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Abstract

Background: Hand hygiene (HH) is an essential component for preventing and controlling of healthcare-associated
infection (HAI), whereas compliance with HH among health care workers (HCWs) is frequently poor. This study aimed
to assess compliance and correctness with HH before and after the implementation of a multimodal HH improvement
strategy launched by the World Health Organization (WHO).

Methods: A quasi-experimental study design including questionnaire survey generalizing possible factors affecting HH
behaviors of HCWs and direct observation method was used to evaluate the effectiveness of WHO multimodal HH
strategy in a hospital of Traditional Chinese Medicine. Multimodal HH improvement strategy was drawn up
according to the results of questionnaire survey. Compliance and correctness with HH among HCWs were
compared before and after intervention. Also HH practices for different indications based on WHO “My Five
Moments for Hand Hygiene” were recorded.

Results: In total, 553 HCWs participated in the questionnaire survey and multimodal HH improvement strategy was
developed based on individual, environment and management levels. A total of 5044 observations in 23 wards were
recorded in this investigation. The rate of compliance and correctness with HH improved from 66.27% and 47.75% at
baseline to 80.53% and 88.35% after intervention. Doctors seemed to have better compliance with HH after intervention
(84.04%) than nurses and other HCWs (81.07% and 69.42%, respectively). When stratified by indication, compliance with
HH improved for all indications after intervention (P < 0.05) except for “after body fluid exposure risk” and “after touching
patient surroundings”.

Conclusion: Implementing the WHO multimodal HH strategy can significantly improve HH compliance and correctness
among HCWs.
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Background
Healthcare-associated infection (HAI) represents a major
burden and safety issue for patients in the developing
countries, with severe and greatly underestimated effect
on patients and health care systems [1]. According to the
survey of National HAI Surveillance System, in 2014, at
least 26,972 cases of HAI arose in patients admitted to
hospital in China [2]. HAI resulted in prolonged length of
hospital stay, direct economic loss, morbidity and mortal-
ity among hospitalized patients [3]. A recent study in
China identified that the average cost of hospitalization in-
creased ¥13,839.16(€1792.64) due to HAI [4]. The hands
of healthcare workers (HCWs) can be a major mode of
transmission of microbial pathogens by touching the en-
vironment or patients’ skin during healthcare delivery,
which supports that hand hygiene (HH) is a critical com-
ponent of a bundle approaches for preventing and con-
trolling HAIs [5–9]. The World Health Organization
(WHO) launched a multimodal strategy in 2009 to im-
prove HH practice worldwide, which includes 5 important
components: (1) system change, (2) training and educa-
tion, (3) evaluation and feedback, (4) reminders in the
workplace (5) institutional safety climate [10]. It has been
demonstrated the implementation of WHO HH strategy
is feasible and effective to enhance hand hygiene compli-
ance, which leads to a reduction of HAI [11–14].
However, there have been few data on the implementation
of the WHO multimodal HH strategy in China. We initi-
ated this study of implementation of WHO multimodal
HH strategy in order to improve awareness of HAI and
enhance HH compliance and correctness among HCWs.

Methods
The study was conducted in Xi’an Hospital of Traditional
Chinese Medicine (TCM), Xi’an, China, between
September 2015 and August 2016. It is the largest
public hospital in north Xi’an, which is the capital
city of Shaanxi Province. This hospital has 1001 beds
in 27 clinical departments including acupuncture and
moxibustion, intensive care, emergency, surgical and
TCM subspecialties with 1377 HCWs. We performed
this two-part quasi-experimental study including
questionnaire survey of factors affecting HH behaviors
of HCWs and direct observation of compliance and
correctness with HH before and after intervention.

Part I: Questionnaire survey
In this part, we did a questionnaire survey on pos-
sible factors affecting HH behaviors of HCWs. Each
participant voted those factors contributing to HH
noncompliance from the questionnaire. On the basis
of the reasons for HH noncompliance summarized in
the questionnaire, multimodal improvement strategy
was developed accordingly.

