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ARTICLE INFO SUMMARY
Article history: Background: Since hand hygiene might prevent the risk of bacterial transmission from
Received 3 August 2018 healthcare personnel attire (HCPA), the present study investigates the effect of alcohol-
Accepted 22 October 2018 based hand rub (ABHR) use on bacterial load and pathogenic species on HCPA.
Available online 26 October Methods: HCPA from doctors and nurses was investigated for bacterial contamination post
2018 duty. Samples from distinct areas of HCPA were obtained and analysed for bacterial load
and species. A standardized questionnaire was performed regarding time of duty and
Keywords: profession, and ABHR from each ward was calculated according to a national standard.
Personnel attire Findings: Bacterial load on HCPA (700 samples from 200 HCPA) was found to be up to four-
Bacterial load fold higher when wearing for more than one shift. Moreover, doctors had a lower bacterial
Hand-rub use load on attire compared to nurses. In a multivariate linear regression model, negative
Profession correlations with bacterial load on HCPA were found for ABHR (¢t = —2.080, P = 0.0379) and
Time of duty being a doctor (t = —6.009, P < 0.0001), and a positive correlation for the time of duty
— (t = 10.572; P < 0.0001). Detection of Staphylococcus aureus as the most prominent
L, pathogen found on HCPA was influenced by the time of duty (odds ratio: 3.27; 95% con-
e fidence interval: 1.93—5.72; P < 0.0001) but not by ABHR (1.22; 0.30—3.42).
Conclusion: ABHR, profession, and time of duty significantly affect the bacterial load on
HCPA. Since the time of duty has the strongest impact on bacterial load, a daily change of
HCPA is recommended.
© 2018 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction It becomes even more significant as multidrug-resistant mi-

crobes emerge as a growing threat to hospital healthcare. Hand

It is universally acknowledged that hand hygiene is one of ~ hygiene compliance can be evaluated by direct observation
the most cost-effective methods for the prevention of following the World Health Organization’s five moments for
healthcare-associated infections by healthcare workers [1,2].  hand hygiene, which are considered as the reference standard
[3]. However, triggered by the Hawthorne effect, a >60%
overestimation of hand hygiene compliance was suggested
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tool seems to be a useful method to characterize the fre-
quencies of hand hygiene action and is independent of a
Hawthorne effect [5].

An increase in alcoholic hand-rub consumption is associated
with a decrease in patient incidences of multidrug-resistant
bacteria and may also protect healthcare personnel from
colonization with hospital pathogens such as Staphylococcus
aureus [6,7]. With regard to S. aureus, nasal carriage and
environmental colonization seem to be a potential risk for
patient transmission [8]. Thus healthcare personnel attire
(HCPA) may also serve as an ‘environmental’ vector for
pathogen cross-transmission. However, only sparse data exist
to estimate the risk of HCPA on transmission, and the impact of
hand hygiene on the bacterial colonization of HCPA has not
been investigated so far [9].

The present study aimed to investigate the importance of
hand hygiene on the bacterial load and pathogenic species on
HCPA of normal care staff in a tertiary care hospital in Ger-
many: the study focused on the effect of alcohol hand-rub use
together with influential factors such as profession and time of
duty. Data on hand-rub consumption were obtained according
to the guidelines of the German national ‘Clean Hands’
campaign (‘Aktion Saubere Hande’) and the protocol of HAND-
KISS, an alcohol-based hand-rub consumption surveillance at
the level of wards or functional areas [10].

Methods
Study design; inclusion and exclusion criteria

The present prospective, single-centre, observational study
was performed within a tertiary care hospital (45,000 in-
patients per year) in Germany. Bacterial loads from HCPA were
obtained from nurses and doctors working in adult and paedi-
atric inpatient wards.

Staff from intensive care units, intermediate care units, and
from outpatient areas were excluded from the study.

Standardized questionnaire

A standardized questionnaire was used to gain information
about the profession of study participants (nurse or doctor/
working on a surgical ward or medical ward/care for adults or
children), type of routine work at the wards (examination of
patients, routine care such as washing of patients) and how
long personnel attire was used (one shift normally 8 h, two
shifts, or longer). Participation in the study was voluntary.

