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Abstract

The aim of this study was to evaluate the level of awareness of the basic concepts of hand hygiene among healthcare staff
in China. An online questionnaire survey was used to obtain data from 30 provinces and municipalities in three regions
of China. A total of 45,455 valid questionnaires were received. The overall correct response rate was 26.53%. The
highest correct response rates concerned the relationship between hand hygiene and healthcare-associated infection
(97.71%) and the characteristics of microbiota and resident flora on hands (96.35%), followed by awareness of the
World Health Organization’s “My 5 moments for hand hygiene” concept (91.61%), knowledge of glove use (90.53%),
hand hygiene materials (89.28%), and characteristics of microbiota and transient flora on hands (84.60%). Other
indications for hand hygiene, including the basic concept of hand hygiene, and the effectiveness of alcohol-based
handrub on the hand microbiome had lower rates. Eastern China demonstrated a better knowledge than other regions
(adjusted odds ratio [aOR]: 4.08; 95% CI.3.84-4.32). Respondents in primary care facilities had a higher correct
response rate than other types of hospitals (aOR:2.33; 95% CI: 2.05-2.66); logistics staff had the highest correct
response rate compared to other professional groups (aOR: 1.84; 95% CI: 1.53-2.29). Among clinical departments,
outpatient/emergency room staff had the highest rate of correct responses (aOR: 1.51; 95% CI: 1.34-1.71). The
authors observed large differences in the basic knowledge of hand hygiene across different regions in China. Notably,
knowledge levels need to be strengthened among secondary care facilities, nursing staff, and infection prevention and
control units.
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Abbreviations: Introduction

Covid-19 Coronavirus Diseases 2019 The coronavirus disease 2019 (COVID-19) pandemic has left
AOR Adjusted Odds Ratio an indelible mark on the world. Healthcare workers have been
95% ci 95% Confidence Interval particularly affected through not only exposure to infection, but

also inadequate protective measures during the first waves due to
lack of supplies [1, 2]. Advances and actions to control the dis-
ease, driven by global collaboration and data sharing, have been
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unprecedented. However, these have also amplified deficiencies
in infection control and beyond and provide important lessons
for the future. It is the responsibility of policymakers and all
stakeholders in the healthcare arena to reflect upon the lessons of
2020 and to use these as building blocks to ensure preparedness
for future health threats.

Hand hygiene is recognized worldwide as an important element
of hospital infection control [3, 4], but there are many challenges
associated with compliance with optimal practices. For exam-
ple, it has been documented that individuals who engage in risk
behavior are less likely to practice good hand hygiene, despite
the fact that they are aware of a high risk of infection [5]. In
addition, the global antimicrobial drug resistance situation re-
mains extremely preoccupying and transmission by the hands of
healthcare workers has been identified as a major cause of the
rapid increase of multidrug-resistant organisms. Improving the
hand hygiene compliance rate has been proven to effectively re-
duce the incidence of healthcare-associated infection. However,
it may be overly optimistic to believe that the transient success
(mainly by lockdown at the beginning, followed by vaccination)
to contain COVID-19 resulted also in benefits to tackle multi-
drug-resistant organisms. Indeed, we observed that methicil-
lin-resistant Staphylococcus aureus rates in a tertiary hospital
soared to 42.4% during the first half of 2020 of the COVID-19
pandemic compared to an average of 23.6% before that since the
second half of 2016 [6].

In 2009, following the severe acute respiratory syndrome epi-
demic in 2003/2004, the Ministry of Health of the People’s Re-
public of China issued “Standards for hand hygiene for health-
care workers in healthcare settings (CSHH/WS/T 131-2009)” to
be strictly enforced and implemented nationwide [7]. Knowledge
of appropriate practices and the science behind the evidence is
one factor to facilitate the improvement of hand hygiene. How-
ever, a bibliometric analysis of documents published from 2013
to 2018 with a focus on hand hygiene in healthcare settings in
China showed that knowledge awareness was not addressed [8].
In 2016, a stratified, retrospective two-point investigation (when
and how to hand rub) using a hand hygiene knowledge aware-
ness survey was conducted in 200 hospitals across 14 provinces
[9], but no formal assessment of the document has been under-
taken.

The aim of this study was to investigate the current level of basic
knowledge of hand hygiene across a wide range of healthcare
facilities and regions in China in order to help inform a national
strategy to promote hand hygiene.

