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ABSTRACT

The exposure risk to the highly infectious hepatitis B virus (HBV) is an established and recognizable hazard
to healthcare professionals (HCPs). In the United States, implementing preemptive vaccination programs
and safety procedures resulted in drastic reductions in HBV infections among HCPs; however, many HCPs
remain unprotected and risk of exposure persists, especially among those first entering a healthcare
system and undergoing professional training. First-generation HBV vaccines require completion of
a 3-dose schedule over a 6-month interval for maximum immunogenicity. By comparison, HepB-CpG
(HEPLISAV-B®) is a 2-dose HBV vaccine licensed in the United States in 2017, inducing rapid seroprotection
over a 1-month interval and may represent a more effective strategy for combating HBV infection in US
healthcare systems. In this modeling study, the health and economic impact of implementing an HBV
vaccination strategy with HepB-CpG versus the 3-dose HBV vaccine (Engerix-B®) was evaluated among
HCPs newly entering a healthcare system. The model used effective seroprotection rate, a real-world
metric accounting for HCP vaccine compliance and seroprotection rates for different dosing regimens and
considered current pricing for postexposure prophylaxis treatment. Compared with the 3-dose vaccine,
HepB-CpG was anticipated to provide faster, increased protection against HBV infection among newly
entered HCPs. In protecting a greater percentage of HCPs, HepB-CpG was also projected to substantially
reduce the risk of HBV exposure. Accordingly, an economic analysis showed HepB-CpG vaccination would
reduce costs of postexposure prophylaxis treatment compared with the 3-dose vaccine. Overall, HepB-
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CpG represents an effective therapeutic strategy against HBV infection for US healthcare systems.

Introduction

Hepatitis B virus (HBV) infection can cause an incurable
disease of the liver, leading to complications such as hepa-
tocellular carcinoma and inflammation."”” There are an
estimated 248 million chronic HBV carriers worldwide,
with more than 840 thousand of these people living in the
United States.” HBV is highly infectious and primarily
transmitted by percutaneous or mucosal contact with infec-
tious blood or bodily fluids, therefore increasing the risk of
exposure for healthcare professionals (HCPs) who routinely
interact with patients and patient-derived material."*”
Beyond inadvertent exposure through overt percutaneous
injuries (eg, contaminated needlestick exposure) or via
bloodwork-related procedures, contact with environmental
surfaces harboring infectious HBV can also cause disease,
as the virus is environmentally stable for at least 1 week."”’
The risk of acquiring HBV infection can vary throughout
the career of an HCP, but is typically higher when the HCP
is first entering a medical environment and undergoing
professional training.” In addition, although rare, HCPs
can act as a source of HBV transmission to patients.®
Thus, ensuring that vulnerable HCPs are protected against
HBV infection and transmission is paramount for occupa-
tional safety at healthcare institutions.

The primary interventional strategy for preventing HBV
infection is preemptive vaccination.” In the United States, the
Advisory Committee on Immunization Practices (ACIP) has
recommended since 1982 that HCPs receive vaccination
against HBV.>'" In addition, the Bloodborne Pathogen
Standard by the Occupational Health and Safety Act (OSHA)
mandates that employers provide HBV vaccinations for any
HCPs occupationally exposed to blood or other potentially
infectious materials.”' " Establishing these preemptive vaccina-
tion programs and safety procedures for HCPs in the United
States has led to remarkable reductions in HBV infections
among this population.” However, the exposure risk persists
as 30,945 blood and bodily fluid exposures among US HCPs
were reported between 1995 and 2007, with the actual number
of exposures likely approaching 262,000 because of
underreporting.'” Further, many HCPs remain unprotected,
as HBV vaccination coverage among HCPs is reportedly
between 62% and 81%." '

In the event of exposure, hospital systems are required by
OSHA to provide postexposure evaluation and prophylaxis to
any occupationally exposed workers.'" According to guidelines
from the Centers for Disease Control and Prevention, postex-
posure prophylaxis differs based on the vaccination status of
the HCP and the hepatitis B status of the exposure source.'” If
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an HCP has completed HBV vaccination and postexposure
testing shows sufficient anti-hepatitis B surface antibody (anti-
HBsAb, 210 mIU/mL), no prophylaxis is necessary regardless
of whether a source patient is considered infectious (positive
HBsAb status).'” However, HCPs who were vaccinated and
have insufficient or unknown anti-HBsAb, unvaccinated, or
not fully vaccinated (i.e., did not receive all required doses)
and are exposed to patients with either HBsAb-positive or -
unknown statuses require HBV vaccination and a single dose
of hepatitis B immune globulin (HBIG)."” Hospitals are thus
required to cover both the direct costs of testing and treatment
as well as indirect costs,™'” including managing the loss of
time caused by HBV exposure.

