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Abstract

Background: Occupational exposure to blood and body fluids poses a threat to medical providers and to nurses
especially. This harm is not only physical, but psychology as well and can ultimately impact patient safety. This study
aims to understand the prevalence of occupational exposure to blood and body fluids among Chinese registered
nurses and explores the factors that influence this exposure.

Methods: A cross-sectional online survey was conducted for 31 province-level divisions in China, using a self-created
questionnaire entitled Status Survey on Occupational Exposure in Nurses. Descriptive statistics were used to describe
both the demographic characteristics of the respondents and the characteristics of occupational exposure. Categori-
cal variables were presented as frequencies and percentage, and the relationship between possible influential factors
and the occurrence of occupational exposure was determined using binary logistic regression.

Results: Out of a total of 20,791 nurses analyzed, over half (52.1%) of them had experienced occupational exposure
to blood or body fluids, but over 1/3 (34.6%) of them did not ever report their exposures to a supervisor/official. The
top three causes of under-reporting were: the source patient failed to test positive for infectious pathogens (43.6%),
perception of a burdensome reporting process (24.6%), and indifferent attitude towards being infected (16.9%).
Nurses who worked over 8 hours per day had higher risks of exposure (OR 1.199, 95% Cl 1.130 to 1.272, P<0.001,
respectively). The occupational exposure risk from providing 1-2 types of PPE is 1.947 times that of providing 9-10
types of PPE (OR 1.947,95% Cl 1.740 to 2.178, P<0.001). Likewise, the occupational exposure risk of providing 1-2
types of safety-engineered injection devices is 1.275 times of that of providing 5-6 types (OR 1.275,95% Cl 1.179 to
1.379, P<0.001).

Conclusions: Occupational exposure to blood and body fluids in registered nurses is common, but the rate of
under-reporting such exposure is high. Implementing engineered “sharp”injury prevention devices, following expo-
sure prevention procedures, giving sufficient education and training to healthcare personnel on exposure prevention
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and control, and developing exposure reporting policies are all steps that can both reduce exposure and increase its

reporting.

Keywords: Bloodborne pathogens, Cross-sectional study, Needlestick, Nurses, Occupational exposure

Introduction

Occupational exposure to blood and body fluids is when
healthcare providers come into contact with potentially
infectious blood or body fluids when performing their
job duties. Exposure can occur via broken skin or mucous
membranes exposure, or when skin is pierced by a con-
taminated sharp instrument (a “sharp”) [1, 2]. Nurses in
particular are more likely to be exposed to bloodborne
pathogens due to their more frequent and closer con-
tact with patients than other types of providers such as
physicians.

These pathogens can be relatively harmless, or quite
serious, as is the case with Hepatitis B Virus (HBV),
Hepatitis C Virus (HCV), and Human Immunodefi-
ciency Virus (HIV) [3-5]. The World Health Organiza-
tion (WHO) has reported that approximately 3 in 35 (3
million / 35 million) healthcare providers worldwide
experience percutaneous exposure to bloodborne patho-
gens annually, and of these providers, two million health-
care providers suffered occupational exposure to HBV,
900,000 to HCV, and 170,000 to HIV, which had the
potential to cause 70,000 HBV, 15,000 HCV, and 500 HIV
infections as a rough estimate [6]. Needlestick injuries
are the most common type of occupational exposure to
blood and body fluids [7]. A cross-sectional survey con-
ducted at 81 hospitals in Shanghai showed that 1.53% of
healthcare providers had experienced at least one sharp
injury in the past month [8].

Further studies have shown that occupational expo-
sures can bring physical harm to healthcare provid-
ers, trigger psychological concerns such as anxiety, fear,
stress, and insomnia [9-11], and affect their satisfaction
with their jobs [12]. Moreover, all of these consequences
for nurses are potentially detrimental to patient safety as
well [9, 13]. In addition, occupational exposure increases
the costs of providing medical care. Previous studies have
shown that the total direct and indirect costs associated
with drug toxicity and lost time from work from a single
exposure event to HBV, HCV, and HIV are RMB 5936,
RMB 5738, and RMB 12,709 respectively [14]. Another
study reported that the estimated direct cost of a nee-
dlestick injury associated with an insulin injection was
between RMB 1884 and 2389 [15].

