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PEER-REVIEWED ARTICLE

 ABSTRACT
Handwashing is important in preventing microbial cross-

contamination. The US FDA Model Food Code requires 
that handwashing sinks have a sign or poster nearby that 
is visible to employees washing their hands. This research 
collects and reviews existing handwashing signs and 
subjects them to quantitative analysis. An Internet search 
produced a database of handwashing signs. Lather time, 
rinse time, overall wash time, water temperature, water 
use, drying method, technique, and total number of steps 
were recorded. Eighty-one unique handwashing signs were 
identified. Each sign had between one and thirteen steps. 
Thirty-seven signs indicated a specific lather time, with 
average time ~18 s. No sign suggested > 20 s lather, 
and none suggested < 10 s lather. Twenty-four signs 
recommended use of warm water. Two signs recommended 
100°F (37.8°C) water and one recommended hot water. 
Sixty-two signs made a recommendation on drying hands, 
and fifty-three suggested using a paper towel. Our analysis 
reveals that handwashing sign instructions can vary quite 
widely. Lack of consistent hand wash guidance on signage 

may contribute in part to a lack of handwashing consistency 
and compliance. Our study serves as a foundation for future 
research on handwash signage.

INTRODUCTION
Handwashing is an important part of preventing micro-

bial cross-contamination in food service and healthcare 
settings (16, 21, 22, 25, 34, 44, 57, 63, 72). The US Food 
and Drug Administration (FDA) Model Food Code 
specifies when handwashing is required during food 
preparation, and both the Centers for Disease Control 
and Prevention (CDC) and the World Health Organiza-
tion (WHO) suggest frequent handwashing in healthcare 
settings (7, 68, 72). The FDA Model Food Code and the 
CDC Guideline for Hand Hygiene in Health-Care Settings 
recommend washing hands for 20 s, under warm running 
water, with soap, and using either single-use towels or a 
forced air dryer to dry hands (7, 68). The WHO Guide-
lines on Hand Hygiene in Health Care recommend wash-
ing hands for 40–60 s, with soap, and using a single-use 
towel to dry hands (72).
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Research over more than 30 years has shown that the 
way hands are washed (including technique, duration, 
and drying method) can significantly affect the microbial 
reduction. Increased handwashing duration has been 
shown to improve microbial reduction, although the rate 
of improvement is less after 20 s of handwashing (30, 
42, 48, 62). Research has also shown that washes below 
10 s may be of little effectiveness (30, 42, 48, 62). Moist 
hands transfer significantly more bacteria than dry hands; 
therefore, drying, regardless of drying method used, is an 
essential step in preventing cross-contamination (30, 49, 
59, 68). Use of paper towels appears to provides multiple 
benefits, including faster drying, improved microbial 
reduction, and the possibility of using the towel as a barrier 
to protect against recontamination from doorknobs and 
sink faucets (24, 30, 49, 56, 57, 68, 72). Knowing which 
techniques/interventions most improve a hand wash is one 
way to determine which instructions should appear on a 
handwashing sign and which ones can be omitted.

Both WHO and CDC recommend hand hygiene signs 
as part of hand hygiene promotion/education programs 
(7, 72), and the US FDA Model Food Code indicates 
that handwashing sinks are not considered fully equipped 
unless a handwashing sign is clearly visible to any 
employees washing their hands (section 6-301.14) (68). 
Recommendations and mandates aside, research is scanty 
and results inconsistent as to whether these signs improve 
compliance. Some foodservice studies show improvement 
of hand hygiene compliance with the use of signs (10), 
whereas others show only slight effect (1). Healthcare 
research shows handwashing reminders (including signs) 
can improve handwashing compliance when used as part of 
a promotion/education program (4, 14, 26, 28, 33, 38, 46, 
51, 52, 53, 60, 66, 67), although the specific contribution 
of signs as a discrete entity is hard to identify, as few 
studies have studied signs alone (11, 60). Additionally, 
their long-term efficacy is still unclear (60, 71). Education 
programs (not necessarily hand hygiene focused) that used 
signs only as the method of communication have produced 
mixed results (2, 11, 23, 27, 45); such programs can usually 
improve knowledge of the target subject researchers, but 
not necessarily induce the intended behavior changes 
(2, 23, 27). Many researchers have noted that even when 
handwashing sinks are easily accessible and handwashing 
signs are visible, the workload of the food handler can 
undermine compliance (1, 21, 22, 63), and similar results 
have been observed in healthcare settings (6, 54).

Handwashing signs are intended to reinforce in people’s 
minds the need to wash hands as well as to provide 
information on proper handwashing technique (1, 29, 33, 
38, 46, 53, 68). Determining what constitutes an effective 
handwashing sign is difficult, as little research has been 
done on the subject (29), with no comprehensive study of 
retail food establishment signs.

MATERIALS AND METHODS

A search by the authors compiled a representative 
database of handwashing signs. Keywords used in 
the Internet search included: handwash, sign, poster, 
employees, soap, hand hygiene, notice, and guide. A Google 
(Mountain View, California) search was followed by a 
targeted search of US state and county health department 
websites. Although many health departments used the 
words sign, guide, and poster interchangeably, the word 
“sign” will be used from this point forward. All signs 
collected were in active use in restaurants, cafeterias, 
hospitals, or schools.

