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Abstract: To develop a protocol for prevention of hepatitis B
virus (HBV) transmission in Wisconsin prisons, we interviewed 619
male prisoners at incarceration to obtain information on hepatitis B
risk factors. We defined previous infections by the presence of
hepatitis B surface antigen (HBsAg), antibody to hepatitis B surface
antigen (anti-HBs), or antibody to hepatitis B core antigen (anti-
HBc). Logistic regression was used to develop a model of relative
risk (RR) ofHBV infection. Use of illicit intravenous (IV) drugs was
the most important risk factor because of a high prevalence of IV
drug use and an RR which ranged from 2.93-7.47. Other important
risk factors were: prior hepatitis or jaundice (RR = 6.28), race (RR
= 2.54 for Blacks, RR = 3.28 for Latinos), transfusion (RR = 3.00),

Introduction
The Immunization Practices Advisory Committee

(ACIP) of the Centers for Disease Control has classified male
prisoners as an intermediate-risk population for hepatitis B
virus (HBV) infection' (Table 1) based upon the prevalence
of hepatitis B markers among male prisoners.2'7 Because of
this increased prevalence of hepatitis B markers, screening
and vaccination for HBV in prisons have been suggested."8

This study used hepatitis B serology and prisoner inter-
views to identify high-risk subgroups and investigate previ-
ous imprisonment as an HBV risk factor. We developed a
protocol for HBV control that will use selective serologic
screening and administration of the inactivated HBV vac-
cine9-1 to incoming male prisoners.,

Methods
Study Participants

Every adult male prisoner entering the Wisconsin state
prison system undergoes a medical history, physical exam-
ination, and screening for communicable diseases at Dodge
Correctional Institution in Waupun, Wisconsin. Between
February and August of 1983, 876 male prisoners entered the
system. Of these, 646 were examined by two of the authors
(Anda and Perlman) and asked to participate in this study; 96
per cent (619/646) consented, 2 per cent (15/646) refused, and
2 per cent (12/646) non-English speaking prisoners were not
included because of potential problems with interpreter
confidentiality. The remaining 230 men, who were examined
by two other physicians and a physician assistant, were not
interviewed. Thus, the participants included 70.7 per cent
(619/646) of the prisoners entering during the study period.
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and age. Previous imprisonment was not an independent risk factor
for HBV, hence selective serologic screening and vaccination of
prisoners are justified rather than mass screening and vaccination.
Based upon prevalence of hepatitis B markers in subgroups, it is
necessary to screen prisoners with prior hepatitis or jaundice, prior
transfusion, and users of IV drugs. The identification of HBsAg
carriers by such screening could prevent infection of "household"
contacts. Users of IV drugs who are susceptible to HBV infection
should be vaccinated. The remaining prisoners constitute a low-risk
group for HBV infection and do not require serologic screening or
vaccination. (Am J Public Health 1985; 75:1182-1185.)

Data Collection
Interviews-Information obtained from each participant

included: demographic characteristics'2 (age, race, city of
residence, immigration to the United States including coun-
try and year of immigration), education (high school graduate
or graduate equivalent, years of college), prior jaundice or
diagnosis of hepatitis, prior hepatitis contact (any contact
with persons who ever had hepatitis and the type of contact),
tattooing (including number of tattoos), prior hospital em-
ployment (including job description and duration of employ-
ment), transfusion (whole blood or packed red cells), IV drug
use (any injection or "shooting up" of illicit drugs, estimate
of total number of injections, number of years of drug use),
homosexual contact (any contact, number of contacts),
current sexual preference, and previous imprisonment (any
previous imprisonment, number of months and location of
imprisonment).