To strengthen occupational exposure management of
healthcare providers, many countries have issued guide-
lines related to occupational exposure [16-18] that
involve pre-exposure prevention, immediate treatment,

post-exposure prophylaxis (PEP), and follow-up. To reduce
the risk of needle-stick injuries during patient care, the
WHO even called for worldwide use of safety-engineered
syringes by 2020 [19] and proposed “Health worker safety:
a priority for patient safety” as the theme for World Patient
Safety Day 2020 [13]. The International Labor Organization
(ILO) has also taken aim at lowering occupational expo-
sure for nurses by providing protective equipment, follow-
ing the operating procedures, using safety instruments and
creating a relatively safe environment [20].

However, there are still many healthcare providers who
do not follow the guidelines and recommended operat-
ing procedures [1, 10, 21]. One survey showed that over
40% of healthcare providers recap of the used needles [1].
Additionally, over 70% of providers reported a shortage
of personal protective equipment (PPE), and over 80%
stated that they did not always wear eye goggles when
there was splash risk of blood and body fluids [1]. Clearly,
continuing to explore the prevalence and influencing
factors associated with occupational exposure to blood-
borne pathogens remains of great importance.

Compared to other countries, the English-language lit-
erature from China is still insufficient [22]. Most of the
previous studies on the prevalence of occupational expo-
sure have been based on reported data focused on only a
certain type of occupational exposures, such as needle-
stick, and there are few studies on nurses in particular
with large samples [23-25]. Thus, this paper fills what
is currently an unfortunate gap in the literature. Specifi-
cally, this study aims to understand the current situation
of occupational exposure to blood and body fluids among
Chinese nurses using a cross-sectional analysis, and to
analyze the factors that influence this exposure using
logistic regression.

Method

Study design and participants

The data for this come from a survey that was conducted
with nurses in 31 province-level divisions (22 provinces,
4 municipalities, and 5 autonomous regions) in mainland
China. We used convenience sampling, to select a sample
whose size was calculated according to the formula:

u (1 =)
1‘17(32

This formula is often used in cross-sectional studies to
calculate sample sizes. Here, a was 0.05, u was 1.96, mt was
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50%, and & was 0.01 so that n found to be to 9604, but
the actual sample size ended up being much larger than
this. Participants cover four economic regions of China,
eastern, middle, western, and northeastern, and for
each region the number of nurses in our study exceeded
3/1000 of the total number of nurses in the region in
2019. Therefore, the sample is likely to be a good repre-
sentation of the overall situation in mainland China.

We administered our questionnaire through the online
survey platform Questionnaire Star. Using information
from the Chinese Nursing Association, questionnaire
links were sent to the members of the special committee
who then arranged for the staffs of medical institutions
in the region to complete the questionnaires. Nurses
filled out the survey by clicking on the survey link or the
Quick Response Code of the questionnaires, which were
forwarded by the healthcare provider working group.
The inclusion criteria were registered nurses who were
currently working in a hospital, informed about the sur-
vey, and participated voluntarily. We excluded refresher
nurses, nurses from external hospitals who were there
to receive standardized training, and nursing student
interns.

Data quality control

To ensure the integrity of the data we collected we
placed requirements on the hospital questionnaire dis-
tributors before administering the survey. For example,
we instructed them that the survey respondents should
come from a variety of departments. Additionally, the
questionnaire link was only forwarded to their healthcare
providers working groups to ensure that the participants
were indeed healthcare workers, and we also used the
survey question of “job position” to check that a research
subject was a direct healthcare provider. Furthermore, we
used concise, easy-to-understand phrasing marked some
keywords in red so that the topics were more readable.
In order to reduce missing data the questionnaires could
be submitted only when filled out completely. Finally, to
avoid duplicate questionnaires, we limited the number of
surveys per IP address to one.

Questionnaire

A self-designed questionnaire based on relevant poli-
cies, guidelines for HIV diagnosis and treatment in China
in 2018, and WHO guidelines for HIV post-exposure
prophylaxis was used as the primary survey instrument
in this study [17, 26]. Experts in this field were also con-
sulted in this regard. A pre-survey questionnaire was
formed after revision and improvement. Two hundred
questionnaires were then distributed for pre-survey anal-
ysis. After collecting and organizing the data, the final
version of questionnaire was created according to the
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feedback from the pre-survey. The questionnaire content
validity index (CVI) was 0.87.

This study focuses on three parts: participants’ personal
characteristics, the risk assessment of occupational expo-
sure, and administrative policies regarding occupational
protection. Personal characteristics included professional
title, sex, age, work experience (years), department, and
province. For occupational exposure risk assessment,
participants were asked whether they wore gloves when
attending to patients where there was a risk of blood
and body fluids, and whether occupational exposure had
been experienced. They were also asked about the aver-
age hours worked per day. Participants who had experi-
enced occupational exposures were also asked about the
causes and the body parts exposed to blood and body
fluids. Questions about administrative policies regard-
ing occupational protection included what PPE was
provided, what safety-engineered injection devices were
available, and whether nurses received training on occu-
pational exposure. In the Supplement material, question-
naires are provided.