Part II: Observation of compliance and correctness before
and after intervention
In this part, detailed intervention measures were drawn
up and then implemented according to the multimodal
improvement strategy acquired from the results of ques-
tionnaire survey. We collected observational data on
compliance and correctness with HH before and after
intervention respectively.
Observation sessions were performed by 9 trained stu-

dent nurses. The training course included HH indica-
tions and correct HH techniques recommended by
WHO. A standard form was used to record the HH
compliance and correctness. Observers were taught how
to complete the form and record the number of HH ac-
tions and HH opportunities. We defined an opportunity
as the occurrence of any indication during the observed
care sequences. We recorded actions, either handwash-
ing or hand rubbing based on WHO “My Five Moments
for Hand Hygiene”: before touching a patient, before
clean/aseptic procedure, after body fluid exposure risk,
after touching a patient, and after touching patient sur-
roundings [15]. Since an indication for HH was related
to the risk of pathogen transmission from one surface to
another, we added two more WHO recommended indi-
cations in our study: if moving from a contaminated
body site to a clean body site during patient care, after
removing gloves [16]. An action with correct HH tech-
niques must satisfy three criteria: (1) rub hands with 6-
step HH techniques; (2) duration of the rub procedure
lasts 15 s at least; (3) dry hands with disposable paper
towels. Each observer monitored the HH practice of
HCWs for 45–60 min.
Compliance and correctness with HH were compared

before and after the implementation. HCWs including
doctors, nurses, technicians, interns and cleaners were
observed for HH actions and HH opportunities. Data of
technicians, interns and cleaners was combined as other
HCWs. We expressed HH compliance as the proportion
of predefined opportunities met by HH actions. And HH
correctness was regarded as the proportion of all HH ac-
tions met by HH actions with correct techniques. All the
data was analyzed with SPSS version 16.0. The Chi
square test was applied to test the statistical difference
in HH compliance and correctness before and after the
implementation. Also HH compliance stratified by pro-
fessional category and indication was calculated. Results
with P < 0.05 were considered statistically significant.

Results
Part I: Questionnaire survey
A total of 558 HCWs from 37 departments participated
in this survey. Of these, 553 (99.10%) completed the
baseline questionnaire. The general information of all
participants was summarized in Table 1. Each participant
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voted those factors contributing to HH noncompliance
from the questionnaire. All the possible factors affecting
HH behaviors of HCWs were arranged in descending
order according to the number of votes (Fig. 1). The main
reasons for HH noncompliance were classified into indi-
vidual, environment and management levels. Multimodal
improvement strategy was drafted accordingly (Fig. 2)
and detailed intervention measures were drawn up at
the same time.

For the individual reasons such as poor HH awareness,
full training campaign on HH techniques among HCWs
was carried out. Our management of infection control
department first participated in the training of WHO
“My Five Moments for Hand Hygiene” provided by Xi’an
Quality Control Center of Nosocomial Infection. Then
we shoot instructional videos on five key moments for
HH and correct HH techniques in our hospital wards
with our HCWs. After that they were called together to
study HH knowledge via videos and PPT (based on
WHO training slides). All the HCWs including doctors,
nurses, interns, student nurses, lab technicians and
cleaners should attend educational courses on HH every
year. A posttest format was used to assess training effi-
cacy after each course.
Inadequate HH supplies and inconvenient HH facil-

ities was another cause for noncompliance with HH in
our hospital. We took a series of measures to improve
HH facilities: increasing supplies of pocket alcohol-based
hand rub (ABHR) and disposable paper towels; making
sure every wash basin equipped with disposable paper
towels and poster for correct handwashing techniques;
replacing water tap in nurse station with automatic elec-
tronic sensor tap; distributing skin care products to
HCWs. Colorful HH posters were placed in the doctor’s
office in each ward with WHO “My Five Moments for
Hand Hygiene”. A little tip for HH was placed at the
edge of the computer screen of nurse station. Visible re-
minders for HH were also set at the entrance of each
ward. To create a better environment for HH, we offered
large-scale HH improvement campaign to both HCWs