Laboratory: Blood samples for hepatitis B serologic
testing were tested by the Immunology Laboratory, Wiscon-
sin State Laboratory of Hygiene. Radioimmunoassay meth-
ods were used to test the samples for HBsAg, anti-HBs and
anti-HBc (Ausria II, Ausab, Corab; Abbott Laboratories,
North Chicago, Illinois).
Data Analysis

If any of the three serologic markers was present, the
participant was classified as marker positive. A participant
who had ever used illicit parenterally administered drugs was
classified as a user of IV drugs. All variables were entered
into a logistic regression, with marker positivity as the
dependent variable. The SAS Statistical System 1314 was
used.

Results

Prevalences of HBsAg and marker positivity among the
study participants were 1.1 per cent and 19 per cent,
respectively. There were 166 users of IV drugs, representing
27 per cent of the study participants, but they accounted for
58 per cent (67/115) of all participants with positive markers.
The prevalence of marker positivity was 40 per cent (67/166)
among users of IV drugs and 11 per cent (48/453) among
non-users of IV drugs.

AJPH October 1985, Vol. 75, No. 101182



HEPATITIS B: SCREENING, VACCINATION OF PRISONERS

(HBV) Prevalence in Various

Prevalence of Serologic
Markers of HBV Infections

Population Groups % HBsAg % All Markers

High-risk Groups
Immigrants/refugees from areas of high
HBV endemicity 13 70-85

Clients in institutions for the mentally
retarded 10-20 35-80

Users of illicit parenteral drugs 7 60-80
Homosexually active males 6 35-80
Household contacts of HBV carriers 3-6 30-60
Patients of hemodialysis units 3-10 20-80

Intermediate-risk Groups
Prisoners (male) 1-8 10-80
Staff of institutions for the mentally

retarded 1 10-25
Health-care workers (frequent blood

contact) 1-2 15-30
Low-risk Groups

Health-care workers (no or infrequent
blood contact) 0.3 3-10

Healthy adults (first-time volunteer
blood donors) 0.3 3-5

SOURCE: MMWR 1982; 31:317-328.1

The racial distribution of the participants was 58 per cent
White, 32 per cent Black, 5 per cent Native American, 4 per
cent Latino, and 1 per cent other races. The prevalence of
marker positivity was 27.4 per cent for Blacks and 13.2 per
cent for Whites (95 per cent C.I. for the difference in
proportion positive: .06 - .22).

IV drug abuse, prior hepatitis or jaundice, blood trans-
fusion, hepatitis contact, and previous imprisonment were
associated with marker positivity. However, previous im-
prisonment and hepatitis contact were associated with mark-
er positivity only among users of IV drugs (Table 2).

Age was associated with marker positivity. The mean
ages of the marker positive and marker negative groups were
28.2 and 24.8 years respectively (95 per cent C.I. for the
difference in ages: 2.0 - 4.6).

Duration of imprisonment was associated with marker
positivity only for users of IV drugs. Among users of IV
drugs, the mean duration of previous imprisonments for the
marker positive and marker negative groups were 38.0 and

TABLE 2-Predictors of the Presence of Hepatitis B Markers* in Wiscon-
sin Male Prisoners

95% Confidence
Proportion Interval for
Marker Difference in

Variablet N Positive Proportion Positive

IV drug abuse yes 166 .40 (.12, .46)
no 453 .11

Prior hepatitis or jaundice yes 32 .59 (.22, .64)
no 587 .16

Prior blood transfusion yes 46 .46 (.13, .47)
no 573 .16

Prior hepatitis contact yes 120 .32 (0.6, .26)
no 499 .16

Previous imprisonment yes 325 .24 (0.4, .18)
no 294 .13

Positive for HBsAg, anti-HBs, or anti-HBc.
tAll variables were also stratified by usage of IV drugs (not shown).

TABLE 3-Multiple Logistic Regression Model for Prediction of Hepatitis
B Markers in Wisconsin Male Prisoners

Relative Riskt Estimates
Variable (95% Confidence Interval)

IV drug user 2.93 (1.38-6.23)
IV drug user and previous imprisonment 2.55 (1.16-5.61)
Prior hepatitis or jaundice 6.58 (2.84-15.25)
Prior transfusion 3.17 (1.48-6.79)
Racet

Black 2.44 (1.44-4.15)
Latino 3.07 (1.06-8.91)

Age
Tattoos (any) 0.53 (0.31-0.92)

tWhites are the referent group.