Although first-generation HBV vaccines are effective (eg,
Engerix-B°®; GlaxoSmithKline, Research Triangle Park, NC; and
Recombivax HB®% Merck Sharp & Dohme, Whitehouse Station,
NJ), the recommended immunization strategy is a 3-dose series
administered over a 6-month interval.>***" This immunization
schedule poses particular challenges for unvaccinated HCPs
newly entering a health system who remain at risk of HBV
exposure during this period.” More immediate protection
against HBV is provided by HepB-CpG (HEPLISAV-B%
Dynavax Technologies, Emeryville, CA), a 2-dose HBV vaccine
licensed in 2017 that can be administered over a 1-month
period.”” In comparison to the 3-dose vaccine, HepB-CpG vac-
cination has been shown to induce earlier and significantly
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higher seroprotection rates (SPRs) among healthy adults aged
18 to 70 years.”” *° Thus, HepB-CpG may represent a potent tool
for health systems by offering rapid HBV protection for HCPs,
especially among those newly entering the system and at high
risk of infection. The objective of this study is to investigate the
potential occupational health and economic impact of imple-
menting HepB-CpG (2-dose) versus 3-dose (Engerix-B) HBV
vaccination for HCPs entering health systems.

Methods
Model description

A model was developed to assess the health and economic
impact of HepB-CpG versus 3-dose (Engerix-B) vaccination
over a l-year period among HCPs newly entering a health
system (Figure 1). Engerix-B was selected as the 3-dose com-
parator vaccine due to the availability of head-to-head efficacy
data against HepB-CpG. Of note, other currently available
3-dose vaccines not selected as comparators have similar
costs”® and show generally similar efficacy to Engerix-B,
including among HCPs.'”*” The main outcomes included the
number of HCPs protected against HBV, number of HCPs
potentially exposed to HBV, and cost of postexposure prophy-
laxis among HCPs requiring intervention (i.e., serologic mon-
itoring, vaccine cost and administration, and HBIG).
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Figure 1. Model schematic. HCPs entered the model at month 0 and those unprotected HCPs were vaccinated with either the 3-dose vaccine or HepB-CpG. The model
assumed that HBV vaccination occurred at the beginning of each month. At each month, the model calculated the number of HCPs protected against HBV, the number
of potential HBV exposures among HCPs who required intervention, and the cost of prophylaxis treatment. Protection against HBV was based on effective SPRs, not
serologic testing. EHCPp = Protected HCP exposed to HBV. EHCP,, = Unprotected HCP exposed to HBV. eSPR = effective SPR; HBIG = hepatitis B immunoglobulin;
HBV = hepatitis B virus; HCP = healthcare professional; HCPp = Protected HCP. HCPy = Unprotected HCP. SPR = seroprotection rate.



The model considered HCPs as anyone employed in the
health services industry as defined by the US Bureau of Labor
Statistics, including those working at public and private hospi-
tals; nursing and residential care facilities; offices of physicians,
dentists, and other practitioners; outpatient care centers; other
ambulatory care services; and medical laboratories. Four dif-
ferent incoming populations of HCPs were accounted for in
the model: clinical HCPs (i.e., those with direct patient contact)
and nonclinical HCPs; clinical and nonclinical HCPs were
further categorized as transferring from another health system
or were newly entering a health system from the general popu-
lation (Supplementary Table 1).

The model begins with HCPs entering the healthcare system
at month 0. HCPs entering the system were assumed to be
either (i) unprotected against HBV and thus eligible for vacci-
nation or (ii) previously successfully immunized with a 3-dose
HBV vaccine (i.e., received HBV immunization at a prior
healthcare system or vaccinated through an immunization
program for the general population) and thus already pro-
tected against infection. At month 0, 38.1% of the incoming
HCP population was considered already protected against
HBV infection based on the incoming population demo-
graphics as well as known HBV vaccine compliance and SPRs
(Supplementary Table 1). The remaining unprotected HCP
population was then vaccinated with either the 3-dose vaccine
(3 doses at months 0, 1, and 6) or HepB-CpG vaccine (2 doses
at months 0 and 1).