Table 1 The general information of 553 participants in the survey

N (cases) Percentage (%) Mean (±s)

Age 553 31.78 ± 8.120

Gender Female 433 78.30

Male 120 21.70

Work experience <1 year 104 18.81

1 ~ 5 years 139 25.13

5 ~ 10 years 155 28.03

≥10 years 155 28.03

Education level Senior high
school

14 2.53

Junior college 181 32.73

College 273 49.37

Post graduate 85 15.37

Profession Doctors 191 34.54

Nurses 300 54.25

Technicians 35 6.33

Interns 23 4.16

Cleaners 4 0.72

Fig. 1 Possible factors affecting HH behaviors of HCWs in the questionnaire survey
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and patients with knowledge contest, visible display
boards, and live performance.
In order to strengthen the supervision of HH practice

among HCWs, a seasonal feedback and evaluation sys-
tem was established. Management of infection control
department regularly reported HH compliance and HH
products consumption in the meeting of Nosocomial
Infection Control Management Committee, which in-
cluded hospital management, department heads, head
nurses and focal persons. Also HH compliance and HH
products consumption was directly related to the scores
of quality control of each department through HH re-
wards and punishment mechanism. Department with
noncompliant HCWs had to pay a fine.

Part II: Observation of compliance and correctness before
and after intervention
HH compliance
In our study, a total of 5044 opportunities for HH were
recorded in 23 wards before and after intervention. The
rate of compliance with HH improved from 66.27% at
baseline to 80.53% after intervention (shown in Table 2).
After implementing the improvement strategy, doctors
had better HH compliance (84.04%) than nurses and
other HCWs (81.07% and 69.42%, respectively). The rate

of compliance with HH was statistically increased after
intervention for each professional category (P < 0.05).

HH correctness
A total of 2927 actions with correct HH techniques
were recorded. The rate of correctness with HH im-
proved from 47.75% to 88.35% after intervention
(shown in Table 3). The increase of correctness ap-
plied for all professional categories, which was statis-
tically significant (P < 0.05).

HH compliance by indication
The rate of compliance with HH was statistically ele-
vated after intervention for all indications (P < 0.05) ex-
cept for “after body fluid exposure risk” and “after
touching patient surroundings”. The highest relative im-
provement appeared to be indication “if moving from a
contaminated body site to a clean body site during pa-
tient care”, from 30.61% to 59.82% (shown in Table 4).

Discussion
Our study identified that implementation of WHO
multimodal HH improvement strategy was effective to
enhance HH compliance and correctness among HCWs.
In the questionnaire survey, over 50% of the participants
thought frequently washing hands led to hand skin

Fig. 2 Main reasons for HH noncompliance and corresponding improvement measures

Table 2 Comparison of HH compliance of HCWs before and after
intervention by professional category

HH compliance before
intervention (%)

HH compliance after
intervention (%)

χ2 P

Doctors 342/459 (74.51) 279/332 (84.04) 10.362 0.001

Nurses 747/1081 (69.10) 2266/2795 (81.07) 64.538 <0.001

Other
HCWs

21/135 (15.56) 168/242 (69.42) 100.58 <0.001

Overall 1110/1675 (66.27) 2713/3369 (80.53) 123.99 <0.001

Table 3 Comparison of HH correctness of HCWs before and after
intervention by professional category

HH correctness before
intervention (%)

HH correctness after
intervention (%)