The data were compiled and analyzed by use of Excel 
(Microsoft, Redmond, WA). Means, medians, minimums, 
maximums, and frequencies were calculated. Instructions 
for lather time, rinse time, overall wash time, water 
temperature, pre-moistening of hands, drying method, 
and technique, as well as total number of handwashing 
steps, were recorded. A “step” was defined as a direction 
(either written or pictured) that indicated a specific 
task to be completed as part of the handwash procedure. 
These steps were usually, but not always, numbered or 
presented in a sequential manner. Categories for “when to 
wash” or “how to wash” were generated as they emerged 
during examination of the signs (29). The requirements 
for inclusion were not stringent; the sign needed only 
to mention or show a picture of handwashing. Multiple 
copies of some signs were located during the search, 
but only unique entries were compiled for analysis. All 
signs analyzed in this study were retrieved from U.S.-
based sources and intended for U.S. populations. Some 
handwashing signs located by the search were translated 
copies of the 2009 WHO handwashing guide sign (72), 
but as they provided duplicate information, they were 
not added to the database. Signs that utilized the same 
figures or technique instructions, but that either provided 
additional information or removed certain steps, were 
included in the database.

RESULTS
The 81 unique handwashing signs that were identified 

were split into three groups, according to target audience: 
healthcare, foodservice, and the general public. Healthcare 
signs were those specifically intended for use in healthcare 
facilities (e.g., hospitals, nursing homes, etc.), while the 
general public group included signs intended for use in 
schools, and office buildings and at-home use. Overall, 
31 (38.3%) unique signs targeted the public, 26 (32.1%) 
targeted foodservice, and 21 (25.9%) targeted healthcare 
audiences. A small number of signs, 3 (3.7%) targeted both 
healthcare and foodservice audiences. These 3 signs were 
added to both groups when the groups were being analyzed 
separately, but were counted only once when the overall 
dataset was being analyzed. Sixty (74.1%) signs included 
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Table 1. Number of steps observed in the handwashing sign collection

Number of Steps

All Data Sets Foodservice Healthcare General Public

Mean 5.5 4.7 6.1 5.7

Median 5 5 5.5 5

Minimum 1 1 1 1

Maximum 13 13 12 13

Table 2. Summary of handwash duration instructions in 81 handwashing signs

 
 

Signs Indicating This Step Average 
(s)

Median  
(s)

Min  
(s)

Max  
(s)

Step Number Percent   

All Signs

Lather 37 45.68% 18.4 20 10 20
Rinse 3 3.60% 13.3 10 10 20

Overall 58 71.60% 22.2 20 10 60
No time 

Indicated 23 28.40% - - - -

Food Service Signs

Lather 13 50.00% 19.2 20 15 20
Rinse 0 - - - - -

Overall 19 73.08% 21.3 20 15 60
No time 

Indicated 7 26.92% - - - -

Healthcare Signs

Lather 6 28.57% 18.3 20 15 20
Rinse 1 4.76% 20.0 20 20 20

Overall 16 76.19% 27.5 20 15 60
No time 

Indicated 5 23.81% - - - -

General Public Signs

Lather 20 64.52% 18.0 20 10 20
Rinse 2 6.45% 10.0 10 10 10

Overall 26 83.87% 19.2 20 10 30
No time 

Indicated 5 16.13% - - - -
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figures, which were defined as any graphical representation 
(e.g., drawings or photographs) of a handwashing step. 
Twenty-one (25.9%) unique signs specified when to wash 
hands. Sixty-three (77.8%) unique signs were published by 
government agencies and 18 (22.2%) by private companies.

Table 1 summarizes the number of steps, or directions, 
given in the handwashing sign collection. Each sign had at 
minimum one step (e.g. wash your hands), and the highest 
number of steps was thirteen. Sixty-six (81.5%) signs 
recommended more than one step. The average number 
of steps per sign was 5 for foodservice signs and 6 for 
healthcare signs.

Table 2 summarizes handwashing time recommenda-
tions, grouped into three categories: lather time, rinse 
time, and total time. The total time group includes the 
rinse and lather time groups; 18 signs (22.2%) indicated 
only a total handwash time, with no specific breakdown 
into rinse and lather times. Twenty-three signs (28.4%) 
did not indicate any duration. Thirty-seven (45.7%) signs 
indicated a specific lather time, with the average lather 
time being ~18 s. No sign suggested a lather time greater 
than 20 s, and none suggested a lather time less than 10 s. 
Three (3.6%) signs indicated a specific rinse time, with an 
average rinse time of ~ 13 s. No sign suggested more than 
a 20 s rinse or less than a 10 s rinse. With regard to total 
handwash time, 58 (71.6%) signs gave an average of ~22 s. 
No total wash time was greater than 60 s, and no total time 
was less than 10 s.

No foodservice signs suggested a specific rinse time, 
but 13 (50% of all foodservice signs) indicated a specific 
lather time, with the average being ~19 s. Seven foodservice 
signs (26.9%) did not indicate any handwash duration. 
No foodservice sign suggested a lather time greater than 
20 s and none suggested a lather time less than 15 s. The 
average total wash time from the nineteen signs (73.1% 
of all foodservice signs) was ~21 s. No foodservice total 
wash time was greater than 60 s, and none was less than 
10 s. It should be noted, that only one foodservice sign 
recommended a wash time greater than 20 s.

Only one healthcare sign (4.8% of all healthcare signs) 
indicated a specific rinse time (20 s), and 6 (28.6% of all 
healthcare signs) signs indicated a specific lather time, with 
the average lather time being ~18 s. No healthcare sign 
suggested a lather time greater than 20 s or less than 15 s. 
The average overall wash time from sixteen healthcare signs 
(76.2% of all healthcare signs) was ~27.5 s. Five healthcare 
signs (23.8%) did not indicate any handwash duration. No 
healthcare wash time was greater than 60 s or less than 10 s.

Two signs intended for the general public (6.5% of all 
public signs) suggested a rinse time (10 s in both cases) and 
20 (64.5% of all public signs) suggested a specific lather 
time, with the average being 18 s. No general public signs 
suggested a lather time greater than 20 s or less than 10 s. 
The average total wash time from 26 general public signs 

(83.9% of general public signs) was 19.2 s. Five general 
public signs (16.13%) did not indicate any handwash 
duration. The greatest wash time recommended in the 
general public signs was 30 s, and the minimum was 10 s.

