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Many studies, in human medicine, tend to make hand rub a standard for hand hygiene.
However, few studies have tested the effectiveness of hand hygiene products on visibly
contaminated hands. The objective of this study was to evaluate the effectiveness of prac-
tical hand sanitization protocols: water and soap, degreasing cream and hand wipes, all
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Catching crew combined with alcohol-based hand gel. The use of alcohol-based gel alone was also eval-
Biosecurity uated. For the reduction of coliforms after washing, there was no statistically significant
Poultry difference between protocols when the initial level of bacterial contamination was low to
Hygiene and public health moderate. When hands were highly contaminated, the alcohol-based gel alone was less

effective than the degreasing cream combined with the alcohol-based gel (p = 0.002). As for
the reduction in total aerobic bacteria counts, there was no difference between protocols
when the initial level of bacterial contamination was low. The water, soap and alcohol-
based gel protocol was more effective than the scrubbing wipes and alcohol-based gel
protocol when hands were moderately (p =0.002) and highly contaminated (p =0.001). All
protocols were effective in neutralizing Salmonella on hands. Reducing the level of bacterial
contamination on hands before using an alcohol-based gel seems important to ensure effec-
tive hand sanitation for highly and moderately contaminated hands. This can be done by
using a degreasing cream or water and soap. Based on the survey, catching crew members
preferred using warm water and soap compared to a degreasing cream.

Crown Copyright © 2013 Published by Elsevier B.V. All rights reserved.

1. Introduction units per square centimeter) (Widmer, 2000). By hand-
ling animals and farm equipment, hands are exposed to

The normal density of bacteria found on human skin pathogens. For example, genetic material of the respiratory
ranges between 102 and 103 CFU/cm? (colony forming and reproductive syndrome virus was detected under nails

of people following a contact with infected pigs (Amass

et al., 2000). The movement of personnel and equipment

_— N d between poultry farms, especially when catching crew
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2011; Patriarchi et al., 2011; Ridley et al., 2011). As it is
the case for other visitors, catching crew members travel
from farm to farm with their own vehicle, equipment, boots
and clothing. Their farm activities are however a high risk
considering the level of contamination they are exposed to
and the close contact with birds that may remain in the
barn. Changing boots and clothing when entering a poul-
try barn are mandatory for visitors in Canada. However,
recommendations on hand hygiene are unclear since there
is a lack of information on the efficacy of hand washing
techniques and products.

Hand hygiene is also important to prevent zoonotic
agents contamination such as Escherichia coli 0157 (Shukla
et al,, 1995; Milne et al., 1999) and Salmonella enteritidis
(Friedman et al., 1998) for which human health conse-
quences can be serious.

Many products are available to sanitize hands: nonan-
timicrobial and antimicrobial soap used with water,
waterless alcohol-based hand rubs and waterless hand
wipes. In human medicine, scientific evidence tends to
make alcohol-based hand rub a standard for hand hygiene.
Indeed, this technique is microbiologically more effective
invivo (clinical trials) and in vitro (laboratory experiments),
is easier to use, saves time and improves hand hygiene
compliance (Widmer, 2000; Girou et al., 2002; Trampuz
and Widmer, 2004). Hand hygiene compliance still rarely
exceeds 50% (Pittet, 2001; Boyce and Pittet, 2002). How-
ever, these studies were performed on hands that were not
visibly soiled. In the poultry industry, catching crew mem-
bers can have heavily contaminated hands. Therefore, they
represent a good proxy for heavy hand contamination by
visitors. Furthermore, soap and water hand washing can be
inconvenient since sinks are not always available in barns.
Itis still important to reduce the microbial load on hands by
performing effective hand sanitation. An alternative would
be the use of alcohol-based hand gels. There is only one
study that tested alcohol-based hand gels as an alternative
to soap and water after handling animals. Davis et al. (2005)
did not find any difference between treatments.

No study has investigated the effectiveness of hand
hygiene techniques in the actual context. The objectives
were to evaluate the efficacy of practical hand sanitation
methods and to determine the most practical approach in
order to increase compliance.

