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ABSTRACT

Objective: To estimate the economic burden of needlestick injuries (NSIs) among healthcare workers
(HCWs) in China.

Design: A model was built to evaluate the economic burden of NSls.

Methods: The cost model was developed from a societal perspective, including both direct and indir-
ect costs, with lifetime horizon. The direct costs were categorized into infection prevention and treat-
ment of infections. The indirect cost included productivity loss of both HCWs and his/her family
members due to the blood-borne infections. Sub-group analyses were conducted to estimate the cost
per NSI when the source patient (SP) was confirmed with hepatitis B virus/hepatitis C virus/human
immunodeficiency virus (HBV/HCV/HIV) infection. One-way and probabilistic sensitivity analyses were
conducted for all parameters to examine the robustness of the result.

Results: The model projected a total cost of ¥699 for each NSI (direct and indirect cost were ¥553
and ¥146, respectively). The cost per NSI when the SP was confirmed with HBV/HCV/HIV was ¥4,238,
¥18,404, and ¥6,152, respectively. The total economic burden of NSIs among HCWs in China was esti-
mated to be ¥5.8 billion, and about half of the cost was associated with NSls in nurses, at ¥2.8 billion.
Limitations: This study did not incorporate the costs of litigation/psychological, and the prevalence of
the infections was based on the general population, so the actual costs per NSI may be underesti-
mated. More real-world studies of treatment cost about HBV/HCV are needed to further supporting
this study.

Conclusions: The economic burden of NSIs among HCWs in China is substantial. Comprehensive NSI
prevention programs, including implementation of safety needles and devices, have high potential for
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healthcare institutions to achieve downstream cost savings and cost offsets.

Introduction

Healthcare workers (HCWs) face high risk of occupational
exposure to blood-borne pathogens due to needlestick inju-
ries (NSIs). More than 25 pathogens can be transmitted via
needles’ and cause transient or persistent infections due to
NSIs among HCWSs. Hepatitis B virus (HBV), hepatitis C virus
(HCV), and human immunodeficiency virus (HIV) account for
the majority of occupational infections, which are major
threats to HCWs in the workplace’?. The World Health
Organization (WHO) estimated that, of the 37 million HCWs,
almost 3 million had one or more NSls each year®. It has also
been estimated that occupational exposure to percutaneous
injuries resulted in about 66,000 HBV, 16,000 HCV, and 1,000
HIV infections worldwide among HCWs each year’. In the
United States (US), the Centers for Disease Control and
Prevention (CDC) estimated that hospital-based HCWs experi-
enced 385,000 needle-sticks and other sharps-related injuries
each year; an average of ~1,000 sharps injuries per day’. In
China, the incidence of sharps injuries was estimated to be
around 1,032 per 1,000 HCWs per year, and 121.3 per 100
occupied beds per year®. NSIs negatively impact both the

physical and psychological well-being of HCWs, including
fear, emotional distress, anxiety, and even depression’.

In addition, NSIs have been implicated to be a major
cause of economic burden. A systematic review of economic
analyses related to NSIs documented that the overall costs
are increasing over time due to NSIs®> and varied significantly
across countries. In the US, it was estimated that the cost
per each NSI evaluation was $260° In Belgium, the direct
cost per NSI ranged from €210 to €950 and the indirect cost
per NSI ranged from €63 to €844°. However, there is limited
data in the literature on the economic burden of NSIs among
HCWs in China. The purpose of this study is to estimate the
cost for each NSI incidence as well as the economic burden
associated with NSIs among HCWs in China.

Materials and methods
Model overview

A cost model was developed to estimate the economic bur-
den of NSIs among HCWs in China using Microsoft Excel
2016' (Figure 1). A societal perspective was adopted in the
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model. The cost was divided into direct and indirect costs.
The direct cost included laboratory (lab) tests, such as tests
for HIV antibodies, hepatitis B/C serology, along with treat-
ment costs related to post-exposure prophylaxis (PEP) and
cost of infection. The indirect cost included productivity loss
of both HCWs and their family members due to blood-borne
infections. Direct cost was additionally categorized into two
components: cost to prevent infections post-NSI and cost of
treatment of infections as needed. A lifetime horizon was
adopted and a 3.5% discount rate was applied in calculating
the treatment cost of infection with HBV/HCV/HIV. One-way
sensitivity analysis was conducted for all parameters by vary-
ing £20% their mean values in the model to examine the
robustness of the model. We also conducted a probabilistic
sensitivity analysis (PSA) which was based on 5,000 Monte
Carlo simulations to examine the uncertainty in the model
and the stability of the results when varying the input values.
Beta distributions were used for percentage parameters,
Gamma distributions for costs, and Triangular distributions
for other variable parameters.

