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Abstract

Objectives: Despite recommendations for vaccination against hepatitis A virus (HAV) and hepatitis B virus (HBV) for all
adults at increased risk of infection, several US states have reported increases in HAV and HBV infections among persons who
inject drugs. We investigated hepatitis A and hepatitis B vaccination coverage among a sample of persons who reported
injecting drugs and had evidence of hepatitis C virus (HCV) infection.

Methods: We searched the Wisconsin Immunization Registry for the vaccination records of persons who underwent HCV
testing at syringe services programs from January | through August 31, 2018, and were reported to the Wisconsin Division of
Public Health as having positive HCV antibody test results and a history of injection drug use. We calculated the percentage of
persons who were vaccinated according to national recommendations.

Results: Of 215 persons reported, 204 (94.9%) had a client record in the Wisconsin Immunization Registry. Of these 204
persons, 66 (32.4%) had received >1 dose of hepatitis A vaccine, 46 (22.5%) had received 2 doses of hepatitis A vaccine, and
115 (56.4%) had received 3 doses of hepatitis B vaccine. Hepatitis B vaccine coverage decreased with increasing age, from
88.0% (22 of 25) among adults aged 20-24 to 30.3% (10 of 33) among adults aged 35-39.

Conclusions: These findings suggest that most persons who inject drugs in Wisconsin are susceptible to HAV infection and
that most persons aged >35 who inject drugs are susceptible to HBV infection. In addition to routine vaccination of children,
targeted hepatitis vaccination programs should focus on adults who inject drugs to help prevent future infections.

Keywords
hepatitis A, hepatitis B, injection drug use, vaccination coverage, immunization information system

Viral hepatitis affects the health of millions of persons in the
United States. The Centers for Disease Control and Preven-
tion (CDC) estimated that, in 2016, 66 100 persons had an
acute infection with viral hepatitis and more than 4 million
persons had chronic viral hepatitis infection." Acute infec-
tion with hepatitis A virus (HAV), hepatitis B virus (HBV),
or hepatitis C virus (HCV) can cause fever, nausea, vomiting,
abdominal pain, and jaundice. Chronic infection with HBV
or HCV can be asymptomatic for years but increases the risk
of liver disease, liver cancer, and death. Persons who inject
drugs are at increased risk for infection with viral hepatitis
because HBV and HCV are blood-borne viruses that can
remain infectious outside the body for weeks and can be
easily transmitted through contaminated needles and other

injection equipment.*> HAV is typically transmitted from
person to person through the fecal-oral route but is also sus-
pected to be transmitted through injection drug use or asso-
ciated behaviors.*
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Table |. Recommendations from the Advisory Committee on Immunization Practices and Wisconsin state regulations about vaccination
with hepatitis A vaccine and hepatitis B vaccine and the age in 2018 of persons affected by these recommendations

Age of Persons

Year Recommender  Type Persons Recommended for Vaccination Affected, y
Hepatitis A Vaccine

1996° ACIP Risk-based Persons at increased risk, including persons who inject drugs and persons Any age
with chronic liver disease

1996° ACIP Risk-based Children residing in communities with high rates of disease (in Wisconsin, <40
this included the American Indian population)

19996 ACIP Risk-based Children residing in states, counties, and communities with high rates of <37
disease (in Wisconsin, this included children residing in Milwaukee)

2006’ ACIP Risk-based Children residing in communities with high rates of disease who had not <30
already been vaccinated (in Wisconsin, this included children residing in
Milwaukee)

20067 ACIP Universal All children, beginning at age | year <13

Hepatitis B Vaccine

19828 ACIP Risk-based Persons at increased risk, including persons who inject drugs Any age

1991° ACIP Universal All infants <27

1995'° ACIP Universal All children aged | 1-12 years who had not already been vaccinated <35

1997-2004 Wisconsin state  Universal All children entering Wisconsin schools or licensed childcare centers <33

phase-in'' regulation

1999'2 ACIP Universal All children aged 0-18 years who had not already been vaccinated <37

2006"3 ACIP Risk-based Persons with chronic liver disease Any age

2018' ACIP Risk-based Persons with hepatitis C virus infection Any age

Abbreviation: ACIP, Advisory Committee on Immunization Practices.