2. Materials and methods
2.1. Selection of participants

This experimental study was conducted under field
conditions, from July to August 2010. A catching crew
company was selected based on the proximity with the
Faculty of Veterinary Medicine of the University of Mon-
treal, where the investigators were based. One crew was
followed during normal working hours and four volunteers
were selected. The selection was based on their availabil-
ity and willingness to participate in the assessment of the
efficacy of different hand sanitizing protocols. Since the
purpose of the study was to compare different hand wash-
ing products/protocols, it was important to have a limited

number of participants to limit the diversity of hand wash-
ing practices.

In order to determine the most practical approach (i.e.,
to get the opinion of a larger group of employees), the prod-
ucts tested were provided to all employees (catching crew
members) of this company.

2.2. Hand sanitation protocols

Four hand sanitation protocols were tested. In the
first one, hands were sanitized with a waterless alco-
hol hand rub (alcohol-based gel) containing 62% ethanol
(Purell-Johnson & Jonhson, Markham, ON, Canada). In the
second protocol, hands were washed with water and
an antibacterial soap containing triclosan (Dial Spring
Water-Henkel Consumer Goods Inc., Oakville, ON, Canada),
dried with a disposable paper and sanitized with the
same alcohol-based gel. The third protocol consisted in
using a degreasing pumice-added cream without water
(Motomaster Heavy-duty Hand Cleaner with pumice-
Motomaster Canada, Toronto, ON, Canada) and wiping with
paper followed by the use of the same alcohol-based gel.
The last protocol consisted in using antimicrobial wipes
(Big Wipes-Sycamore Israel, Petach Tikva, Israel) followed
by the alcohol-based gel.

To be as close as possible to field conditions, no specific
time and quantity were required for washing or rub-
bing hands with the different products. An explanation
was given on how to perform the four protocols (differ-
ent steps) without indicating specific time or quantity to
use. However, the time spent by each person for each
protocol (the time spent to wash hands before applying
the alcohol-based gel and the time spent to rub hands
with the alcohol-based gel) was recorded using a video
camera and the quantity of alcohol-based gel used was esti-
mated by recording the number of times each participant
pressed on the delivery device fixed on the alcohol-based
gel container. All explanations were given in French and the
supervisor simultaneously translated in Spanish, the lan-
guage spoken by most participants. In order to be included
in the study, all participants had to sign a confidentiality
agreement. This agreement was available in French and
Spanish.

2.3. Data collection

Thirty two repetitions were done per protocol. Four
catching crew members applied each protocol eight times
(32 repetitions per crew member). Therefore, the total
number of samples was 256 samples (128 before and 128
after applying a protocol). A sample size of 4 in each treat-
ment would provide about 80% power to detect a difference
between a treatment with on average a 2 log reduction in
germ numbers and another with a 1.3 log reduction, assum-
ing a standard deviation among subjects of about 0.3 in log
scale. Log reduction values of this magnitude would pro-
duce a relative reduction in germ numbers ranging from
95 to 99%, in line with our prior expectation of hand clean-
ing efficiency for different products. The standard deviation
was estimated using a pilot study.
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Data were collected on several farms over a two month-
period. Once the crew completed a bird load, participants
were asked to rub their hands together to reduce any
potential difference between the right and the left hands
(although most of the time, they used both hands to catch
birds). To evaluate the initial bacterial contamination, a
pre-treatment sample was taken on one hand by applying
the sampling cloth on the inside of the hand and rubbing it
with five circular motions going from the center of the hand
to the periphery. Following this sampling, each participant
sanitized their hands following one of the four protocols.
All participants were systematically assigned to one of the
protocols and the order of treatments from one load to
another varied randomly among participants. For each bird
load, the four protocols were thus performed each time by
at least one employee. A second sample (post-treatment)
was then taken on the other hand (the one not selected for
pre-treatment sampling) using the same method as for the
first sample.

A questionnaire was also provided to all the catch-
ing crew members of the company to determine the
most practical approach. The questionnaire was avail-
able in French and Spanish, as well as the confidentiality
agreement.

