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Objective: To examine the risk factors linked with occupational blood exposure (OBE) among nursing staff (NS), we pinpoint 
deficiencies in the compliance with policies of infection prevention and control, and assess the expenditures associated with infection 
prevention and control.
Methods: Healthcare workers that completed an “Occupational Blood Exposure Report Form” were divided into NS (observation) 
group and non-NS (control) group. Univariate and multivariable analyses were conducted to compare both groups in various aspects. 
We also explored design patents intended to minimize occupational exposure.
Results: The highest incidence of OBE was observed in the department of neurosurgery. Among NS, OBE incidence was found to be 
influenced by independent risk factors, such as gender, age, occupational title, work location, and incidence of sharps injuries. 
Protective factors against OBEs included the use of arterial blood gas needles and suture needles. Personal protective equipment (PPE) 
usage rates were low in both groups prior to OBEs (0.74% vs 0.00%, P > 0.05). Correct emergency management could be improved 
promptly by both groups following an OBE (P > 0.05). However, the observation group exhibited a higher proportion of blood 
expression after a sharps injury and a higher re-evaluation rate at 6 months post-exposure compared to the control group (P < 0.05). In 
2018, the per capita costs of infection prevention and control for NS were the Chinese Yuan (RMB) 339.43 per individual. In response 
to these findings, two utility model patents have been authorized.
Conclusion: The risk and protective factors related to the occurrence of OBEs were investigated in this study, suggesting that there is 
a need for improvement in the rate of PPE usage and the re-evaluation rate of OBEs among NS. Additionally, focused training on 
emergency blood expression and compliance with policies among non-NS personnel is deemed necessary.
Keywords: compliance, infection prevention and control, nursing staff

Background
Health care workers (HCWs), especially nursing staff (NS), face a significant risk of occupational blood exposure 
(OBE).1–6 The World Health Organization estimated that each year, of the 35 million HCWs worldwide, 2 million to 
hepatitis B virus (HBV), 0.9 million to hepatitis C virus (HCV), and 170,000 to human immunodeficiency virus (HIV).1 

The career time prevalence of OBE among HCWs was found to be 56.6%.6 A 2016 survey in the United States disclosed 
that the average economic loss per OBE was US$747, with a direct economic loss of US$425 per case and an indirect 
economic loss of US$322.7,8 OBEs not only increase administrative costs of hospitals but also elevate the risk of 
bloodborne infections among HCWs.9 Following exposure, HCWs are susceptible to psychological issues like anxiety, 
depression, and post-traumatic stress disorder (PTSD). They may also face discrimination and, in extreme cases, lose 
their employment.10
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Despite the World Health Organization’s (WHO) efforts to promote safety devices,11 around 77.22% of Chinese 
hospitals have issues with underreporting OBEs,12 and only 33.9% of HCWs report OBE incidents.13 This persistent 
underreporting significantly undermines the effectiveness of post-exposure management measures, underscoring the 
importance of early preventive measures targeting risk factors. Identifying these risk factors is crucial. Nursing staff are 
often frontline workers in clinical settings, providing effective nursing services to a large number of patients in such 
environments. They are also involved in various nursing procedures, such as blood collection and intravenous therapy. 
These tasks require close contact with patients, exposing nursing staff to numerous occupational hazards, which can 
impact their physical and mental well-being. Therefore, it is necessary to carefully analyze the occupational exposure 
risks faced by nursing staff and implement effective measures to strengthen their occupational protection, improve their 
working environment, and ensure their overall well-being. While cross-sectional studies on NS OBE incidence in China 
are common, those comparing groups are rare, and research on infection prevention and control compliance’ with policy 
and costs is even scarcer.

In this study, we categorized NS with OBE incidence as the observation group and non-NS HCWs as the control group. 
Multivariable logistic regression analysis was employed to identify OBE risk factors among NS compared to non-NS. For 
the first time, we assigned scores to local emergency management steps, calculated the correctness rate of post-OBE local 
emergency management, and investigated re-evaluation, diagnostic procedure costs, and prophylactic medication post 
exposure costs. The aim is to pinpoint weaknesses in current occupational exposure prevention and control measures, 
offer data support for targeted intervention measures, and effectively mitigate the risk of occupational exposure.

Study Participants and Methods
Study Participants Inclusion Criteria
In this a comparative study between nurse and non-NS HCWs, the following study participants were consecutively 
included: 1) Those who experienced OBEs between January 1 and December 31, 2018; 2) HCWs who faced these 
exposures both at our main hospital and north campus; 3) Those who reported the incident to the infection control 
department; 4) Those who completed the occupational blood exposures report form.

Exclusion Criteria: 1) Those who did not report the incident via phone to the infection control department; 2) Those 
who did not complete the “Occupational Blood Exposures Report Form”; 3) Those who had missing data.

Research Method
Terminology and Definitions
OBEs:14 A situation in which workers, while carrying out their job duties, encounter blood or other substances that may 
carry bloodborne pathogens (microorganisms in blood and specific body fluids capable of causing human diseases) via 
the eyes, mouth, nose, other mucous membranes, damaged skin, or routes other than the gastrointestinal tract.