χ2 P

Doctors 169/342 (49.42) 201/279 (72.04) 32.669 <0.001

Nurses 349/747 (46.72) 2030/2266 (89.59) 621.30 <0.001

Other
HCWs

12/21 (57.14) 166/168 (98.81) 59.123 <0.001

Overall 530/1110 (47.75) 2397/2713 (88.35) 723.76 <0.001
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irritation and dryness, which was a vital cause for non-
compliance with HH. In addition, irritated hands might
be more vulnerable to be colonized with pathogens [17].
Since cleaning hands frequently is essential for every
health care worker, it is important for health care set-
tings to provide proper HH products. Compared with
detergent and soap, ABHR has been reported to cause
less skin irritation, especially those with emollient prop-
erties [18, 19]. The application of skin care products can
preserve unimpaired skin, reduce the incidence of skin
irritation and dryness and ensure effective hand hygiene
[20]. In the last decades, there were concerns that skin
care products might pose a negative influence on the ef-
ficacy of hand disinfection [21, 22]. With the wide re-
search of well-formulated disinfectants with emollients
in recent years, it seems that the efficacy of disinfectants
would not be impaired when they are applied with se-
lected, compatible skin care products [23, 24]. In our
study, we provided skin care products to our HCWs to
minimize the influence on HH compliance due to skin
irritation and dryness. Moreover, we encourage our
HCWs to use skin care products before work, cleaning
and after work under recommendations [25].
Epidemiological evidence have shown that hand con-

tamination of nurses could cause cross-infection in a
direct or indirect way, especially in intensive care unit
and hemodialysis unit where nurses have many patient
contact opportunities [26, 27]. In our study, HH compli-
ance of doctors seemed superior to nurses when strati-
fied by professional category. There were far more
opportunities of HH for nurses in most departments
than for doctors. Then overcrowding workload of nurses
made them provide clinical care to multiple patients
without HH to finish their tasks faster. HH compliance
in other HCWs was generally lower than doctors and
nurses. Poor HH compliance was witnessed among tech-
nicians during physiotherapy [28]. Gloves were often
used during cleaning work to replace HH by cleaners,
which might increase the risk of transmission of bacteria
via contaminated gloved hands [29, 30]. Besides, the
growing mobility of cleaners and interns made it difficult

to accomplish full training on HH. All in all, HH com-
pliance was improved in different professional categories
after intervention.
Data of compliance by different HH indication was

also investigated in the present study. Compliance with
HH improved after intervention across all indications
except for “after body fluid exposure” and “after touch-
ing patient surroundings” in the observation. We recog-
nized that compliance rates were above 70% for these
two indications before intervention, which suggested
that our HCWs intended to perform HH when they
thought there might be microbial contamination and in-
fection risk. In addition, compliance rates for “before”
related indications were promoted after intervention,
such as “before touching a patient” and “before clean/
aseptic procedures”. These findings revealed that HCWs
were inclined to wash their hands to protect themselves
rather than protect patients from potential infection,
which was noted in previous studies [31, 32]. As for in-
dication “after touching patient surroundings”, HH op-
portunities with this indication were most commonly
associated with lower levels of compliance than follow-
ing direct patient contact [33]. Traditional Chinese
Medicine treatments such as acupuncture and moxibus-
tion are often combined with diathermy machine and
herb fumigation device to get better curative effect. Most
of our HCWs could perform HH after therapy devices
were turned off. But when there was need to adjust the
setting of therapy devices, required HH practices were
not performed according to our observers. Multiple
studies indicated that HAI could be caused by many
pathogenic organisms present in the hospital environ-
ment and objects frequently touched by patients’ hands,
such as bed side rail, door knob, patient record, nurse
call button [34, 35]. Moreover, it was of vital import-
ance to strengthen the effectiveness of cleaning and
in order to prevent the transmission of pathogens
from patient surrounding environment to HCWs and
patients [36, 37].
To well acknowledge whether our HCWs mastered

the standard handwashing techniques, HH correctness

Table 4 Comparison of HH compliance before and after intervention of HCWs by indication

HH compliance before
intervention (%)

HH compliance after
intervention (%)

