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the subgroups.

more likely to clean their hands.

[West J Emerg Med. 2015;16(5):727-735.]

Introduction: Hand hygiene is an important component of infection control efforts. Our primary and
secondary goals were to determine the reported rates of hand washing and stethoscope cleaning in
emergency medical services (EMS) workers, respectively.

Methods: We designed a survey about hand hygiene practices. The survey was distributed to
various national EMS organizations through e-mail. Descriptive statistics were calculated for

survey items (responses on a Likert scale) and subpopulations of survey respondents to identify
relationships between variables. We used analysis of variance to test differences in means between

Results: There were 1,494 responses. Overall, reported hand hygiene practices were poor among
pre-hospital providers in all clinical situations. Women reported that they washed their hands more
frequently than men overall, although the differences were unlikely to be clinically significant.
Hygiene after invasive procedures was reported to be poor. The presence of available hand sanitizer
in the ambulance did not improve reported hygiene rates but improved reported rates of cleaning

the stethoscope (absolute difference 0.4, p=0.0003). Providers who brought their own sanitizer were

Conclusion: Reported hand hygiene is poor amongst pre-hospital providers. There is a need for
future intervention to improve reported performance in pre-hospital provider hand washing.

INTRODUCTION

Healthcare worker compliance with hand hygiene remains
a pervasive problem in medicine. Physicians have notoriously
poor compliance.'? The lack of hand hygiene compliance
results in transmission of community-acquired and hospital-
acquired microorganisms between both patients and providers,
which can lead to nosocomial infections. Unfortunately,
compliance remains stubbornly low despite efforts to change.
While poor hand hygiene is prevalent in the hospital, these
behaviors may also be similar among pre-hospital providers.
However, hygienic behavior has been infrequently studied in
the pre-hospital healthcare worker population despite the fact

that it is a key part of the healthcare system

Pre-hospital emergency care inherently increases the
risks of spreading infection. Pre-hospital providers often have
contact with multiple patients per day, with varying conditions
and states of immunocompetence. Hand washing compliance
among pre-hospital providers has not been studied in the
United States. Emergency medical technicians and paramedics
frequently come into contact with patients in their homes or
other social environments. Their unique role and practice
environment could permit the transmission of a high burden
of nosocomial inocula to patients or introduce community-
acquired infections into the hospital.
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A 2011 study identified that patients who were treated
and transported by Advanced Life Support (ALS) paramedics
had a higher rate of nosocomial infection than patients not
transported by ALS. While this study was a retrospective
review of admitted patients, ALS transport was associated
with an odds ratio (OR) of 1.42 for suffering from a
nosocomial infection, compared to patients with community-
acquired infections.* Admittedly, there may be a bias that ALS
transported more ill patients who may be at risk of nosocomial
infection at baseline.

Since emergency medical services (EMS) providers also
operate the ambulance, there are many places for ambulance
and personal equipment to become contaminated. One
German study found that the highest areas of contamination
were blood pressure cuffs, stethoscopes and the hand-washing
area (not found on U.S., ambulances).’ Disposing of multi-use
items may quickly prove cost prohibitive when considering
the high volume of emergency service calls in many systems.

Moreover, there is room for improvement within EMS
providers’ hand hygiene practices as well as ambulance and
equipment cleaning. Merlin et al. found that 32% (16/50) of
the stethoscopes used in a single EMS agency (providing both
basic and ALS) grew methicillin-resistant Staphylococcus
aureus (MRSA), and that 32% (16/50) of employees did not
know the last time they had cleaned their stethoscopes. It also
found that time from last cleaning was significantly associated
with an increased chance of culturing MRSA (OR 1.86).°

Studying EMS worker hand hygiene practices is important
for several reasons. Determining the rates of pre-hospital hand
hygiene will help medical directors and educators develop
policies to increase awareness and identify shortcomings in
pre-hospital hygiene. It may also help identify obstacles to hand
hygiene that prevent EMS providers from cleaning their hands
adequately. It could help reduce transmission of microorganisms
between patients and EMS providers and prevent contamination
of equipment that patients frequently come into contact with,
such as backboards, cervical collars, blood pressure cuffs,
stethoscopes and other patient transport devices.

Our primary goal is to determine the rates of hand hygiene
practices in a broad spectrum of EMS healthcare providers
across a variety of clinical situations. Our secondary goal is to
show the rates of providers’ stethoscope cleaning. We expect
our results to lead to further investigation of obstacles and
potential solutions to the problem of infection control in the
EMS setting.