Population assumptions

The model assumed that a full healthcare system consisted of
10,000 HCPs with a 19.1% annual hospital turnover rate from
the 2020 Nursing Solutions Inc National Health Care
Retention and RN Staffing Report (Table 1).”* New HCPs
were assumed to enter at month 0, and the net number of
HCPs remained unchanged during the 1-year evaluation per-
iod. The model also assumed that the health system tested
incoming HCPs for anti-HBsAb to determine whether they
were sufficiently protected against HBV before entry (no chal-
lenge dose was given).

Effective seroprotection rate and outcome measurements

Over the course of 1 year after entering the healthcare system,
the potential real-world efficacy of either the 3-dose vaccine or
HepB-CpG (2-dose) immunization was measured by taking
into account the effective SPR (eSPR). The eSPR accounts for
both vaccine compliance and SPRs among different dosing
schedules to provide clinically relevant analyses of HBV vac-
cine effectiveness against disease.”””” The model used eSPRs
specific to each dose in a particular vaccine series that were
calculated by multiplying vaccine-specific compliance rates by
SPR for each dose in the series (Table 1); the total eSPR was
applied after completing the regimen (eg, dose 2 for HepB-
CpG or dose 3 for the 3-dose vaccine) and was determined by
summing eSPR values for each dose in the series
(Supplementary Table 2).

The model calculated the number of HCPs protected
(HCPp) after each dose of either HBV vaccine by summing
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(i) the number of HCPs already protected upon model entry
(month 0) based on prior successful vaccination, (ii) the num-
ber of HCPs protected by any previous dose(s) after model
entry, and (iii) the incremental number of HCPs protected by
that particular dose. The incremental number of HCPs pro-
tected by a particular dose was calculated by multiplying the
dose-specific eSPR by the number of HCPs unprotected at
month 0 (Table 1). The number of HCPs unprotected
(HCPy) after a specific dose was then determined by subtract-
ing the number of HCPs protected after that dose from the
initial number of HCPs entering the hospital system.

Beginning at 1 month after dose 1 of either vaccine, the
model calculated the monthly number of potentially HBV
exposed protected (EHCP,,) and unprotected HCPs (EHCPy).
For month 1 (i.e., within 30 days after receiving 1 dose of either
the 3-dose vaccine or HepB-CpG, but before receiving dose 2;
Figure 1), EHCPp and EHCPy; were determined by multiplying
a monthly HBV exposure rate by the number of already pro-
tected (previously vaccinated) or unprotected HCPs, respec-
tively, entering the model at month 0. For each subsequent
month (i.e., months 2-12), the model determined EHCPp and
EHCPy using the following methodology. For EHCPp, the
model first calculated HCPp after each vaccine dose (see above
paragraph) except any HCPs exposed during prior months were
removed, since the model assumed that these HCPs would
require serologic monitoring (EHCPp) and prophylaxis treat-
ment (EHCPy) on their first exposure only. The model next
multiplied this modified HCPp number by the exposure rate to
determine EHCPjp for that month. For EHCPy;, the model sub-
tracted both the HCPp for that particular month and any
EHCPy in each prior month from the initial number of HCPs
entering the hospital system at month 0, and then multiplied by
the exposure rate. Of note, while previously exposed HCPs could
be re-exposed in subsequent months, the model excluded these
individuals as it was assumed no action would be necessary since
they were either already known to be protected or were already
receiving testing and/or treatment for a previous exposure. As
such, the exposure rate calculated in the model includes initial
exposures only, as re-exposures were not expected to result in
additional prophylaxis costs. If re-exposures were included, the
total exposure rate would have been higher. At all timepoints
examined, the model only considered exposures that were
anticipated to result in prophylaxis treatment costs.

For each month after vaccination, the model also deter-
mined the cost of prophylaxis treatment among exposed
HCPs requiring intervention. The EHCPy and EHCPp over
months 1-6 and months 1-12 were first determined as
described above; the EHCPy; was then multiplied by the sum
of prophylaxis costs (see below; i.e., serologic monitoring,
vaccine cost and administration, and HBIG), while the
EHCPp was multiplied by the costs of serologic monitoring
only. The costs for both EHCPy and EHCPp were then
summed to determine the total cost of prophylaxis treatment
over that time period.