Table 3 summarizes the recommendations made in the 
handwashing signs related to water temperature, wetting the 
hands with water, drying the hands, towel use and various 
other aspects of handwashing technique. Twenty-four 
(29.6%) signs recommended using warm water but did not 
specify an exact temperature; 2 signs (2.5%) recommended 
using 100°F (37.8°C) water; 1 (1.2%) sign recommended 
using hot water, and 54 (66.7%) signs made no water 
temperature recommendations. Forty-six signs (56.8%) 
recommended wetting hands before applying soap, 12 
(14.8%) suggested wetting the hands while applying soap, 
and only 2 (2.5%) suggested wetting hands after applying 
soap. Twenty-one signs (25.9%) made no recommendation 
about when to wet the hands. Not surprisingly, all signs 
recommended using soap (data not shown). Sixty-two 
(76.5%) of all signs made a recommendation to dry hands 
in some manner (data not shown); 53 (65.4%) signs 
suggested using a paper towel, 4 (4.9%) suggested hot air 
hand dryers, and 5 (6.2%) recommended hand drying 
but made no suggestion on how to dry. Interestingly, 31 
(38.3%) suggested turning off the tap with a paper towel, 
and 3 (3.7%) signs suggested opening the door with the 
same towel used to dry hands.

Table 3 also summarizes various other handwashing 
technique instructions. As noted in the methods, these 
other instructions were any specific direction on what to 
do with the hands during the wash. Forty-one (50.6%) 
signs suggested one or more techniques. Most techniques 
involved targeting specific areas: 33 signs (40.7%) 
suggested targeting between fingers, 31 (38.3%) the 
fingernails, 29 (35.8%) the back of the hands, 27 (33.3%) 
the palms, 17 (21.0%) the back of fingers, 16 (19.8%) the 
thumbs, and 14 (17.3%) the wrists. Additionally, 6 signs 
(7.4%) suggested using a fingernail brush, while 2 (2.5%) 
signs suggested removing jewelry before handwashing.

Table 4 summarizes the directions given on handwashing 
regarding when a handwash is needed. About 29% (6 of 
21) of healthcare signs, ~46% (12 of 26) of foodservice 
signs, and ~13% (4 of 31) of general public signs, described 
when to wash hands (percentages not shown in Table 
4). In total, 21 signs out of 81 indicated when to wash 
hands. Many “when to wash” suggestions were found, all 
of which are shown in Table 4, but only key aspects will be 
described here. Almost all signs that did give a “when to 
wash” suggestion directed the reader to wash the hands after 
using the restroom, the most common recommendation 
both overall and within each of the three categories. Aside 
from their recommendation, no other key “when to wash” 
recommendations are evident from healthcare sign data. 
Other “when to wash” suggestions appear on 5 of the 6 
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Table 3. Handwashing procedure or technique instructions in 81 handwashing signs

Technique area Technique suggestion Number of signs

Water temperature

No water temperature indicated 54

Warm water 24

100°F water 2

Hot water 1

Wetting the hands

Before soap 46

With soap 12

After soap 2

No wetting suggestion indicated 21

Drying method

Drying with paper towel 53

Drying, not specified 5

Air drying 4

Towel use besides drying
Turning off tap with towel 31

Open door with towel 3

Other technique instructions

Any other instructions 41

Target between fingers 33

Target fingernails 31

Target back of hands 29

Target palms 27

Target back of fingers 17

Target thumbs 16

Target wrist 14

Use fingernail brush 6

Remove jewelry 2

healthcare signs that had “when to wash” recommendations, 
but they are varied. The four public signs that included 
specific “when to wash” information all recommended 
washing hands after coughing or sneezing as well as after 
using the restroom. Three out of four of these signs also 
recommended washing hands before eating or drinking.

A number of key “when to wash” recommendations 
occur frequently on the foodservice signs. Following “after 
using the restroom,” the most common recommendation, 
was to wash hands after eating or drinking (on 9 signs) 
followed by washing hands after coughing or sneezing (7 

signs). The next most frequent recommendations were to 
wash hands after handling dirty utensils or dishes and to 
wash them before preparing food (6 signs each). Other 
recommendations, which appeared on 5 signs, were to wash 
hands after contact with skin, after using tobacco products, 
or after handling raw food.

DISCUSSION
Both the FDA and the CDC currently recommend 

washing hands for 20 s, under warm running water, with 
soap, and using either single-use towels or a forced air 
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Table 4. Summary of handwashing sign “when to wash” recommendations. Values indicate 
the number of signs that specified “when” and are listed in descending frequency 
for all signs

All Signs Healthcare Foodservice General 
Public

When to Wash Specific Event 21 6 12 4

After

Using restroom 18 4 11 4

Coughing or sneezing 12 2 7 4

Drinking or eating 10 1 9 1

Contact with skin (not hands/arms) 7 1 5 1

Using tobacco products 7 2 5 0

Handling dirty utensils or dishes 6 0 6 0

Handling raw food 6 0 5 1

Touching animals 6 2 3 2

Handling raw meat 5 0 4 1

Contact with body fluids 4 1 1 2

Any work break 3 1 2 0

Contact with wound 3 1 2 1

Handling garbage 3 0 2 1

Contact with blood 2 1 0 1

Contact with ill individual 2 0 1 1

Returning from outside 2 0 0 2

Answer phone 1 0 1 0

Contact with mucous 1 1 0 0

Contact with vomit 1 0 0 1

Contact with waste water or sewage 1 0 0 1

Cross-contamination 1 0 1 0

Handling chemicals 1 0 1 0

Contaminated (not specific) 1 1 0 0

Removing gloves 1 1 0 0

Touching clothing 1 0 1 0

Touching door 1 0 1 0

Before

Resuming work 7 2 4 1

Preparing food 6 0 6 1

Putting on or changing gloves 4 0 4 0

Drinking or eating 3 0 0 3

Handling RTE foods 3 0 3 0

Entering kitchen 2 0 2 0

At the time
If hands are visibly soiled 4 1 1 2

As needed 3 0 3 0
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dryer to dry hands (7, 68). Previous studies suggest that 
a minimal wash (<10 s) is not as effective as a 20 s wash 
(30, 42, 48, 62), and Allwood et al. (1) noted that one of 
the most common problems observed in food workers’ 
hand wash regimes was a failure to wash for 20 s. Almost 
three-quarters of all handwash signs collected (~72%) 
gave a recommended wash time that averaged slightly 
more than 20 s, as did the foodservice-specific signs. 
Healthcare signs recommended a longer average wash 
time (27.5 s), while those aimed at the general public 
recommended an average wash time of ~ 19 s.