19.8 months, respectively (95 per cent C.I. for the difference:
10.2 - 26.2). However, among non-users of IV drugs, the
mean duration of imprisonments for the marker positive and
marker negative groups were 17.6 and 14.1 months respec-
tively (95 per cent C.I. for the difference: - 1.7 - 12.6).

Four per cent of the participants admitted any prior
homosexual contact. No participant indicated a current
homosexual preference.
Multivariate Analysis

The relative risk (RR) of HBV infection was estimated
from the logistic regression model (Table 3). Because
univariate analysis indicated that the relation between pre-
vious imprisonment and marker positivity was affected by
use of IV drugs, the model includes an interactive term for
use of IV drugs and previous imprisonment. In the model, the
RR of HBV infection for users of IV drugs was 2.93 and the
RR for the interactive term was 2.55. Thus, a user of IV drugs
who had been imprisoned previously had a RR which was
7.47 (2.93 x 2.55) times higher than a non-user of IV drugs.

Despite the high RR for prior hepatitis or jaundice and
transfusion, these variables were related to only a small
proportion of cases. Only 5 per cent (32/619) of the partici-
pants reported ever having hepatitis or jaundice, and only 7
per cent (46/619) had received transfusions.

The RR of HBV infection for Latinos and Blacks were
3.28 and 2.54 times greater than for Whites, respectively.
Other variables associated with increased risk of HBV
infection were: prior hepatitis or jaundice (RR = 6.28),
transfusion (RR = 3.00), and age. A decrease in RR was seen
for prisoners with tattoos (RR = 0.53).

Discussion

Screening and vaccination of prisoners is justified only if
imprisonment is a risk factor for infection with HBV. We
investigated the contribution of known risk factors and
previous imprisonment to the presence of hepatitis B markers
among Wisconsin male prisoners; imprisonment did not
independently increase the risk of marker positivity. High-
risk subgroups of prisoners were easily identified using
known risk factors and can be targeted for serologic screen-
ing and vaccination (Figure 1).

Use of illicit IV drugs was the overwhelming contributor
to marker positivity among study participants; the strength of
the association between previous imprisonment and marker
positivity was dependent on IV drug use. Users of IV drugs
accounted for 58 per cent of all marker positive persons and
their RR ofHBV infection was 2.93 or 7.47 times higher than
for non-users of IV drugs, depending on previous imprison-
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TABLE 1-Expected Hepatitis B Virus
Population Groups

1183



ANDA, ET AL.

IV Drug Users Susceptible IV Drug Users
2700o of population 600% of IV drug users -- * Vaccinate
HBsAg = 300/o Screen 1600/o of population
Marker Posifivity' = 40'o\
High Risk

Previously Infected > Segregate HBsAg
IV Drug Users Positives

All Incoming Prior Jaundice, Hepatitis
Male Prisoners or Tranfusion Screen
HBsAg =1P1%o 400,o of population for
Marker Positivity' = 19°'o , HBsAg = ? HBsAq

Marker Positivityt = 520/o Positivty
High Risk

Non-Users of IV Drugs Remaining Incoming Prisoners
73.0% of population 690°o of population
HBsAg = 040/O > HBSAg = 0400 No Screening or

Marker Positivityt = 11°e Marker Positivity =- 80o Vaccination
Intermediate Risk Low Risk

'Based on the prevalence of hepatitis B markers
among subgroups of study participants

tPositive for HBsAg anti-HBs or anti-HBc
FIGURE 1-Proposed Scheme for Hepatitis B Screening and Vaccination for Incoming Male Prisoners in Wisconsin*

ment. The suggestion has been made that imprisonment
might reduce the risk of hepatitis B infection for users of IV
drugs by reducing or eliminating access to drugs, needles,
and syringes.15 However, the limited availability of needles
and syringes in prisons may result in their use by multiple
persons, increasing the probability of acquiring or transmit-
ting HBV while in prison.