Model inputs: compliance rates

The model assumed 100% compliance to dose 1 and derived
remaining rates from a previous publication of HBV vaccine
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Table 1. Model inputs.

3-dose vaccine HepB-CpG

HCPs entering system, %° 19.1 19.1
HCPs protected before entry, %° 38.1 38.1
Vaccine SPR, % (95% CI)¢

Dose 1 43 (3.1,5.7) 21.8 (20.5, 23.2)

Dose 2 43.7 (42.1, 45.4) 95.7 (95.3, 96.1)

Dose 3 79.5 (78.2, 80.8) NA
Vaccine compliance rate, % (95% a)e

Dose 1 100 100

Dose 2 84.6 84.6

Dose 3 63.4 (60.8, 65.9) NA
Effective SPR, %°

Dose 1 4.2 22.0

Dose 2 20.3 84.3

Dose 3 56.1 NA
HBV exposure inputs, %

Monthly HBV exposure risk" 3.0 3.0
Prophylaxis costs, USD?

Serologic monitoring 33.81 33.81

Vaccine administration 16.94 16.94

HBIG 117.83 117.83

Vaccine 185.58 242.50

Cl = confidence interval; HBIG = hepatitis B immune globulin; HBV = hepatitis
B virus; HCP = healthcare professional; SPR = seroprotection rate; USD = United
States dollars.

Assumed a full healthcare system consisted of 10,000 HCPs with a 19.1%%®
annual hospital turnover.

PThe percentage of newly entering HCPs already protected against HBV was
determined by calculating the weighted average eSPR across 4 populations of
HCPs entering the healthcare system (Supplementary Table 1).

“Values were calculated from SPRs from 3 different clinical trials in adult
subjects;”>?° SPRs for dose 1 and 2 of the 3-dose vaccine were pooled from
SPRs at week 4 or 8 from 2 trials**** and dose 3 SPRs were pooled from week 28
from all 3 trials.>~>* SPRs for HepB-CpG were pooled from week 4 (dose 1) from
2 trials and from week 24 (dose 2) SPRs from 3 trials.”>** 95% Cls were
calculated from pooled data.

dCompliance rates were calculated from a previous analysis of HBV vaccine
compliance rates among HCPs.'*> The model assumed 100% compliance to
the first dose. Rates include those who receive only that dose and the subset
who continue to receive remaining doses in the vaccine series. Available 95%
Cls were reported.

CEffective SPR was calculated by multiplying SPRs by compliance rates at each
dose; dose 2 of HepB-CpG and dose 3 of the 3-dose vaccine are equal to the
total eSPR (Supplementary Table 2).

The rate was calculated based on the available literature on the percentage of
patients (hospital and community-based) tested for HBV,?® the percentage of
the global population with HBV,*® and the percentage of HCPs exposed to HBV
through blood and/or sharps injuries.’’

9The model considered only direct costs of prophylaxis treatments and based
values on 2020 costs; values represent costs of the entire vaccine series.

compliance rates among HCPs."” Compliance rate inputs for
each dose in the series include those HCPs receiving only that
dose as well as those who continue to receive subsequent doses
in the vaccine series. The percentage of HCPs receiving all 3
doses of the 3-dose vaccine (63.4%) was based on reported
3-dose HBV compliance rates among HCPs'® (Table 1). As
compliance rates for HCPs receiving remaining doses of the
3-dose vaccine series were not available in the literature, these
percentages were calculated based on the following equations:

(100% — 3rd dose rate) x 0.578 = 2nd dose only rate

100% — (3rd dose rate + 2nd dose rate) = 1st dose only rate

The multiplication factor of 0.578 was derived from 1- and
2-dose HBV vaccine compliance rates among the general
population (Supplementary Table 3):

2nd dose rate = (1st dose rate + 2nd dose rate)

The percentage of HCPs receiving 2 doses of the 3-dose
vaccine (both those who received 2 doses without the 3rd dose
and those who went on to receive the 3rd dose) was then
calculated by subtracting the 1st dose only rate (eg, percentage
receiving only dose 1 and then discontinuing the series) from
100%. For HepB-CpG, the percentage of HCPs receiving all 2
doses was assumed identical to the entirety of HCPs receiving 2
doses of the 3-dose vaccine (84.6%). The 3-dose vaccine and
HepB-CpG were assumed to take 1 month after each dose to
provide protection.