CDC and other organizations recommend multiple strate-
gies to prevent viral hepatitis. Since 1996, the Advisory Com-
mittee on Immunization Practices (ACIP) has recommended
vaccination with 2 doses of hepatitis A vaccine for persons who
use drugs (injection and non-injection) and since 2006 for all
children (Table 1) to prevent HAV infection. In addition, ACIP
recommends vaccination for persons with chronic liver disease,
including disease caused by HCV infection. During conditions
of low vaccine supply, CDC recommends 1 dose of hepatitis A
vaccine in outbreak settings.'> In Wisconsin, children are not
required to receive hepatitis A vaccine before entry into schools
or childcare centers. To prevent HBV infection, ACIP has, since
1982, recommended vaccination with 3 doses of hepatitis B
vaccine for persons who inject drugs and, since 1991, for all
infants. In addition, ACIP recommends vaccination for persons
with chronic liver disease, including persons with HCV infec-
tion. In Wisconsin, since 1997, state regulations require that
children receive 3 doses of hepatitis B vaccine for entry into
schools and childcare centers. No vaccine is available to prevent
HCYV infection. To prevent viral hepatitis and other infections
among persons who use drugs, CDC and the US Department of
Health and Human Services recommend regular testing for
HCV and access to sterile injection and drug preparation equip-
ment through syringe services programs (SSPs).'®

Despite these national recommendations for the prevention of
viral hepatitis, reports of viral hepatitis infections have increased
in the United States. Since 2010, fueled by the opioid epidemic,
injection drug use and acute HCV infections have increased
among young adults nationwide, including in Wisconsin.'” Dur-
ing a similar time frame, acute HBV infections among persons

who inject drugs have increased in several US states.'®'” Since
early 2017, multiple states have reported outbreaks of HAV
infection among persons who use injection or non-injection
drugs or are experiencing homelessness.>**' In Wisconsin, as
of 2018, no increases in HAV or HBV infections had been
detected among persons who inject drugs (unpublished data for
2017-2018, Wisconsin Division of Public Health [WDPH]).*?

National surveys indicate that, among the US general pop-
ulation aged 19-49, 13.4% have received 2 doses of hepatitis A
vaccine and 32.9% have received 3 doses of hepatitis B vac-
cine.?® However, national surveys do not provide state-specific
coverage estimates for persons who inject drugs or for smaller
adult age ranges (eg, increments of 5 years). This information
could be used to assess susceptibility to disease and to guide
vaccination efforts. The objective of this study was to evaluate
hepatitis A and hepatitis B vaccine coverage among persons
who inject drugs in Wisconsin. We focused only on persons
who had positive HCV antibody results after testing at an SSP,
because these persons are at high risk for infection with HAV
and HBV and are systematically reported to WDPH through
routine public health surveillance procedures.

Methods
Study Design

We identified persons who inject drugs from HCV surveil-
lance data reported by SSPs that conduct rapid HCV anti-
body testing in Wisconsin. We focused our assessment on
reports from SSPs because SSPs serve a large number of
persons who inject drugs, and history of injection drug use
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Figure 1. Location of || syringe services program (SSP) offices that offer rapid hepatitis C virus antibody testing and the number of persons
in the study population, by county of residence, Wisconsin, 2018. The study population consisted of persons who inject drugs and had

positive hepatitis C antibody test results after testing at an SSP.

is typically complete on reports from SSPs. We then
searched the Wisconsin Immunization Registry (WIR),**
Wisconsin’s immunization information system (IIS), to iden-
tify the vaccination histories of these persons. The University
of Wisconsin—Madison Health Sciences Institutional Review
Board certified this activity as a nonresearch activity.

Syringe Services Programs in Wisconsin

WDPH provides funding to 12 fixed-site SSPs in Wisconsin
to provide HIV testing, counseling, and referral services. The
SSPs provide access to new injection equipment and disposal
services, harm-reduction education about safe injection prac-
tices and overdose prevention, and naloxone rescue Kkits.
Vaccination services are not currently provided.

In 2012, the SSPs began offering free rapid HCV antibody
testing.”> As of January 1, 2018, 11 SSPs in Wisconsin
offered this service (Figure 1). For each person who receives
rapid HCV testing, SSP staff members collect information on
demographic characteristics and risk factors, including his-
tory of injecting drugs. SSP staff members report to WDPH
the name, birth date, demographic characteristics, and risk
factor data for persons with positive HCV antibody results
(indicative of past or present HCV infection).