METHODS

We designed an online survey distributed to EMS
providers with questions about demographics and
hand hygiene practices. The survey was sent to various
organizations through a standardized e-mail that explained
the purpose of the study, our goals, the length of the study
and a link to the online survey (Appendix A). We used a
convenience sample of EMS providers across a range of

organizations to achieve a varied group (Appendix B).

Since the survey was sent out to large organizations for
them to send to their distribution lists on a voluntary basis, we
are unable to calculate a response rate.

The survey was designed to inquire about hand hygiene
practices during different points of an EMS run, including
prior to arrival at the scene, during patient treatment and after
patient transfer. It was reviewed by all study members prior
to distribution. The survey was screened by several EMS
healthcare providers prior to generalized distribution in order
to assess for appropriateness. Their feedback was incorporated
into the survey in terms of the question inclusion, design and
answer choices.

The survey received institutional review board approval at
our institution.

We calculated frequencies as well as means with standard
deviations (SDs) for each item on the survey. Means for
hygiene items (responses ranged on a Likert scale from
1=Never to 5=Every time) were calculated for each subgroup.
We defined subgroups by gender, age, level of training,
whether paid/volunteer/both, years of experience, hygiene
training, Body Substance Isolation (BSI) training, whether
or not there was sanitizer in the ambulance or ambulance
station, and the provider having his or her own sanitizer.
Analysis of variance (ANOVA) was used to test differences in
means between the subgroups. We used multivariate analysis
of variance (MANOVA) to examine whether the cleaning
responses were collectively different by subgroup. In these
models, we included only a single predictor at a time.

Multivariable linear models were used to examine
which predictors uniquely contributed to each response. In
particular, we used a backwards stepwise regression model
with all variables, with p-values greater than 0.05 eliminated
from the model. Note that due to the large sample size and
a desire to avoid over-fitting, we chose to use a strict alpha
value (0.05) for the exit criteria. Also, note that in order to
maintain comparability between models, only observations
with data for all participant characteristics were included in
these linear models.

We used proportional odds modeling as a means to
determine the correct predictors for a multivariable model.
Since results were similar to those obtained from the standard
linear modeling, results are further described.

Physicians who responded were all EMS physicians
who provided some pre-hospital supervision, education and
administrative duties of the organization. The exact amount of
pre-hospital patient contact was not investigated.

RESULTS

There were 1,494 survey respondents. Overall frequencies
(percentages) as well as means with SDs are presented
in Figure 1. Mean responses stratified by participant
characteristics are presented in Figure 2, along with p-values
for differences between the subgroups, 95% confidence
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Responses
Variable Male Female Mean (SD)
Gender 1,073 (72%) 421 (28%)
18-29 30-39 40-49 50-59 60+
Age 416 (28%) 360 (24%) 367 (25%) 249 (17%) 104 (7%)
First responder EMT AEMT Paramedic Physician
Training 41 (3%) 667 (45%) 64 (4%) 705 (47%) 16 (1%)
Volunteer Paid Both
Paid/volunteer 386 (26%) 810 (56%) 272 (18%)
1-5 6-10 10-19 20-29 30+
Years of 366 (25%) 256 (17%) 447 (30%) 276 (18%) 155 (10%)
experience
Once Multiple Never
BBP training 129 (9%) 1,336 (89%) 26 (2%)
Once Multiple Never
BSI training 106 (7%) 1,370 (92%) 14 (1%)
Yes No
Sanitizer in 1,387 (94%) 95 (6%)
ambulance
Yes No
Sanitizer in 1,365 (92%) 126 (8%)
station
Yes No
Brings own 380 (25%) 1,113 (75%)
sanitizer
Never Rarely Sometimes Most of the time Every time
g;f:‘e:f before 175 (12%) 394 (26%) 343 (23%) 394 (26%) 190 (13%) 3.0 (1.2)
Cleans after o o o o o
ki contact 21 (1%) 66 (4%) 165 (11%) 430 (29%) 813 (54%) 4.3(0.9)
Cleans when
oot i hos 2 (<1%) 6 (<1%) 76 (5%) 412 (28%) 997 (67%) 4.6 (0.6)
Uses gloves 1(<1%) 16 (1%) 167 (11%) 522 (35%) 779 (52%) 4.4(0.7)
Uses gloves o o o o o
with equipment 40 (3%) 252 (17%) 579 (39%) 454 (31%) 159 (11%) 3.3(1.0)
Cleans
after using 28 (2%) 199 (13%) 435 (24%) 492 (33%) 332 (22%) 3.6 (1.0)
equipment
dCr'fl?:; after 134 (9%) 341 (23%) 397 (27%) 329 (22%) 264 (18%) 3.2(1.2)
Cleans after
invasive 228 (16%) 273 (19%) 227 (16%) 218 (16%) 456 (33%) 3.3 (1.5)
procedures
Cleans 99 (7%) 223 (16%) 490 (34%) 426 (30%) 186 (13%) 3.3 (1.1)
stethoscope ’ ’