Patient ward:15 Describes a space dedicated to monitoring, diagnosing, treating, providing rest, sleep, and meals for 
hospitalized patients. Typically furnished with beds, isolation curtains, chairs, a nurse call system, oxygen supply, 
negative pressure suction system, hand hygiene stations, restroom, and a container for non-medical waste, among 
other amenities.

Scoring for Immediate Response Procedures for OBEs is as Follows
To address a sharps injury, it is essential to follow a three-step treatment protocol sequentially, assigning scores to each step.

1 point: Following a sharps injury, the HCW should softly exert pressure from the closer end to the farther end of the 
wound to release as much blood as they can.

1 point: Following a sharps injury, the HCW should cleanse the injury using a soap solution or running water.
1 point: After cleansing, the wound should be disinfected with 75% ethyl alcohol or 0.5% povidone-iodine.

Scoring for Post-Exposure Emergency Management of Skin and Mucous Membrane Exposures 
3 points: Contaminated skin should be washed with soap solution and running water; contaminated mucous membranes 
should be repeatedly cleansed with normal saline solution.
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The preoperative basic blood panel: The preoperative basic panel, quantitative hepatitis B panel, Alanine amino-
transferase (ALT), HCV antibody test, Hepatic function panel, Treponema pallidum specific antibody (TP-PA), HIV 
antibody, complete blood count (CBC) with differential, urinalysis, and renal function panel are to be conducted.

The Prophylactic Medication Post Exposure Regimen Involved in This Study Includes
Hepatitis b immunoglobulin, Tetanus antitoxin, and Benzathine penicillin.

Direct Costs of Prevention and Control
In this study, direct costs, encompassing diagnostic testing, pharmacotherapy, and post-exposure follow-up and review, 
were considered. The costs of prophylactic medication for exposures involving HIV as the source were assessed by local 
centers for disease control and prevention (CDC) and, therefore, were not incorporated into the costs of this study.

Survey Methodology
The “Occupational Blood Exposures Report Form” was filled out by healthcare workers who underwent an occupational 
exposure. The infection control department is where the report was submitted, and it encompassed details such as basic 
information of the exposed individual, the location of the occupational exposure, the source of exposure, specific 
operations conducted at the time of exposure, contaminated items, specific post-exposure handling procedures, evaluation 
of pharmacotherapy, and reimbursement status.

Grouping: HCWs with Incidents of OBEs are Divided into Two Groups
NS as the observation group and non-NS as the control group. The “control” group consists of non-NS individuals, 
including working doctors, students, residents, visiting doctors, and third-party personnel under contract with the 
hospital.

Statistical Methods
The occupational exposure survey involved entering data into Excel through a double data entry process, which was then 
cross-verified by a third party to ensure accuracy. The validated data from Excel was imported into SPSS version 22.0 for 
analysis. Percentages represented count data, and group comparisons were conducted using the chi-squared test. 
Statistical significance was determined by a P-value less than 0.05. Variables with significance (P < 0.05) in the 
univariate analysis were included as independent variables in the multivariable logistic regression analysis. The objective 
was to identify statistically significant risk factors for NS compared to non-NS in the incidence of OBEs, also requiring 
a significance level of P < 0.05.

Results
Baseline Comparison
Using 25 years as the dividing line, the proportions of people aged below 25 in the two groups were 37.78% and 22.33%, 
respectively, with χ2=6.507 and P=0.011, indicating comparability. The composition ratio of individuals under 25 years 
old in the two groups showed no significant difference, demonstrating comparability. This information has been 
incorporated into Baseline Comparison.

Departmental Distribution
The prevalence of OBEs is 56.72% (135/238). Among 238 HCWs who faced occupational exposure, 25 (10.50%) 
belonged to the field of neurosurgery, 23 (9.66%) worked in the emergency department, 17 (7.14%) were associated with 
cardiology, 14 (5.88%) were from neurology, and 12 (5.04%) represented gastroenterology. Notably, neurosurgery 
recorded the highest incidence of exposures (Table 1).
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Risk Factor Analysis
Univariate Analysis
Potential Personal Risk Factors 
In the observation group, a higher incidence of OBEs was noted in terms of the proportion of females (93.33%), those 
aged ≤ 25 (37.78%), with a work duration of ≤ 5 years (71.78%), employed workers (88.15%), and junior professional 
ranks (65.19%) when compared to the control group, where these proportions were at 50.49%, 22.33%, 16.50%, 31.07%, 
and 6.80%, respectively. The differences were found to be statistically significant (P < 0.05). Furthermore, the proportion 
of students in the control group (61.17%) was significantly higher than that in the observation group (11.85%) (P < 0.05), 
as indicated in Table 2.

Exposure Source Classification 
A higher risk of experiencing sharps injury was observed in the observation group (96.30%) compared to the control 
group (77.67%) (P < 0.05). Conversely, a higher incidence of HBV exposure was noted in the control group (38.83%) 
compared to the observation group (25.19%) (P < 0.05), as indicated in Table 2.

Potential High-Risk Exposure Locations 
A higher risk of OBEs was encountered in patient wards (48.89%) and treatment rooms (14.07%) by the observation 
group compared to the control group (27.18% and 2.91%, respectively, P < 0.05). A higher incidence of OBEs in the 
operating theater (41.75%) and emergency department (67.96%) was experienced by the control group compared to the 
observation group (8.15%, P < 0.05), as indicated in Table 2.