Data analysis

The data we collected through the online survey plat-
form was exported to Microsoft Excel, checked by two
researchers, and then analyzed using IBM SPSS Statistics
23. Descriptive statistics were used to describe the demo-
graphic characteristics of the respondents as well as the
characteristics of occupational exposure. All variables
were categorical variables, so there was no continuous
variables. Categorical variables were expressed as fre-
quencies and percentages. Pearson chi-square tests and
binary logistic regression were used to examine differ-
ences between groups (0=unexposed vs. 1=exposed),
and we also calculated the P-values for each statistical
test, as well as the odds ratio (OR) and 95% confidence
interval(95%CI). The binary logistic regression analysis
examined the associations between various factors and
whether occupational exposure occurred. We took P-val-
ues <0.05 (for two-tailed tests) to mean that any nonzero
differences between groups were statistically significant.

Ethical approval and consent to participate

Ethical approval to conduct this study was obtained from
the Ethics Committee of Xiangya Nursing School, Cen-
tral South University (E2020128). When study partici-
pants clicked on the link to the questionnaire, they were
first presented with an informed consent page. They
were informed that no harm would come to them as a
result of participating in the study and that all responses
would be kept confidential. They were entitled to refuse
to participate in and were also afforded the opportunity
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to terminate the questionnaire at any time. All question-
naires were completed anonymously and voluntarily.

Results

Population characteristics

A total of 20,791 nurses, comprising 46.0% from the
eastern region of China, 30.3% from the western region,
18.3% from the central region, and 5.4% from the north-
eastern region, participated in this study, as shown in
Table 1. Of these, 20,253 were females (97.4%), and 538
were males (2.6%). The majority of nurses were from ter-
tiary hospitals (78.4%), had worked for 10years or less
(62.0%), and had professional title of “primary” (67.8%).

Epidemiological characteristics of occupational exposure
Over half of the nurses (52.1%; 10,837/20,791) in ter-
tiary/secondary hospitals in China had ever experienced
occupational exposure to blood or body fluids, but 34.6%
(3747/10,837) did not ever report their exposures to a
supervisor/official. The major causes of underreporting
were that source patient failed to test positive for infec-
tious pathogens such as HBV, HCV, and HIV (43.6%),
that the reporting process was too burdensome (24.6%),
and indifferent attitudes towards being infected (16.9%).
The characteristics of occupational exposure are dis-
played in Table 2. Hands (73.9%) were the most common
body part that was exposed, and the route of exposure
was most frequently percutaneous exposure (66.5%), fol-
lowed by mucous-membrane exposure (32.2%).
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In the exposure group, which had 10,837 members, the
most occupational exposures occurred during the dis-
posal of discarded sharps (20.2%), followed by the with-
drawal of needles (19.3%), the spattering of blood and
secretions (16.3%), and the recapping of needles (14.6%).
The most common causes of exposure were improper
disposal of sharps (24.0%), manipulating needles in agi-
tated patients (19.4%), absent-mindedness during pro-
cedures (16.6%), noncompliance with standard practices
(13.0%), and chaotic operating circumstances or insuf-
ficient light (11.9%). In addition, 74.9% of nurses said
that they were under high stress after their exposure.
The most commonly reported reason for this high level
of stress was fear of being infected (49.3%), followed by
fear of side effects of prophylactic medication (22.0%)
and fear of family members knowing about the exposure
(17.1%).

Factors related to occupational exposure to blood

and body fluids among nurses

Our univariate analysis using Pearson chi-square
tests showed that professional title (x*=358.795,
P<0.001), gender (x)=5.751, P=0.016), age
(x*=423.150, P<0.001), work experience (x*>=430.787,
P<0.001), work department (x*>=114.907, P<0.001),
region of hospital (x*=79.897, P<0.001), hospi-
tal level (x*=6.108, P=0.013), PPE (x*=457.852,
P<0.001), safety-engineered injection  devices
(x*=343.524, P<0.001), occupational safety protection

Table 1 Demographic characteristics of the respondents (n=20,791)

Characteristics Participants (n) Percent (%)

Characteristics

Participants (n) Percent (%)