Use of healthcare personnel attire

The hospital-wide HCPA policy includes the recommenda-
tion to change personnel attire (i) routinely after two shifts,
and (ii) immediately after an obvious contamination. Staff
require additional protective clothing and gloves when having
direct contact with an infectious patient, a patient colonized
with multidrug-resistant microbes, and patients with open
wounds. The work-wear policy in the study hospital does not
recommend short sleeves for doctors since the evidence
regarding short sleeves and infection prevention is uncertain.

Used personnel attire was laundered (chemothermally) by a
professional external laundry service according to the official
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Figure 1. Sampling sites for bacterial load on nurses’ and doctors’
attire: samples were obtained from front (1), coat pocket (2),
front pocket (3) and sleeves (4; sleeves were only sampled from
doctors’ attire).

@

recommendation of the German Healthcare Services, then
transported to the hospital in closed boxes and stored dust-free
until use [11]. Maximum storing time of freshly laundered HCPA
was one week.

Table |
Characteristics of participating medical wards (N = 22)?

Ward Surgery (S)/  Children/adult Alcohol No. of

no. non-surgery wards hand-rub use participants
(Non-S) wards (mL/patient-  (nurses/
days) doctors)

1 Non-S Adults 30 5/4

2 Non-S Adults 36 5/5

3 Non-S Adults 36 10/2

4 S Adults 39 0/1

5 S Adults 39 17/4

6 S Adults 36 5/7

7 Non-S Adults 27 4/8

8 Non-S Adults 48 8/12
9 Non-S Adults 45 4/2
10 Non-S Adults 45 0/3
11 S Adults 36 12/7
12 S Adults 36 9/2
13 S Adults 33 9/9
14 S Adults 33 0/1
15 S Adults 51 12/14
16 S Adults/children 36 0/2
17 S Adults 36 0/2
18 Non-S Adults 51 0/2
19 Non-S Adults 42 0/1
20 Non-S Children 84 0/6
21 S Children 48 0/4
22 S Adults 27 0/2

@ Quality of hand hygiene for each medical ward was calculated ac-
cording to the national KISS protocol and the ‘Aktion Saubere Hande’
[10].
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Sampling for bacterial load

Sampling for bacterial load was performed by using RODAC
contact plates (diameter 5 cm; area 25 cm?) according to the
manufacturer’s instructions (Oxoid, Basingstoke, UK). Stan-
dardized sampling sets of three (nurses) or four (doctors) areas
of each HCPA (front pocket/coat pocket/front and sleeve (only
doctors)) was performed at the end of the 8 h shift by one
investigator (Figure 1). After overnight incubation at 37°C,
plates were analysed for bacterial load (results were given as
colony-forming units (cfu)/plate), and different colonies were
identified by matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry in the in-house microbiology
laboratory.

To exclude significant bacterial contamination of HCPA
before use, randomly selected HCPA were sampled according
to the standard sampling procedure (see above) at the central
output of the hospital laundry storage.

Quality of hand hygiene

The entire hospital is participating in the national surveil-
lance of hand hygiene compliance organized by the National
Reference Center for the Surveillance of Nosocomial Infections
at the Institute for Hygiene and Environmental Medicine
Charité — University Medicine Berlin. According to a stan-
dardized protocol, hand hygiene action was calculated from
total alcohol hand-rub use (ABHR) per unit in relation to
patient-days and used as a surrogate marker for hand hygiene
quality [12]. The national surveillance for better hand-hygiene
compliance includes: (i) the German nationwide ‘Clean Hands’
campaign (“Aktion Saubere Hande”), which contributes to
improved hand hygiene compliance by recommendations; and
(ii) the alcohol-based hand-rub consumption surveillance at
the level of wards or functional areas (HAND-KISS).

Statistics

Statistical analysis was performed with the open source
software R. Bacterial load was always considered on a decimal
logarithmic scale. An increment of one was added to all bac-
terial load values before taking the logarithm in order to avoid
logo. Whenever odds ratios were specified, Fisher’s exact test
was performed to compute the corresponding P-value. For the
comparison of bacterial load values, the Welch two-sample t-
test was applied for the comparison of two samples. After the
logarithmic transformation, distributions were not significantly
skewed and the minimum sample size for the t-test was 35, so
that departures from normality would not have a strong effect
on the t-test. Replacement of this test by the Wilcoxon—
Mann—Whitney test yielded similar results. In case of multiple
comparisons, analysis of variance (ANOVA) with post-hoc
Tukey’s honest significance test was applied. For ANOVA,
neither obvious departures from normality nor from variance

homogeneity were observed. The minimum sample size per
group was 99. Values of bacterial load are given as mean
(median, interquartile range (IQR)).