The findings of our survey are similar to a recent survey
of Tennessee prisoners by Decker, et al."6 In their sample of
759 male prisoners, 0.9 per cent were HBsAg positive and
29.5 per cent were positive for any HBV marker. Logistic
regression analysis of their data showed that the contribution
of incarceration to risk of HBV infection did not seem to
warrant mass immunization of prisoners.

The prevalence of HBsAg in the general US population
has been estimated to be 0.1-0.5 per cent. 8"17 Based on our
data, serologic screening of IV drug users should reduce the
prevalence of unidentified HBsAg positive prisoners to 0.4
per cent (Figure 1). If this is accomplished, a prisoner's risk
of infection from an unidentified HBsAg carrier'8"19 would
probably not be greater than that of the general US popula-
tion. Additional screening of prisoners with prior hepatitis,
jaundice, or transfusion might identify additional HBsAg
positive prisoners (Figure 1).

Prevention of HBV infection in Wisconsin could be
accomplished by vaccination of male prisoners who are users
of IV drugs to provide immunity for this high-risk group.
Prisoners with a history of hepatitis, jaundice, or blood
transfusion could be screened to identify HBsAg carriers.
The remaining prisoners have a marker prevalence of 8 per
cent (34/426) and would not need to be considered for
vaccination based upon HBV risk alone (Figure 1).1"7

The cost of serologic screening for every male prisoner
entering Wisconsin prisons (about 2,500 men/year) followed
by immunization of the 81 per cent who are susceptible to
HBV would be approximately $270,000/year, based on
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present costs of screening and vaccination. Our selective
protocol would result in the serological screening of approx-
imately 31 per cent of incoming prisoners. Vaccination could
then be offered to users of IV drugs who are susceptible to
HBV, who represent 16 per cent of incoming prisoners
(Figure 1). The cost of the selective program would be
approximately $60,000/year, nearly 80 per cent less than the
cost of mass screening and vaccination.
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I 1Z7tI QJentur NuUn's Prager

t1ou knoiuetibetter t4anc3 knofi mgsielf that c3 am grohaig o;lber anb uill
(Ji@assomebag be olb. fieep me from the fatal lahit of tinkting93 must sag

someth4inp on eberg subjert anb an tberg arrasion. eleaste me from rrabing to straighten
out ebergliobg's affairs- 4MRake me t4ong4tful blit not moobg; lelpful but not lossg- Pith
mg bast store of huisbom, it seems a pitt not to ust it all, but J4ovu knoaitest Porb tlat c3i
tuant a fehi frienbs at t4e enb.

ieep mg minb free from the rerital of enbless betails; gibe mne uings to get to tle
point. ,Seal mg lips an ng aches anb pains. ltVeg are inrreaitng, anb lobe of retearsing
tiem is heromingF sueeter as tile gears go bg. cJ bare not ask for rarte enouS to enjog tie
tales of atfers' pains, but lelp me to enbure t4em huith patitene.

,3 bare not ask for improbeb memarg, but for a ,rotuing humtilitg anb a letring
rorisureness ihuen mg memorg seems to clas4 fuith the nemories of athers. Jearh me the
glorious lesson that arrasionallg aJ mag be mistaken.

ceep me reasonablg siueet; ai bo not huant to be a SNaint-some of them are sn harb
to libe fuithlibut a sour olb person is ane of the rrohuning iuorks of the bebil. 41ibe me the
atiilitg to see goob t4ings in unexperteb places, anb talents in unexperteb people. Anb, gibe
me, O lorb, the grare to tell t4em so.

-Contributed to the Journal's pages by Sir George Godber.
The title of this prayer is traditional; the source is unknown.
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