2.4. Microbiological analysis

The materials used to collect samples were cloths
soaked with a Neutralizing broth (D/E Neutrilizing Broth,
Lab M, Bury, Lancs; Roberts D (1995)) contained in sterile
sampling bags. The product was certified sterile by Labplas
Inc., Ste-Julie, Quebec, Canada. The sampling material was
kept at 4°C and carried on farms in a cooler with ice packs.
After collection, the samples were transported back to the
laboratory in another cooler with icepacks. All samples
were analyzed at the Faculty of Veterinary Medicine the
morning following the collection (within 12 h). An enrich-
ment media (10 ml of buffered peptone water) was added
to sampling bags which were stomached for 30 s, in order to
obtain a homogeneous sampling solution. The solution was
serially diluted and spread on Aerobic and E. coli/Coliform
3M Petrifilms (3 M, St Paul, MN, US) to count total aer-
obic bacteria, E. coli and coliforms population according
to the MFHPB-33 and MFHPB-34 procedures of Health
Canada. Then 20 ml were added to the sampling bags for
the pre-enrichment for Salmonella detection. The bags were
then homogenized and incubated at 37 °C for 18-24 h and
after that, the solution was spread on MRSV plates con-
taining novobiocine in order to detect the presence of
Salmonella according to the MFLP-75 procedure of Health
Canada.

2.5. Statistical analysis

Numbers of total coliforms and aerobic bacteria were
log 10 transformed to normalize distributions. A linear
mixed model was used with the transformed number of
bacteria on cleaned hands as the dependent variable. The
protocol was a fixed factor, the number of bacteria on
dirty hands was a co-factor and the participant was a ran-
dom factor (to consider repeated measurements for each

participant). Variables such as the amount of alcohol-based
hand gel (number of times a participant pressed on the
delivery device fixed on the alcohol-based hand gel con-
tainer) and duration of rubbing hands were also included as
co-factors. Using estimates from the model, we performed
pairwise comparisons between the means from the differ-
ent protocols. These contrasts were performed at different
levels of initial hand contamination, the co-factor in the
analysis, to evaluate whether differences between protocol
means varied depending on the initial level of contamina-
tion. In view of the large number of pairwise comparisons
that we performed, the Bonferroni sequential procedure
was used to adjust comparison-wise alpha level to ensure
a family-wise error rate at the set alpha level (0.05). Statis-
tical analyses were performed using SAS v.9.2 (Cary, NC).
Unless otherwise stated, we present means and standard
deviations (SD).

3. Results
3.1. Descriptive results

In protocol 1, the average time to rub hands with the
alcohol-based gel was 23.1s(1.9). The average time to wash
hands across all repeats for the same individual was 38.9 s
(8.5) in protocol 2 (water and soap), 40.4s (7.4) in protocol
3 (degreasing) and 35.5 s (7.2) in protocol 4 (wipes). Across
all repeats for the same individual, the average number of
times each participant pressed on the delivery device fixed
on the alcohol-based gel container was 4.9 (2.2) for proto-
col 1,2.8 (1.2) for protocol 2, 3.1 (1.1) for protocol 3 and 3.1
(1.3) for protocol 4. Table 1 presents the mean (SD) number
of coliforms and total aerobic bacteria (in log 10) depend-
ing on the protocol across the four crew members and
the mean difference (in log 10 and in percentage) before
and after applying each protocol. For each participant, the
mean number of bacteria was calculated across all repli-
cates, and then the mean was calculated across participants
was calculated. At the participant level, the difference in
log means, for each participant, represents the differences
between the mean number of bacteria in log before and
after treatment. The mean of participant results is pre-
sented. The difference in percentage means that, for each
participant, the differences between the mean number of
bacteria pre-treatment and the mean number of bacte-
ria post-treatment were calculated, divided by the initial
number of bacteria, pre-treatment, and expressed in per-
centage. For example, a percentage of 93.4 means that there
isareduction 0f 93.4% of the bacterial population. The mean
of participant results is presented.