Results

Bacterial load on HCPA with regard to profession, time
of duty, and site of sampling

Data from 700 contact plates from 200 HCPA (100 each from
nurses and doctors) from 22 medical wards were obtained for
statistical calculation (characteristics from participants and
medical wards are given in Table |). Box plots representing
bacterial loads according to sampling sites of HCPA and time of
duty are given in Figure 2A,B. A total of 350 samples (nurses/
doctors: 210/132) were obtained from white coats which were
worn for only one shift, and the same number of samples from
HCPA worn for a second shift (nurses/doctors: 90/268). In both
professions, the median load was at least twice (for doctors
and even three times for nurses) as high at the second shift
when compared to the bacterial load obtained after one shift
of duty (nurses and doctors: P < 0.001, respectively)
(Figure 2A). No differences were found for bacterial load on
HCPA of staff working at surgical or non-surgical wards (data
not shown). Differences were not calculated for adult and
paediatric wards since participants from only two paediatric
wards were included.

Only six out of 350 samples after one shift (1.71%) were
found to be negative for bacterial contamination, and one out
of 350 (0.29%) after a second shift. Data from staff wearing
HCPA for more than two shifts were excluded from statistics
because of low numbers.

Bacterial load from nurses’ HCPA compared to doctors’
HCPA was increased with regard to the time of duty (Figure 2A):
nurses’ coats had a significantly higher bacterial load at the
front site after one shift compared to doctors’ coats (28 cfu/
plate (median: 23; IQR: 23—37) vs 21 (12; 5—29); P = 0.02).
After two shifts, load on coat pockets and front pockets of
nurses’ HCPA was significantly different compared to doctors’
HCPA (coat pocket: 114 cfu/plate (75; 38—146) vs 66 (28;
14—89); P < 0.001 per front pocket: 102 (88; 52—142) vs 86 (46;
14—125); P = 0.009).

Focusing on doctors’ attire, the lowest bacterial load was
observed for sleeves (sleeves compared to front: P = 0.038;
sleeves compared to front pocket: P = 0.005) (Figure 2B);
ANOVA where each of the four locations on doctors’ attires is
considered as one group, P-values were given for the post-hoc
test).

Sampling of HCPA before use (a total of 30 samples from 10
randomly selected HCPA were obtained) showed a nearly ‘zero’
bacterial load from the respective sampling sites without
detecting pathogens (coat pocket/front pocket: 0 cfu/plate,
respectively; front: 1 (0; 0—2)). Sleeves of unused HCPA were
not sampled.

Figure 2. (A) Bacterial load on healthcare personnel attire according to profession (doctors/nurses) and time of duty (one shift/two
shifts). Although for both doctors and nurses bacterial load increased significantly after two shifts of duty compared to one (P < 0.001,
respectively), load was higher on nurses’ compared to doctors’ attire after each shift. (B) Bacterial load on nurses’ (left slide) and
doctors’ (tailored boxes, right slide) attire according to sampling sites and time of duty (white boxes: after one shift; grey boxes: after

two shifts).
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Multivariate linear regression model estimating
bacterial load

From the scatter plot with the regression line (95% confi-
dence interval) shown in Figure 3A, it could be suggested that
the bacterial load decreased with an increase in the quality of
hand disinfection. Each scatter point represents the individual
bacterial load from the sampling sites from staff HCPA, which
were correlated with the corresponding ABHR from the
respective ward where staff worked (ABHR data in Table I).

Indeed, in a multivariate linear regression model including
profession (doctor or not (nurse)), time of duty (one shift of
duty or a second shift), and quality of hand hygiene (ABHR as a
continuous variable), bacterial load is estimated by the pro-
fession (a negative correlation was found for being a doctor;
P < 0.0001), the time of duty (wearing for two shifts was
positively correlated with bacterial load; P < 0.0001), and by
the ABHR (ABHR was negatively correlated; P = 0.0379). Esti-
mate, standard error (SE) and T-value are given in Figure 3B.