Figure 1. Frequencies (percentages) and means (standard deviations, SDs) for participant characteristics and responses of emergency
medical services personnel in hand hygiene study.
EMT, emergency medical technician; AEMT, advanced emergency medical technician; BS/, body substance isolation; BBP, blood

borne pathogens
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Responses
Variable Male Female Mean (SD)
Soap Sanitizer Do not clean after
Cleans after
hands visibly 1258 (84%) 239 (16%)
contaminated
Soap Sanitizer No preference
Soap or
Sanitizer 1059 (71%) 255 (17%) 185 (12%)
preference
Yes No | don’t know
Must use soap o o o
with Gl illness 839 (56%) 534 (36%) 124 (8%)
Figure 1. Continued.
Response
Clean Clean Clean Gloves | Gloves | Clean after | Clean Clean Stethoscope
Responder characteristic | before after after supplies | equipment | driving invasive
contact | skin over procedures
Gender Male 29(1.2) |43 4.6(0.6) | 4.4(0.8)|3.3(1.0) | 3.6 (1.0) 3.1(1.2) [3.2(1.5) 3.2(1.1)
2.9,3.0 [(0.9) 45,46 (43,44 132,33 [3.5,36 3.0,32 [3.1,33 3.1,3.3
1071 42,43 (1068 1064 1064 1065 1060 1018 1022
1071
Female 32(1.2) |44 4.7 (0.5) | 4.4(0.7) | 3.4 (0.9) [ 3.7 (1.1) 3.3(1.3) [3.6(1.5) 3.4 (1.1)
3.1,3.3 [(0.9) 47,48 |4.4,45 |3.3,35 [3.6,3.8 32,34 |[3.4,37 3.3,35
419 43,45 419 415 415 415 399 378 396
418
MANOVA <0.0001 | 0.0038 | <0.0001 |0.29 0.052 0.22 0.0057 <0.0001 0.0010
p<0.0001
Figure 2. Mean response (standard deviations) stratified by responder characteristics, followed by the 95% confidence interval in the

2nd line, and the absolute number of responses in the 3rd line, per response category. P-values (in italics) are included to test for dif-
ferences in means of individual responses based on responder characteristic. Multivariate analysis of variance (MANOVA) p-values
test whether there is a measurable collective difference over all responses.

MANOVA, multivariate analysis of variance

intervals (CI) and the absolute number of responses.

Women reported that they were significantly more
likely to clean their hands across almost every category,
especially before patient contact and after performing
invasive procedures (p<0.0001 for both). The largest gender
difference in reported hand hygiene was seen after invasive
procedures, with a mean difference on the Likert scale of
0.4 (Males, 95% CI [3.1-3.3]; Females, 95% CI [3.4-3.7])
Overall, women were reportedly more likely to clean their
hands in almost every single situation in the survey; absolute
differences were small and ranged from 0.1-0.2, and may
not be clinically significant.

Increased respondent age was also associated with
significantly higher likelihood of reported hand hygiene.
Specifically, those 60 years of age or older stated that they

were more likely to clean their hands before patient contact,
after driving the ambulance and after performing invasive
procedures, as opposed to all of the age groups below them
(p<0.0001 for all three). The difference on the Likert scale
for the three aforementioned situations are 0.5, 0.7, and 0.6
respectively, which suggests a clinical difference.