Table 1 Departmental Distribution of Occupational Exposure Personnel

Department Number of Exposures Percentage (%)

Neurosurgery 25 10.5
Emergency Department 23 9.7

Cardiology 17 7.1

Neurology 14 5.9
Gastroenterology 12 5.0

Respiratory Medicine 11 4.6

Hematology 11 4.6
Otorhinolaryngology 8 3.4

Urology Surgery 8 3.4
Endocrinology 7 2.9

Disinfection Supply Center 7 2.9

Urology 6 2.5
Operating Theater 6 2.5

Cardiac Surgery 6 2.5

Ophthalmology 6 2.5
Dermatology 5 2.1

Gynecology 4 1.7

Oral Medicine 4 1.7
Anesthesiology 4 1.7

Biliary Minimally Invasive Surgery 3 1.3

Hepatobiliary Surgery 3 1.3
Laboratory Department 3 1.3

Rehabilitation 3 1.3

Oral Surgery 3 1.3
Immunorheumatology 3 1.3

Hemodialysis Department 3 1.3

Other Departments 33 13.9
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Table 2 Univariate Analysis of Risk Factors Unique to OBEs Among Nursing Staff

Item Value Observation  
Group 

[Number (%)]

Control  
Group 

[Number (%)]

χ2 P-value OR 
value

95% CI

General Information

X1 Gender Female 126 (93.33) 52 (50.49) 56.890 0.000 13.73 6.30–29.92

Male 9 (6.67) 51 (49.51)

X2 Age ≤ 25 years 51 (37.78) 23 (22.33) 6.507 0.011 2.11 1.18–3.77

> 25 years 84 (62.22) 80 (77.67)

X3 Length of Service > 5 years 79 (58.52) 86 (83.50) 17.140 0.000 0.28 0.15–0.52

≤ 5 years 56 (71.78) 17 (16.50)

X4 Employed Yes 119 (88.15) 32 (31.07) 82.077 0.000 16.50 8.46–32.19

No 16 (11.85) 71 (68.93)

X5 Student Yes 16 (11.85) 63 (61.17) 64.069 0.000 0.09 0.04–0.16

No 119 (88.15) 40 (38.83)

X6 Junior Yes 88 (65.19) 7 (6.80) 83.052 0.000 25.68 11.03–59.78

No 47 (34.81) 96 (93.21)

X7 Intermediate Yes 30 (22.22) 19 (18.45) 0.509 0.475 1.26 0.67–4.40
No 105 (77.78) 84 (81.55)

Source of Exposure

X8 HBV Yes 34 (25.19) 40 (38.83) 5.081 0.024 0.53 0.30–0.92

No 101 (74.81) 63 (61.17)

X9 HCV Yes 11 (8.15) 11 (10.68) 0.446 0.504 0.74 0.31–1.79

No 124 (91.85) 92 (89.32)

X10 AIDS Yes 4 (2.96) 3 (2.91) 0.001 0.982 1.02 0.22–4.65

No 131 (97.04) 100 (97.09)

X11 Syphilis Yes 7 (5.19) 7 (6.80) 0.274 0.601 0.75 0.26–2.21

No 128 (94.81) 96 (93.20)

X12 Type of Exposure Sharps Injury 130 (96.30) 80 (77.67) 19.527 0.000 7.48 2.73–20.45
Skin and Mucosal 

Exposure
5 (3.70) 23 (22.33)

Place of Exposure

X13 Surgery Department Yes 61 (45.19) 48 (46.60) 0.047 0.828 0.95 0.57–1.58

No 74 (54.81) 55 (53.40)

X14 Internal Medicine Yes 58 (42.96) 44 (42.72) 0.001 0.970 1.01 0.60–1.70

No 77 (57.04) 59 (57.28)

X15 Emergency Department Yes 16 (11.85) 70 (67.96) 79.703 0.000 0.06 0.03–0.12

No 119 (88.15) 33 (32.04)

X16 Patient Ward Yes 66 (48.89) 28 (27.18) 11.571 0.001 2.56 1.48–4.44

No 69 (51.11) 75 (72.82)

X17 Treatment Room Yes 19 (14.07) 3 (2.91) 8.676 0.003 5.46 1.57–18.99

No 116 (85.93) 100 (97.09)

X18 Emergency Department Yes 12 (8.89) 8 (7.77) 0.096 0.757 1.16 0.46–2.95

No 123 (91.11) 95 (92.23)

X19 Operating Theater Yes 11 (8.15) 43 (41.75) 37.601 0.000 0.12 0.06–0.26
No 124 (91.85) 60 (58.25)

Nature of Exposure

X20 Hand Yes 117 (86.67) 86 (83.50) 0.469 0.494 1.29 0.63–2.64

No 18 (5.93) 17 (16.50)

X21 Right hand Yes 50 (37.04) 21 (20.39) 7.736 0.005 2.30 1.27–4.16
No 85 (62.96) 82 (79.61)

(Continued)
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Table 2 (Continued). 