3.2. Salmonella contamination

Twenty seven (10.5%) dirty hands tested positive for
Salmonella (6 before applying the alcohol-based hand gel,
3 before washing hands with water and soap, 9 before
using the degreasing cream and 9 before using wipes).
With every protocol, all washed hands proved negative for
Salmonella.
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Table 1

Mean (SD) number of coliforms and total aerobics (in log) depending on the protocol and the mean difference (in log and in percentage) before and after

applying the protocol.

Protocol? Mean number of bacteria in log (SD) Difference between pre and post-treatment
Pre-treatment Post-treatment In log In percentage

Coliforms

1 3.66 (0.62) 2.38(0.57) 13 93.4

2 3.44(0.48) 2.11(0.44) 13 95.2

3 3.40(0.24) 1.69 (0.17) 1.7 97.7

4 4.00(0.47) 1.90 (0.27) 2.1 99.1

Total aerobics

1 7.83(0.06) 6.59 (0.44) 1.2 91.0

2 7.82(0.10) 6.03 (0.30) 1.8 98.2

3 7.92 (0.09) 6.39 (0.55) 1.5 95.4

4 7.95(0.07) 6.83(0.40) 1.1 89.8

2 Protocol 1 was alcohol-based hand gel alone; protocol 2 was water, soap and alcohol-based hand gel; protocol 3 was degreasing cream and alcohol-based

hand gel; protocol 4 was wipes and alcohol-based hand gel.
3.3. Analytic results - total coliform counts

The linear model revealed a statistically significant
effect of protocol on mean total coliform counts (p=0.04)
and a positive effect of initial hand contamination level
(B [SE]: 0.23 [0.086], p<0.0001; Fig. 1). Protocol and ini-
tial hand contamination interacted significantly (p =0.001)
suggesting that the effect of protocol varied depend-
ing on initial hand contamination. Neither number of
alcohol-based hand gel pushes (p=0.82) nor time to rub
hands with the gel (p=0.31) influenced total coliform
counts after cleaning. Pairwise comparisons between pro-
tocol means were conducted at three levels of initial
contamination: first quartile (lower 25% level of con-
tamination), median (50%), and third quartile (level of
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Fig. 1. Comparison of the mean log 10 number of coliforms before and
after applying each protocol for three different levels of initial contami-
nation. Error bars show one standard error.

*Indicates that differences were statistically significant between the two
bars marked with this symbol

0O Alcohol-based hand gel alone.

[ wWater, soap and alcohol-based hand gel.

B Degreasing cream and alcohol-based hand gel.

B Wipes and alcohol-based hand gel.

Pairwise comparisons between protocol means were conducted at three
levels of initial contamination: first quartile (lower 25% level of con-
tamination), median (50%), and third quartile (level of contamination
corresponding to the upper 25% of contamination).

contamination corresponding to the upper 25% of contam-
ination). The values corresponding to quartiles were 2.59
log 10 CFU (25%), 3.08 log 10 CFU (50%) and 3.65 log 10 CFU
(75%).The minimum was 1.48 log 10 CFU and the maximum
was 4.30 log 10 CFU. There was no statistically significant
differences between protocol means when initial hand con-
tamination was low or median (p >0.008; non-significant
after Bonferroni adjustment). At high initial contamination
levels, mean contamination level on the clean hand was
higher for protocol 1 (alcohol-based hand gel) than for pro-
tocol 3 (degreasing and alcohol-based hand gel) (p =0.002).

In a separate model excluding protocol 1, the time
needed to wash hands was added as a co-factor along with
the same fixed and random factors as before. There was no
statistically significant effect of time needed to wash hands
on total coliform counts after cleaning (p=0.33).

