.0001 (�0.0001–0.0004)b �0.03 (�0.03)b �0.004 � 0.004 (�0.002–0.01)b

Granite
Nontreatedd �7.3 � 10.6 (�0.1–28.0)b 3.9 � 5.0 (0.7–13.9) �0.04 � 0.03 (�0.02–0.1)b 33.8 � 40.4 (0.4–100)c

Treated �0.004 (�0.01)b �0.001 � 0.001 (�0.0002–0.004)b �0.1 � 0.1 (�0.01–0.2)b �0.01 � 0.01 (�0.002–0.02)b

a Percent transfer efficiency 	 (CFU or PFU finger/CFU or PFU control fomite) � 100 (n 	 6 for each fomite and microorganism).
b Transfer of organisms from fomites to fingers for one or more transfer events was below the detection limit of 10 CFU/2 cm2 (indicated by a less-than sign).
c Transfer of organisms from fomites to fingers in one or more transfer events was �100% and was truncated to 100%.
d The resulting transfer from the nontreated fomites was adapted from our previous study (43).
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surface wiping one to five times with various types of disinfectant
wipes and under a different study design (50, 51). Further studies
are still needed to evaluate the use of disinfectant wipes under
different specific conditions, such as dirty or clean surfaces, dif-
ferent microbial loads, different contact pressures, and different
contact times in order to better understand how these conditions
influence fomite-to-finger transfer.

To our knowledge, this is the first study that has quantified
microbial transfer from contaminated fomites to fingers after the
use of disinfectant wipes as an intervention. Our results show the
impact of disinfectant wipes in reducing the resulting transfer of
microorganisms and help to predict the benefit of interventions
without collecting additional observational data. The use of the
resulting transfer data that were generated in the present study can
improve model accuracy where this information could not be pre-
viously incorporated in QMRA models to predict the ability of
disinfectant wipes to reduce microbial exposure.
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