Item Value Observation  
Group 

[Number (%)]

Control  
Group 

[Number (%)]

χ2 P-value OR 
value

95% CI

X22 Left hand Yes 77 (57.04) 65 (63.11) 0.894 0.344 0.78 0.46–1.31

No 58 (42.96) 38 (36.89)

X23 Thumb Yes 39 (28.89) 17 (16.50) 4.980 0.026 2.06 1.08–3.90

No 96 (71.11) 86 (83.50)

X24 Index finger Yes 33 (24.44) 28 (27.18) 0.230 0.631 0.87 0.48–1.56

No 102 (75.56) 75 (72.82)

X25 Middle finger Yes 21 (15.56) 20 (19.42) 0.611 0.434 0.76 0.39–1.50

No 114 (84.44) 83 (80.58)

X26 Left thumb Yes 24 (17.78) 13 (12.62) 1.183 0.277 1.50 0.72–3.11

No 111 (82.22) 90 (87.38)

X27 Left index finger Yes 20 (14.81) 21 (20.39) 1.273 0.259 0.68 0.35–1.33

No 115 (85.19) 82 (79.61)

X28 Right thumb Yes 15 (11.11) 4 (3.88) 4.155 0.042 3.10 1.00–9.62

No 120 (88.89) 99 (96.12)

X29 Right index finger Yes 12 (8.89) 7 (6.80) 0.348 0.555 1.34 0.51–3.53

No 123 (91.11) 96 (93.20)

X30 First-time Exposure Yes 108 (80.00) 89 (86.41) 1.682 0.195 0.63 0.31–1.27
No 27 (20.00) 14 (13.59)

PPE

X31 Glove Yes 1 (0.74) 0 (0.00) 0.766 0.381 1.01 0.99–1.02

No 134 (99.26) 103 (10.00)

X32 PPE Utilization 1 (0.74) 0 (0.00) 0.766 0.381 1.01 0.99–1.02
Not Utilized 134 (99.26) 103 (10.00)

Exposure Incident

X33 Needle Withdrawal Yes 19 (14.07) 2 (1.94) 10.689 0.001 8.27 1.88–36.38

No 116 (85.93) 101 (98.06)

X34 Sharps Disposal Yes 23 (17.04) 5 (4.85) 8.353 0.004 4.03 1.47–10.98
No 112 (82.96) 98 (95.15)

Contaminated Items

X35 Needle Yes 115 (85.19) 67 (65.05) 13.166 0.000 3.09 1.66–5.77

No 20 (14.81) 36 (34.95)

X36 Standard Injection Needle Yes 41 (30.37) 17 (16.50) 6.094 0.014 2.21 1.17–4.17

No 94 (69.63) 86 (83.50)

X37 ABG Needle Yes 1 (0.74) 21 (20.39) 26.884 0.000 0.03 0.00–0.22

No 134 (99.26) 82 (79.61)

X38 Insulin Needle Yes 15 (11.11) 1 (0.97) 9.580 0.002 12.75 1.66–98.19

No 120 (88.89) 102 (99.03)

X39 Scalp Acupuncture Needle Yes 8 (5.93) 0 (0.00) 6.316 0.012 1.063 1.02–1.11

No 127 (94.07) 103 (100.00)

X40 Suture Needle Yes 15 (11.11) 21 (20.39) 16.714 0.000 0.150 0.05–0.41
No 120 (88.89) 82 (79.61)

Time of Exposure

X41 Back-to-School Season 
(September-October)

Yes 26 (19.26) 16 (15.53) 0.007 0.932 0.977 0.58–1.65

No 109 (80.74) 87 (84.47)

X42 Fourth Quarter Yes 40 (29.63) 35 (33.98) 0.512 0.474 0.818 0.47–1.42

No 95 (70.37) 68 (66.02)
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Potential Risk Exposure Sites 
In the observation group, higher risks of OBEs were noted for the right hand (37.04%), thumb (28.89%), and right thumb 
(11.11%) in comparison to the control group (20.39%, 16.50%, and 3.88%, respectively, P < 0.05), as depicted in Table 2.

Potential High-Risk Exposure Activities 
A higher risk was experienced by the observation group during needle withdrawal (14.07% vs 1.94%) and sharps 
disposal (17.04% vs 4.85%) in comparison to the control group (P < 0.05), as depicted in Table 2.

Potentially Hazardous Exposure Materials 
There was a higher likelihood of needles exposure (85.19% for needles in general, 30.31% for standard injection needles, 
11.11% for insulin needles, and 5.93% for scalp acupuncture needles) during an OBE in the observation group compared to the 
control group (with respective exposure rates of 65.05%, 16.50%, 0.97%, and 0.00%, P<0.05). Additionally, a higher probability 
of exposure to arterial blood gas (ABG) needles (20.39%) and suture needles (20.39%) was observed in the control group 
compared to the observation group (with respective exposure rates of 0.74% and 11.11%, P < 0.05), as indicated in Table 2.

Analyzing multiple variables in logistic regression, with the observation group as the independent variable and 
incorporating significant univariate analysis variables, the findings (refer to Table 3) reveal that the risk factors for OBEs 
in neurosurgery include being female, age ≤ 25, holding a junior professional position, working in a treatment room, and 
encountering a sharps injury. Conversely, exposure to ABG needles and suture needles emerged as protective factors 
against OBE incidence in neurosurgery (P < 0.05).