Level of training and years of experience did not provide
many clear relationships regarding hand hygiene practices.
However, contrary to most studies performed in the in-hospital
environment, EMS physicians were found to clean their hands
significantly more than most other groups, specifically in
the before patient contact category (largest difference of 1.1,
p<0.0001) and after invasive procedures (largest difference of
1.3, p<0.0001). Although the absolute numbers of physician
responses was low, it maintained statistical significance.
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Age 18-29 29(1.1) [4.3 4.5(0.7) | 4.4 (0.7) [ 3.3(1.0) | 3.4 (1.1) 2.8(1.2) |3.4(1.5) 3.2(1.1)
2.8,3.0 [(0.9) 44,46 143,45 [3.2,34 |33,35 27,29 132,35 3.1,3.3
416 42,44 1415 411 413 414 401 391 399
416
30-39 29(1.3) [4.3 4.6 (0.6) | 4.4(0.7) [ 3.3(0.9) | 3.7 (1.0) 3.2(1.2) |3.0(1.5) 3.3(1.0)
2.8,3.0 [(0.9) 45,46 143,45 [3.3,34 |3.6,38 31,33 [29,32 3.2,34
360 42,44 |358 357 358 356 357 349 346
360
40-49 3.1(1.2) |43 4.7 (0.6) | 4.4 (0.7) | 3.3 (0.9) | 3.7 (1.0) 3.3(1.1) [3.1(1.5) 3.2(1.1)
29,32 |(1.0) 46,47 143,45 |3.2,34 |3.6,38 32,35 (29,33 3.1,3.3
365 42,44 |364 364 362 364 364 351 347
366
50-59 32(1.2) |44 4.7 (0.6) | 4.4 (0.7) [ 3.3(1.0) | 3.7 (1.1) 3.3(1.2) |3.5(1.5) 3.3(1.1)
31,34 [(1.0) 46,48 143,45 [3.2,34 |36,38 32,35 |[33,37 3.1,34
247 42,45 |248 246 247 246 242 219 231
245
60+ 34(1.3) |44 4.7 (0.5) 1 4.3(0.7) [ 3.1 (1.0) | 3.5(1.0) 3.5(1.0) [4.0(1.3) 34(1.1)
3.1,36 [(0.9) 46,48 142,45 [29,33 |33,37 32,37 |[3.7,42 3.2,3.6
104 42,46 | 104 103 100 102 98 88 97
104
MANOVA <0.0001 | 0.47 <0.0001 | 0.73 0.091 <0.0001 <0.0001 | <0.0001 0.44
p<0.0001
Training First 32(1.2) |46 4.7 (0.6) | 4.6 (0.6) [ 3.6 (1.1) | 3.9 (1.0) 3.3(1.5) |4.2(1.2) 3.5(1.2)
responder |[2.8,3.6 |[(0.8) 45,49 |44,48 [3.2,39 |3.6,4.2 28,37 |38,47 3.1,4.0
41 43,48 |41 40 41 40 40 33 33
41
EMT 3.0(1.2) [4.3 4.6 (0.6) | 4.4(0.7)3.3(1.0) | 3.5(1.1) 3.2(1.2) [3.5(1.5) 3.2(1.1)
29,31 [(0.9) 46,47 143,45 [32,34 |34,36 31,33 |34,37 3.1,3.3
665 4.3,4.4 | 664 662 658 661 641 591 632
664
AEMT 36(1.3) (45 4.7 (0.6) | 4.6 (0.6) [ 3.5(0.9) | 4.1 (0.9) 35(1.3) |3.7(1.4) 3.5(1.1)
3.3,39 [(0.9) 45,48 |144,47 [3.3,38 |3.9,43 3.1,38 |[34,4.1 3.3,3.8
64 42,47 |64 63 64 62 63 62 64
64
Paramedic | 3.0 (1.2) | 4.2 4.6 (0.6) | 4.4(0.8)|3.3(0.9) |3.7(1.0) 3.1(1.2) |3.0(1.4) 3.3(1.0)
2.9,3.1 [(0.9) 45,46 143,44 32,33 |36,37 31,32 |29 3.1 3.2,34
704 42,43 1702 699 700 701 700 696 674
704
Physician 4.1(1.0) | 4.3 4.7 (0.6) | 4.1(1.0) | 3.4 (1.0) | 3.8 (1.1) 3.1(1.3) [43(1.1) 3.7 (1.0)
35,46 [(0.8) 4.3,5.0 |135,46 [28,39 |3.2,44 23,38 37,49 32,43
15 3.8,4.7 |15 15 14 15 14 15 15
15
MANOVA <0.0001 | 0.078 |0.50 0.019 0.087 <0.0001 0.39 <0.0001 0.022
p<0.0001
Figure 2. Continued.