One-third of all the signs surveyed (27 or 33.3%) made 
either a qualitative or quantitative water temperature 
recommendation. The FDA Model Food Code (section 
5-202.12-A) states that a handwash sink must be equipped 
to provide water at a temperature of at least 100°F 
(38°C) (68), and only two signs (one foodservice, one 
healthcare) specifically mentioned 100°F as the wash 
temperature. It should be clarified, however, that although 
the code states a sink must deliver water of at least 100°F, 
the code does not mandate that hands be washed in water 
at 100°F, only that “clean, running warm water” be used 
(Section 2-301.12-B-1) (68). Twenty-four (29.6%) signs 
(5 healthcare, 12 food service, and 9 general public) 
recommend washing hands with warm water. Despite 
the appearance in the Model Food Code as well as on 
some handwashing signs of a recommendation on water 
temperature, scientific support for a link between higher 
water temperatures for washing and improved microbial 
reduction does not appear to exist. Research studies have 
found no correlation between the temperature of water 
and the microbial reduction (41, 42).

Hand drying plays a significant role in the reduction 
of microbes on hands after handwashing (13, 24, 30, 56, 
72) and in mitigation of cross-contamination risk (20, 
40, 49, 57, 64, 68). Even with the established importance 
of hand drying as part of a thorough hand wash in the 
published literature already cited, 19 (23.4%) signs did 
not make a recommendation on drying. Six foodservices 
signs, 7 healthcare signs, and 6 general public signs did 
not include a recommendation to dry hands after a wash. 
Three studies indicated that paper towels provide a ~0.5 
log CFU greater microbial reduction than standard air-
drying (13, 24, 30), and a majority of handwashing signs 
surveyed (65.4%) suggested using paper towels. We were 
surprised to see that 31 (38.3%) signs suggested turning off 
the faucet with a paper towel as a cross-contamination risk 
mitigation measure. The use of this measure is supported 
by one study that showed that ~2% of bacteria present 
on a faucet tap could be transferred to the hand (12) and 
another that documented the high bacterial populations on 
faucet handles in homes (31). The FDA Model Food Code 
suggests that paper towels may be used as a barrier against 
recontamination “when touching surfaces such as manually 

operated faucet handles on a handwashing sink or the 
handle of a restroom door” (2-301.12-C) (68).

Microorganisms may be present over the entire hand, 
and therefore washing may be complete only when all areas 
of the hand are given attention (32, 37, 47). The subungal 
region of fingernails can act as a reservoir for transient 
Gram-negative organisms, and while 31 (38.27%) signs 
suggested targeting nails, only 6 (7.41%) suggested use of 
a fingernail brush, which has been identified as the most 
efficient way to remove bacteria from under nails (1, 61). 
Research has also reported that microbial counts are higher 
on hands with artificial nails than on those with natural 
nails and that microbial cell numbers were correlated with 
fingernail length, with numbers being greater beneath 
longer nails (35). While a nailbrush has been shown to 
provide an additional 1–1.5 log microbial reduction over 
the standard hand wash (61), no data currently exist to 
suggest that targeting the fingernails, without use of a 
nailbrush, provides any additional microbial reduction. 
Similarly, risk of transfer of bacteria from under the nails 
to foods or food contact surfaces is also not documented 
in the literature. The FDA Model Food Code states that 
a nailbrush can be used, as part of a cross-contamination 
prevention regime, before handling ready- to-eat foods with 
bare hands (section 3-301.11-E-6-b) (68).

Only 2 (2.5%) food service signs suggest removing 
jewelry during a wash, but this may be because the 
FDA Model Food Code prohibits all jewelry, except for 
plain rings, during food preparation (section 2-303.11) 
(68). A risk assessment determined that wearing a ring 
during a wash could cause the wash to be less effective 
(43). Studies on the impact of ring wearing have found 
that hands with rings have, at minimum, a 1 log greater 
concentration of skin microorganisms (17, 58, 65). 
Salisbury et al. determined that healthcare workers 
who were wearing rings had a less effective hand wash 
than those not wearing rings (58). Yildirim et al. 
determined that wearing a ring significantly reduced 
the effectiveness of hand sanitizers; however, the type 
of ring worn (smooth versus rough band with stones) 
had no observable effect on hand sanitizer effectiveness 
(73). Fagernes et al. observed no significant difference in 
microbial concentration between hands with and without 
rings but did notice that hands with rings were more likely 
to carry bacteria in the family Enterobacteriaceae, which 
includes Salmonella and E. coli (15).

When to wash recommendations are a detailed part 
of U.S. hand hygiene guidelines for both healthcare and 
foodservice (7, 68). The FDA Model Food Code (section 
2-301.14-A-I) recommends washing hands after a number 
of activities (68) that are also mentioned to varying 
degrees in the handwash signs we surveyed. Following 
the order in which they are presented in the Model Food 
Code they are: after touching bare human body parts 
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(mentioned in 5 signs); after using the restroom (11 
signs); after caring for or handling service animals (3 
signs); after coughing, sneezing, or using a handkerchief 
or disposable tissue (7 signs); after using tobacco (5 
signs), eating, or drinking (9 signs); after handling soiled 
equipment or utensils (6 signs); when switching between 
working with raw food (5 signs, with 4 more mentioning 
raw meat specifically, and none specifically mentioning 
raw vegetables/fruits); before donning gloves for working 
with food (4 signs); and after engaging in other activities 
that contaminate the hands (3 signs).