χ2 P

Before touching a patient 263/489 (53.78) 766/944 (81.14) 119.121 <0.001

After touching a patient 374/489 (76.48) 737/897 (82.16) 6.420 0.011

If moving from a contaminated body site
to a clean body site during patient care

15/49 (30.61) 134/224 (59.82) 13.837 <0.001

After body fluid exposure risk 65/84 (77.38) 172/209 (82.30) 0.937 0.333

Before clean/aseptic procedures 160/254 (62.99) 460/552 (83.33) 40.547 <0.001

After touching patient surroundings 150/190 (78.95) 339/415 (81.69) 0.631 0.427

After removing gloves 83/120 (69.17) 105/128 (82.03) 5.589 0.018
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was investigated at the same time. In general, correct-
ness rate was far below our standards before interven-
tion. During the period of investigation, we found two
most commonly reasons for low HH correctness rate in
our hospital. Most of our HCWs knew the right HH
technique procedures but the duration of rubbing hands
did not meet our requirement (15 s at least). Inadequate
disposable paper towel was another cause for unpleasant
HH correctness rate. Therefore our infection control
staff took steps to promote correct HH techniques,
which included correct HH techniques training, increas-
ing supplies of pocket ABHR and disposable paper
towels. As a result, our HCWs’ HH correctness rates
were elevated after intervention.
In the last few years, domestic researches on im-

proving HH practice have been reported in succession
[38–44]. It is noteworthy that our study is the first
observational before-and-after intervention study on
improving HH compliance in Xi’an, Shaanxi province.
Meanwhile it is the first study implementing WHO
multimodal strategy to promote HH practice in a
hospital of Traditional Chinese Medicine. HCWs have
many patient contact opportunities in the process of
Traditional Chinese Medicine treatments such as acu-
puncture and moxibustion, massage, cupping and
other physical therapies. If standard HH practice were
not performed, it might increase the risk of cross-
infection. Our study summarized the reasons for non-
compliance with HH and provided scientific evidence
to promote HH practice for other hospitals of Trad-
itional Chinese Medicine. Nevertheless, this study also
had certain limitations. The entire observation of HH
compliance and correctness were only carried out in
general inpatient wards. We planned to observe HH
practice in critical departments for infection control
management such as emergency, intensive care unit
and hemodialysis unit. These places are characterized
by high patient volume, critically ill patients and more
invasive operations. Improving HH compliance in
such places would be meaningful for better infection
control. Furthermore, using student nurses as ob-
servers might have an impact on observation process.
These student nurses observed HH practice of HCWs
in clinical wards during their clinical clerkships. Some
students told us they recognized their former teaching
nurses and classmates in the observation process and
thus we concerned that this covert investigation
might present the Hawthorn effect. In order to lessen
the influence of the Hawthorn effect on HH compli-
ance of HCWs, we plan to train every HCW in our
hospital to become a competent observer for HH
compliance of their co-workers. In this way every
HCW could be our covert observer and we could col-
lect reliable data of HH practice.

Conclusions
In conclusion, this intervention study has shown that
implementation of WHO multimodal improvement
strategy could significantly increase compliance and cor-
rectness with HH in our hospital. Further investigations
with sufficient sample size and larger multicenter series
are needed to validate the effectiveness of long-term per-
sistence of HH compliance improvement strategy.

Additional files

Additional file 1: HH raw data. (SAV 12 kb)

Additional file 2: Possible factors. (SAV 2 kb)

Additional file 3: Questionnaire survey raw data. (SAV 25 kb)

Abbreviations
ABHR: Alcohol-based hand rub; HAI: Healthcare-associated infection;
HCWs: Health care workers; HH: Hand hygiene; TCM: Traditional Chinese
Medicine; WHO: World Health Organization

Acknowledgements
Not applicable.

Funding
Project supported by Key Science and Technology R & D Program of Shaanxi
Province, China (Grant No.2016SF-213).

Availability of data and materials
The raw data supporting the results of this study are included within
the article and its additional files. Additional file 1, Additional file 2 and
Additional file 3.