Wisconsin Immunization Registry

The WIR is a statewide, population-based IIS that collects and
consolidates vaccination histories for Wisconsin residents of
all ages. Launched statewide in 2000, the WIR is populated
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with client demographic information from the WDPH Vital
Records Office for all Wisconsin births since 1995. WIR
receives new client (for persons born elsewhere or before
1995) and vaccination information from multiple sources,
including public and private health care providers, health
maintenance organizations, and Wisconsin Medicaid. WDPH
estimates that >95% of Wisconsin adults have >1 vaccination
documented in the WIR.%® The completeness and accuracy of
WIR records for adults have not been formally evaluated.
However, a previous assessment indicated that WIR records
for children were complete and accurate.?’ In addition, among
pregnant women, the WIR produced higher coverage esti-
mates than Wisconsin’s all-payer claims database.?®

Data Collection

HCV infection is a reportable condition in Wisconsin.>* All
positive laboratory results, including positive rapid antibody
tests, must be reported to WDPH. We defined the study
population by using HCV testing data reported by SSPs to
WDPH from January 1 through August 31, 2018 (the most
recent data available at the time of this assessment). Eligible
persons were Wisconsin residents with positive HCV anti-
body results and a reported history of injecting drugs. On
October 12, 2018, we manually searched the WIR for the
vaccination records of these persons. We defined a matching
client record as having an exact match of first name, last
name, and birth date. We included in the study population
only persons with WIR client records. For each person in the
study population, we extracted data from the WIR on hepa-
titis A and hepatitis B vaccination dates and the names of the
organizations that administered the doses. We included only
doses that complied with ACIP-recommended minimum
intervals between vaccinations.**"

Data Analysis

To assess vaccination coverage, we calculated the percen-
tages of persons who received >1 dose of hepatitis A vac-
cine, 2 doses of hepatitis A vaccine (complete hepatitis A
vaccine series), and 3 doses of hepatitis B vaccine (complete
hepatitis B vaccine series). We assessed receipt of 3 doses of
hepatitis B vaccine because at the time of this assessment, a
new hepatitis B vaccine® that requires only 2 doses was in
limited use in Wisconsin and had not been received by any of
the persons included in our study population. Using narrow
age ranges (20-24, 25-29, 30-34, 35-39, 40-49, >50 years),
we assessed vaccination coverage by the person’s age at the
HCV test date. In addition, we assessed vaccination coverage
by other characteristics of the study population, including
sex (female, male), race/ethnicity (non-Hispanic white,
American Indian, Hispanic), location of the SSP where the
HCV test was received (northern or western Wisconsin,
southeastern Wisconsin), timing of most recent injection
drug use (<6 months ago, >6 months ago), and whether the
person ever reported being incarcerated (yes, no).

For comparison, we calculated coverage of hepatitis A
vaccine and hepatitis B vaccine among the Wisconsin gen-
eral population, by age group, using WIR data to determine
the number vaccinated, and we used population estimates®>
to determine population denominators. For each age group,
we calculated 95% confidence intervals (Cls) for the propor-
tion of persons in the study population who were vaccinated.
In addition, for each age group, we used 1-sample tests of
proportions to assess whether vaccination coverage among
the study population differed significantly from vaccination
coverage among the general population. We used SAS ver-
sion 9.4** to conduct all analyses.

Results

From January 1 through August 31, 2018, 11 SSPs reported
to WDPH information on 215 persons who had positive HCV
antibody test results and a history of injecting drugs. Of these
persons, 204 (94.9%) had WIR client records and were
included in the study population. The median age was
31 years (range, 20-64 years), 111 (54.4%) were male, and
170 (83.3%) were non-Hispanic white (Table 2). Most
reported injecting drugs within the past 6 months (n = 165,
80.9%) and had a history of incarceration (n = 177, 86.8%).
One hundred fifty-five (76.0%) persons were reported by 6
SSPs in northern or western Wisconsin. Persons resided in 34
of Wisconsin’s 72 counties (Figure 1).