Methods

Survey Recipients

We conducted a questionnaire-based survey between April and
June 2018 with a specific focus on the basic knowledge of hand
hygiene among healthcare workers in primary, secondary and
tertiary hospitals in the three main regions of Mainland China,
as defined by the Almanac of Health Statistics of China [10].
The survey was approved by the ethics committee of the Third
Central Hospital of Tianjin (no.: IRB2018-032). The anonymity
of respondents was optional.

The survey comprised 10 single/multiple-choice questions
based on the CSHH and concerning knowledge of the follow-
ing aspects: awareness of the concept of hand hygiene and the
role of hands in the transmission of pathogens; the relationship
between hand hygiene and healthcare-associated infection; ap-
propriate hand hygiene materials; the WHO’s “My 5 moments
for hand hygiene” concept; indications and knowledge of other
aspects of hand hygiene practices, e.g. glove use; and the ef-
fectiveness of alcohol-based hand rub for the rapid elimination
of transient skin flora and reduction of resident flora (appendix:
survey questionnaire).

Questionnaire Distribution and Data Collection
Questionnaires were distributed to healthcare workers using the
snowball sampling method. A social media platform (Blue Drag-
on Network) was used for data collection. This platform is an
online survey application (app) that facilitates the distribution
of questionnaires by e-mail or smart phones by using messaging
apps, such as WeChat and WhatsApp. It allows participants to
access the questionnaire easily and has the capacity to analyze
and export results after responses have been collected. Data on
respondents’ hospital location and type of facility, gender and
professional status were also collected. Hospitals were classified
according to the Chinese National Healthcare Institutes” Enqui-
ry System (http://zgcx.nhc.gov.cn:9090/unit/index) or their site
homepage if not registered in the Enquiry System. Participation
did not involve any financial compensation. No confidential
data were collected and no reminders to participate were sent.
Questionnaires without accurate hospital names were excluded,
as well as those with incomplete data. When the user name and
workplace were used more than once, only the first question-
naire was retained.

Statistical Analysis

Survey responses were downloaded in Excel format. Categorical
and continuous variables were described as numbers (%). De-
scriptive statistics were used as appropriate. Univariate and mul-
tivariate binary logistic regression analyses were performed for
each independent variable associated with an awareness of hand
hygiene. Data were digitally stored and analyzed using SPSS,
version 17 (SAS Institute Inc, Cary, NC, USA). A P-value of less
than 0.05 was considered statistically significant for all analyses.

Results

Demographic Characteristics of Respondents

A total of 52,286 questionnaires were returned. Of these, 6305
duplicates were deleted. A further 526 were excluded as the
workplace was unable to be ascertained; the location and type
of facility were rectified in 5445. The final analysis included
45,455 eligible questionnaires from 961 hospitals across 30
provinces/municipalities. Respondents were physicians (12,353
[27.18%]), nurses (26,290 [57.84%]), medical technicians (4415
[9.71%]), administrative staff (1785 [3.93%]) and logistics per-
sonnel (612 [1.35%]); 37,490 (82.84%) were female. Workplace
locations included pediatric units, gynecology and obstetrics de-
partments, surgical units, internal medicine, outpatient/emergen-
cy room departments, medical-technical departments, adminis-
tration-logistics, as well as infection control units.
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Table 1: Characteristics of Responding Participants.

Non-registered | Primary hospital | Secondary hospital | Tertiary hospital | Total (N=961)

hospital (N=82) (N=82) (N=498) (N=299)
Male gender n (%)
- Total 148 (12.18) 194 (17.21) 2,637 (17.34) 4,986 (17.87) 7,965 (17.52)
- Physician 83(26.10) 119 (28.61) 1,826 (43.12) 3,293 (44.60) 5,321 (43.07)
- Nurse 8 (1.43) 0 (0.00) 139 (1.64) 561 (3.32) 708 (2.69)
- Administrative staff 21 (13.13) 22 (15.49) 100 (13.21) 121 (16.67) 264 (14.79)
- Medical-technical staff | 28 (20.14) 47 (25.13) 482 (31.75) 876 (34.07) 1,433 (32.46)
- Logistic personnel 8 (20.51) 6 (30.00) 90 (44.78) 135 (38.35) 239 (39.05)
Work unit n (%)
- Medicine 232 (19.09) 440 (39.04) 4,840 (31.83) 10,435 (37.39) 15,947 (35.08)
- Surgery 165 (13.58) 87 (7.72) 3,179 (20.90) 6,934 (24.85) 10,365 (22.80)
- Gynaecology-obstetrics | 211 (17.37) 61 (5.41) 1,766 (11.61) 1,870 (6.70) 3,908 (8.60)
- Paediatric unit 129 (10.62) 12 (1.06) 1,168 (7.68) 1,704 (6.11) 3,013 (6.63)
- Outpatient-emergency 91 (7.49) 75 (6.65) 1,028 (6.76) 1,999 (7.16) 3,193 (7.02)
- Medical-technical units | 154 (12.67) 217 (19.25) 2,076 (13.65) 3,679 (13.18) 6,126 (13.48)
- Administration-logistics | 199 (16.38) 213 (18.90) 725 (4.77) 926 (3.32) 2,063 (4.54)
- Infection control unit 34 (2.80) 22 (1.95) 425 (2.79) 359 (1.29) 840 (1.85)
Geographic region (%)
- Eastern China 432 (35.56) 987 (87.58) 4,202 (27.63) 11,640 (41.71) 17,261 (37.97)
- Central China 370 (30.45) 90 (7.99) 5,605 (36,86) 9,313 (33.37) 15,378 (33.83)
- Western China 413 (33.99) 50 (4.44) 5,400 (35.51) 6,953 (24.92) 12,816 (28.19)