Professional title Work department
Primary 14,087 67.8 Internal medicine 9347 45.0
Intermediate 5669 27.3 Surgery 3563 171
Associate senior or Senior 1035 50 Obstetrics and gynecology 1351 6.5
Gender Pediatrics 1215 58
Male 538 26 Operating room 754 36
Female 20,253 974 Emergency 1144 55
Age ICU 1268 6.1
18-25 3673 17.7 Nursing 205 1.0
26-30 6769 326 Other (paramedical units, blood collection 1944 94
room, injection room, blood dialysis room, etc.)
31-40 7311 352 Region of hospital
41-50 2497 12.0 Eastern 9554 46.0
51-60 541 26 Central 3798 183
Work experience (years) Western 6309 303
<5 6248 30.1 Northeastern 1130 54
5-10 6634 319 Hospital level
10-20 4942 23.8 Tertiary 16,307 784
>20 2967 143 Secondary 4484 216
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Table 2 Characteristics of occupational exposure (n=10,837)
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Characteristics

Participants (n)

Percent (%)

What were the body parts exposed to blood and body fluids in your occupational exposure (multiple-choice question)?

Hand 10,599 73.9(10,599/14348)
Foot 535 3.7 (535/14348)
Eye 2115 14.7 (2115/14348)
Forearm 991 6.9(991/14348)
Others 108 0.8 (108/14348)
What were the circumstances of your occupational exposure (multiple-choice question)?
Recapping needle 4708 14.6 (4708/32226)
Disposing of discarded sharps 6507 20.2 (6507/32226)
Withdrawing needles 6220 19.3 (6220/32226)
Suturing 1546 4.8 (1546/32226)
Delivering sharps 2037 6.3 (2037/32226)
Being accidentally injured by others 2835 8.8(2835/32226)
Spattering of blood and secretions 5237 16.3 (5237/32226)
Being scratched by patients 2846 8.8 (2846/32226)
Other 290 0.9 (290/32226)
What were the exposure routes of your occupational exposure (multiple-choice question)?
Percutaneous exposure 10,402 66.5 (10,402/15633)
Mucous-membrane exposure 5031 32.2(5031/15633)
Other 200 1.3 (200/15633)
What were the reasons for the occupational exposure (multiple-choice question)?
Absent-mindedness during operating 4702 16.6 (4702/28376)
No safety injection tool available 2554 9.0 (2554/28376)
Not using safety injection tool 1200 4.2 (1200/28376)
Chaotic operating circumstances or insufficient light 3380 11.9 (3380/28376)
Improper disposal of sharp objects 6819 24.0 (6819/28376)
Noncompliance with standard practices 3696 13.0 (3696/28376)
Manipulating a needle in an agitated patient 5516 194 (5516/28376)
Other 509 1.8 (509/28376)
Have you ever reported any occupational exposure?
Yes 7090 65.4 (7090/10837)
No 3747 34.6 (3747/10837)
What were the reasons for underreporting (multiple-choice question)?®
Didn't know the reporting process 266 4.7 (266/5699)
Burdensome reporting process 1404 24.6 (1404/5699)
Source patient failed to test positive for infectious pathogens 2483 43.6 (2483/5699)
Indifferent attitude towards being infected 962 16.9 (962/5699)
Afraid of being criticized 281 4.9 (281/5699)
Fear of discrimination 73 1.3 (73/5699)
Other 230 4.0 (230/5699)
What amount of stress did you experience after your occupational exposure?
Low 315 29(315/10837)
General 2401 22.2 (2401/10837)
High 8121 74.9 (8121/10837)
If applicable, what were the reasons for your high level of stress after exposure (multiple-choice question)?®
Worry about being infected 8087 49.3 (8087/16395)
Worry about side effects of prophylactic medication 3611 22.0(3611/16395)
Fear of leadership criticism 1790 10.9 (1790/16395)
Fear of exposure becoming known to family members 2808 17.1 (2808/16395)
Other 99 0.6 (99/16395)

For multiple-choice questions, Percentage =number of people choosing this option / total number of choices
2 means n=3747.” means n=8121
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training (x*=300.860, P<0.001), work hours per day
(x*=115.050, P<0.001), wearing gloves when mak-
ing contact with blood or body fluids (x*=594.730,
P<0.001), following standard prevention procedures
(x> =423.564, P<0.001), self-evaluation of the risk level
of occupational exposure (x*=307.221, P<0.001), and
a culture of safety (x*=535.896, P<0.001) were all sta-
tistically associated with whether occupational expo-
sure occurred, as presented in Table 3.