Authors’ contributions
LS carried out the study and drafted the manuscript. XW conceived of the
study, participated in its design and coordination. JA contributed to the
design of the study. JA participated in the literature review and performed
statistical analysis. NZ, LS and HC provided training of hand hygiene indications
and correct hand hygiene techniques for observers and collected data. LF
organized workers to improve hand hygiene products and facilities. JH
and XL contributed to check and enter data. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
Our study was approved by the Ethics Committee of Xi’an Hospital of Traditional
Chinese Medicine (No.XAZYYLS2015–05). The need for consent to participate was
waived as no individual person’s data were collected in any form.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Infection Control, Xi’an Hospital of Traditional Chinese Medicine,
No.69 Feng Cheng 8th Road, Weiyang District, Xi’an 710021, China. 2Department
of Acupuncture and Moxibustion, Xi’an Hospital of Traditional Chinese Medicine,
No.69 Feng Cheng 8th Road, Weiyang District, Xi’an 710021, China. 3Department
of Information Consultation, Library of Xi’an Jiaotong University, No.76 Yan Ta
West Road, Yanta District, Xi’an 710061, China. 4Department of Cadre Health Care,
Xi’an Hospital of Traditional Chinese Medicine, No.69 Feng Cheng 8th Road,
Weiyang District, Xi’an 710021, China.

Shen et al. Antimicrobial Resistance and Infection Control  (2017) 6:98 Page 6 of 7

dx.doi.org/10.1186/s13756-017-0254-4
dx.doi.org/10.1186/s13756-017-0254-4
dx.doi.org/10.1186/s13756-017-0254-4


Received: 1 June 2017 Accepted: 4 September 2017

References
1. Allegranzi B, Bagheri Nejad S, Combescure C, Graafmans W, Attar H,

Donaldson L, et al. Burden of endemic health-care-associated infection
in developing countries: systematic review and meta-analysis. Lancet.
2011;377:228–41.

2. Ren N, Wen X, Wu A. Nationwide cross-sectional survey on healthcare-associated
infection in 2014. Chinese Journal of Infection Control. 2016;15:83–7.

3. Graves N, Weinhold D, Tong E, Birrell F, Doidge S, Ramritu P, et al. Effect of
healthcare-acquired infection on length of hospital stay and cost. Infect
Control Hosp Epidemiol. 2007;28:280–92.

4. Jia H, Hou T, Li W, Ma Q, Liu W, Yang Y, et al. Economic loss due to healthcare-
associated infection in 68 general hospitals in China. Chinese Journal of
Infection Control. 2016;15:637–41.

5. Allegranzi B, Pittet D. Preventing infections acquired during health-care delivery.
Lancet. 2008;372:1719–20.

6. Chen P, Liu D. Epidemiological characteristics and preventive strategies of
nosocomial infection outbreak incidents in China in recent 30 years.
Chinese Journal of Infection Control. 2010;9:387–92,99.

7. Allegranzi B, Pittet D. Role of hand hygiene in healthcare-associated infection
prevention. J Hosp Infect. 2009;73:305–15.

8. Dancer SJ. The role of environmental cleaning in the control of hospital-
acquired infection. J Hosp Infect. 2009;73:378–85.

9. Weber DJ, Anderson D, Rutala WA. The role of the surface environment in
healthcare-associated infections. Curr Opin Infect Dis. 2013;26:338–44.

10. WHO. Guide to implementation: a guide to the implementation of the
WHO Multimodal Hand Hygiene Improvement Strategy. 2009. http://www.
who.int/gpsc/5may/Guide_to_Implementation.pdf (Accessd Feb 7,2017).

11. Allegranzi B, Gayet-Ageron A, Damani N, Bengaly L, McLaws ML, Moro ML, et al.
Global implementation of WHO's multimodal strategy for improvement of hand
hygiene: a quasi-experimental study. Lancet Infect Dis. 2013;13:843–51.

12. Arntz PR, Hopman J, Nillesen M, Yalcin E, Bleeker-Rovers CP, Voss A, et al.
Effectiveness of a multimodal hand hygiene improvement strategy in the
emergency department. Am J Infect Control. 2016;44:1203–7.