EMT, emergency medical technician; AEMT, advanced emergency medical technician; MANOVA, multivariate analysis of variance

Paid EMS providers were slightly more likely to report
hand hygiene after using equipment, whereas volunteer EMS
providers were more likely to report they cleaned their hands
after invasive procedures. However, neither of these findings
is likely to be clinically significant.

Surprisingly, the presence of hand sanitizer in the
ambulance did not make a difference in hand hygiene, except
it slightly increased the likelihood of providers cleaning
their stethoscopes (p=0.041). However, the presence of hand

sanitizer in the ambulance bay was significantly associated with
reported increased hand hygiene before patient contact (absolute
difference 0.5, p=0.0001) and cleaning the stethoscope (absolute
difference 0.4, p=0.0003). This may imply that the availability
of cleaning agents just prior to being dispatched may increase
hand hygiene compliance. This could be a subtle but important
outcome, given our previous finding.

Providers who brought their own hand sanitizer were more
likely to clean their hands before patient contact (absolute
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Status Volunteer 3.1(1.2) |43 4.7 (0.6) | 4.3(0.7) | 3.3(1.0) [ 3.4 (1.1) 3.1(1.3) [3.7(1.5) 3.1(1.2)
29,32 |[(0.9) 46,47 |43,44 132,34 |[3.3,35 3.0,33 [3.5,38 3.0,3.2
386 42,44 (383 380 379 380 360 325 326
384
Paid 3.0(1.3) |43 4.6 (0.6) | 4.4(0.7) | 3.3(0.9) | 3.7 (1.0) 3.2(1.2) [3.1(1.5) 3.3(1.1)
29,31 |[(0.9) 45,46 |44,45 133,34 [3.6,3.8 3.1,33 [3.0,32 32,34
816 42,44 (816 812 813 817 812 795 779
817
Both 3.1(1.1) |42 4.6 (0.6) | 4.3(0.8)|3.2(0.9) [3.5(1.0) 3.1(1.2) [3.3(1.4) 3.4 (1.0)
29,32 |[(0.9) 45,46 |42,44 131,33 [3.4,36 3.0,33 [3.1,35 32,35
271 4.1,4.3 | 271 270 270 266 270 259 267
271
MANOVA 0.32 0.35 0.15 0.042 0.22 <0.0001 0.81 <0.0001 0.010
p<0.0001
Years 1-5 3.0(1.2) |44 45(0.7) | 4.6 (0.6) | 3.5(1.0) [ 3.5(1.1) 3.0(1.3) [3.7(1.5) 3.2(1.2)
experience 29,32 |[(0.9) 45,46 |45,46 |34,36 [3.4,36 29,32 |[35,38 3.1,3.3
364 4.3,4.5 | 365 362 362 363 346 335 348
365
6-10 29(1.2) |42 4.5(0.6) | 4.4(0.7) | 3.3(1.0) [ 3.5(1.0) 3.1(1.2) [3.1(1.6) 3.4 (1.1)
2.8,3.1 |[(0.9) 45,46 |44,45 132,34 (34,36 29,32 (29,33 32,35
255 4.1,4.3 | 255 254 255 255 251 238 245
256
10-19 29(1.2) |42 4.6 (0.6) | 4.3(0.7)|3.3(0.9) 3.7 (1.0) 3.2(1.2) [3.1(1.4) 3.3(1.1)
2.8,3.0 |[(1.0) 46,47 |43,44 132,33 [3.6,38 3.1,33 [3.0,3.3 32,34
447 4.1,4.3 | 446 442 442 440 441 417 422
444
20-29 3.1(1.2) |43 4.6 (0.6) | 4.2(0.8) | 3.2(0.9) | 3.6 (1.0) 3.3(1.1) [3.2(1.4) 3.2(1.0)
3.0,3.2 [(0.9) 46,47 |41,43 |3.1,3.3 [3.5,37 3.1,34 |[3.0,34 3.0,3.3
275 42,44 (273 273 275 273 274 264 259
275
30+ 3.3(1.2) |43 4.7 (0.5) |4.3(0.7)|3.2(1.1) [ 3.6 (1.1) 3.3(1.3) [3.4(1.5) 3.4 (1.0)
3.1,3.5 |[(1.0) 46,48 |4.2,44 |13.0,3.3 [3.5,38 3.1,35 [3.1,36 3.3,3.6
155 42,45 154 154 150 155 153 148 150
155
MANOVA 0.0025 |0.053 |0.0078 |<0.0001|0.0004 |0.016 0.013 <0.0001 0.043
p<0.0001
Hygiene Yes,once |2.7(1.3) (4.3 45(0.7) |44 (0.7)| 3.3(1.0) | 3.4 (1.12) [3.0(1.3) |3.7(1.5) 29(1.2)
training 25,29 |[(0.9) 44,47 143,46 |3.1,35 [3.2,3.6 28,33 [34,4.0 27,31
129 42,45 (129 127 126 128 120 117 119
129
Yes, 3.1(1.2) |43 4.6 (0.6) | 4.4(0.7) | 3.3(1.0) | 3.6 (1.0) 3.2(1.2) [3.2(1.5) 3.3(1.1)
multiple 3.0,3.1 [(0.9) 46,46 |43,44 132,33 |[3.6,3.7 3.1,33 [3.2,33 3.3,34
times 1333 4.2,4.3 1329 1324 1325 1324 1313 1255 1273
1331
No 27(1.3) |46 4.3(0.8) | 4.5(0.6) | 3.3(0.8) [3.2(1.1) 29(1.4) [3.4(1.6) 2.6 (1.3)
22,32 |(0.6) 40,47 (42,47 129,36 |[2.8,3.6 23,35 (27,41 21,32
26 43,48 |26 26 25 25 24 22 25
26
Figure 2. Continued.
MANOVA, multivariate analysis of variance
difference 0.6), after using equipment (absolute difference DISCUSSION