Detection of bacterial species on HCPA

With regard to non-pathogenic bacteria, up to 22 different
species could be isolated from different locations on HCPA.
However, mostly coagulase-negative staphylococci spore-
forming Bacillus spp./Paenibacillus spp. and Micrococcus
luteus were found. Ranges of incidences (species per 100
samples) for the most frequent species were given as follows:
S. hominis 0.52—-0.70, S. epidermidis 0.47—0.71 and
S. haemolyticus 0.18—0.36; incidences for Bacillus spp. were
0.27—-0.53, for Paenibacillus spp. 0.15—0.21 and for Micro-
coccus luteus 0.14—0.22.

Focusing on pathogens, S. aureus was the leading species
found on HCPA. Twenty-two out of 350 samples after one shift
of duty (incidence: 0.06), and 63/350 after a second shift
(incidence: 0.18) were positive for S. aureus leading to a 3.27-
fold risk (95% Cl: 1.93—5.72) for contamination of HCPA after
two shifts of duty compared to one. No differences were found
for S. aureus colonization regarding profession (nurses vs doc-
tors after one shift: 17/200 and 5/140, P = 0.115; after a
second shift: 20/90 and 43/260, P = 0.265) or localization
(front/front pocket/coat pocket after one shift: 5/105, 7/105
and 9/105, P = 0.542, xz-test; after a second shift: 17/95, 18/
95 and 20/95, P = 0.854, y2-test). Hand hygiene quality had no
effect on colonization of HCPA with S. aureus (OR: 0.89; 95% Cl:
0.52—1.51; P = 0.702).

Regarding Enterobacteriaceae, Escherichia coli was the
most frequent species detected on HCPA (after one shift: 9/328
(incidence 0.03); after a second shift: 6/287 (0.02). Incidences
for further pathogenic bacteria on HCPA such as Citrobacter
spp., Enterobacter spp., Pseudomonas spp., Acinetobacter
baumannii complex, Burkholderia, and Enterococcus faecalis
were <0.02. Since the detection rates of the abovementioned
pathogenic bacteria other than S. aureus were low, no statis-
tical analysis was performed.

Discussion

The present data clearly show that a higher bacterial load
on HCPA was associated with profession, the time of duty, and
with the quality of hand hygiene as measured by alcohol hand-

rub (ABHR) use. However, ABHR and profession had no effect on
colonization with S. aureus, which was found as a major
pathogen at all tested sites of HCPA: only time of duty
increased the detection rate of S. aureus significantly from one
shift to a second shift, from 6% to 18% of all sampling sites,
leading to a significant OR of 3.27. Whereas other pathogens
such as E. coli, Enterobacter spp., Acinetobacter spp., Pseu-
domonas spp., or enterococci were rare and found only in in-
dividual cases, non-pathogenic bacteria such as coagulase-
negative staphylococci, spore-forming Bacillus spp./Paeniba-
cillus spp. and Micrococcus luteus were present in up to 70% of
sampling sites. In the present study, doctor’s sleeves appeared
to be the sampling site with the lowest bacterial load compared
to front or pockets.

Several studies have been performed to investigate the
potential significance of bacterial load on HCPA. The present
data show that the mean bacterial load increased from the first
to the second shift of duty by up to four-fold, regardless of
profession and sampling site. However, the mean load on
doctors’ sleeves was lower compared to pockets or fronts. The
latter is a surprising observation since long sleeves are
considered to be at high risk for contact contamination during
patient care [13,14]. However, our observation might be due to
hand hygiene compliance above average within the study
hospital: frequent hand disinfection includes disinfection of
the wrist and might have a potential impact on the bacterial
load of long sleeves.

In the present study, laundering and storage procedures as
well as recommendation for usage of HCPA were available.
Therefore, we are surprised by Burden et al.’s study finding
that mean colony counts of newly laundered uniforms were
higher than in our study after one or two shifts of duty [15]. The
sampling procedure of both studies was similar, but no data
were given by Burden and colleagues concerning the laundering
procedure and the storage of coats. In another study by Bur-
den’s group, the bacterial load of scrubs before use was re-
ported as <10 colonies, which is in line with our findings and
according to the official recommendations for freshly laun-
dered HCPA in Germany [11,16,17]. For a better standardiza-
tion, laundering of HCPA by a professional laundry service is
recommended following the professional associations for
medical staff for the prevention of infection (Technical Rules
for Biologicals, No. 250) [18]. This is in contrast to other
countries, where home washing of workwear is frequent but
difficult to standardize [19—21].