Compliance with Policies of Protection
Pre-Exposure Protective Equipment Utilization
Prior to exposure, very low rates of glove wearing (0.74% vs 0.00%) and protective gear usage (0.74% vs 0.00%) were 
observed in both the observation group and the control group, with no significant difference between the groups (P > 
0.05), as indicated in Table 2.

Post-Exposure Emergency Local Management
Correct and timely emergency local management after the occurrence of OBEs was successfully executed by 94.81% of 
the observation group and 90.29% of the control group, with no significant difference between the groups (P > 0.05), as 
indicated in Table 4.

Sharps Exposure 
After exposure, blood expression, irrigation, and disinfection were performed by 98.46%, 97.69%, and 94.62% of the 
observation group, respectively, while the aforementioned emergency management was carried out by 88.75%, 93.75%, 
and 92.50% of the control group. A higher proportion of emergency blood expression was observed in the observation 
group compared to the control group (P < 0.05), with correct emergency management rates of 94.62% and 87.50%, 
respectively, showing no significant difference between the groups (P > 0.05).

Table 3 Logistic Regression Analysis of the Incidence of OBEs Among Nursing Staff

Variable b Sb Wald χ2 P OR 95% CI

Female 2.650 0.675 15.417 0.000 14.15 3.77–53.12
≤ 25 years 4.525 1.340 11.401 0.001 92.32 6.68–1276.67

Junior 5.867 1.321 19.713 0.000 353.21 26.50–4708.13

Treatment Room 4.479 1.766 6.432 0.011 88.13 2.77–2807.70
Sharp injury 2.893 1.091 7.031 0.008 18.05 2.13–153.23

ABG Needle −4.006 1.387 8.347 0.004 0.02 0.00–0.28

Suture Needle −1.856 0.797 5.425 0.020 0.16 0.03–0.75
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Skin and Mucous Membrane Exposure 
Both groups were able to carry out cleansing 100% of the time after exposure.

Actual Review Situations
The highest actual follow-up rate for the observation group after OBEs was observed at the third month (59.18%), with 
a higher rate at the sixth month compared to the control group (44.90% vs 14.81%) (P < 0.05). The highest actual follow- 
up rate for the control group after OBEs was observed at the second month, at 50.00%, as indicated in Table 5.

Actual Review Situation for the Main Sources of Exposure
Following exposure to HBV, the re-evaluation rate peaked for both groups in the third month. Similarly, after exposure to 
HCV, the highest re-evaluation rate for both groups occurred in the third month. In the case of HIV exposure, the 
observation group exhibited the highest re-evaluation rate in the initial month, as detailed in Table 6.

Costs of Infection
In 2018, the overall expenses for preventing and controlling OBEs amounted to the Chinese Yuan (RMB) 80,783.94, 
averaging RMB 339.43 per individual. A significant portion (95.55%) of the costs related to infection prevention 
and control was allocated to post-exposure screening. The primary expenditure focus for testing objectives in both 
groups was the preoperative basic panel, while hepatitis B immunoglobulin emerged as the main cost for prophy-
lactic medication post exposure. A comparison between the observation and control groups revealed that the 
observation group incurred higher total testing costs (RMB 47,343), average testing costs per person (RMB 

Table 4 Percentage of HCWs Performing Local Emergency Management Post-Occupational Exposure

Type of Exposure Observation Group Control group χ2 P-value OR 
value

95% CI

Total 
Number 
of Cases

Number and 
Percentage of 

Correctly 
Managed Cases 

(%)

Total 
Number 
of Cases

Number and 
Percentage of 

Correctly 
Managed Cases 

(%)

Sharp injury Blood Expression 130 128 (98.46) 80 71 (88.75) 9.410 0.002 8.11 1.71–38.58

Irrigation 130 127 (97.69) 80 75 (93.75) 2.100 0.147 2.82 0.66–12.15

Disinfection 130 123 (94.62) 80 74 (92.50) 0.382 0.537 1.43 0.46–4.40

0 Points 130 0 (0.00) 80 2 (2.50) 3.281 0.070 1.03 0.99–1.06

1 Point 130 5 (3.85) 80 6 (7.50) 1.332 0.248 0.49 0.15–1.67

2 Points 130 2 (1.54) 80 2 (2.50) 0.245 0.621 0.61 0.08–4.41

3 Points (Correct) 130 123 (94.62) 80 70 (87.50) 3.370 0.066 2.51 0.92–6.89

Skin or Mucosal 
Exposure

Irrigation (3 Points 
for Correct Action)

5 5 (100.00) 23 23 (100.00) NA NA NA NA

Overall Correct 
Management Rate

– 135 128 (94.81) 103 93 (90.29) 1.802 0.179 1.97 0.72–5.96

Abbreviation: NA, Statistical Measure Not Calculable.