One hundred forty-seven (72.1%) persons had documen-
tation of vaccination with >1 dose of either vaccine. Of
these, 56 (38.1%) received a dose during adulthood (aged
>19), including 20 (35.7%) persons who received >1 dose
from Wisconsin local health departments and 12 (21.4%)
persons who received >1 dose from the Wisconsin Depart-
ment of Corrections.

Sixty-six (32.4%) persons had received >1 dose of hepa-
titis A vaccine, and 46 (22.5%) persons had received 2 doses
of hepatitis A vaccine (Table 2). Hepatitis A vaccine cover-
age varied by age group. The median age at hepatitis A
vaccine series completion was 29 (range, 6-45). Ten of 66
(15.2%) persons with >1 dose of hepatitis A vaccine were
vaccinated on or after the HCV test date.

One hundred fifteen (56.4%) persons had received 3 doses
of hepatitis B vaccine (Table 2). The percentage vaccinated
with 3 doses of hepatitis B vaccine decreased with increasing
age, from 88.0% (22 of 25) of persons aged 20-24 to 30.3%
(10 of 33) of persons aged 35-39. The median age at hepatitis
B vaccine series completion was 11 years (range, 0-45 years).
Of 144 persons with >1 dose of hepatitis B vaccine, 7 (4.9%)
persons were vaccinated on or after the HCV test date. Thirty-
four (16.7%) persons had completed both vaccine series.

Among persons aged 20-29, 1-dose and 2-dose hepatitis A
vaccine coverage estimates among the study population did
not differ significantly from the general population. Among
persons aged 30-39 and 40-49, 1-dose and 2-dose hepatitis A
vaccine coverage estimates were significantly higher among
the study population than among the general population. For
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Table 2. Number and percentage of persons who received hepatitis A vaccine, hepatitis B vaccine, or both vaccines, by characteristics and

number of doses, among the study population,® Wisconsin, 2018°

Hepatitis A Vaccine, No. (%)° 3 Doses of Completed Series
Hepatitis B for Both

Characteristics Total, No. (%) >1 Dose 2 Doses Vaccine, No. (%)? Vaccines, No. (%)
Overall 204 (100.0) 66 (32.4) 46 (22.5) 115 (56.4) 34 (16.7)
Age

20-24 25 (12.3) 10 (40.0) 8 (32.0) 22 (88.0) 6 (24.0)

25-29 65 (31.9) 17 (26.2) 13 (20.0) 51 (78.5) 11 (16.9)

30-34 44 (21.6) 14 (31.8) 7 (15.9) 24 (54.5) 4 (9.1)

35-39 33 (16.2) 12 (36.4) 6 (18.2) 10 (30.3) 6 (18.2)

40-49 28 (13.7) 11 (39.3) 10 (35.7) 7 (25.0) 6(21.4)

>50 9 (44) 2 (22.2) 2 (22.2) I (I1.1) I (I1.1)
Sex

Female 93 (45.6) 28 (30.1) 23 (24.7) 51 (54.8) 15 (16.1)

Male 111 (54.4) 38 (34.2) 23 (20.7) 64 (57.7) 19 (17.1)
Race/ethnicity®

Non-Hispanic white 170 (83.3) 53 (31.2) 36 (21.2) 99 (58.2) 29 (17.1)

American Indian 20 (9.8) 6 (30.0) 4 (20.0) 10 (50.0) 2 (10.0)

Hispanic 10 (4.9) 5 (50.0) 5 (50.0) 4 (40.0) 2 (20.0)
Location of syringe services program

Northern or western Wisconsin 155 (76.0) 52 (33.5) 38 (24.5) 99 (63.9) 29 (18.7)

Southeastern Wisconsin 49 (24.0) 14 (28.6) 8 (16.3) 16 (32.7) 5(10.2)
Most recently injected drugs

<6 months ago 165 (80.9) 52 (31.5) 39 (23.6) 94 (57.0) 29 (17.6)

>6 months ago 39 (19.1) 14 (35.9) 7 (17.9) 21 (53.8) 5(12.8)
Reported ever being incarcerated’

Yes 177 (86.8) 57 (32.2) 38 (21.5) 103 (58.2) 30 (16.9)

No 23 (11.3) 8 (34.8) 7 (30.4) 12 (52.2) 4 (17.4)

*The study population consisted of persons who inject drugs and had positive hepatitis C antibody test results after testing at a syringe services program.