However, we did observe a higher bacterial load in nurses’
compared to doctors’ HCPA, which is most likely explained by
the more frequent contact of nurses with patients during a
shift; Azim et al. calculated a three-fold more frequent op-
portunity of hand hygiene for a nurse compared to a physician,
which is indeed a good indicator for the contact frequencies
[22]. In addition, a recent study investigating bacterial
contamination of nurses’ scrubs has shown that the level of
contamination depends on the kind of work being higher when
providing care for wounds or giving a bath [23].

As shown by our linear regression model, alcoholic hand-rub
use is a significant factor associated with bacterial load on
HCPA: it is possible to postulate that good hand hygiene
compliance should stop the transfer of microbes to HCPA during
care activities by hand contact and vice versa; the alcoholic
hand-rub consumption of the present hospital was high and
ranged within the top 10 percentile compared to other
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Time of duty (two shifts) 0.4116 0.039 10.572 <0.0001
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Figure 3. (A) Hand hygiene quality was correlated with bacterial load, suggesting an effect of hand hygiene quality on bacterial load of
healthcare personnel attire (HCPA). Each scatter point represents the individual bacterial load of doctors’/nurses’ attire and the alcohol-
based hand rub (ABHR) from the respective wards to which staff belong (according to Table |). The regression line with the 95% confidence
interval for the slope are shown by the solid and the dashed lines, respectively. The upper margin of the confidence interval has a
negative slope. (B) Multivariate linear regression model estimating microbial load on HCPA: in this model including profession, time of
duty, and ABHR (continuous variable), all variables correlated with the bacterial load significantly. Being a doctor is negatively correlated
with microbial load; wearing attire for two shifts correlated positively with microbial load; in addition, a higher ABHR is slightly but also
negatively correlated with the microbial load. The intercept of 1.504 indicates that the estimated bacterial load of coats of nurses after
the first shift without using any ABHR would be at 10"-3%* = 31.92 cfu/plate.
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German hospitals participating in the National Surveillance
System [24]. However, up to now only a few studies have
investigated a direct link between bacterial growth on
healthcare workers’ hands and coats or scrubs: in the study by
Munoz-Price performed at different intensive care units (ICU),
only contamination of providers’ hands with Acinetobacter
baumannii was associated with contamination of physicians’
white coats, whereas no such association was found for nurses’
scrubs (because of different laundering procedures) or for
S. aureus or enterococci [25]. Furthermore, Morgan et al. have
found the strongest association between Acinetobacter bau-
mannii on ICU healthcare workers’ protective clothing and a
positive environmental culture [26]. Contamination with MRSA,
VRE, and Pseudomonas spp. was also found on protective
clothing and gloves and was correlated with performing phys-
ical examination, contact with the ventilator, and duration in
the patient room for >5 min. A positive correlation with the
culture of ‘any organism’ on hands and scrubs was also found.

Although S. aureus was the most frequent pathogen on HCPA
found in our study, no association was observed between hand-
rub consumption and the detection rate of S. aureus on HCPA.
With regard to the study of Morgan, our findings may suggest
that appropriate hand hygiene practices alone before and after
patient care are insufficient to halt transmission of hospital
pathogens to HCPA [26]. However, we could not exclude self-
contamination of HCPA with staphylococci in cases of a posi-
tive carrier status. For more detailed analyses, carrier status of
staff should be analysed as a source, and direct observations of
compliance with hand hygiene according to the ‘five moments’
would be necessary [3].

From our data, obtained from a German tertiary care teaching
hospital, it is clear that pathogens other than S. aureus were very
rare on HCPA: in three other studies from emerging and devel-
oping countries — India, Zambia, and Tanzania — the incidences
of pseudomonas contamination on white coats were 0.037,
0.040, and 0.068, which were higher compared to our study’s
incidence of 0.02; in another study from India, incidences of
Klebsiella spp., Pseudomonas spp., and E. coli were 0.075,
0.184, and 0.478, which were much higher compared with the
present data (Klebsiella spp.: none; Pseudomonas spp.: 0.02;
E. coli (after a second shift of duty): 0.03) [27—30]. However,
none of the abovementioned studies specified details about the
hygiene management of infectious patients, patients with open
wounds, and patients colonized with multidrug-resistant bac-
teria. It is possible that the low incidence for pathogens other
than S. aureus found on HCPA in our study might be due to
wearing protective clothing while caring for these patients.