Table 5 Actual Review Rates for the Two Groups

Post- 
Exposure

Observation Group Control Group χ2 P-value

Number Of Cases 
That Should Be 

Reviewed

Number of Cases that 
was Actually 
Reviewed (%)

Number of Cases 
that Should be 

Reviewed

Number of Cases that 
was Actually 
Reviewed (%)

First Month 4 2 (50.00) 3 0 (0.00) 2.100 0.147

Second month 11 6 (54.55) 10 5 (50.00) 0.043 0.835
Third month 49 29 (59.18) 54 24 (44.44) 2.234 0.135

Fourth month 49 22 (44.90) 54 8 (14.81) 11.262 0.001
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350.69), total prevention and control costs (RMB 48,953.34), and average prevention and control costs per person 
(RMB 362.62) than the control group (RMB 29,584, RMB 287.22, RMB 31,839.6, and RMB 309.12, respectively), 
as indicated in Table 7.

Table 6 Actual Review Status Following Exposure to HBV, Hepatitis C Virus, Syphilis, and AIDS Viruses

Post- 
Exposure

Observation Group Control Group χ2 P-value OR 
value

95% CI

Number of 
Cases that 
Should be 
Reviewed

Number of 
Cases that was 

Actually 
Reviewed (%)

Number of 
Cases that 
Should be 
Reviewed

Number of 
Cases that was 

Actually 
Reviewed (%)

HBV

3 Months 34 9 (26.47) 40 13 (32.50) 0.320 0.572 0.75 0.27–2.05
6 Months 34 4 (11.76) 40 4 (10.00) 0.059 0.808 1.20 0.28–5.21

HCV

3 Months 11 7 (63.64) 11 5 (45.45) 0.733 0.392 2.10 0.38–11.59
6 Months 11 3 (27.27) 11 3 (27.27) 0.000 1.000 1.00 0.15–6.53

Syphilis Virus

2 Months 7 5 (71.43) 7 5 (71.43) 0.000 1.000 1.00 0.10–10.17
HIV

1 Months 4 2 (50.00) 3 0 (0.00) 2.100 0.147 0.50 0.19–1.33

2 Months 4 1 (25.00) 3 0 (0.00) 0.875 0.350 0.75 0.43–1.32
3 Months 4 1 (25.00) 3 0 (0.00) 0.875 0.350 0.75 0.43–1.32

6 Months 4 0 (0.00) 3 0 (0.00) NA NA NA NA

Abbreviation: NA, Statistical Measure Not Calculable.

Table 7 Overview of Costs of Infection Prevention and Control for Nursing Staff and Non-Nursing Staff

Management 
Action

Item Observation Group Control Group Total Cost (RMB)

Cost Per 
Case (RMB)

Percentage 
(%)

Cost Per 
Case (RMB)

Percentage 
(%)

Cost Per 
Case (RMB)

Percentage 
(%)

Testing items Preoperative Basic Panel 32,980 69.7 15,640 52.87 48,620 63.2

Quantitative Hepatitis B Panel 10,150 21.4 11,025 37.27 21,175 27.5

ALT 78 0.2 102 0.34 180 0.2

HCV Antibody Test 1365 2.9 1235 4.17 2600 3.4

Hepatic Function Panel 1190 2.5 952 3.22 2142 2.8

TP-PA 480 1.0 480 1.62 960 1.3

HIV Antibody 500 1.0 150 0.51 650 0.8

Urinalysis 148 0.3 0 0.00 148 0.2

CBC with Differential 112 0.2 0 0.00 112 0.2

Renal Function Panel 340 0.7 0 0.00 340 0.4

Total 47,343 100.0 29,584 100.00 76,927 100.0

Average Cost per Individual for 

Testing

350.69 287.22 323.22

Preventive 

pharmacotherapy

Hepatitis B Immunoglobulin 1600 99.4 2240 99.31 3840 99.6

Tetanus Antitoxin 0 0.0 15.6 0.69 15.6 0.4

Benzathine Penicillin 10.34 0.6 0 0.00 10.34 0.3

Total 1610.34 100.0 2255.6 100.00 3856.94 100.0

Average Cost per Individual for 

Prophylactic Medication

230.05 250.62 275.50

Total 48,953.34 31,839.6 80,783.94

Per capita 362.62 309.12 339.43
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Two Patented Utility Models for the Reduction of Occupational Exposures
An Adjustable Medical Surgical Support (Publication Number: CN 208710102 U; Patent Number: ZL 2018 2 
0289444.5)
The installation of a tray main body in this adjustable medical surgical support facilitates the successful placement or 
retrieval of medications and tools, streamlining user workflow and expediting the instrument transfer process during 
surgery. This, in turn, contributes to the effective reduction of HCW occupational exposure incidents during instrument 
transfer. See Figure 1a–d.