In addition, we used binary logistic regression analy-
sis to examine the associations between several risk
factors and whether occupational exposure occurred.
These results are presented in Table 4. The risk of
occupational exposure for operating room nurses
(OR=1.642, 95% CI=1.395, 1.932) is 1.642 times
greater than internal medicine nurses, and the risk of
occupational exposures in the central (OR=1.311, 95%
CI=1.208, 1.422) region of China is higher than in the
eastern region. Furthermore, nurses who work over
8hours per day (OR=1.199, 95% CI=1.130, 1.272)
have 1.199 times the risk of occupational exposure
compared to those who do not.

The occupational exposure risk from providing 1-2
types of PPE is 1.947 times that of providing 9-10
types of PPE. Likewise, the occupational exposure risk
of providing 1-2 types of safety-engineered injection
devices is 1.275 times of that of providing 5-6 types.
The types of hospital-provided PPE and safety-engi-
neered injection devices are shown in Table 5. Addi-
tionally, nurses with occupational safety protection
training frequencies of less than 1 time per year have
1.350 times the risk of occupational exposure of those
who received training at least once per month. Nurses
who do not follow standard prevention practices have
2.088 times the risk of occupational exposure of those
who do.

Discussion

Occupational exposure to blood and body fluids in Chi-
nese registered nurses is still common, and the rate of
exposure under-reporting is high. Work experience,
work department, region of hospital, hospital level,
working hours per day, following standard prevention
practices, perceived level of risk of occupational expo-
sure in the workplace, awareness of occupational safety
and the protection of the people around you, number of
types of PPE provided by the hospital, number of types
of safety-engineered injection devices provided by the
hospital, and frequency of training related to occupa-
tional safety can all impact the occurrence of nurses’
occupational exposure to blood and body fluids.

Page 6 of 13

There is a high prevalence of occupational expo-
sure to blood and body fluids among nurses in China,
and this result is consistent with previous studies [27,
28]. The most common route of exposure is percuta-
neous (needlestick, sharp injuries, broken skin, etc.),
accounting for about 2/3 of all incidents, followed
by mucous-membrane exposure, which accounts for
about 1/3. Globally, there is a high incidence of per-
cutaneous injury among healthcare providers who
directly care for patients that increases their risk of
infection from bloodborne viruses such as HBV, HCV,
and HIV [29]. In this study we found that disposing of
discarded sharps and withdrawing needles were the
most common circumstances associated with occu-
pational exposure, and the most common cause of
occupational exposure was disposing of sharp objects
without following the correct procedures, which is
also similar to previous findings [4, 30]. However,
most current training courses for nursing technical
procedures do not emphasize sharp injury prevention
enough [31]. This suggests that such training con-
tent should be added to future textbooks and training
courses.

In addition, this study showed that the more compre-
hensive the provision of safety-engineered sharps, the
lower the occurrence of occupational exposure, which
agrees with the results of a multicenter study in Japan
that showed that the application of safety-engineered
syringes significantly reduced the incidence of nee-
dlestick injuries [32]. Moreover, a meta-analysis also
demonstrated that sharp injury prevention syringes
lowered the incidence of needlestick injuries [33]. As
previously mentioned, in 2015, the WHO appealed for
worldwide use of safety-engineered syringes by 2020
[19]. However, safety blood collection needles, safety
arterial blood collection needles, safety syringes, and
needleless infusion connectors remain scarce, espe-
cially safety syringes. Less than 1/2 of the nurses in this
study had received these. Compared to secondary hos-
pitals, the tertiary hospitals in our study provided more
comprehensive safety injection tools. Despite this, only
about half of the nurses in the entire study had access
to safety arterial blood collection needles. Hence, pro-
moting the use of safety-engineered sharps in hospitals
should help to reduce the occurrence of exposure to
blood and body fluids.

Our results also show that receiving adequate educa-
tion and training on occupational exposure and stand-
ard prevention practices is beneficial for reducing the
risk of exposure. Over 1/10 of the occupational expo-
sures in this study occurred due to noncompliance with
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Table 3 Univariate analysis for occupational exposure-related factors

Variables Occupational Exposure n(%) P OR (95%(Cl)

No Yes

Professional title

Primary 7379 6708 (47.6%) <0.001 1

Intermediate 2205 3464 (61.1%) 1.728 (1.623, 1.840)

Associate senior or Senior 370 665 (64.3%) 1.977 (1.734, 2.255)
Gender

Male 285 253 (47.0%) 0.016 1

Female 9669 10,584 (52.3%) 1.233 (1.039, 1.464)
Age

18-25 2241 1432 (39.0%) <0.001 1

26-30 3374 3395 (50.2%) 1.575(1.451,1.709)