Some of these “when to wash” recommendations appear 
to have scientific support, while others do not. Those that do 
have scientific support are summarized as follows. Individuals 
infected with foodborne pathogens can continue to shed these 
organisms for extended periods (3). Salmonella outbreaks 
associated with dry pet foods resulted in some human cases 
resulting from handling pets (8, 9). Multiple manuscripts 
have documented quantifiable cross-contamination from 
dirty cooking utensils to hands (12, 19, 57, 69). Likewise, 
cross-contamination to and recontamination of hands have 
been documented as sources of foodborne outbreaks (57, 
64). Cross-contamination to hands directly from raw meat 
(39), and outbreaks associated with raw meat, with hands as 
cross-contamination vehicles (25), are well documented.

Given that washing hands can help prevent cross-contam-
ination during food preparation (12, 18, 19, 50, 70) and that 
in many cases foodborne illness outbreaks can be linked to 
improper hand hygiene (5, 55, 64), it is somewhat surprising 
that more signs did not include details on when to wash hands.

The WHO recommends “5 moments” of when to 
wash hands in healthcare settings (72), and the CDC 
recommends several “indications” for when to wash hands 
in their hand hygiene guide for healthcare (7). The five 
WHO moments are before patient contact, before an aseptic 
task, after body fluid exposure, after patient contact, and 
after contact with patient surroundings (72). The CDC’s 
indications are when hands are visibly dirty, before contact 
with patients, before donning sterile gloves, before using 
equipment intended to remain sterile, after contact with a 
patient’s skin, after contact with bodily fluids, between dirty 
and clean patient sites, after contact with inanimate objects 
near a patient, after removing gloves, before and after 
eating, and after using a restroom (7). Handwashing signs 
can provide a reminder for healthcare employees of what 

may be mandated by their agreed-upon hand hygiene code; 
however, only ~29% of healthcare signs included details on 
when to wash hands. One healthcare sign suggested washing 
hands after any work break. None suggested washing hands 
when returning from areas outside the work area. One 
healthcare sign suggested washing hands after contact with 
blood, mucous, skin, a wound, or body fluid. One sign also 
mentioned washing hands when visibly soiled. No signs 
suggested washing hands after contact with vomit, despite 
the fact that norovirus can be transmitted by vomitus (36). 
One healthcare sign suggested washing hands after changing 
or removing gloves. Two healthcare signs suggested 
washing hands after touching animals. Four healthcare 
signs suggested washing hands after using the restroom. 
No healthcare sign suggested washing hands after contact 
with waste/sewage, or after contact with raw food. No 
healthcare sign mentioned washing hands after suspected 
cross-contamination, and this includes touching clothing 
(oneself or other’s) or doors. The lower frequency of signs 
that indicate “when to wash” in healthcare compared to 
food service may be because WHO and CDC have separate 
“when to wash” educational materials, so sign creators 
may not be similarly inclined to add this information to 
handwash signs designed for the two areas (7, 72).

What constitutes an “ideal” handwashing sign is difficult 
to determine, and while the FDA, CDC, and WHO have 
a basic sign in their respective hand hygiene guides, no 
guidance currently exists on how to design a sign or what 
to include. The majority of the 81 signs we collected were 
focused on hand washing techniques, cross-contamination 
prevention, and when to wash instructions. Highlighting 
the best techniques and prevention methods by using 
information from the published literature may serve 
better educate individuals (2, 23, 27), but research on 
exactly how to use this information to achieve the best 
compliance is still needed. This is especially true in food 
service, where the FDA Model Food Code (68) mandates 
handwashing signage.

This quantitative review was intended to serve as a 
guide to future hand hygiene research by highlighting 
the current state of handwashing sign instructions. We 
envision future research that would involve various model 
signs, with varying degrees of complexity, as well as human 
observational research to see whether different signs 
affected compliance differently.

1. Allwood, P. B., T. Jenkins, C. Paulus,  
L. Johnson, and C. W. Hedberg. 2004. Hand 
washing compliance among retail food 
establishment workers in Minnesota. J. Food 
Prot. 67:2825–2828. 
 

2. Alvaran, M. S., A. Butz, and E. Larson. 1994. 
Opinions, knowledge, and self-reported 
practices related to infection control among 
nursing personnel in long-term care settings. 
Am. J. Infect. Control 22:367–370. 

3. Aoki, Y., A. Suto, K. Mizuta, T. Ahiko,  
K. Osaka, and Y. Matsuzaki. 2010. Duration 
of norovirus excretion and the longitudinal 
course of viral load in norovirus-infected 
elderly patients. J. Hosp. Infect. 75:42–46. 

REFERENCES



                         Food Protection Trends     July/August278

4. Avila-Agüero, M. L., M. A. Umana,  
A. L. Jimenez, I. Faingezicht, and M. M. Paris. 
1997. Handwashing practices in a tertiary-
care, pediatric hospital and the effect on an 
educational program. Clin. Perf. Qual. Health. 
Care 6:70–72.

5. Berger, C. N., S. V. Sodha, R. K. Shaw,  
P. M. Griffin, D. Pink, P. Hand, and  
G. Frankel. 2010. Fresh fruit and vegetables 
as vehicles for the transmission of human 
pathogens. Environ. Microbiol. 12:2385–2397.