With regard to detection of the so-called non-pathogens,
diversity of germs on HCPA was high: more than 22 different
species after a second shift — notably coagulase-negative
staphylococci, potentially spore-forming Bacillus spp./Paeni-
bacillus and Micrococcus luteus — were identified, and only
1.71% of samples after one shift of duty and 0.28% after a
second shift of duty were found to be totally negative for any
bacteria. With regard to hospital infections, coagulase-
negative staphylococci (S. epidermidis, S. hominis,
S. haemolyticus) are significant pathogens developing evasion
immune mechanisms involved in infections with indwelling
biomaterials and in skin and soft tissue infections [31,32].
Spore-forming bacilli were ubiquitous, and Bacillus cereus is
present on surfaces and human skin. Bacillus could induce
systemic infections in immunocompromised patients and

premature neonates as shown recently by Glasset et al. [33].
We wonder about the high incidence of Bacillus spp. (up to
0.53) in our study: an increased selection of spore-forming
bacteria in medical wards characterized by a high ABHR
cannot be excluded because of the known ‘sporocidial gap’ of
alcohol.

Some limitations of the present study should be mentioned:
data were obtained by a monocentric cohort study which
generally limits the generalization of our findings. In addition,
wearing time of HCPA was obtained from staff only by a ques-
tionnaire; veracity of the answers could not be assured.
Furthermore, several further covariates potentially influence
bacterial load on HCPA (sampling method/hygiene manage-
ment with infectious patients and open wounds/laundry con-
ditions/S. aureus carrier status) which could not be taken into
account within the present data because of the limited scope
of samples and resulting statistical problems.

In conclusion, our data strengthen the demand for an HCPA
policy for inpatient care in healthcare facilities. This policy
may include a ‘bare below the elbows’ recommendation for the
use of HCPA with short sleeves since the risk of long sleeves for
transmission of pathogens is not excluded by our data. In
addition, the need for a daily change of HCPA also for hospital
staff working in normal care units was underlined, since bac-
terial load and S. aureus colonization is greatly increased after
a second shift of duty. Finally, hand hygiene compliance should
be optimized in the clinical setting since a significant impact on
the bacterial load on HCPA was also shown.

Conflict of interest statement
None declared.

Funding sources
None.

References

[1] Ellingson K, Haas JP, Aiello AE. Strategies to prevent healthcare-
associated infections through hand hygiene. Infect Control Hosp
Epidemiol 2014;35:937—40.

Erasmus V, Daha TJ, Brug H, Richardus JH, Behrendt MD, Vos MC.

Systematic review of studies on compliance with hand hygiene

guidelines in hospital care. Infect Control Hosp Epidemiol

2010;31:283—-94.

[3] World Health Organization. WHO guidelines on hand hygiene in
healthcare: first global patient safety challenge: clean care is
safer care. Geneva: WHO; 2009.

[4] Hagel S, Reischke J, Kellmaier M, Winning J, Gastmeier P,
Brunkhorst F, et al. Quantifying the Hawthorne effect in hand
hygiene compliance through comparing direct observation with
automated hand hygiene monitoring. Infect Control Hosp Epi-
demiol 2015;36:957—62.

[5] McGuckin M, Waterman R, Govednik J. Hand hygiene compliance
rates in the United States — a one year multicenter collaboration
using product/volume usage measurement and feedback. Am J
Qual 2009;24:205—13.

[6] Sroka S, Gastmeier P, Meyer E. Impact of alcohol hand-rub use on
meticillin-reistant Stapyhlococcus aureus: an analysis of the
literature. J Hosp Infect 2010;74:204—11.

[7] Saadathian-Elahi M, Tristan A, Laurent F, Rasigade JP,
Bouchiat C, Ranc AG, et al. Basic rules of hygiene protect
healthcare and lab workers from nasal colonization by Staphy-
lococcus aureus: an international cross-sectional study. PLoS
One 2013;18:8. 82851.