Figure 1 Schematic Diagrams of an Adjustable Medical Surgical Support (a–d) and a High-Fit Facial Protective Mask (e–i). (a) Schematic illustration of the main structure of 
the novel utility model; (b) Schematic illustration of the hanging buckle main body structure of the utility model; (c) Schematic illustration of the tray main body structure of 
the utility model; (d) Schematic illustration of the support frame main body structure. The labels for a-d include: 1-telescopic column; 2-hanging buckle main body; 3-tray 
main body; 4-base stand; 5-caster wheel; 6-waste bin; 7-support frame main body; 8-hook plate; 9-hook column; 10-suspension buckle; 11-tray casing; 12-divider; 13-fixed 
sleeve column; 14-fixed groove; 15-upper sleeve column; 16-support frame housing; 17-clasp; 18-lower baffle; 19-fixed clamp sleeve. (e) Structural schematic of the high-fit 
facial protective mask of this utility model. (f) Cross-sectional view along the A-A line in Figure 1. (g) Cross-sectional view along the B-B line in Figure 1. (h) Schematic of the 
end of the detachable sealing strip. (i) Cross-sectional view of the high-fit facial protective mask in another technical scheme of the utility model. The labels for e-i include: 
10-mask shell; 11-metal fixation bar; 12-mask band; 20-detachable sealing strip; 21-side strip; 211-inner side strip; 2111-housing cavity; 2112-skin-contact contour; 212-outer 
side strip; 2121-raised section; 22-lower strip; 23-cleft; p-zygomatic bone.
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A High-Fit Facial Protective Mask (Publication Number: CN 219613137 U; Patent Number: ZL 2023 2 
0571962.7)
The mask shell incorporates a protective mask attached through a detachable sealing strip, establishing a seal at the lower and 
lateral aspects. Crafted from rubber material, the detachable sealing strip is pliable, adept at conforming to facial contours 
during movements, thereby demonstrating excellent flexibility. Significantly, the detachable sealing strip is designed for easy 
removal, facilitating cleaning and disinfection. This configuration effectively shields HCWs from skin and mucosal exposure, 
consequently reducing the incidence of OBEs affecting HCW facial skin and mucosa. See Figure 1e–i.

Discussion
On an annual basis, OBEs are experienced by approximately 36.4% of HCWs (95% CI: 32.9–40.0).16 OBEs are caused by 
over 60 known sources, with the three principal pathogens involved being HBV, HCV, and the HIV—the causative agent of 
AIDS,17 with HBV exposures being the most prevalent.18 The highest incidence of occupational exposures was identified in 
neurosurgery departments, with a rate of 10.50%. As a result, a risk factor analysis for occupational exposures was 
conducted in this study in close collaboration with neurosurgeons, with a focus on high-risk groups and critical stages.

A significant share of treatment and operative tasks, often involving direct patient contact, is carried out by the NS, 
who constitute the largest cohort within HCWs. NS are more likely to incur injuries during their duties compared to their 
non-nursing HCW counterparts,19 thereby designating them as a primary group for occupational exposures.20 In a study 
by Gaurus-Pakowska et al, it was found that incidents of OBE were 3.495 times more likely to be underreported by males 
compared to females.17 This aligns with the findings of Alemayehu et al21 and Gabr HM et al22 who observed higher 
incidence rates of OBEs among female HCWs than their male counterparts. Junior nurses, typically younger and 
predominantly engaged in tasks such as needle withdrawal and venipuncture, display less proficiency and psychological 
resilience, along with a lower compliance with policies of protective measures. This is particularly evident in emergency 
situations or when dealing with restless and less cooperative patients.23 Therefore, individuals aged ≤ 25 or at a junior 
professional rank among nursing staff are identified as having a slower response to emergent events, making them risk 
factors for the incidence of OBEs.

It has been indicated by numerous studies that the incidence of OBEs among HCWs may be influenced by various 
factors such as having less than five years of work experience,13 working in an operating theater,20 needle withdrawal, the 
centralized disposal of used sharps,24 needle use,19 or the month of admission for non-employed workers, referring to 
students, residents in training programs, interns, and visiting scholars.25 Following the control of confounders through 
logistic regression analysis, it was revealed that a higher risk of OBEs in the treatment room and a higher incidence of 
sharps injuries were observed in the observation group compared to the control group. Conversely, a lower risk of OBEs 
than the control group was demonstrated in the observation group when using ABG needles and suture needles. The 
differing conclusions may be attributed to the selection of study populations. While all previous studies13,19,20,24,25 were 
cross-sectional and focused on HCWs post-exposure without grouping, only describing the proportional distribution of 
various factors among HCWs, in our study, we classified HCWs post-exposure into two groups. By comparing the 
distribution differences of various factors between these groups, we hypothesized risk factors for OBEs among nursing 
staff compared to non-nursing staff. Future case-control studies are deemed necessary to validate the independent risk 
factors for OBEs in nursing staff.

Table 2 shows that the proportion of students in the control group (61.17%) is significantly higher than that in the 
observation group (11.85%) (P < 0.05), indicating that training and exams for graduate students, residents, and visiting 
doctors should emphasize the inclusion of occupational exposure handling procedures and proper use of personal 
protective equipment. During departmental early education sessions, the importance of personal protection when students 
are operating should be emphasized to enhance their awareness and reduce the occurrence of occupational exposure. It 
can also be observed that the control group has a higher risk of experiencing OBEs in the operating room (41.75%) and 
the emergency department (67.96%) compared to the observation group (8.15%, P < 0.05). This suggests that the 
operating room and emergency department are high-risk areas for non-nursing personnel to experience occupational 
exposure. On the existing basis, occupational exposure handling process diagrams and illustrations of proper personal 
protective equipment use should be posted on the walls of each room, operating room, corridor, and dressing room in the 
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operating room and emergency department. Regular training and assessment on the use of personal protective equipment 
should be conducted for surgeons operating in the operating room, increasing the frequency of inspections for the 
operating room and emergency department to reduce the risk of occupational exposure. Thirdly, the control group has 
a higher probability of exposure to blood gas needles (20.39%) and suture needles (20.39%) compared to the observation 
group (0.74% and 11.11%, respectively, P < 0.05). Blood gas needles are commonly used in respiratory departments, 
while suture needles are common in operating rooms or dressing rooms for wound closure. Therefore, based on these 
results, specialized personal protective equipment training for doctors in respiratory and surgical departments should be 
conducted. The frequency and intensity of infection control inspections in the blood gas room, operating room, and 
dressing room should be increased to standardize the procedures for blood gas needle and wound closure operations, 
ensuring the correct use of personal protective equipment and reducing the risk of occupational exposure to safeguard the 
safety and health of healthcare workers.