Awareness Level of the Concept of Hand Hygiene

The average accuracy rate of all questions was 81.55%. Overall,
the highest correct response rate (97.71%) was to question 4 (rela-
tionship between hand hygiene and healthcare-associated infec-
tion), closely followed by question | (transmission of pathogens
by hands [96.35%]). The correct response rate to questions10,
8 and 7 (“My 5 moments for hand hygiene” concept, glove use
and hand hygiene, and knowledge of hand hygiene materials)
were relatively good (91.61%, 90.53%, and 89.28%, respective-
ly). The correct response rate to questions 6 and 2 (transmission

of pathogens by hands and the effect of alcohol-based hand rub
on the total number of bacterial colonies present) were general-
ly average (84.60% and 81.21%, respectively). The correct re-
sponse rate to questions 9 and 5 (indications and knowledge of
other aspects of hand hygiene practices and the concept of hand
hygiene) were less than average (71.00% and 65.20%, respec-
tively). The correct response rate to question 3 (effectiveness of
alcohol-based hand rub on transient skin flora) was generally
poor (48.04%). The 10/10 correct rate was 26.53% (p<0.05)

Characteristics of microbiota and resident iora on hands
Stardard regerding the recommend ed bacterial court of hand fiore follow ing alochokbesed handrubbing ]
Effect of alkooholbbsed hendrubbing on hand microbicta ]
Relationship betaeen hand hyg iene and heaftheane associated infection
Thieconeeptof fand hygiens
Charsctenistics of mKToblots and transent 1iors on hanos
Maeriatsfor rand hygizne ]
Ghoves Use concar ning hand hygiene ]
INCCETIONS and know iedge of OTher a0 ecls of rand Mygisne pracices )

WHO "My § momertsfor band hygi=ns" concept

Correct answer rate of respondents
.35%
71.71%
15 20% 408 G085 0% 100%

Figure 1: Correct answer rate of respondents (n= 45,455) according to the questionnaire themes.
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Awareness Level of the Basic Knowledge of Hand Hy-
giene by Type of Healthcare Worker and Hospital Fa-
cility

The linear regression model showed that the following health-
care worker characteristics were associated with a statistically
significant overall accuracy of responses: male gender; pro-
fessional status related to logistics/administration or a medical

technician/physician; working in an outpatient/emergency unit,
surgical or medical technical unit, internal medicine service, and
administration/logistics; located in a primary, secondary or ter-
tiary care hospital or a non-classified hospital (i.e., medical facil-
ity not registered in the Chinese National Healthcare Institute’s
Enquiry System); and located in Eastern and Central China.

Table 2: Factors Associated With 10/10 knowledge Scores of Hand Hygiene.

Responses with a10/10 score

Univariate analysis Multivariate analysis

(n [%])

(OR [95% CI))

(adjusted OR [95% CI])

Hospital rating

-Non-registered hospital

398 (32.76%)

1.89 (1.66,2.14)

1.75 (1.53,1.99)

-Primary hospital 635 (56.34%) 5.00 (4.41,5.66) 2.33 (2.05,2.66)
-Secondary hospital 3,122 (20.54%) 1.00 1.00
~Tertiary hospital 7,902 (28.32%) 1.53 (1.46,1.60) 1.28 (1.22,1.34)

Geographic region

-Eastern China 7,356 (42.62%) 4.36 (4.11,4.62) 4.08 (3.84,4.32)
-Central China 2,835 (18.44%) 1.33 (1.24,1.41) 1.36 (1.27,1.45)
-Western China 1,866 (14.56%) 1.00 1.00