[2

—


http://refhub.elsevier.com/S0195-6701(18)30554-1/sref1
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref1
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref1
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref1
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref2
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref2
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref2
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref2
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref2
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref3
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref3
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref3
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref4
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref4
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref4
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref4
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref4
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref4
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref5
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref5
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref5
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref5
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref5
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref5
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref6
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref6
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref6
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref6
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref7
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref7
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref7
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref7
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref7

A. Ambrosch et al. / Journal of Hospital Infection 101 (2019) 414—421 421

[8] Price J, Bexley A, Kostiou V, Golubchik T, Wilson D, Crook D, et al.
Transmission of Staphylococcus aureus between health-care
workers, the environment and patients in an intensive care
unit: a longitudinal cohort study based on whole genome
sequencing. Lancet Infect Dis 2017;17:207—14.

[9] Haun N, Hooper-Lane C, Safdar N. Healthcare personnel attire
and devices as fomites: a systematic review. Infect Control Hos-
pital Epidemiol 2016;37:1367—73.

[10] Aktion Saubere Hande. Available at: http://www.aktion-
sauberehaende.de/ash/ash [last accessed November 2018].

[11] Empfehlung der Kommission fiir Krankenhaushygiene und Infek-
tionspravention (KRINKO) beim Robert Koch-Institut Infektion-
spravention im Rahmen der Pflege und Behandlung von Patienten
mit Ubertragbaren Krankheiten. Bundesgesundheitsblatt 2015;58:
1151-70.

[12] Wetzker W, Bunde-Schoneberger K, Pilarski G, Gastmeier P,
Reichardt CH. Compliance with hand hygiene: reference data
from the national hand hygiene campaign in Germany. J Hosp
Infect 2016;92:328—31.

[13] Bearman G, Bryant K, Leekha S, Mayer J, Munoz-Price S,
Murthy R, et al. MD expert guidance: healthcare personnel attire
in non-operating room settings. Infect Control Hosp Epidemiol
2014;35:107—-21.

[14] Department of Health, UK. Uniforms and workwear: guidance on
uniform and workwear policies for NHS. 2010. Available at:
https://webarchive.nationalarchives.gov.uk/20130123201551
[last accessed November 2018].

[15] Burden M, Cervantes L, Weed D, Keniston A, Price C, Albert R.
Newly cleaned physician uniforms and infrequently washed white
coats have similar rates of bacterial contamination after an 8
hour workday: a randomized controlled trial. J Hosp Med 2011;6:
177-82.

[16] Burden M, Keniston A, Frank M, Brown C, Zoucha J, Cervantes L,
et al. Bacterial contamination of healthcare workers’ uniforms: a
randomized controlled trial of antimicrobial scrubs. J Hosp Med
2013;8:380-5.

[17] RAL Giitezeichen RAL-GZ 992 Sicherheit durch professionellen
Wadscheservice. Available at: http://www.waeschereien.de/de/
waeschereien/guetezeichen/ral_992/ral_992.html; 2012 [last
accessed November 2018].

[18] TRBA 250 Biologische Arbeitsstoffe im Gesundheitswesen und in der
Wohlfahrtspflege. 2018. Available at: https://www.baua.de/DE/
Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRBA/
TRBA-250.html [last accessed November 2018].

[19] Uneke CJ, ljeoma PA. The potential for nosocomial infection
transmission by white coats used by physicians in Nigeria:

implications for improved patient-safety initiatives. World Health
Popul 2010;11:44—54.

[20] Perry C, Marshall R, Jones E. Bacterial contamination of uniforms.
J Hosp Infect 2001;48:238—41.

[21] Loh W, Ng VV, Holton J. Bacterial flora on the white coats of
medical students. J Hosp Infect 2000;45:65—8.

[22] Azim S, Juergens C, McLaws M. An average hand hygiene day for
nurses and physicians: the burden is not equal. Am J Infect
Control 2016;44:777—81.

[23] Thoma KA, Escobar D, Boutin MA, Zhan M, Harris AD, Johnson JK.
Frequent contamination of nursing scrubs is associated with
specific activities. Am J Infect Control 2018;46:503—6.

[24] Behnke M, Gastmeier P, Geffers C, Monch N, Reichardt C.
Establishment of a national surveillance system for alcohol-based
hand-rub consumption and change in consumption over 4 years.
Infect Control Hosp Epidemiol 2012;33:618—20.

[25] Munoz-Price S, Arheart K, Mills J, Cleary T, DePascale D,
Jimenez A, et al. Association between bacterial contamination of
health care workers hands and contamination of white coats and
scrubs. Am J Infect Control 2012;40:245—8.