Model structure

When NSIs occur, pending on the source patient (SP) situa-
tions, different follow-ups may take place as shown in the
pathways in the model (Figure 1): “SP identity known” and
“SP identity unknown”. In the “SP identity known” state, SP
could either get lab tests or not; HCWs could either get lab
tests and ensuing lab tests or not, regardless of the SP’s
infection status. The lab tests imply the tests of SP and
HCWSs immediately after NSIs, and the ensuing lab tests
imply the follow-up tests to confirm whether HCWs have
been infected or not. In the “SP identity unknown” state,
HCWs could also get lab tests and ensuing lab tests or not.
The cost per NSI was then estimated following the pathways.
The total economic burden of NSI among Chinese HCWs was
estimated by taking into consideration the number of HCWs
and the cost per NSI. If HCWs were confirmed with blood-
borne infection (HBV/HCV/HIV) due to NSls, we assumed that
the initial infection would follow the disease’s natural history
and the infected HCWs would receive standard of care treat-
ment. The economic burden of HBV/HCV/HIV was then esti-
mated based on the confirmed infections. The model
structure was validated by eight key opinion leaders (KOLs)
who were infection specialists with rich experience in hos-
pital infection and control from tertiary care hospitals in
Shanghai, Jiangsu, Zhejiang, Sichuan, and Guangxi provinces
in China. The background and objectives of the study were
introduced to these experts before the model structure was
presented to them. The experts confirmed that the model
structure appropriately reflected their current local hospital
infection and control practices.

Model inputs

Data of the model were mainly obtained from a literature
review. In situations in which pertinent information was
unavailable, data were estimated based on interviewing the

eight KOLs who had rich experience in hospital infection and
control. A survey questionnaire was developed for this pur-
pose. The questionnaire included the percentage of SP and
HCWs tested after NSls, the costs of litigation and psycho-
logical counseling of NSIs, and the productivity loss of HCWs
due to NSlIs. These experts were asked to estimate the rele-
vant data needed in the model, and the mean values were
calculated as model inputs.

Percentage and transition probability inputs

The percentage of SP identity known was obtained from a
multi-center survey study which was conducted in China by
Gao et al’. The percentage of HCWs tested after NSls in the
model was estimated based on interviews of the eight KOLs
(Table 1) as the data was unavailable in the literature. The
prevalence of SP infected with HBV/HCV/HIV and the per-
centage of HCWs who were susceptible to the various infec-
tions were extracted from literature in China. The
transmission probabilities for at-risk population for HBV/HCV/
HIV were obtained from a published study conducted in
Belgium®. Infection risk was calculated based on the preva-
lence of infection of SP, percentage of HCWs susceptible to
the infections, and transmission probability of the infections
(HBV/HCV/HIV). The likelihood that the various infections
may result in chronic disease status and the associated cost
were also derived from the literature.

Infection Risk = Transmission Probability
x Prevalence of Infection(SP)

x Susceptible(HCWs) x 100%

Costs inputs

Unit cost of testing and PEP were estimated from unpub-
lished data from China (Table 2). These data included fre-
quencies of testing and follow-up procedures for
occupational exposure treatment in HCWs from Zhongshan
Hospital, a comprehensive teaching hospital affiliated to
Fudan University. The corresponding cost of lab tests and
PEP were obtained from the compilation of medical service
items and their fee schedules in China. The cost associated
with infection treatment was estimated from the literature in
China. For context, the exchange rate at the time was 1USD
= 6.75CNY.

Other inputs

HCWs' productivity loss due to NSIs was sourced from the
KOL interviews. Based on KOLs' feedback, the costs of litiga-
tion and psychological counseling were not included in the
model since they were negligible in China at the present.
Other inputs, including survival years of the infections, preva-
lence of NSIs, and the number of HCWs were derived from
the literature in China (Table 3).
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NSI

1.SP identity known

2.SP identity unknown

1.1 SP tested

1.2 SP did not test

1.1.1 SP did not have 1.1.2 SP had blood-borne HBV/HCV/HIV
blood-borne infection infection
a C d
la. HCW 2a. HCW 1b. HCW 2b. HCW lc. HCW 2¢c. HCW 1d. HCW 2d. HCW
didn't test tested didn't test tested didn't test tested didn't test tested

Confirmed HCW had HBV/HCV/HIV infection and took different treatments

Figure 1. Model structure. Abbreviations. NSI, needlestick injury; SP, source patient; HCW, healthcare worker.