6. Bischoff, W. E., T. M. Reynolds,  
C. N. Sessler, M. B. Edmond, and  
R. P. Wenzel. 2000. Handwashing 
compliance by health care workers:  
the impact of introducing an accessible, 
alcohol-based hand antiseptic. Arch. Int. 
Med. 160:1017.

7. Boyce, J. M., and D. Pittet. 2002. Guideline 
for hand hygiene in health-care settings. 
Morbid. Mortal. Wkly. Rep. 51:1–56.

8. Centers for Disease Control and Prevention. 
2008. Multistate outbreak of Human 
Salmonella infections caused by contaminated 
dry dog food — United States, 2006–2007. 
Morbid. Mortal. Wkly. Rep. 57:521–524.

9. Centers for Disease Control and Prevention. 
2008. Update: Recall of dry dog and fat food 
products associated with human Salmonella 
Schwarzengrund Infections — United States, 
2008. Morbid. Mortal. Wkly. Rep. 57:1200–
1202.

10. Chapman, B., T. Eversley, K. Fillion,  
T. Maclaurin, and D. Powell. 2010. Assessment 
of food safety practices of food service food 
handlers (risk assessment data): testing a 
communication intervention (evaluation of 
tools). J. Food Prot. 73:1101–1107.

11. Chen, Y. C., and L. C. Chiang. 2007. 
Effectiveness of hand-washing teaching 
programs for families of children in paediatric 
intensive care units. J. Clin. Nurs. 16:1173–
1179.

12. Chen, Y., K. M. Jackson, F. P. Chea, and  
D. W. Schaffner. 2001. Quantification and 
variability analysis of bacterial cross-contami-
nation rates in common food service tasks.  
J. Food Prot. 64:72–80.

13. Coates, D., D. N. Hutchinson, and  
F. J. Bolton. 1987. Survival of thermophilic 
campylobacters on fingertips and their 
elimination by washing and disinfection. 
Epidemiol. Infect. 99:265–274.

14. Creedon, S. A. 2006. Health care workers' 
hand decontamination practices: an Irish 
study. Clin. Nurs. Res. 15:6–26.

15. Fagernes, M., E. Lingaas, and P. Bjark. 2007. 
Impact of a single plain finger ring on the 
bacterial load on the hands of healthcare 
workers. Infect. Cont. Hosp. Epidemiol. 
28:1191–1195.

16. Fendler, E. J., and M. J. Dolan. 1998. 
Handwashing and gloving for food 
protection. I: Examination of the evidence. 
Dairy, Food Environ. San. 18:824–829. 

17. Field, E. A., P. McGowan, P. K. Pearce, and  
M. V. Martin. 1996. Rings and watches: 
should they be removed prior to operative 
dental procedures? J. Dent. 24:65–69.

18. Fischler, G. E., J. L. Fuls, E. W. Dail,  
M. H. Duran, N. D. Rodgers, and A. L. 
Waggoner. 2007. Effect of hand wash agents 
on controlling the transmission of pathogenic 
bacteria from hands to food. J. Food Prot. 
70:2873–2877.

19. Gorman, R., S. Bloomfield, and C. C. Adley. 
2002. A study of cross-contamination 
of foodborne pathogens in the domestic 
kitchen in the Republic of Ireland. Int. J. Food 
Microbiol. 76:143–150.

20. Gould, D. 1994. The significance of hand-
drying in the prevention of infection. Nurs. 
Times. 90:33–35.

21. Green, L. R., V. Radke, R. Mason,  
L. Bushnell, D. W. Reimann, J. C. Mack, M. D. 
Motsinger, T. Stigger, and C. A. Selman. 2007. 
Factors related to food worker hand hygiene 
practices. J. Food Prot. 70:661–666.

22. Green, L. R., C. A. Selman, V. Radke,  
D. Ripley, J. C. Mack, D. W. Reimann,  
T. Stigger, M. Motsinger, and L. Bushnell. 
2006. Food worker hand washing practices: 
an observation study. J. Food Prot. 
69:2417–2423.

23. Gruber, M., F. E. Beavers, B. Johnson,  
M. Brackett, T. Lopez, M. J. Feldman, and 
M. Ventura. 1989. The relationship between 
knowledge about acquired immunodeficiency 
syndrome and the implementation of 
universal precautions by registered nurses. 
Clin. Nurse. Spec. 3:182–185.

24. Gustafson, D. R., E. A. Vetter, D. R. Larson, 
D. M. Ilstrup, M. D. Maker, R. L. Thompson, 
and F. R. Cockerill. 2000. Effects of 4 hand-
drying methods for removing bacteria from 
washed hands: a randomized trial. Mayo. Clin. 
Proc. 75:705–708.

25. Guzewich, J. J., and M. P. Ross. 1999. 
White paper, Section two: Interventions to 
prevent or minimize risks associated with 
bare-hand contact with ready-to-eat foods. 
http://www.fda.gov/Food/FoodSafety/
RetailFoodProtection/ ucm210138.htm. 
Accessed May 4, 2012.

26. Harbarth, S., D. Pittet, L. Grady, A. Zawacki, 
G. Potter-Bynoe, M. H. Samore, and D. A. 
Goldmann. 2002. Interventional study to 
evaluate the impact of an alcohol-based hand 
gel in improving hand hygiene compliance. 
Pediatr. Infect. Dis. J. 21:489–495.

27. Hart, R. 2012. The effects of a poster in 
informing and empowering patients in 
infection prevention and control. J. Inf. Prev. 
13:146–153.

28. Hayden, M. K., M. J. Bonten, D. W. Blom, 
E. A. Lyle, D. A. van de Vijver, and R. A. 
Weinstein. 2006. Reduction in acquisition 
of vancomycin-resistant enterococcus after 
enforcement of routine environmental 
cleaning measures. Clin. Infect. Dis. 
42:1552–1560.