31-40 3128 4183 (57.2%) 2.093 (1.930, 2.269)

41-50 973 1524 (61.0%) 2451 (2209, 2.720)

51-60 238 303 (56.0%) 1.992 (1.660, 2.391)
Work experience (years)

<5 3640 2608 (41.7%) <0.001 1

5-10 3080 3554 (53.6%) 1.610(1.502,1.727)

10-20 2038 2904 (58.8%) 1.989 (1.844, 2.145)

>20 1196 1771 (59.7%) 2.067 (1.891, 2.259)
Work department

Internal medicine department 4382 4965 (53.1%) <0.001 1

Surgery department 1650 1913 (53.7%) 1.023 (0.947,1.106)

Obstetrics and gynecology department 725 626 (46.3%) 0.762 (0.680, 0.854)

Pediatrics department 603 612 (50.4%) 0.896 (0.795, 1.010)

Operating room 266 488 (64.7%) 1619 (1.387, 1.890)

Emergency department 546 598 (52.3%) 0.967 (0.855, 1.093)

ICU 707 561 (44.2%) 0.700 (0.622, 0.788)

Nursing department 88 117 (57.1%) 1.173(0.887, 1.552)

Others (paramedical units, blood collection room, injection room, 987 957 (49.2%) 0.856 (0.776,0.944)

blood dialysis room and so on)
Region of hospital

Eastern 4815 4739(49.6%) <0.001 1

Central 1594 2204(58.0%) 1.405(1.302,1.516)

Western 3030 3279(52.0%) 1.100(1.032,1.172)

Northeastern 515 615(54.4%) 1.213(1.072,1.373)
Hospital level

Tertiary 7734 8573(52.6%) 0.013 1

Secondary 2220 2264(50.5%) 0.920(0.861, 0.983)
Do you follow standard prevention strategies during working?

Yes 8675 8525(49.6%) <0.001 1

No 540 1506 (73.6%) 2.838(2.561,3.145)

No knowledge of what standard prevention practices are 739 806 (52.2%) 1.110(1.000, 1.232)
How many hours do you work per day?

8hours 5602 5293 (48.6%) <0.001 1

>8hours 4352 5544 (56.0%) 1.348 (1.277,1.424)
Did you wear gloves when attending to patients that posed a risk for blood and body fluid exposure?

Yes 8277 7437 (47.3%) <0.001 1

Occasionally 1467 2929 (66.6%) 2222(2.072,2383)

No 210 471 (69.2%) 2496 (2.115,2.946)
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Table 3 (continued)
Variables Occupational Exposure n(%) P OR (95%Cl)
No Yes
What do you think the risk level of occupational exposure at your workplace is?
Low 453 253 (35.8%) <0.001 1
General 2614 1961 (42.9%) 1.343(1.139,1.584)
High 6887 8623 (55.6%) 2.242 (1916, 2.623)
How do you rate the awareness of occupational safety protection of the people you work with?
Strong 5311 4111 (43.6%) <0.001 1
General 4317 6023 (58.2%) 1.802 (1.704, 1.907)
Not strong enough 326 703 (68.3%) 2.786(2.428,3.197)
How many kinds of PPE does your hospital provide to healthcare providers?
9-10 2237 1642 (42.3%) <0.001 1
7-8 2527 2288 (47.5%) 1.234(1.133,1.343)
5-6 2441 2674 (52.3%) 1492 (1.372,1.623)
3-4 1730 2239 (56.4%) 1.763(1.612,1.928)
1-2 1019 1994 (66.2%) 2.666 (2415,2.943)
How many kinds of safety-engineered injection devices are available to nurses in your hospital?
5-6 3015 2461 (44.9%) <0.001 1
3-4 3349 3114 (48.2%) 1.139 (1.060, 1.224)
1-2 3590 5262 (59.4%) 1.796 (1.678,1.922)
What is the interval between training sessions related to occupational safety protection in your hospital?
Tmonth 2562 1925 (42.9%) <0.001 1
3months 2226 2140 (49.0%) 1.279(1.177,1.391)
6months 1410 1628 (53.6%) 1.537 (1401, 1.686)
1year 1533 1899 (55.3%) 1.649 (1.507, 1.803)
> 1year, none, or no idea 2223 3245 (59.3%) 1.943(1.793, 2.105)

standard practices, and about 1/4 of the nurses do not
wear or only occasionally wear gloves during encoun-
ters with high-risk patients. Thus, nursing administra-
tors in China may want to strengthen education and
training on occupational exposure and standard prac-
tices and increase the frequency of training sessions.