Model inputs: seroprotection rates

Seroprotection rates for the 3-dose and HepB-CpG vaccines were
derived from 3 different clinical trials in adult subject323 =2 (Table 1).
For doses 1 and 2 of the 3-dose vaccine, SPRs were pooled from week 4
or week 8 from 2 trials.”*** For dose 3 of the 3-dose vaccine, SPRs were
pooled from week 28 from all 3 trials.”” > For HepB-CpG, dose 1
SPRs were pooled from week 4 from 2 trials,”** whereas dose 2 SPRs
were pooled from week 24 in 3 trials.”> >

Model inputs: HBV exposure rates

A 3% monthly risk of exposure to HBV was estimated from
available data in the literature, based on (i) the percentage of
patients (hospital and community based) who are tested for
HBV (tested: 68%; nontested: 32%),> (ii) the percentage of the
US population with HBV (0.3%),”" and (iii) the percentage of
HCPs exposed to HBV through blood and/or sharps injuries in
1-month period (9.45%).

To calculate the number of exposures that would involve
a patient who was either HBV positive or of unknown HBV
status, it was assumed that the source patient would be tested for
HBYV in 68% of exposure cases (hospital and community based)
and not tested in 32% of cases. Of those 68% of exposures tested,
it was assumed that 0.3% would involve an HBV-positive
patient. Therefore, the model assumed that 32.2% of exposures
would involve a patient who either tested positive for HBV or
were of unknown HBV status and would thus be considered as
an HBV-positive exposure. The percentage of exposed HCPs
(9.45%) was derived from a previous publication”" that reported
the rate of blood exposures and sharps injuries among HCPs
over a 3-month period, with a conversion to a monthly rate for
this study using the following equation:

1— (yl/ﬂwnbcr of months)

In the above equation, y represents the probability of not
being exposed to HBV as derived from the literature.”’ Of
note, this calculation accounts for the percentages of exposures
that would not be reported by HCPs. Thus, assuming that 9.45%
of HCPs were exposed monthly to HBV with only 32.2% of these
incidents involving a potentially HBV-positive patient, the final
monthly exposure rate among HCPs used in the model was 3%.
The model assumed that all HCPs would have an equal chance of
HBV exposure; that a single exposure does not affect the



likelihood of an HCP’s future exposure to HBV; and that the risk
of HBV exposure is not seasonally influenced.

Model inputs: prophylaxis costing

The analysis considered only the direct costs of prophylaxis
treatment and incorporated the costs (2020; $USD) of each
vaccine series and its administration, serologic monitoring,
and HBIG (Table 1). The analysis excluded any future costs
related to subsequent diagnosis of HBV. Vaccine costs
included the 2020 RED BOOK drug pricing for either the
3-dose vaccine regimen ($185.58) or HepB-CpG regimen
($242.50) and an administration fee of $16.94 based on the
Medicare Physician Fee Schedule.”>”° Serologic monitoring
included both the cost of antibody testing and physician
appointment ($33.81) based on the Medicare Clinical
Laboratory Fee Schedule and Physician Fee Schedule,’®”
whereas HBIG costs $117.83 based on the 2020 Medicare
Drug Pricing Files.”

Sensitivity analyses

One-way sensitivity analyses assuming 15% higher or lower
values than the base-case inputs were conducted and eval-
uated the effects of altering the base-case value of 1 of the
parameters at a time. The 1-way sensitivity analysis exam-
ined the most influential variables affecting the cost differ-
ence of prophylaxis treatment after vaccination with either
the 3-dose vaccine or HepB-CpG (Table 2). A 2-way sensi-
tivity that simultaneously altered 2 base-case inputs by
assuming 15% higher or lower values of influential variables
was also performed to evaluate the impact of input varia-
bility on the cost difference of prophylaxis treatment after
HBV vaccination.

A scenario analysis was also undertaken to evaluate the
influence of compliance rates on the number of HCPs pro-
tected and prophylaxis costs by assuming HBV vaccine com-
pliance rates among HCPs from a different data source'*
(Supplementary Table 4).