29. Jenner, E. A., F. Jones, B. C. Fletcher,  
L. Miller, and G. M. Scott. 2005. Hand 
hygiene posters: motivators or mixed 
messages? J. Hosp. Infect. 60:218–225.

30. Jensen, D. A., L. M. Friedrich, L. J. Harris,  
M. D. Danyluk, and D. W. Schaffner. 2015. 
Cross-contamination of Escherichia coli 
O157:H7 between lettuce and wash water 
during home-scale washing. Food Microbiol. 
46:428–433.

31. Josephson, K. L., J. R. Rubino, and  
I. L. Pepper. 1997. Characterization and 
quantification of bacterial pathogens and 
indicator organisms in household kitchens 
with and without the use of a disinfectant 
cleaner. J. Appl. Microbiol. 83:737–750.

32. Jumaa, P. A. 2005. Hand hygiene: simple and 
complex. Int. J. Infect. Dis. 9:3–14.

33. Khatib, M., G. Jamaleddine, A. Abdallah, 
and Y. Ibrahim. 1999. Hand washing and use 
of gloves while managing patients receiving 
mechanical ventilation in the ICU. Chest 
116:172–175.

34. LeBaron, C. W., N. P. Furutan, J. F. Lew,  
J. R. Allen, V. Gouvea, C. Moe, and S. S. 
Monroe. 1990. Viral agents of gastroenteritis. 
Public health importance and outbreak 
management. Morbid. Mortal. Wkly. Rep. 
39:1–24.

35. Lin, C. M., F. M. Wu, H. K. Kim, M. P. Doyle, 
B. S. Michaels, and L. K. Williams. 2003. A 
comparison of hand washing techniques to 
remove Escherichia coli and caliciviruses under 
natural or artificial fingernails. J. Food Prot. 
66:2296–2301.

36. Mathijs, E., A. Stals, L. Baert, N. Botteldoorn, 
S. Denayer, A. Mauroy, A. Scipioni, G. Daube, 
K. Dierick, L. Herman, E. Van Coillie,  
M. Uyttendaele, and E. Thiry. 2012. A review 
of known and hypothetical transmission 
routes for noroviruses. Food Environ. Virol. 
4:131–152.

37. McGinley, K. J., E. L. Larson, and J. J. Leyden. 
1988. Composition and density of microflora 
in the subungual space of the hand. J. Clin. 
Microbiol. 26:950.

38. McGuckin, M., and L. L. Porten. 1999. Hand-
washing education practices: a descriptive sur-
vey. Clin. Perform. Qual. Health. Care. 7:94–96.

39. Mead, P. S., L. Finelli, M. A. Lambert-Fair,  
D. Champ, J. Townes, L. Hutwagner, T. Bar-
rett, K. Spitalny, and E. Mintz. 1997. Risk fac-
tors for sporadic infection with Escherichia coli 
O157:H7. Arch. Intern. Med. 157:204–208.

40. Merry, A. F., T. E. Miller, G. Findon,  
C. S. Webster, and S. P. Neff. 2001. Touch 
contamination levels during anaesthetic 
procedures and their relationship to hand 
hygiene procedures: a clinical audit.  
Br. J. Anaesth. 87:291–294.

41. Michaels, B., V. Gangar, A. Schultz,  
M. Arenas, T. Ayers, and D. Paulson. 2000. 
Hand washing water temperature effects 
on the reduction of resident and transient 
(Serratia marcescens) flora when using bland 
soap. Dairy Food Env. San. 21:997–1007.



 foodprotection.org     Food Protection Trends 279

42. Michaels, B., V. Gangar, A. Schultz,  
M. Arenas, M. Curiale, T. Ayers, and  
D. Paulson. 2002. Water temperature as a 
factor in handwashing efficacy. Food Ser. Tech. 
2:139–149.

43. Montville, R., Y. Chen, and D. W. Schaffner. 
2001. Glove barriers to bacterial cross-
contamination between hands to food. J. Food 
Prot. 64:845–849.

44. Montville, R., Y. Chen, and D. W. Schaffner. 
2002. Risk assessment of hand washing 
efficacy using literature and experimental 
data. Int. J. Food Microbiol. 73:305–313.

45. Morse, L., and M. McDonald. 2009. Failure 
of a poster-based educational programme to 
improve compliance with peripheral venous 
catheter care in a tertiary hospital. A clinical 
audit. J. Hosp. Inf. 72:221–226.

46. Naikoba, S., and A. Hayward. 2001. The 
effectiveness of interventions aimed at 
increasing handwashing in healthcare 
workers—a systematic review. J. Hosp. Inf. 
47:173–180.

47. Noble, W. C., and D. A. Somerville. 1974. 
Microbiology of human skin. WB Saunders 
Co., London, UK.

48. Ojajärvi, J. 1980. Effectiveness of handwash-
ing and disinfection methods in removing 
transient bacteria after patient nursing. 
 J. Hyg. 85:193–203.

49. Patrick, D. R., G. Findon, and T. E. Miller. 
1997. Residual moisture determines the level 
of touch-contact-associated bacterial transfer 
following hand washing. Epidemiol. Infect. 
119:319–325.

50. Pérez-Rodríguez, F., A. Valero, E. Carrasco, 
R. M. García, and G. Zurera. 2008. 
Understanding and modelling bacterial 
transfer to foods: a review. Trend. Food Sci. 
Tech. 19:131–144.

51. Pessoa-Silva, C. L., S. Hugonnet, R. Pfister, 
S. Touveneau, S. Dharan, K. Posfay-Barbe, 
and D. Pittet. 2007. Reduction of health 
care associated infection risk in neonates 
by successful hand hygiene promotion. 
Pediatrics. 120:e382–e390.

52. Picheansathian, W., A. Pearson, and  
P. Suchaxaya. 2008. The effectiveness of a 
promotion programme on hand hygiene 
compliance and nosocomial infections in a 
neonatal intensive care unit. Int. J. Nurs. Prac. 
14:315–321.