®Data source: Wisconsin Immunization Registry.24

“Percentages in this column were calculated using the total number of persons in the study population (N = 204) as the denominator.
dPercentages in these columns were calculated using the number in the “Total” column as the denominator.

®Four (2%) persons had unknown race/ethnicity.
fFour (2%) persons did not report information on incarceration.

each age group, hepatitis B vaccine coverage among the
study population did not differ significantly from the general
population. Hepatitis B vaccine coverage decreased with
increasing age among the study population and the general
population (Figure 2).

Discussion

Despite recommendations for all adults at increased risk of
infection to receive hepatitis A and hepatitis B vaccine,
among this sample of persons who reported injecting drugs
and had positive HCV antibody results (indicative of past or
present HCV infection), only 16.7% had completed the vac-
cine series for both hepatitis A vaccine and hepatitis B vac-
cine. Poor vaccination coverage among persons who inject
drugs is concerning because of their risk for HAV and HBV
infection. Most persons in our study population reported
injecting drugs in the past 6 months. Furthermore, as indi-
cated by the presence of HCV antibody, it is likely that most
persons had previously prepared or injected drugs using
unsterile equipment. Poor vaccination coverage is also con-
cerning because, among the estimated 75%-85% of persons

with HCV antibody who would be expected to become
chronically infected with HCV,?>° subsequent infection
with HAV or HBV might result in further liver damage.

Among our study population, hepatitis A vaccination cov-
erage was low (32.4% had received >1 dose and 22.5% had
received 2 doses). Low hepatitis A vaccination coverage
among adults is expected because universal childhood vac-
cination was not recommended until 2006. For comparison,
81% of Wisconsin children born after 2006 have received >1
dose of hepatitis A vaccine (WDPH, unpublished data,
2018). Among adults aged 30-49, coverage among our study
population (a population with risk behavior and chronic liver
disease indications for hepatitis A vaccination) was higher
than among the general population (a population with no
specific indication for hepatitis A vaccination). These find-
ings are similar to national survey results that indicate 2-dose
hepatitis A vaccination coverage is 23.7% among adults aged
19-49 with chronic liver conditions and 13.4% among the
general population of adults aged 19-49.%

Hepatitis B vaccination coverage was high (88.0%)
among adults aged 20-24 in our study population and
decreased with increasing age; we observed similar trends



656

Public Health Reports 134(6)

Hepatitis A vaccine 21 dose
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30-39 years (P < .001)
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Figure 2. Hepatitis A and hepatitis B vaccination coverage, by age group, among the study population (ie, persons who inject drugs who had
positive hepatitis C antibody test results after testing at a syringe services program) and the general population, Wisconsin, 2018. Gray lines
indicate 95% confidence intervals. P values indicate a significant difference between coverage among the study population and coverage

among the Wisconsin general population using a |-sample test of proportions. P < .05 was considered significant. Data source: Wisconsin

Immunization Registry.**

among the Wisconsin general population. These findings are
consistent with the timing of ACIP recommendations for
universal and catch-up vaccination and with Wisconsin law
requiring hepatitis B vaccine for school and childcare. Our
findings of high hepatitis B vaccination coverage among
young adults are consistent with historical results from the
National Immunization Survey—Teen, which indicated that
coverage among Wisconsin adolescents aged 13-17 in 2008
(persons who were aged 23-27 in 2018) was 87.8%.%” Lower
hepatitis B vaccination coverage among older adults is con-
sistent with national survey results that indicate only 46.9%
of adults aged 19-49 with chronic liver conditions and 32.9%
of adults aged 19-49 in the general population have received
3 doses of hepatitis B vaccine.”> Our findings highlight the
importance of evaluating vaccination coverage for more nar-
row adult age ranges, because aggregate coverage estimates
for adults, as provided by national survey results, obscure the
important pattern of high coverage among younger adults
and low coverage among older adults.