0.3), driving (absolute difference 0.3) (p<0.0001 for all three),
or performing invasive procedures (absolute difference 0.3,
p=0.0003). They also reported they were more likely to clean
their own stethoscope (absolute difference 0.6, p< 0.0001).

Our study represents the largest study to date of EMS
personnel and hand hygiene. While only a few studies have
investigated hand hygiene and infections in the pre-hospital
environment, historically, compliance has been poor among
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MANOVA 0.0064 |0.27 0.043 0.55 0.97 0.014 0.18 0.013 <0.0001
p<0.0001
BSI Yes,once |2.6(1.2) |4.3 45(0.7) | 45(0.7) | 3.2(1.0) [ 3.3(1.1) 3.0(1.4) [3.6(1.5) 2.8 (1.1)
training 2.3,2.8 [(1.0) 44,46 143,46 |3.0,34 |3.1,35 27,33 |3.3,39 2.6,3.0
106 41,45 (106 103 105 105 98 93 99
106
Yes, 3.1(1.2) |43 4.6(0.6) |4.4(0.7)|3.3(1.0) [ 3.6 (1.0) 3.2(1.2) [3.3(1.5) 3.3(1.1)
multiple 3.0,3.1 [(0.9) 46,47 |43,44 |33,34 |36,37 3.1,33 [3.2,33 3.3,34
times 1366 43,44 (1363 1355 1355 1358 1343 1289 1304
1365
No 2.9(1.3) |4.3 4.1(0.9)|4.4(0.6)]|3.2(1.1) [3.1(1.3) 2.6 (1.5) [3.4(1.6) 2.6 (1.5)
21,36 |[(0.7) 36,47 (41,48 126,38 [23,3.8 18,35 |23,44 1.6,3.5
14 3.9,4.7 (14 14 14 14 14 1 12
14
MANOVA | 0.0004 0.99 0.0017 0.53 0.58 0.0004 0.097 0.089 <0.0001
p<0.0001
Soap in Yes 3.0(1.2) |4.3 4.6 (0.6) | 4.4(0.7)| 3.3(1.0) | 3.6 (1.0) 3.2(1.2) [3.3(1.5) 3.3(1.1)
ambulance 3.0,3.1 [(0.9) 46,46 |44,44 |3.2,33 |3.6,37 3.1,32 [3.2,34 3.2,3.3
1385 4.3,4.4 | 1381 1376 1375 1374 1357 1299 1315
1383
No 2.9(1.2) |41 45(0.7) | 4.4(0.8)|3.2(1.1) [3.5(1.2) 3.0(1.2) [3.4(1.5) 3.0 (1.0)
27,32 [(1.1) 43,46 |42,45 |3.0,34 |3.3,38 27,32 |3.1,37 2.8,3.2
95 3.9,44 |95 93 94 95 94 90 93
95
MANOVA 0.41 0.076 |0.014 0.87 0.42 0.58 0.090 0.41 0.041
p=0.19
Soap in Yes 3.1(1.2) |4.3 4.6 (0.6) | 4.4(0.7)|3.3(1.0) [ 3.6 (1.0) 3.2(1.2) [3.3(1.5) 3.3(1.1)
bay/station 3.0,3.1 [(0.9) 46,47 |44,44 |3.3,34 |3.6,37 3.1,33 [3.2,34 3.2,34
1362 4.3,4.4 | 1360 1351 1352 1354 1332 1278 1292
1361
No 2.6(1.2) |4.1 4.4(0.7) | 4.3(0.7)|3.1(1.0) [ 3.3(1.1) 29(1.2) [3.1(1.5) 2.9(1.1)
24,28 |[(1.1) 43,46 (42,45 129,33 |3.1,35 27,31 |29,34 2.7, 3.1
125 3.9,43 [ 124 126 124 124 125 116 124
125
MANOVA 0.0001 | 0.0040 | 0.0009 |0.38 0.043 0.0028 0.016 0.23 0.0003
p=0.0075
Bring own | Yes 3.5(1.2) |44 4.8(0.5)|4.4(0.7)|3.4(1.0) | 3.8(1.0) 34(1.1) [3.5(1.4) 3.7 (1.0)
soap 34,36 [(0.9) 47,48 143,45 |3.3,35 |3.7,39 3.3,36 |34,37 3.6,3.8
350 44,45 (379 377 376 376 374 362 367
379
No 29(1.2) |43 4.6(0.6)|4.4(0.7)|3.3(1.0) [3.5(1.0) 3.1(1.2) [3.2(1.5) 3.1(1.1)
28,29 [(0.9) 45,46 143,44 132,33 |3.5,36 3.0,3.1 |3.1,33 3.1,3.2
1109 42,43 (1107 1101 1101 1103 1085 1034 1050
1109
MANOVA <0.0001 | 0.0005 | <0.0001 | 0.39 0.21 <0.0001 <0.0001 | 0.0003 <0.0001
p<0.0001