3.4. Analytic results - total aerobic bacterial counts

The linear model revealed no statistically significant
effect of protocol on mean total aerobic bacterial counts
(p=0.15) and a positive effect of initial hand contamina-
tion level ( [SE]: 0.54 [0.24], p<0.0001; Fig. 2). Protocol
and initial hand contamination did not interact signif-
icantly (p=0.08), although the trend was in the same
direction, as noted earlier for coliform counts. Neither num-
ber of alcohol-based hand gel pushes (p=0.08) nor time
to rub hands with the gel (p=0.34) influenced total aero-
bic bacterial counts after cleaning. Pairwise comparisons
between protocol means were conducted at three levels of
initial contamination, as described earlier. The values cor-
responding to quartiles were 7.53 log 10 CFU (25%), 7.75
log 10 CFU (50%) and 8.02 log 10 CFU (75%). The minimum
was 4.28 log 10 CFU and the maximum was 8.42 log 10 CFU.
There was no statistically significant differences between
protocol means when initial hand contamination was low
(p>0.009; non-significant after Bonferroni adjustment).
The mean contamination level on the clean hand was lower
for protocol 2 (water, soap and alcohol-based hand gel)
than for protocol 4 (wipe and alcohol-based hand gel) when
initial hand contamination was median (p =0.002) and high
(p=0.001).
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Fig. 2. Comparison of the mean log number of total aerobic counts before
and after applying each protocol for three different levels of initial con-
tamination. Error bars show one standard error.

*Indicates that differences were statistically significant (p < 0.05) between
the two bars marked with this symbol

[ Alcohol-based hand gel alone.

O water, soap and alcohol-based hand gel.

[ Degreasing cream and alcohol-based hand gel.

B Wipes and alcohol-based hand gel.

Pairwise comparisons between protocol means were conducted at three
levels of initial contamination: first quartile (lower 25% level of con-
tamination), median (50%), and third quartile (level of contamination
corresponding to the upper 25% of contamination).

In a separate model excluding protocol 1, the time
needed to wash hands was added as a co-factor along with
the same fixed and random factors as before. There was no
statistically significant effect of time needed to wash hands
on total aerobic bacterial counts after cleaning (p =0.85).

3.5. Questionnaire

Of the 46 employees (all men) of the catching crew
company, 38 accepted to fill out a questionnaire on
their knowledge and opinions relative to hand washing
(Tables 2 and 3). On average, they were 28.7 years old, the
youngest being 18 and the oldest, 47. They had a mean of
7.5 years of experience catching poultry. This ranged from
only four weeks to 34 years. It appears that many started
catching birds in their mid-teens. About two-thirds of them
already had some poultry experience prior to their current
job. Although the majority reported washing their hands
while on the job, if given the opportunity, almost 40% did
not. The overwhelming reason to wash hands was to avoid
getting sick. Very few claimed doing it to avoid poultry
disease transmission between flocks. An important differ-
ence in knowledge about poultry diseases and zoonotic
conditions such as Salmonella seemed to prevail between
the Hispanic employees (almost all from Guatemala) and
Canadian born employees. Respondents were more likely
to have used soap and water to wash hands compared to the
other options included in the questionnaire. It was also the
most preferred approach to washing hands (Table 3). Using
a disinfecting gel was equally appreciated by respondents.
When asked to comment about the different protocols,
almost all negative comments pertained to a dislike for

having to wash hands with cold water (12 respondents)
and to the stickiness associated with using the degreas-
ing pumice-added cream (6 respondents) or the wipes (2
respondents).

4. Discussion

Hand hygiene is important for reducing mechanical
transmission of pathogens between farms. In the poul-
try industry, it is common to divide flocks into batches
for slaughter (i.e., leaving birds behind for later pick up,
hence providing an opportunity for pathogens to infect
the remaining birds; on multi-age sites, this may lead
to the spread of these pathogens). The practice, known
as partial pick up, is also seen in the chicken industry.
Hens are sent to slaughter first, leaving behind males for
a longer growing period. This strategy has been known to
favor the transmission of infectious laryngothracheitis thru
fomite contamination such as boots, clothing, and equip-
ment (Johnson et al., 2004). Since bird catchers normally
do not wear gloves, it is also possible that their hands
may contribute to disease transmission. Hand hygiene is
also important to reduce the risk of zoonoses, particularly
Salmonella and Campylobacter infections. In these contexts,
even if catching crew members were the group of interest
for this study, the results should also be of value to many
other industry personnel such as growers, farm employees,
technicians, and veterinarians.