13. Farhoudi F, Sanaei Dashti A, Hoshangi Davani M, Ghalebi N, Sajadi G,
Taghizadeh R. Impact of WHO hand hygiene improvement program
implementation: a quasi-experimental trial. Biomed Res Int. 2016;2016:
7026169.

14. Pfafflin F, Tufa TB, Getachew M, Nigussie T, Schonfeld A, Haussinger D, et al.
Implementation of the WHO multimodal Hand Hygiene Improvement
Strategy in a University Hospital in Central Ethiopia. Antimicrob Resist
Infect Control. 2017;6:3.

15. WHO. About SAVE LIVES: Clean Your Hands. 2009. http://www.who.int/gpsc/
5may/background/5moments/en/ (Accessd Feb 7,2017).

16. WHO. WHO guidelines on hand hygiene in health care: a summary. 2009.
http://www.who.int/gpsc/information_centre/hand-hygiene-summary/en/
(Accessd Feb 7,2017).

17. Visscher MO, Randall WR. Hand hygiene compliance and irritant dermatitis:
a juxtaposition of healthcare issues. Int J Cosmet Sci. 2012;34:402–15.

18. Boyce JM, Kelliher S, Vallande N. Skin irritation and dryness associated with
two hand-hygiene regimens: soap-and-water hand washing versus hand
antisepsis with an alcoholic hand gel. Infect Control Hosp Epidemiol. 2000;
21:442–8.

19. Larson E, Girard R, Pessoa-Silva CL, Boyce J, Donaldson L, Pittet D. Skin
reactions related to hand hygiene and selection of hand hygiene products.
Am J Infect Control. 2006;34:627–35.

20. Bissett L. Skin care: an essential component of hand hygiene and infection
control. Br J Nurs. 2007;16:976–81.

21. Walsh B, Blakemore PH, Drabu YJ. The effect of handcream on the antibacterial
activity of chlorhexidine gluconate. J Hosp Infect. 1987;9:30–3.

22. Benson L, LeBlanc D, Bush L, White J. The effects of surfactant systems and
moisturizing products on the residual activity of a chlorhexidine gluconate
handwash using a pigskin substrate. Infect Control Hosp Epidemiol. 1990;11:
67–70.

23. Heeg P. Does hand care ruin hand disinfection? J Hosp Infect. 2001;48(Suppl A):
S37–9.

24. Harnoss JC, Brune L, Ansorg J, Heidecke CD, Assadian O, Kramer A. Practice
of skin protection and skin care among German surgeons and influence on

the efficacy of surgical hand disinfection and surgical glove perforation.
BMC Infect Dis. 2014;14:315.

25. Kampf G, Loffler H. Prevention of irritant contact dermatitis among health
care workers by using evidence-based hand hygiene practices: a review. Ind
Health. 2007;45:645–52.

26. Duong MC, McLaws ML. Dangerous practices in a hemodialysis unit in Vietnam
identify from mixed methods. BMC Infect Dis. 2017;17:181.

27. Ghorbani A, Sadeghi L, Shahrokhi A, Mohammadpour A, Addo M, Khodadadi
E. Hand hygiene compliance before and after wearing gloves among intensive
care unit nurses in Iran. Am J Infect Control. 2016;44:e279–e81.

28. O'Donoghue M, Ng SH, Suen LK, Boost M. A quasi-experimental study to
determine the effects of a multifaceted educational intervention on hand
hygiene compliance in a radiography unit. Antimicrob Resist Infect Control.
2016;5:36.

29. McBryde ES, Bradley LC, Whitby M, McElwain DL. An investigation of contact
transmission of methicillin-resistant Staphylococcus Aureus. J Hosp Infect. 2004;
58:104–8.

30. Snyder GM, Thom KA, Furuno JP, Perencevich EN, Roghmann MC, Strauss SM,
et al. Detection of methicillin-resistant Staphylococcus Aureus and
vancomycin-resistant enterococci on the gowns and gloves of healthcare
workers. Infect Control Hosp Epidemiol. 2008;29:583–9.