Figure 2. Continued.
MANOVA, multivariate analysis of variance

healthcare providers. Despite simple solutions like alcohol gels,
hand hygiene in the healthcare environment remains a concern.
Our study echoes a previous finding that women were
reportedly more likely to clean their hands.’
The fact that older respondents reported that they were
more likely to wash their hands was an unexpected finding,
given the time spent on education for newer healthcare

providers about the importance of BSI and the more
contemporary, ubiquitous glove use. The recent push by the
Centers for Disease Control and Medicare for prevention
of infection by hand hygiene may not have had the desired
effect on the younger population. Confusingly, other studies
have shown that more experienced providers are actually
less likely to clean their hands.® Perhaps the providers’
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unique setting in EMS has led them to clean their hands
more because they perform more frequent procedures. This
result may inform the development of future education for
hand hygiene.

The increased likelihood of physicians to report
they cleaned their hands may both reflect the education
physicians receive on the importance of hand hygiene
for the prevention of disease transmission both to and
from the patient, as well as physicians’ direct interaction
with known healthcare-acquired infections. Furthermore,
sterile technique procedural education may have played
a role. Finally, at least in the United States, their direct
participation in field EMS is relatively uncommon outside
of the educational arena. The specific situations requiring
their involvement may be more likely to be more associated
with more ill patients requiring procedures.

Providers who did not experience hand hygiene or
BSI training reported they were less likely to clean their
stethoscopes than those who had experienced it once or
multiple times (p<0.0001). This may be a direct relationship
between the amounts of training received and how often
providers clean their stethoscopes. This is an important
finding, since Merlin, et al. found a significant number of
paramedics’ stethoscopes were colonized with MRSA.® An
increased rate of stethoscope cleaning could potentially lead
to a decreased level of MRSA and other nosocomial infection
transmission. This is an area where further research is required
to identify a causal rather than associative relationship
between infection training and stethoscope cleaning.

Consideration could be given to supplying each EMS
provider with personal hand sanitizer, as it appears to be
associated with increased reported hand hygiene. This is an
inexpensive and potentially positive intervention, and should
prompt further research.