Table 1. Percentage and transition probability inputs in the model.

Results

Parameter

Value (%) Source

The economic burden per NSI

Percentage of different situation as the pathway in model

SP identity known

SP known who tested

SP not infected, HCWs didn't test
SP infected, HCWs didn't test

SP known, HCWs didn't test

SP unknown, HCWs didn't test

SP unknown, HCWs had post-exposure prophylaxis (PEP)

Transition probabilities prior to subsequent infections
SP infected HBV
SP infected HCV
SP infected HIV
HCWs who are susceptible to HBV
HCWs who are susceptible to HCV
HCWs who are susceptible to HIV
Blood-borne transmission rate of HBV
Blood-borne transmission rate of HCV
Blood-borne transmission rate of HIV
HBV became chronic and generated cost
HBV became liver cirrhosis and generated cost
HBV became hepatic carcinoma and generated cost
HCV became chronic hepatitis and generated cost
HCV became liver cirrhosis and generated cost
HCV became hepatic carcinoma and generated cost
HIV became chronic and generated cost

0.734
0.84
0.726
0.088
0.394
0.75
0.25

0.072
0.004
0.001
0.298
0.988
1

0.3
0.018
0.003
0.075
0.03
0.005
0.85
0.025
0.001
1

The total cost per NSI was estimated to be ¥699, of which

KOLs ¥553 was associated with direct cost and ¥146 was attribut-
KOLs  able to indirect cost (productivity loss). For direct cost, ¥319
kols  Wwas spent on testing and PEP, and ¥234 was expensed for
KOLs treatment of infections (Table 4).

Sub-group analyses of economic burden per NSI

The cost per NSI when SP was confirmed with HBV, HCV, or
HIV infections (i.e. HCWs who experienced an NSI were
exposed to HBV, HCV, HIV) was estimated to be ¥4,238,
¥18,404, and ¥6,152, respectively. The cost components in
these situations are displayed in Table 4.

The total economic burden of NSI in China

The total economic burden of NSIs among HCWs in China
was estimated to be around ¥5.8 billion and about half of
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Table 2. Costs inputs in the model.

Costs Value Source
Unit cost of testing and PEP (RMB)
SP tested 184.25 ', Unpublished data*
SP not tested 0 ' Unpublished data*
No infection of SP, HCWs didn’t test 0 ' Unpublished data*
No infection of SP, HCWs tested 147.23 ' Unpublished data*
Infection of SP, HCWs didn't test 0 "9, Unpublished data*
SP infected HBV, HCWs had PEP and followed up 2335 Unpublished data*?
SP infected HCV, HCWs had PEP and followed up 1,037.33 Unpublished data*?
SP infected HIV, HCWs had PEP and followed up 1,974.12 Unpublished data*®
SP not tested, HCWs didn't test 0 Unpublished data*
SP not tested, HCW tested 1,173.85 Unpublished data*?
SP unknown, HCW didn’t test 0 Unpublished data*?
SP unknown, HCW tested 1,173.85 Unpublished data*®
Subsequent infection cost (RMB)
Direct cost of chronic hepatitis B (/year) 7,469.27 2021
Indirect cost of chronic hepatitis B (/year) 5,287.96 202
Direct cost of liver cirrhosis (/year) 44,750.1 202
Indirect cost of liver cirrhosis (/year) 14,256.44 2021
Direct cost of hepatic carcinoma (/year) 101,388.9 2021
Indirect cost of hepatic carcinoma (/year) 37,596.7 2021
Direct cost of chronic hepatitis C (/year) 69,279.97 2
Indirect cost of chronic hepatitis C (/year) 5,287.96 2021
Direct cost of HIV (/year) 12,100.01 s
Indirect cost of HIV (/year) 5,025.68 B
Annual salary in HCWs (CN#) 57,917 24

*Compilation of healthcare service items and costs in Shanghai (2014), Chengdu (2016), Liaoning (2017), and

Beijing (2017).

@Fudan University Zhongshan Hospital, 2014. Standard operating procedure for occupational exposure treatment in health-

care workers.

Table 3. Other inputs in the model.

Table 4. Economic burden per NSI.