We assessed vaccination coverage among a subset of per-
sons who inject drugs, attended SSPs, and had positive HCV
antibody results. More than three-quarters of persons were
tested at an SSP in a rural area, where rates of HCV infection
among young persons are high and testing is frequent.*® Our
study population might have different health care-seeking
behaviors or greater access to hepatitis vaccination than

persons who inject drugs, choose not to attend SSPs, and
do not have diagnosed HCV infection. As a result, vaccina-
tion coverage among all persons who inject drugs in Wis-
consin might be even lower than among our study
population. Overall, our findings suggest that most adults
who inject drugs in Wisconsin are susceptible to HAV infec-
tion and most adults aged >335 are susceptible to HBV infec-
tion. These findings are generally consistent with results
from a serological assessment of immunity among persons
who injected drugs in San Diego during 2009-2010 that indi-
cated more than half of persons aged 18-40 were susceptible
to HAV and HBV infection.*

IISs are confidential, population-based databases that col-
lect and consolidate vaccination histories for persons resid-
ing within a jurisdiction. IISs can also forecast which
vaccinations are currently needed for each person. The
National Vaccine Advisory Committee’s Standards for Adult
Immunization Practices recommend that all health care pro-
viders use IISs to assess each patient’s vaccination status,
recommend and administer (or refer to another provider for)
the needed vaccinations, and document doses administered
in the 11S.%

Expanding the use of IISs and on-site hepatitis vaccina-
tion to locations where people who inject drugs receive ser-
vices could facilitate the identification and vaccination of
persons at high risk of infection. Among the persons included
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in our study who were vaccinated during adulthood, local
public health departments and the Wisconsin Department
of Corrections were important sources of vaccination. These
entities can access the WIR to assess patient vaccination
status and document vaccinations administered. Local pub-
lic health departments in Wisconsin can vaccinate unin-
sured and underinsured adults, including during follow-up
for HCV infection. The Wisconsin Department of Correc-
tions offers hepatitis vaccines to adults entering state cor-
rectional facilities. Results of previous studies suggest that
offering on-site hepatitis vaccination at SSPs, methadone
clinics, jails, and hospital emergency departments can be
useful for identifying and vaccinating at-risk populations,
including persons who inject drugs.*'**’ Incorporating the
use of IISs in these settings may further facilitate the iden-
tification of high-risk persons in need of vaccinations.
Results from an assessment among persons who inject
drugs in San Diego indicated that self-report of hepatitis
vaccination history among the study population was unreli-
able and that using an IIS would help identify persons in
need of vaccination.>

IISs are also used to assess population vaccination cover-
age among children, adolescents, adults, and persons in high-
risk groups.?®**! To our knowledge, our study is the first to
use an IIS to evaluate vaccination coverage among persons
who inject drugs. This method could be used by other jur-
isdictions with adult vaccination records in their IISs.
Alternatively, for jurisdictions that are not able to identify
persons who inject drugs or do not have adult vaccination
records in their IIS, the information presented in Tables 1 and
2 might provide a general guide to determine which adult age
groups have the lowest vaccination coverage.

Limitations

This study had several limitations. First, the persons in our
study received HCV testing at SSPs and had positive HCV
antibody results; as such, they might not be representative of
all persons who inject drugs in Wisconsin. Second, we did
not assess immunity to HAV or HBV infection as a result of
previous infection. The incidence of HAV and HBV infec-
tion in Wisconsin is low,"** but anyone in the study popu-
lation who was immune through previous infection would
not be susceptible to disease. Third, vaccination data are
provided to the WIR largely voluntarily, and doses adminis-
tered in other states or before the WIR was implemented
might not be documented in the WIR. As a result, vaccina-
tion coverage was likely underestimated. Fourth, because of
improvements in WIR data completeness over time, cover-
age might be differentially underestimated by age group,
exaggerating lower coverage among older adults. Despite the
potential limitations of using an IIS to assess vaccination
coverage, in this assessment, most persons who reported
injecting drugs had WIR client records, and coverage esti-
mates were consistent with national survey results.

Conclusions

Our findings suggest that most persons who inject drugs in
Wisconsin are susceptible to HAV infection and most adults
aged >35 are susceptible to HBV infection. Incorporating
the use of IISs and offering on-site hepatitis vaccination in
correctional settings and at locations where persons who
inject drugs receive services, such as SSPs, might improve
vaccination coverage and prevent future outbreaks. The find-
ings in our study underscore the importance of universal
childhood vaccination to ensure protection before becoming
at high risk of infection.
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