In human medicine, several studies have evaluated the
efficacy of different protocols and products for washing
hands. Widmer (2000) reported that alcoholic compounds
used as hand rub kill 3.2-5.8 log 10 CFU, compared with
the 1.8-2.8 log 10 CFU removed in 30s with medicated
soap. Also, compliance improved significantly by switch-
ing from hand washing to using a hand rub gel. Another
study reported a 4-7 log 10 reduction using alcohol-based
hand hygiene agents applied for 15-30s (Dharan et al.,
2003). Girou et al. (2002) showed that, when hands are
not heavily contaminated, the median percentage reduc-
tion in bacterial contamination was significantly higher
with hand rubbing with a gel than with hand washing (83%
vs 58%, p=0.01). However, it was reported that the pres-
ence of organic material reduces the antibacterial activity
of alcohols by 0.2-0.7 log 10 CFU (Trampuz and Widmer,
2004). Most studies on hand washing are done in a hos-
pital context where hands are often not visibly soiled. In
the work environment of poultry catchers, hands can be
heavily contaminated with organic material. Thus, com-
parison between these studies and the present one is not
straightforward, since the protocols, the laboratory tests,
the study design and the levels of bacterial contamination
before applying the protocols are not the same. It was then
important to obtain scientific data to guide hand hygiene
recommendations in the poultry industry context. Further-
more, the use of disinfecting gel is a common practice in
this industry. Considering that compliance might be better
with this product, it was important to evaluate its efficacy.

Based on the results, when hand bacterial contamina-
tion was low, all protocols worked well. This is consistent
with studies mentioned above. However, when bacterial
contamination was higher, soap and water followed by a
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Table 2

Participants’ knowledge and opinions about hand washing and its purpose.

Variable

Percent who agree (number of respondents)

When possible, I always wash hands after catching birds

The most important reason to wash my hands is
a) To avoid spreading microbes between farms
b) To avoid soiling equipment, clothing, vehicle
c) To avoid getting sick

[ know at least one disease that can be transmitted to poultry
a) Hispanic
b) Non Hispanic

[ have heard of Salmonella
a) Hispanic
b) Non Hispanic

I have heard of Campylobacter
a) Hispanic
b) Non Hispanic

The best way to wash hands (before using a disinfecting gel) is
a) Soap and water

b) Degreasing pumice-added cream without water

c) Only disinfecting gel

d) Detergent and antimicrobial wipes

Before the initiation of this project, | have washed my hands with

a) Soap and water

b) Soap and water, and disinfecting gel

c) All four techniques (soap and water; gel; degreasing cream; wipes)

During the project, I used the products made available to me

When I do not wash my hands, it is mainly because
a) I do not have time

b) I do not have what I need to do it

c) I do not think about it

d) I do not believe I need to do so between flocks

62.2% (37)

23 Respondents
13.0%

4.3%

82.6%

5.3% (19)
66.7% (18)

5.3% (19)
89.5% (19)

5.3%(19)
10.5% (19)

37 Respondents
78.4%2

13.5%

2.7%

0.0%

38 Respondents
60.5%

34.2%

5.3%

77.1% (35)

32 Respondents
3.1%

90.6%

3.1%

3.1%

2 Best way to wash hands: in addition to water and soap, one respondent responded also “only gel”, and one respondent responded “only gel” and

“degreasing cream.”

disinfecting gel seemed better to control aerobic bacterial
count, and using a degreasing waterless cream followed by
a disinfecting gel was better against coliforms. Clearly, all
protocols had some value, and the difference between pro-
tocols was not as important as expected. However, there
is merit in using either soap and water or a degreasing
cream when hand contamination is elevated. Detergent
and antimicrobial wipes cannot be recommended at this
point. In places where water access is an issue, using a
waterless degreasing cream would be valuable prior to
using a disinfecting gel. However, if given a choice, it is
important to know that the majority of the 38 catchers who
responded to the survey preferred soap and warm water to
the degreasing cream. Finally, it is interesting to note that
the amount of disinfecting gel and the time spent rubbing
it did not have a significant impact on decontamination.