Results

Protection rates after vaccination among HCPs newly
entered to a hospital system

An estimated 1910 HCPs annually joined the healthcare
system. The estimated number of newly entered HCPs
protected (HCPp) after receiving each dose of either
HepB-CpG or the 3-dose vaccine is shown in Table 3.
After 2 doses of HepB-CpG, an anticipated 1725 newly
entered HCPs would be protected against HBV, a 77%
increase in protection compared with 2 doses of the
3-dose vaccine (Figure 2). On series completion, HepB-
CpG would protect an additional 24% of newly entered
HCPs compared with the 3-dose vaccine. Throughout the
entire 1-year period, HepB-CpG was projected to protect
an increased percentage of newly entered HCPs versus the
3-dose vaccine.
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Risk of exposure and costs of prophylaxis among HCPs
newly entered to a hospital system

In a hospital system that vaccinates newly entered HCPs with the
3-dose vaccine, a total of 173 unprotected HCPs would be poten-
tially exposed to HBV (EHCPy) and require intervention within
1 to 6 months after entry (i.e., before series completion; Table 4,
Figure 3). Throughout the entire 1-year period after entry, an
estimated 249 unprotected HCPs would be potentially exposed to
HBV. By comparison, in a hospital system vaccinating newly
entered HCPs with HepB-CpG, 84 unprotected HCPs would be
potentially exposed to HBV within 1 to 6 months and 115
unprotected HCPs would be exposed through 12 months after
entry. Thus, compared with the 3-dose vaccine, a hospital system
vaccinating HCPs with HepB-CpG was estimated to reduce the
potential number of exposed HCPs from 1 to 6 months after
entry by a reduction of 51%. For each month, compared with the
3-dose vaccine, HepB-CpG was anticipated to reduce the number
of newly entered, unprotected HCPs exposed to HBV and at
12 months after entry, HepB-CpG was projected to reduce the
risk of exposure among unprotected HCPs by a reduction of 54%
compared with that of the 3-dose vaccine (Figure 3).

In a 1-year period, a hospital system vaccinating newly entered
HCPs with the 3-dose vaccine was projected to spend a total of
approximately $100,000 on prophylaxis (Table 4, Figure 3). In
that same period, a hospital system that instead vaccinated HCPs
with HepB-CpG would spend approximately $63,000, represent-
ing a cost savings of approximately 37% from the 3-dose vaccine.

Sensitivity analyses

The 1-way sensitivity analysis in prophylaxis treatment
between the 3-dose vaccine and HepB-CpG determined that

Table 2. Inputs for 1-way +15% sensitivity analysis.

Factor changed Base case  —15% number +15% number

HCPs protected based on 38.1 324 438
prior vaccination, %

HCPs receiving all 3 doses, % 63.4 53.9 729

Monthly exposure rate, % 3.0 2.6 35

Cost, USD
Serologic monitoring 33.81 28.74 38.88
Vaccine administration 16.94 14.50 19.48
HBIG 117.83 100.16 135.50
3-dose vaccine 185.58 157.74 213.42
HepB-CpG 242.50 206.13 278.88

HBIG = hepatitis Bimmune globulin; HCP = healthcare professional; USD = United
States dollars.

Table 3. Estimated number of HCPs protected (HCPp) with HepB-CpG vs the
3-dose vaccine.

HCPs newly entered into
a hospital system

n=1910
3-dose vaccine ~ HepB-CpG
After 1st dose, n (%) 777 (41) 987 (52)
After 2nd dose, n (%) 975 (51) 1725 (90)
Increase in HCPs protected with HepB-CpG, % 77%
After all doses, n 1391 (73) 1725 (90)

Increase in HCPs protected with HepB-CpG, % 24%

HCP = healthcare professional.
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Figure 2. Protection rates among newly entered HCPs after vaccination with either HepB-CpG or 3-dose vaccine. (A) Number of HCPs newly entered into a healthcare
system who are protected after 2 doses or all doses of either HepB-CpG or the 3-dose vaccine. (B) Percentage of HCPs protected over the 1-year period. HepB-CpG
vaccination was assumed to occur at months 0 and 1; 3-dose vaccination occurred at months 0, 1, and 6. The model assumed that vaccination occurred at the beginning
of the month and that either vaccine dose would take 1T month to provide protection. HCP = healthcare professional. HCP, = Protected HCP.