Parameter Value Source
Survival years of subsequent infections (years)
Chronic hepatitis B 29 v
Liver cirrhosis 12 v
Hepatic carcinoma 5 v
Chronic hepatitis C 20 7
HIV infection 225 v
Productivity loss (hours)
SP tested and no infected, HCWs didn't test (1a) 1.69 KOLs
SP tested and no infected, HCWs tested (2a) 333 KOLs
SP tested and infected, HCWs didn't test (1b) 1.69 KOLs
SP tested and infected HBV, HCWs test (2b1) 16.29 KOLs
SP tested and infected HCV, HCWs test (2b2) 17.14 KOLs
SP tested and infected HIV, HCWs test (2b3) 115.38 KOLs
SP known, both SP and HCWs didn't test (1c) 0 KOLs
SP known, SP didn't test, HCWs tested (2c) 2 KOLs
SP unknown, HCWs didn't test (1d) 0 KOLs
SP unknown, HCWs tested (2d) 2 KOLs
Incidence of NSls
NSIs number per 1,000 HCWs 1032 6
NSIs number per 1,000 doctors 866 6
NSIs number per 1,000 nurses 1247 6
NSIs number per 1,000 technicians 505 6
NSIs number per 1,000 sanitation workers 678 6
% of insulin injection-related NSIs 0.13 z
% of blood collection-related NSIs 0.2 %
% of transfusion-related NSIs 0.2 %
Number of healthcare workers
Total number of HCWs in hospital 8007500 2
Total number of doctors 2508400 26
Total number of nurses 3241500 %

the costs were associated with NSIs in nurses (¥2.8 billion)
(Table 5).

Sensitivity analyses

One-way sensitivity analysis indicated that “probability of SP
unknown, HCWs didn't test” was the most important driver

Cost Total cost The cost per NSI when
components per NSI (¥) SP had the infections (¥)
Exposed Exposed Exposed
to HBV to HCV to HIV
Direct cost of testing 319 397 1,238 2,175
and PEP per NSI
Indirect cost of testing 61 411 474 3,168
and PEP per NSI
Direct cost of 234 2,321 15,461 572
infection per NSI
Indirect cost of 85 1,109 1,231 238
infection per NSI
Total economic 699 4,238 18,404 6,152
burden of per NSI
Table 5. Total economic burden of NSIs among HCWs.
Total economic burden of NSIs among HCWs ¥ (billions)
Economic burden of NSIs in nurses 2.8
Economic burden of NSIs in doctors 1.5
Economic burden of NSIs in China 5.8

for the cost estimate associated with NSIs (top 10 are pre-
sented in Figure 2). One-way sensitivity analysis indicated
the general robustness of the results.

As the result of the PSA, the distribution of the 5,000
Monte Carlo simulations are shown in Figure 3. The 95%
credible interval of the total cost per NSI is ¥616.3 to ¥782.0.
PSA confirmed the stability of the results.

Discussion

Our study was the first analysis to examine the economic
burden of NSIs among HCWs in China from a societal per-
spective. The results indicated that the cost per NSI was
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Indirect cost of infection per NSI ~ n— —————— 3 5

Direct cost of infection per NSI

234

Indirect cost of testing and PEP per NSI ~ — (|

Direct cost of testing and PEP per NSI
0 50

Figure 2. One-way sensitivity analysis.

Total economic burden of NSI in nurses (billions)
Total economic burden of NSI in doctors (billions)

100 150 200 250 300 350

I ) 8
Eamss——— .5

Total economic burden of NSI among HCWs in China (billions) s — 5 S

0.0

Figure 3. Probabilistic sensitivity analysis.

about ¥699 (representing 4.16% of per capita GDP in China
in 2017%). The direct and indirect costs were ¥553 and ¥146,
respectively (representing 3.29% and 0.87% of 2017 per cap-
ita GDP in China in 2017). Owing to the large working popu-
lation of HCWs in China, the total annual economic burden
of NSIs amounted to ¥5.8 billion, representing a significant
economic burden to the healthcare system and society.