53. Pittet, D. 2000. Effectiveness of a hospital-
wide programme to improve compliance with 
hand hygiene. Lancet 356:1307–1312.

54. Pittet, D., A. Simon, S. Hugonnet,  
C. L. Pessoa-Silva, V. Sauvan, and T. V. 
Perneger. 2004. Hand hygiene among 
physicians: performance, beliefs, and 
perceptions. Ann. Intern. Med. 141:1–8.

55. Redmond, E. C., and C. J. Griffith. 2003. 
A comparison and evaluation of research 
methods used in consumer food safety 
studies. Int. J. Consum. Stud. 27:17–33.

56. Redway, K., and S. Fawdar. 2008. European 
Tissue Symposium: A comparative study of 
three different hand drying methods: Paper 
towel, warm air dryer, jet air dryer. http://
www.europeantissue.com/pdfs/090402-2008 
WUS Westminster University hygiene study, 
nov2008.pdf. Accessed May 27, 2014.

57. Reij, M. W., and E. D. DenAantrekker. 2004. 
Recontamination as a source of pathogens 
in processed foods. Int. J. Food Microbiol. 
91:1–11.

58. Salisbury, D. M., P. Hufilz, L. M. Treen,  
G. E. Bollin, and S. Gautam. 1998. The 
effect of rings on microbial load of health 
care workers' hands. Am. J. Infect. Control 
25:24–27.

59. Sattar, S. A., S. Springthorpe, S. Mani,  
M. Gallant, R. C. Nair, E. Scott, and J. Kain. 
2001. Transfer of bacteria from fabrics to 
hands and other fabrics: development and 
application of a quantitative method using 
Staphylococcus aureus as a model. J. Appl. 
Microbiol. 90:962–970.

60. Seto, W. H., P. T. Ching, J. P. Fung, and  
R. Fielding. 1989. The role of communication 
in the alteration of patient-care practices in 
hospital—a prospective study. J. Hosp. Infect. 
14:29–37.

61. Snyder, O. P. 2007. Removal of bacteria from 
fingertips and the residual amount remaining 
on the hand washing nailbrush. Food Prot. 
Trends 27:597–602.

62. Stiles, M. E., and A. Z. Sheena. 1985. 
Efficacy of low-concentration iodophors for 
germicidal hand washing. J. Hyg. 94:269–277.

63. Strohbehn, C., J. Sneed, P. Paez, and  
J. Meyer. 2008. Hand washing frequencies and 
procedures used in retail food services. J. Food 
Prot. 71:1641–1650.

64. Todd, E. C., B. S. Michaels, D. Smith,  
J. D. Greig, and C. A. Bartleson. 2010. 
Outbreaks where food workers have been 
implicated in the spread of foodborne disease. 
Part 9. Washing and drying of hands to 
reduce microbial contamination. J. Food Prot. 
73:1937–1955.

65. Trick, W. E., M. O. Vernon, R. A. Hayes,  
C. Nathan, T. W. Rice, B. J. Peterson,  
J. Segreti, S. F. Welbel, S. L. Solomon, and  
R. A. Weinstein. 2003. Impact of ring wearing 
on hand contamination and comparison of 
hand hygiene agents in a hospital. Clin. Infect. 
Dis. 36:1383–1390.

66. Trick, W. E., M. O. Vernon, S. F. Welbel,  
P. Demarais, M. K. Hayden, R. A. Weinstein, 
and Chicago Antimicrobial Resistance 
Project. 2007. Multicenter intervention 
program to increase adherence to hand 
hygiene recommendations and glove use 
and to reduce the incidence of antimicrobial 
resistance. Infect. Cont. Hosp. Epidemiol. 
28:42–49.

67. Tromp, M., A. Huis, I. de Guchteneire,  
J. van der Meer, T. van Achterberg,  
M. Hulscher, and C. Bleeker-Rovers. 2012. 
The short-term and long-term effective-
ness of a multidisciplinary hand hygiene 
improvement program. Am. J. Infect. Control. 
40:732–736.

68. U.S. Department of Health and Human 
Services, Public Health Service, Food and 
Drug Administration. 2013. Food Code, 
2013 Recommendations of the United 
States Public Health Service, Food and 
Drug Administration. http://www.fda.gov/
downloads/Food/GuidanceRegulation/
RetailFoodProtection/FoodCode/
UCM374510.pdf. Accessed January 5, 2014.

69. van Asselt, E. D., A. E. de Jong, R. de Jonge, 
and M. J. Nauta. 2008. Cross-contamination 
in the kitchen: estimation of transfer rates 
for cutting boards, hands and knives. J. Appl. 
Microbiol. 105:1392–1401.

70. Verhoeff-Bakkenes, L., R. R. Beumer,  
R. de Jonge, F. M. van Leusden, and  
A. E. de Jong. 2008. Quantification of 
Campylobacter jejuni cross-contamination 
via hands, cutlery, and cutting board during 
preparation of a chicken fruit salad. J. Food 
Prot. 71:1018–1022.

71. Williams, E. E. 1987. Psychological 
contributions to the control of hospital-
acquired infections. PhD Dissertation. 
University of Liverpool, Merseyside, UK.

72. World Health Organization. 2009. 
WHO Guidelines on hand hygiene in 
health care. http://whqlibdoc.who.int/
publications/2009/9789241597906_ eng.
pdf. Accessed December 22, 2014.

73. Yildirim, I., M. Ceyhan, A. B. Cengiz,  
A. Bagdat, C. Barin, T. Kutluk, and D. Gur. 
2008. A prospective comparative study of 
the relationship between different types of 
ring and microbial hand colonization among 
pediatric intensive care unit nurses. Int. J. 
Nurs. Stud. 45:1572–1576.