Table 4. Estimated number of unprotected HCPs Exposed to HBV (EHCPy) and
cost of prophylaxis for exposed HCPs With HepB-CpG and the 3-dose vaccine.

HCPs newly entered into
a hospital system

Months 1-6 3-dose vaccine HepB-CpG
Exposures, n? 173 84
Decrease in exposure risk with HepB-CpG, % -51%
Prophylaxis cost, USD® 66,193 42,673
Decrease in costs with HepB-CpG, % -36%
Months 1-12 3-dose vaccine HepB-CpG
Exposures, n? 249 115
Decrease in exposure risk with HepB-CpG, % -54%
Prophylaxis cost, USDP 99,858 63,297
Decrease in costs with HepB-CpG, % -37%

HBV = hepatitis B virus; HCP = healthcare professional; USD = United States
dollars.

“Number of unprotected HCPs exposed to HBV.

bSum of prophylaxis costs for both unprotected and protected HCPs exposed to
HBV.

the incremental cost was most sensitive to the cost of the
3-dose vaccine and the HBV exposure rate (Figure 4). In the
2-way sensitivity analysis, HepB-CpG was cost-saving across
all comparisons with the 3-dose vaccine (Table 5). The case
study sensitivity analysis using higher HBV vaccine compli-
ance rates showed minimal difference in prophylaxis costs
from the base case scenario (base case: $36,560; sensitivity
analysis: $36,630).

Discussion

Hepatitis B virus is highly infectious and primarily affects the
liver, resulting in either acute or chronic infection of varying
severities. Vaccination is an effective interventional strategy
that is essential for preventing HBV infection in populations
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Figure 3. Risk of exposure and total prophylaxis costs for newly entered HCPs. (A) The potential number of unprotected HCPs exposed to HBV over 6 or 12 months in
a healthcare system that vaccinates newly entered HCPs with HepB-CpG versus the 3-dose vaccine. (B) The total cost of prophylaxis over a 1-year period for newly
entered HCPs receiving either HepB-CpG or the 3-dose vaccine. Costs include those incurring for both unprotected and protected HCPs exposed to HBV. EHCPy
= Unprotected, HBV exposed HCP. HBV = hepatitis B virus; HCP = healthcare professional.
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Figure 4. One-way +15% sensitivity analysis on influential variables. The cost difference in prophylaxis treatment between HBV vaccines (the 3-dose vaccine, HepB-CpG)
is shown for each changed factor. HBIG = hepatitis B immune globulin; HBV = hepatitis B virus; HCP = healthcare professional; USD = United States dollars.
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at high risk of exposure.” HCPs are particularly susceptible to
HBYV infection, and although overall vaccination rates among
this population are higher compared with the general
population,™ " rates are still below the Healthy People
2020 target of 90%.'” Insufficient vaccination rates leave
a substantial number of HCPs without protective immunity,
creating several challenges within the healthcare industry as an
estimated 385,000 percutaneous injuries occur annually in US
hospitals.”” As HBV vaccination adherence rates among the
general and certain at-risk patient populations remain low'*
and 67% of HBV infected individuals are unaware of their
infection,’ it is essential that effective vaccination strategies
exist for HCPs at high risk for potential HBV exposure from
the patient population.

HepB-CpG is an HBV vaccine approved in 2017 that offers
a favorable alternative over commonly used 3-dose HBV vac-
cines (i.e., Engerix-B or Recombivax) as it has a dosing schedule
that requires only 1 month for series completion.”” HepB-CpG
induces greater and earlier seroprotection than 3-dose HBV
vaccines” *” and thereby could be a more effective strategy for
protecting at-risk HCPs against HBV infection, especially those
high-risk HCPs newly entering a healthcare system. Our analysis
showed that, within 3 months of implementing HepB-CpG
vaccination at US healthcare systems, the vaccine was antici-
pated to protect an additional 77% of HCPs newly entering the
system compared with the 3-dose vaccine. For each month
throughout the course of 1 year, HepB-CpG was predicted to
protect an increased percentage of HCPs than with the 3-dose
vaccine, with an added 24% of HCPs protected against infection
after 12 months. These results are in line with a previous model-
ing analysis that projected HepB-CpG could prevent 71 and 84
cases of acute and chronic HBV infections, respectively, in the
HCP population.'* Taken together, the shorter 2-dose vaccina-
tion schedule of HepB-CpG is likely to provide earlier and more
substantial HBV protection among susceptible HCPs; thus,
HepB-CpG may represent a superior interventional strategy for
US healthcare systems required to provide occupational HBV
vaccination.