Wang et al.*® conducted a prospective in-hospital study in
China. The study collected the cost of prevention and control
of occupational exposures of HCWs from the occupational
exposure reporting system of a hospital. It was estimated
that the cost per case of occupational exposure was ¥349.84,
which only included partial direct cost (lab testing and PEP).
Our model estimated the direct cost of infection prevention
post-NSIs was ¥319, which was similar to the findings
reported by Wang et al. Hanmore et al.’ estimated the total
direct cost per NSI ranged from €210.01 to €950.34 (~¥1,841
to ¥8,331 in 2017, representing 3.85% to 17.42% of 2017 per
capita GDP in Belgium), while the indirect cost per NSI
ranged from €63.22 to €844.22 (~¥554 to ¥7,401 in 2017,
representing 1.16% to 15.47% of 2017 per capita GDP in
Belgium). Most of the cost components were similar to the
estimates of our study, except the indirect cost components,
which included the cost of counseling, compensation, and
litigation in addition to productivity loss. In light of local
practices for hospital management in China, our study didn’t
include the cost of counseling and litigation. A study con-
ducted in Sweden'® estimated that direct cost was about
€272 (~¥2,985, representing 5.94% of 2017 per capita GDP
in Sweden) per reported injury, which included PEP, lab tests,
and counseling. Compared with studies conducted in other
countries, the cost of NSIs estimated in our study was lower,
which is likely explained by the differences in the established
standard procedures of handling NSIs in hospitals and cost
structures in healthcare. More specifically, reasons of the low
cost of NSIs probably included the following: First, the ratio
of tests and treatment of HCWs after NSIs were low in China.
Second, the cost of tests and treatment were low. Finally,
our study only included direct costs, except the cost of coun-
seling and other costs.

As expected, if the SP is confirmed with a blood-borne
infection, the cost per NSI would be much higher. When the
SP is confirmed with HBV/HCV/HIV infections, the corre-
sponding associated cost was estimated to be ¥4,238,

1.0 2.0 3.0 4.0 5.0 6.0 7.0

¥18,404, and ¥6,152, respectively (cost for testing and PEP
per NSI was ¥397, ¥1,712, and ¥5,354, respectively). Previous
research has shown that the risk of getting infected with a
blood-borne infection after NSI is higher for HBV than HCV?°.
In China, however, most HCWs are immune to HBV infection
due to implementation of broad HBV vaccination programs.
The significantly higher cost for potential HCV vs HBV infec-
tions is likely attributable to the greater susceptibility to HCV
infection among HCWs and its higher risk of transitioning
into a chronic disease state once infected. Our estimate for
the cost of NSI with HIV exposure appeared to be low. This
was due in no small part to all HIV treatment being currently
free in China for patients and government procuring HIV
drugs at a large discount. Nevertheless, in light of the contin-
ued rise in HIV infection in China®°, the cost of NSIs as a
result of HIV exposure likely continues to grow in the future.

Considering the high economic burden of NSlIs, multi-
pronged approaches should be taken to reduce NSIs'.
Education and training of safe administration of needles
should be a standard curriculum for new HCWs in hospitals.
For current HCWSs, annual refresher courses should be consid-
ered. Standard operating procedures should be established
for reporting and follow-ups of NSls. In addition, NSIs should
be leveraged for hospital performance evaluations. Enacting
legislation requiring the use of safety injection devices would
likely be the most effective measure in reducing NSlIs.
Numerous studies have demonstrated that adoption of safety
devices would lead to a significant decrease in NSIs>27>,
While the devices with advanced safety features are more
expensive, the financial savings stemming from reduced NSls
were likely more than offset by the acquisition cost, as the
US General Accounting Office (GAO) concluded in their
evaluation of legislation of universal adoption injection devi-
ces with advanced safety features®®. In light of available evi-
dence, the WHO also recommends the use of safety injection
devices and calls on governments to transition to their exclu-
sive use by 2020%’.

Our study has several limitations. Several transition proba-
bilities after NSI were derived from the KOLs interviews, since
no published data were available. The current study might
underestimate the actual costs per NSI because we did not
incorporate the costs of litigation and psychological counsel-
ing under the current healthcare environment in China. Also,
we only included HBV/HCV/HIV infections, without
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considering other low risk blood-borne infections.
Furthermore, we calculated the total costs of the chronic dis-
eases by multiplying the annual cost by the average survival
years with the disease, assuming the annual costs of the
chronic diseases keep constant over time and any develop-
ment of the diseases, while the current annual direct cost of
treatment for chronic hepatitis B and chronic hepatitis C var-
ied considerably, respectively ¥7,469.27 and ¥69,279.97. More
real-world studies of treatment cost about the chronic dis-
eases are needed for further supporting the assumption and
the inputs we used in this study. Finally, the prevalence of
these three infections were estimated based on epidemio-
logical data from the general population, and the prevalence
of blood-borne pathogens is likely to be higher in hospital-
ized patients.

Conclusions

The economic burden of NSIs among HCWs in China is sub-
stantial. Comprehensive NSI prevention programs, including
implementation of safety needles and devices, should be
conducted in hospitals, which would have high potential for
healthcare institutions to achieve a downstream of cost sav-
ings and cost offsets.
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