Gender

-Female 9,757 (26.03%) 1.00 1.00

-Male 2,300 (28.88%) 1.15 (1.09,1.22) 0.96 (0.90,1.02)

Professional status

- Physician

3,427 (27.74%)

1.23 (1.17,1.29)

1.22 (1.15,1.29)

- Nurse

6,248 (23.77%)

1.00

1.00

- Administrative staff

569 (31.88%)

1.50 (1.35,1.67)

1.65 (1.41,1.94)

- Medical-technical staff

1,544 (34.97%)

1.73 (1.61,1.85)

1.61 (1.46,1.78)

- Logistics staff

269 (43.95%)

2.52 (2.14,2.96)

1.84 (1.53,2.29)

Work unit

- Paediatric unit

597 (19.81%)

1.00

1.00

- Gynaecology-obstetrics

822 (21.03%)

1.08 (0.96,1.21)

1.07 (0.95,1.21)

- Infection control unit

186 (22.14%)

1.15 (0.96,1.39)

0.86 (0.69,1.11)

- Outpatient-emergency

886 (27.75%)

1.55 (1.38,1.75)

1.51 (1.34,1.71)

- Medicine

4,095 (25.68%)

1.40 (1.27,1.54)

1.33 (1.20,1.47)

- Surgery

2,733 (26.37%)

1.45 (1.31,1.60)

1.44 (1.30,1.60)

- Medical-technical units

1,980 (32.32%)

1.93 (1.74,2.15)

1.40 (1.23,1.58)

- Administration-logistics

758 (36.74%)

2.35 (2.07,2.67)

1.28 (1.08,1.51)

Total

12,057 (26.53%)

Results of the multivariate logistic regression analysis with the
outcome variable of full-score marks (10/10) also confirmed
that the odds of an appropriate awareness of hand hygiene were
higher among the following categories: individuals working in
logistics (adjusted odds ratio [aOR]: 1.84; 95% confidence in-
terval [CI]: 1.53-2.29); administration (aOR:1.65; 95% CI:1.41-
1.94); medical technicians (aOR:1.61;95% CI: 1.46-1.78); and
physicians (aOR: 1.22; 95% CI: 1.15-1.29). The overall accu-
racy of respondents was also more likely if healthcare workers
worked in an outpatient/emergency unit (aOR:1.51; 95% CI:

1.34-1.71), surgical department (aOR:1.44; 95% CI: 1.30-1.60),
medical-technical unit (aOR:1.40; 95% CI: 1.23-1.58), inter-
nal medicine department (aOR:1.33; 95% CI: 1.20-1.47) and
administration-logistics (aOR:1.28; 95% CI: 1.08-1.51). Simi-
larly, working in a primary care hospital (aOR:2.33; 95% CI:
2.05-2.66), non-registered hospital (aOR: 1.75; 95% CI: 1.53-
1.99) and a tertiary care hospital (aOR: 1.28; 95% CI: 1.22-1.34)
located in Eastern and Central China (aOR:4.08; 95% CI: 3.84—
4.32 and aOR:1.36; 95% CI: 1.27-1.45, respectively) were all
associated with a higher rate of accurate responses.
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Discussion

Our survey results comprising 45,455 healthcare workers in the
main three regions of China can be considered as a true reflec-
tion of the awareness of hand hygiene basic knowledge in the
country to a large extent. The overall correct response rate to
all 10 questions was 81.55%. However, the overall accuracy of
respondents to all 10 questions was only 26.53% and probably
corresponds to the tip of the iceberg. These findings also pro-
vide national health authorities with valuable scientific data for
the development of further targeted training on hand hygiene to
improve the implementation rate of recommendations within fa-
cilities.

We observed some notable inconsistencies in awareness. The
highest correct response rate (97.71%) concerned the relation-
ship between hand hygiene and the acquisition of healthcare-as-
sociated infection, whereas the response investigating aware-
ness of the actual concept of hand hygiene was only 65.20%.
The correct response to the question on the characteristics of
resident flora on hands was high (96.35%). However, the cor-
rect response concerning the characteristics of transient flora on
hands was only 84.60%, and the response concerning the effec-
tiveness of alcohol-based hand rub on transient flora was even
lower (81.21%). Only a mere 48.04% of participants responded
correctly to the question on the effect of hand rubbing on the
number of microbiotas on hands. It is very possible that knowl-
edge gaps are due to a lack of reference made to these issues
in the national standard document, rather than evidence-based
guidelines or guidance that are key technical tools to support the
implementation of targets laid out in the national health policy
[11]. Importantly, there are several consensus documents/guide-
lines in the context of COVID-19 where hand hygiene has not
been systematically referenced [12]. Evidence-based guidelines
from international expert panels should be considered as addi-
tional sources, such as the WHO guidelines on hand hygiene in
health care and/or interim guidance [3, 13]. In addition, it is not
mandatory to implement the standard in healthcare settings af-
filiated to the national standardization system. Interestingly, the
actual document, rather than other national technical standards
not mandatorily implemented, is not even well referred to in key
guidelines issued by the central administration since the declara-
tion of the COVID-19 pandemic in China, which would endow
it with a mandatory attribute [14, 15].