[26] Morgan D, Rogawski E, Thom K, Johnason K, Perencevich E,
Shardell M, et al. Transfer of multidrug-resistant bacteria to
healthcare workers’ gloves and gowns after patient contact in-
creases with environmental contamination. Crit Care Med
2012;40:1045-51.

[27] Banu A, Aanand M, Nagi N. White coats as a vehicle for bacterial
dissemination. J Clin Diagn Res 2012;6:1381—4.

[28] Mwuamungule S, Chimana H, Malama S, Mainda G, Kwenda G,
Muma J. Contamination of healthcare workers’ coats at the
University teaching hospital in Lusaka, Zambia: the nosocomial
risk. J Occup Med Toxicol 2015;16:34.

[29] Qaday J, Sariko M, Mwakyoma A, Kifaro E, Mosha D, Tarimo R,
et al. Bacterial contamination of medical doctors’ and students’
white coats at Kilimanjaro Christian Medical Centre, Moshi,
Tanzania. Int J Bacteriol 2015;2015:507890.

[30] Gupta P, Bairaga N, Priyadarhini R, Singh A, Chauhan D, Gupta D.
Bacterial contamination of nurses’ white coats after first and
second shift. Am J Infect Control 2017;45:86—8.

[31] Fey P, Olson M. Current concepts in biofilm formation of Staph-
ylococcus epidermidis. Future Microbiol 2010;5:917—33.

[32] Natsis N, Cohen P. Coagulase-negative staphylococcus skin and
soft tissue infections. Am J Clin Dermatol 2018 Jun 7 [Epub ahead
of print].

[33] Glasset B, Herbin S, Granier S, Cavalie L, Lafeuille E, Guerin C,
et al. Bacillus cereus, a serious cause of nosocomial infections:
epidemiologic and genetic survey. PloS One 2018;13:e0194346.


http://refhub.elsevier.com/S0195-6701(18)30554-1/sref8
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref8
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref8
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref8
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref8
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref8
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref9
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref9
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref9
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref9
http://www.aktion-sauberehaende.de/ash/ash
http://www.aktion-sauberehaende.de/ash/ash
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref11
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref11
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref11
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref11
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref11
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref11
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref12
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref12
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref12
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref12
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref12
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref13
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref13
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref13
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref13
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref13
https://webarchive.nationalarchives.gov.uk/20130123201551
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref15
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref15
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref15
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref15
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref15
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref15
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref16
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref16
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref16
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref16
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref16
http://www.waeschereien.de/de/waeschereien/guetezeichen/ral_992/ral_992.html
http://www.waeschereien.de/de/waeschereien/guetezeichen/ral_992/ral_992.html
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRBA/TRBA-250.html
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRBA/TRBA-250.html
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRBA/TRBA-250.html
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref19
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref19
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref19
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref19
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref19
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref20
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref20
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref20
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref21
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref21
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref21
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref22
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref22
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref22
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref22
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref23
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref23
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref23
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref23
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref24
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref24
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref24
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref24
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref24
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref25
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref25
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref25
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref25
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref25
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref26
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref26
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref26
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref26
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref26
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref26
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref27
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref27
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref27
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref28
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref28
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref28
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref28
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref29
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref29
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref29
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref29
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref30
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref30
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref30
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref30
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref31
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref31
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref31
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref32
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref32
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref32
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref33
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref33
http://refhub.elsevier.com/S0195-6701(18)30554-1/sref33

	Bacterial load and pathogenic species on healthcare personnel attire: implications of alcohol hand-rub use, profession, and ...
	Introduction
	Methods
	Study design; inclusion and exclusion criteria
	Standardized questionnaire
	Use of healthcare personnel attire
	Sampling for bacterial load
	Quality of hand hygiene
	Statistics

	Results
	Bacterial load on HCPA with regard to profession, time of duty, and site of sampling
	Multivariate linear regression model estimating bacterial load
	Detection of bacterial species on HCPA

	Discussion
	Conflict of interest statement
	Funding sources
	References