Rapid, increased protection against HBV is likely to trans-
late into reduced risk of infection after HBV exposure. Our
analysis showed that HepB-CpG was anticipated to further
reduce the number of unprotected HCPs potentially exposed
to HBV by 105% within 6 months after entry (ie, after 2 doses
of either vaccine) compared with the 3-dose vaccine. For HCPs
newly entered into the hospital system, the increased efficiency
and seroprotection provided from HepB-CpG is an undeniable
benefit as HCPs are most vulnerable when first entering
a hospital environment.'

When considering downstream medical costs resulting from
exposure, vaccination with HepB-CpG is also less costly com-
pared with the 3-dose vaccine, providing a 37% reduction in
money spent on prophylaxis for newly entered HCPs during
a l-year period. A 2-way sensitivity analysis further supported
the base-case findings, showing that HepB-CpG is cost-saving
among newly-entered HCPs when compared to the 3-dose vac-
cine. These findings are important given the annual downstream
medical costs resulting from HCP exposure, including $827 and
$1824 for acute and chronic HBV infection, respectively.14 The
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cost of the 3-dose vaccine was the most influential driver of the
cost difference in prophylaxis treatment between the 2 vaccines,
which likely reflects the need for administering a vaccine multi-
ple times because of its conferring lower levels of protection.
Another key factor was the monthly exposure rate, which under-
lies the percentage of HCPs potentially exposed to an HBV-
positive source patient. Our results are supported by a previous
study showing that HepB-CpG was a cost-effective interven-
tional strategy among multiple at-risk populations, including
HCPs, compared with the 3-dose vaccine."*

The findings presented here are applicable to a wide
population of HCPs in the United States. Our model
based HBV vaccination compliance rates on a previous
study reporting a 3-dose, self-reported adherence rate of
63.4% among HCPs working or volunteering in
a healthcare facility.”” Notably, this compliance rate is
similar to that in other reports'>'® and is also applicable
to specialized groups of HCPs. For example, HCPs in
correctional facilities, who are at substantial risk of HBV
infection because of the higher rates of HBV seen in inmate
populations,*"** have similar 3-dose®*** vaccination com-
pliance rates (64%*') to that used in our model. Thus,
HepB-CpG is likely to also provide increased protection
among HCPs working in a variety of occupational settings
where time to protection is critical. Further, a 1-way sensi-
tivity analysis showed that increasing the 3-dose compli-
ance rate to 81.0%, based on a separate report on HCP
vaccination rates,”* had minimal effect on the cost differ-
ential of prophylaxis strategies, supporting our findings that
HepB-CpG enhances protection to thereby reduce exposure
risk and associated prophylaxis costs.

A potential limitation of this analysis is that this model
assumed that all newly hired HCPs entered the hospital at
one point in time and therefore does not account for the
dynamics of hiring and entry of a hospital setting.
Secondly, the model assumed that the percentage of
patients with HBV infection was equal to the infection
rate among the general population. Third, the model did
not consider the costs of lost productivity or long-term
medical costs associated with HBV infection among
HCPs. Finally, because 1-dose and 2-dose HBV vaccine
compliance rates among HCPs were not available from
prior publications, these rates were calculated by incorpor-
ating compliance rates among the general US population
and thus may not be entirely reflective of compliance rates
among HCPs in US healthcare systems.

Conclusion

Vaccinating the HCP population, particularly those newly
entering a hospital system, with the 2-dose HepB-CpG
vaccine compared with the 3-dose vaccine has the potential
to provide earlier and more substantial protection that
could reduce the risk of occupational exposure to HBV
and confer economic savings within a hospital system.
Overall, HepB-CpG thus has the potential to dramatically
reduce the risk of HBV infection among HCPs newly-
entering a hospital system and represents a cost-effective
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option for US hospitals that are required to provide HBV
vaccination and postexposure prophylaxis.
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