One previous study in the Netherlands showed that
there were some safety engineered devices related to
needle stick injuries, such as nadroparin calcium nee-
dles and infusion needles [34]. The top two causes of
safety engineered devices related to needlestick inju-
ries were needles being unsafely disposed and prob-
lems with safety engineered devices [34]. Furthermore,
a meta-analysis showed that safeguarded intravenous
cannulas reduced the incidence of needlestick injuries
but at the cost of increased incidence of blood exposure
[35]. These results may be attributed to the fact that
these new devices are more difficult for healthcare pro-
viders to use [35]. Therefore, in addition to the knowl-
edge of standard prevention practices, the skills of how
to operate new safety-engineered syringes are quite
important and should be trained regularly.

Additionally, absent-mindedness during procedures
is a common cause of occupational exposure. Nurs-
ing is a high-intensity profession that requires nurses to
focus intently, sometimes for long periods of time. Long
working hours can lead to a loss of concentration that
can increase the risk of accidents including occupational
exposure [36—-38]. A study in Taiwan showed that nurses
who work 41-50hours per week and >50hours per week
had 1.17 times and 1.51 times the risk of needlestick
injuries, respectively, compared to those who worked no
more than 40hours per week [36]. This implies that the
problem of how to ensure nurses on duty concentrate on
the task at hand needs to be addressed directly.

Apart from that, as with previous studies [10, 28], the
present study also showed that the self-reporting rate of
occupational exposure among nurses is low, with a rate
reporting of less than 2/3. The major reason given for this
was that bloodborne pathogens had failed to be detected
in the source patients. Additionally, the reporting proce-
dure was often described as burdensome, which was the
second most common reason given for not reporting.
This suggests that a simpler reporting procedure should
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Table 4 Multivariate analysis of occupational exposure-related factors
Variables B OR OR (95%Cl) P
Work experience (years)

<5 Ref 1

5-10 0435 1.546 (1436, 1.664) <0.001

10-20 0.686 1.986 (1.831,2.154) <0.001

>20 0.852 2344 (2.124, 2.588) <0.001
Work department

Internal medicine Ref 1

Surgery 0.013 1.014 (0.934, 1.100) 0.748

Obstetrics and gynecology —0.193 0.825 (0.731,0.931) 0.002

Pediatrics —0.037 0.964 (0.849, 1.095) 0.572

Operating room 0.496 1.642 (1.395,1.932) <0.001

Emergency —0.059 0.943 (0.828,1.074) 0.374

ICU —0.311 0.733 (0.647,0.830) <0.001

Nursing 0420 1.522 (1.122,2.066) 0.007

Other (paramedical units, blood collection room, injection room, —0.090 0914 (0.823,1.016) 0.095
blood dialysis room, etc.)
Region of hospital

Eastern Ref 1

Central 0.271 1311 (1.208,1.422) <0.001

Western 0.022 1.022 (0.954, 1.096) 0.531

Northeastern 0.030 1.031 (0.904, 1.176) 0.651
Hospital level

Tertiary Ref 1

Secondary —0.073 0.930 (0.865, 1.000) 0.049
Do you follow standard prevention strategies during working?

Yes Ref 1

No 0.736 2.088 (1.872,2.330) <0.001

No knowledge of what standard prevention practices are —-0.077 0.926 (0.828, 1.036) 0.180
How many hours do you work per day?

8hours Ref 1

>8hours 0.181 1.199 (1.130, 1.272) <0.001
What do you think the risk level of occupational exposure at your workplace is?

Low Ref 1

General 0.371 1.449 (1.211,1.735) <0.001

High 0.846 2331 (1.958,2.775) <0.001
How about the awareness of occupational safety and protection of people around you?

Strong Ref 1

General 0.391 1478 (1.390, 1.571) <0.001

Not strong enough 0.630 1.877 (1.622,2.173) <0.001
How many kinds of PPE does your hospital provide to healthcare providers?

9-10 Ref 1

7-8 0.053 1.054 (0.961,1.157) 0.266

5-6 0.234 1.264 (1.151,1.387) <0.001

3-4 0.346 1413 (1.278,1.562) <0.001

1-2 0.666 1.947 (1.740,2.178) <0.001
How many kinds of safety-engineered injection devices are available to nurses in your hospital?