31. Lee A, Chalfine A, Daikos GL, Garilli S, Jovanovic B, Lemmen S, et al. Hand
hygiene practices and adherence determinants in surgical wards across
Europe and Israel: a multicenter observational study. Am J Infect Control.
2011;39:517–20.

32. Patel B, Engelbrecht H, McDonald H, Morris V, Smythe W. A multifaceted
hospital-wide intervention increases hand hygiene compliance. S Afr Med J.
2016;106:32–5.

33. FitzGerald G, Moore G, Wilson AP. Hand hygiene after touching a patient's
surroundings: the opportunities most commonly missed. J Hosp Infect.
2013;84:27–31.

34. Donskey CJ. Does improving surface cleaning and disinfection reduce health
care-associated infections? Am J Infect Control. 2013;41:S12–9.

35. Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Bennett E. Role of
hospital surfaces in the transmission of emerging health care-associated
pathogens: norovirus, Clostridium Difficile, and Acinetobacter species.
Am J Infect Control. 2010;38:S25–33.

36. Ramphal L, Suzuki S, McCracken IM, Addai A. Improving hospital staff
compliance with environmental cleaning behavior. Proc (Bayl Univ Med
Cent). 2014;27:88–91.

37. Kurashige EJ, Oie S, Furukawa H. Contamination of environmental surfaces
by methicillin-resistant Staphylococcus Aureus (MRSA) in rooms of inpatients
with MRSA-positive body sites. Braz J Microbiol. 2016;47:703–5.

38. Ji G, Yin H, Chen Y. Prevalence of and risk factors for non-compliance with
glove utilization and hand hygiene among obstetrics and gynaecology
workers in rural China. J Hosp Infect. 2005;59:235–41.

39. Li LY, Zhao YC, Jia JX, Zhao XL, Jia HX. Investigation on compliance of hand
hygiene of healthcare workers. Zhongguo Yi Xue Ke Xue Yuan Xue Bao.
2008;30:546–9.

40. Chau JP, Thompson DR, Twinn S, Lee DT, Pang SW. An evaluation of hospital
hand hygiene practice and glove use in Hong Kong. J Clin Nurs. 2011;20:1319–28.

41. Su D, Hu B, Rosenthal VD, Li R, Hao C, Pan W, et al. Impact of the international
nosocomial infection control consortium (INICC) multidimensional hand
hygiene approach in five intensive care units in three cities of China. Public
Health. 2015;129:979–88.

42. Mu X, Xu Y, Yang T, Zhang J, Wang C, Liu W, et al. Improving hand hygiene
compliance among healthcare workers: an intervention study in a Hospital
in Guizhou Province. China Braz J Infect Dis. 2016;20:413–8.

43. Chen P, Yuan T, Sun Q, Jiang L, Jiang H, Zhu Z, et al. Role of quality control
circle in sustained improvement of hand hygiene compliance: an observational
study in a stomatology hospital in Shandong. China Antimicrob Resist Infect
Control. 2016;5:54.

44. Cheng VC, Tai JW, Li WS, Chau PH, So SY, Wong LM, et al. Implementation
of directly observed patient hand hygiene for hospitalized patients by hand
hygiene ambassadors in Hong Kong. Am J Infect Control. 2016;44:621–4.

Shen et al. Antimicrobial Resistance and Infection Control  (2017) 6:98 Page 7 of 7

http://www.who.int/gpsc/5may/Guide_to_Implementation.pdf
http://www.who.int/gpsc/5may/Guide_to_Implementation.pdf
http://www.who.int/gpsc/5may/background/5moments/en
http://www.who.int/gpsc/5may/background/5moments/en
http://www.who.int/gpsc/information_centre/hand-hygiene-summary/en

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Part I: Questionnaire survey
	Part II: Observation of compliance and correctness before and after intervention

	Results
	Part I: Questionnaire survey
	Part II: Observation of compliance and correctness before and after intervention
	HH compliance
	HH correctness
	HH compliance by indication


	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