Table 3

However, the participants often pressed more than once
on the delivery device fixed on the alcohol-based gel con-
tainer. The intent was to stay as close as possible to field
conditions. Results could have been different if the quantity
of products and the time spent to perform hand sanitation
would have been set as part of the study design. Also, the
number of volunteers being small may not represent the
full diversity of hand washing practices, limiting the extent
to which the results may be extrapolated to a larger popu-
lation. However, as stated above, the intent was mainly to
contrast the protocols and not to determine how to achieve
the best hand decontamination. If this were to have been
the objective, employees would have been guided to apply
each protocol, for example, for a minimal period of time.
Another limiting factor with a possible impact on hand san-
itation is the dryness of hands after using soap and water.

Practicality of washing protocol expressed in percentage of respondents that considered them not, fairly, or very practical.

Washing protocol?

The protocol used was considered

Not practical

Fairly practical Very practical

Disinfecting gel only 6.1
Soap and water 6.3
Degreasing pumice-added cream 45.2
Detergent and antimicrobial wipe 26.7

333 60.6
40.6 53.1
355 194
26.7 46.7

2 Number of respondents: gel only: 33; water and soap: 32; degreasing cream: 31; wipes: 30.
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The residual moisture left on hands after washing is a crit-
ical determinant of the effectiveness of hand sanitation.
Drying hands reduces the bacterial translocation on sur-
faces (Patrick et al., 1997). While our concluZsions do not
extend beyond hand washing, surely the level of contami-
nation after hand washing must interact with any potential
effect of residual moisture. Finally, all protocols seem to
work well against Salmonella. This was not really a sur-
prise since it has been shown that alcohol-based products
are highly efficient in reducing Salmonella contamination
(Bloomfied et al., 2007).

This study also highlighted the needs to enhance
education and awareness related to zoonotic risks. Few
respondents were aware of the pathogen Campylobacter
which is a major issue in public health. Most Hispanic
respondents did not known about Salmonella either. A
high motivation to comply with hand washing recom-
mendations may be difficult to achieve if the sources
of infection and the consequences are not well under-
stood. This difference between Hispanic and non-Hispanic
respondents has been reported in other studies evaluating
knowledge on food safety. Knowledge score was signifi-
cantly higher among whites compared to Hispanics (Meer
and Misner, 2000). Meer and Misner also reported that
88% (205/233) of respondents, independently of ethnicity,
could not identify the sources of Campylobacter. In addi-
tion to knowledge, studies also identified age, education,
ethnicity and income as factors influencing safe behaviors.
It is therefore recommended to target risk communica-
tion efforts for groups at risk and those with the greatest
need (e.g., lack of knowledge) regarding zoonotic risks
(Patil et al., 2005). Educational efforts should go toward
poultry industry personnel likely to have a limited degree
of education, such as catching crew members. This study
only involved one catching company limiting the exter-
nal validity of the results. However, most companies have
a rapid turnover and still need to enhance education and
training.

The results of this study may not only be applicable
with respect to poultry workers or livestock industries.
They could also guide hand washing recommendations for
events such as open farms or other attractions where the
general public and especially children may have contact
with animals or environments contaminated by animals.
However, it would be important to consider if there are
other factors that would limit the relevance of this study to
other environments.

5. Conclusion

This study provided scientific data to guide hand
hygiene recommendations when hands are heavily con-
taminated. In this context, it was important to reduce the
level of bacterial contamination on hands before using
a hand rub. Although the various protocols achieved a
90 to 99% reduction in bacterial contamination load, bet-
ter results might have been recorded if each participants
would have been trained to apply each protocol in an opti-
mal way. Therefore, this aspect of employee training should
be considered to improve hand decontamination. The use

of warm water and soap was the preferred solution consid-
ering catching crew member preferences.
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