5-6 Ref 1

3-4 —0.032 0.968 (0.894, 1.049) 0429

1-2 0.243 1.275 (1.179,1.379) <0.001
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Table 4 (continued)

Variables B OR OR (95%Cl) P

What is the interval between training sessions related to occupational safety protection in your hospital?

1 month Ref 1
3months 0.095 1.100 (1.007, 1.201) 0.035
6months 0.188 1.207 (1.094,1.332) <0.001
1year 0.155 1.168 (1.061, 1.286) 0.002
> 1year, none, or no idea 0.300 1.350 (1.236, 1.474) <0.001
Table 5 Types of hospital-provided PPE and safety-engineered injection devices
Questions Answers Participants (n) Percent (%)
What PPE does your hospital provide to healthcare providers?
Disposable surgical mask No 2057 9.9
Yes 18,734 90.1
N95 protective mask No 9856 474
Yes 10,935 526
Protective screen mask No 13,493 64.9
Yes 7298 35.1
Disposable gloves No 1677 8.1
Yes 19,114 91.9
Needle-stick-resistant surgical gloves No 13,229 63.6
Yes 7562 364
Protective glass No 7051 339
Yes 13,740 66.1
Isolation gowns No 5083 244
Yes 15,708 75.6
Disposable gowns No 8230 396
Yes 12,561 604
Shoe covers No 8140 39.2
Yes 12,651 60.8
Other No 20,605 99.1
Yes 186 0.9
What safety-engineered injection devices are available to nurses in your hospital?
Safety indwelling needle No 2234 10.7
Yes 18,557 89.3
Safety blood collection needle No 7351 354
Yes 13,440 64.6
Safety arterial blood collection needle No 10,229 49.2
Yes 10,562 50.8
Safety syringe No 11,562 556
Yes 9229 444
Needle-less infusion connectors No 10,357 49.8
Yes 10434 50.2
Other No 20,100 96.7

Yes 691 33
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be applied. Some participants in this study were even
unaware of the reporting process entirely. Similarly to a
previous study, some nurses expressed that they did not
know where to report such incidents [39]. In addition,
some participants thought they would not be infected
even after the exposure, and some expressed fear of being
criticized and facing discrimination. Reporting the occu-
pational exposure is of great importance for both PEP
and for the diagnosis of potential infections as early as
possible [40, 41]. With earlier and more reporting, psy-
chological stress of the exposed nurses could potentially
be reduced. This study showed that over 70% of exposed
nurses had high stress after exposure, especially female
nurses who had worked for less than 10years. Thus, it
makes sense for hospitals to pay proper attention to
exposure incidents, to encourage staff to report every
one of them, and to provide prompt counseling to the
exposed.

Limitations

Despite it merits, this study still has several limitations.
First, this study was a recall survey of whether nurses had
experienced occupational exposure, and recall bias may
not have been entirely excluded. But the frequency of
occupational exposure was not investigated in this study,
and recall bias was small. Finally, primary hospitals were
not analyzed due to the small proportion of nurses (about
1.1%) from primary hospitals.

Recommendations for future research

The impact of the use of safety engineered devices on
occupational exposure should be further explored in
future work, along with the development of devices that
are more conducive to both nurse and patient safety.

Clinical implications for nursing managers

and policymakers

Based on the results of this study, we recommended
strengthening precautionary measures aimed at pre-
venting occupational exposure to blood and body fluids,
including occupational safety training, training on the
use of new safety engineered devices, provision of ade-
quate PPE, and creating a culture of safety in the work-
place. We also recommend conducting clinical trials and
recording factors that may cause occupational exposure
during use before formally introducing safety engineered
devices, and implementing policies that schedule shifts
in a way that ensures adequate rest for nurses in order to
reduce occupational exposure due to absent-mindedness.
Finally, we recommend simplifying the process of report-
ing occupational exposure, and strengthening post-expo-
sure support resources.
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Conclusions

Occupational exposure to blood and body fluids in Chi-
nese registered nurses remains common, and the rate
of exposure underreporting is also quite high. Hours
worked per day, not following standard prevention prac-
tices, awareness of occupational safety, number and types
of PPE provided by the hospital, number and types of
safety-engineered injection devices provided by the hos-
pital, and frequency of safety training were all found to
have an impact on nurses’ occupational exposure. We
suggest that implementing engineered sharps injury
prevention devices, strictly following exposure preven-
tion practices, giving sufficient education and training to
healthcare personnel, and developing exposure reporting
policies can reduce the rates of both the occurrence of
exposure and of not reporting exposure when it happens.
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