We expected the increased availability of sanitizer in the
ambulance to make a difference in hand hygiene due to its
proximity to the EMS providers and ease of access. In-hospital
studies have shown that the placement of gel dispensers has
increased the compliance with hand hygiene.’!! Therefore, our
finding deserves further study on the effects of having hand
sanitizer easily available in the ambulance.

There were several concerning findings in this study that
require further discussion. Nearly 10% of the respondents either
only received blood borne pathogens training or BSI training
once or never in their training. This is alarming, given the
importance of infection prevention, and when combined with
the trend seen in the study, future educational efforts on hand
hygiene behavior might have a significant impact.

The reported compliance in situations involving invasive
procedures was very concerning. Only 33% reported that
they clean their hands after invasive procedures, and 16%
reported that the never clean after invasive procedures.
Despite the education efforts addressing hygiene, this is a
troubling finding, which can potentially increase the risk of

disease transmission. In the setting of pre-hospital medicine,
with invasive procedures being performed in a non-sterile
environment, such as the outdoors, or done in the moving
environment of the back of an ambulance, the potential for
an exposure significantly increases. Future efforts should

be targeted to address this issue, such as supplying personal
sanitizer to providers.

In addition, only 56% of the respondents knew that after
treating patients with gastrointestinal illnesses, hand washing
should occur with soap and water, due to pathogens that are
not killed by alcohol-based sanitizers, such as Clostridium
difficile and Norwalk virus.'>Only 52% of respondents
reported that they use gloves with every patient contact.
Likewise, only 33% of respondents reported that they cleaned
their hands after performing invasive procedures; however,
this statistic may be skewed due to the lack of available hand
hygiene supplies in the ambulance.

Only 13% reported cleaning their stethoscopes, which is
concerning, given the above mentioned study by Merlin et al.
about the presence of MRSA on paramedics’ stethoscopes.

Furthermore, only 13% reported cleaning their hands
before patient contact. These are all troubling findings, and
they identify areas where further education can provide direct
results and increase hygiene compliance in these situations.

LIMITATIONS

We acknowledge several limitations in our study. First,
despite our large number of completed surveys, we used a
convenience sample so there may have been a selection bias,
in that those who chose to respond felt a personal interest, and
therefore may have been more likely to over-estimate their
hand hygiene practices. Likewise, we used self-report rather
than direct observation of cleaning practices which may also
have over-estimated the prevalence of hand hygiene. However,
since both of these would be expected to skew the results in an
over-estimate of actual practice, the areas of concern identified
remain striking. Furthermore, we are unable to calculate a
response rate due to the method of distribution of the study.

It would be resource intensive and impractical to
employ a better methodology to study this topic, such as
direct observation. Providing observers to be present on all
of the ambulances, or a small selection of ambulances, is
time consuming, requires a large amount of resources and is
impractical as ambulances do not contain extra space and are
cramped to operate in. Likewise, bias may be introduced if the
EMS workers realize that they are having their hand washing
practices observed, which may lead to a Hawthorne effect.

We note inherent difficulties similar to all retrospective
studies in that there may have been recall bias and the
findings may only represent an association rather than causal
relationship. For example, providers who carry their own
hand sanitizer may be particularly attuned to hygiene, and it
may not therefore be true that simply issuing sanitizer to all
providers will improve hygiene practices for all providers. We
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also recognize that some of the associations identified may be

Similarly, although many of the results were statistically
significant, due to the small absolute difference between
the answers, they may not be clinically significant. Also,

there may have been geographic bias. While the survey was 2

distributed nationally, we did not know in which area of the
country our respondents were practicing. In addition, the
response rate per organization is not known.

CONCLUSION
Our study represents the largest study to date examining
the relationship between EMS providers and hand hygiene.
Hand hygiene was reportedly poor overall. Two areas
that require further investigation, based on the reportedly poor
cleaning, are education on hand hygiene for providers, as well
as supplying providers with individual bottles of hand sanitizer.
In addition, future education should focus on the importance of
cleaning the providers’ stethoscopes, washing hands after any
patient contact and the proper technique to clean after exposure

to patients with gastrointestinal illness, as these were areas of 6.

reportedly poor performance. In an era focused on prevention
of disease transmission not only from patient to provider,

but provider to patient, this information offers a first step in 7.

identifying the problems with EMS provider hygiene, and
should prompt more research in this area in order to increase

compliance and improve infection rates. 3.
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