Following an OBE, local emergency management should be immediately undertaken by the HCW, and subsequent 
reporting to the infection control department is required. The “Occupational Blood Exposures Report Form” must be 
completed by the HCW at the infection control department, where the exposure incident shall be evaluated, and an 
examination conducted by personnel. Based on the results, prophylactic medication post exposure shall be provided to the 
HCW, and information regarding review times and frequency communicated. A longitudinal study conducted by Sun et al26 

on the psychological stress reactions in HCWs following OBEs revealed that peak levels of anxiety, depression, and PTSD 
were reached one month after exposure. The study by Wang et al27 indicated that psychological stress reactions among 
HCWs continued to rise within six months after exposure. Due to HBV and HCV being recognized as the primary sources 
of OBEs,17 it is mandated that HCWs exposed to these viruses undergo their first review in the third month following 
exposure14–a substantial period after the initial event that may be easily overlooked. This could potentially account for the 
highest proportions of reviews observed in the second- and third-months post-OBE in our study (P < 0.05).

The capacity of HCWs to respond to emergency management may be affected by the fear and tension experienced at 
the time of exposure, potentially leading to omissions in the management steps. Correct emergency local treatments were 
performed by 94.81% in the observation group and 90.29% in the control group post-exposure, but only one instance of 
pre-exposure glove use was recorded in both groups combined, with monthly re-evaluation rates ranging from 0.00% to 
59.18%. The reporting rate for OBEs was noted to be only 22.78% by Sun et al,12 and Hebo et al28 reported a mere 
42.6% execution rate for standard precautions among HCWs. These figures point to a common reality: poor compliance 
with OBE prevention and control among HCWs. Therefore, future priorities in the prevention and control of occupational 
exposures should involve a shift towards improving compliance of HCWs with OBE prevention and control measures.

Not only is considerable psychological strain and pain brought about by OBEs to HCWs, but also significant 
economic costs are incurred, which can be classified into direct and indirect economic losses. Direct economic losses 
encompass diagnostic fees, prophylactic medication, post exposure, and follow-up fees incurred after an HCW experi-
ences OBEs. Indirect economic losses include lost wages, productivity loss, and financial compensation resulting from 
OBEs. Due to variations in safety legislation and policy implementation related to OBEs across countries,29 the usage of 
safety devices varies by region, and there is also variation in hospital HCW compliance with policies of protection 
against OBEs,30 leading to differences in the per capita direct costs of prevention and control between regions. The costs 
of HIV post-exposure prophylaxis (PEP) as provided by the CDC were not included in this single-center study, thus the 
per capita OBE costs of infection prevention and control for nursing staff were RMB 362.62, exceeding that for non- 
nursing staff at RMB 309.12. The per capita direct costs of prevention and control for HCWs were RMB 339.43, lower 
than the RMB 349.84 reported by Wang et al8 and the US$747 reported by Cook et al10 Effective prevention and control 
measures suitable for this institution were formulated through the identification of risk factors, high-risk groups, and 
critical operation phases of occupational exposures, in this study. The objective was to diminish the frequency of 
occupational exposures and decrease hospital expenditures, encompassing diagnostic fees and lost wages associated with 
OBEs. This initiative aimed to advance the favorable and sustainable development of the hospital. The visualization, 
materialization, and embodiment of actual data were supported by the authorization of two practical patents resulting 
from this study. The transfer of patent rights for the utility model patent, titled “An Adjustable Medical Surgical 
Support”, has been realized, achieving research-to-practice translation. The application of the two patents in the actual 
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work of this institution and clinical feedback, derived from practical work, can effectively benefit clinical practice, 
significantly reducing the occurrence of occupational exposures and promoting the clinical application of the patents. 
This aspect also delineates a prospective avenue for future research. It is imperative to acknowledge the limitation of this 
study, which lies in its single-center design. Subsequently, it is anticipated that multicenter studies will be conducted in 
the future to enhance the generalizability of findings.

Conclusion
The risk factors and protective factors linked to the incidence of OBEs, along with the compliance with policies and costs of 
infection prevention and control among HCWs were explored in this study. A sustained emphasis on the enhancement of 
occupational exposure prevention and control measures is advocated. Future strategies should encompass the implementa-
tion of routine screening and vaccination for medical staff, as well as the proactive promotion of safety devices such as 
sharps with injury prevention features. It is suggested that a combination of rewards and penalties be adopted to incentivize 
HCWs for the timely management, reporting, and regular review following an occurrence of OBEs.
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