A major misunderstanding was that 10% of healthcare workers
believed that wearing gloves can replace hand hygiene. Indeed,
Sun and Gao highlighted in a review that several documents
revealed that appropriate hand hygiene practices had been re-
placed by glove use in China and this erroneous notion must be
corrected rapidly [14, 16]. Of note, glove donning was required
as one of the level I precaution measures during the COVID-19
pandemic [17]. It is therefore crucial that an updated and evi-
dence-based hand hygiene document be issued in China, as well
as corresponding legislation or regulations.

Logistic analysis showed that the correct response rate was high-
er in Eastern and Central China than Western regions and best in
primary care hospitals. The weakest link lies in secondary hos-
pitals where training is not in place and the emphasis on preven-

tion measures for healthcare-associated infection is insufficient.
A crucial issue to be considered for hand hygiene education in
the future in China must be to cover all key framework domains
of primary care responses in order to improve the equivalency,
safety and quality control of healthcare delivery [18].

Knowledge of hand hygiene was poorest among nurses. Inter-
estingly, the awareness level of logistics personnel was greatly
improved than previously observed, thus indicating that medical
facilities have carried out effective strategies across all catego-
ries of healthcare workers to improve the weak medical knowl-
edge of certain professions. Although nurses and physicians
have the most clinical interaction with patients, some aspects
of their knowledge of the basic concepts surrounding hand hy-
giene were sadly lacking. Surprisingly, infection prevention and
control was not integrated in an expert consensus document re-
garding holistic care for patients with severe COVID-19 [19].
However, the inclusion of concepts related to hand hygiene in
professional education across a variety of specialties could per-
haps have an active effect on hand hygiene improvement, such
as medical school undergraduate curricula.

Healthcare workers in the outpatient/emergency room per-
formed best, while those in gynecology/obstetrics, pediatrics
and infection control units performed poorly. For the gynecolo-
gy/obstetric departments where more clinical procedures occur,
hand hygiene should be the focus of a specific intervention and
awareness-raising strategy. Our data suggest that it is necessary
to continue to strengthen hand hygiene training for infection pre-
vention and control staff by developing an occupational license
or a professional development programmed integrated into the
regular educational activities of the various departments, nota-
bly for clinical frontline medical staff. In particular, infection
prevention and control services in hospitals need to heighten
their profile with the full and visible support of the directorate in
order to make all staff aware of the importance of their work and
its translation into real practice. WHO has proposed "Clean Care
is Safer Care" as a priority initiative to improve medical quality
in the 21st century. However, this cannot be achieved if major
efforts are not made to continue to improve the compliance of
medical staff with optimal practices. Finally, the specific issue
related to the limited duration of the shelf life of hand rub/gel has
been updated in the new edition of the CSHH (WS/T 313-2019),
with the inclusion also of all other awareness points mentioned
in our questionnaire [20].

Our study has some limitations. First, the number of participants
in the different regions, types of hospital, healthcare worker cat-
egories, gender and clinical departments was not homogenous
with less primary care hospitals involved, particularly in Central
and Western China. Second, there are some limitations related to
the study design, such as a lack of investigation of some aspects
of hand hygiene, e.g. surgical hand antisepsis and knowledge
of multimodal intervention strategies for hand hygiene. Third,
the survey was conducted in 2018 and only now reported as
the authors were involved in the early emergency response to
COVID-19. However, a search of the Chinese Wan fang Med
Online using the keywords “hand hygiene” and “knowledge” re-
trieved 7546 reports, representing 1393 published manuscripts
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since 2018. Among these, no cross-regional hand hygiene
knowledge awareness surveys were identified.

Large differences exist in the basic knowledge of hand hygiene
in healthcare facilities in different regions in China and it is es-
pecially important to strengthen knowledge in medical facilities
of some Western provinces. Basic knowledge also needs to be
more extensively promoted in secondary hospitals and among
nurses and staff working in gynecology/obstetrics, pediatric de-
partments, and particularly in infection prevention and control
units.
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