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The authors utilized a cohort study among Seattle injection drug users (IDUs) to assess whether participation

in a syringe exchange program was associated with incidence of hepatitis B virus (HBV) and hepatitis C virus
(HCV) infection. Susceptible IDU subjects (187 seronegative for antibody to HCV, and 460 seronegative for core
antibody to HBV) were identified in drug treatment, corrections, and social service agencies from June 1994 to
January 1996, and followed for seroconversion one year later. The subjects included in the analysis were
Seattle-King County (Washington State) area IDUs enrolled in a larger multipurpose cohort study, the Risk
Activity Variables, Epidemiology, and Network Study (RAVEN Study). There were 39 HCV infections
(20.9/100/year) and 46 HBYV infections (10.0/100/year). There was no apparent protective effect of syringe
exchange against HBV (former exchange users, relative risk (RR) = 0.68, 95% confidence interval (Cl) 0.2-2.5;
sporadic exchange users, RR = 2.4, 95% CI 0.9—6.5; regular users, RR = 1.81, 95% C| 0.74.8; vs. RR = 1.0
for nonusers of the exchange; adjusted for daily drug injection). Neither did the exchange protect against HCV
infection (sporadic users, RR = 2.6, 95% Cl 0.8-8.5; regular users, RR = 1.3, 95% CI 0.8-2.2; vs. RR = 1.0 for
nonusers; adjusted for recent onset of injection and syringe sharing prior to enroliment). While it is possible that
uncontrolled confounding or other bias obscured a true beneficial impact of exchange use, these data suggest
that no such benefit occurred during the period of the study. Am J Epidemiol 1999;149:203-13.
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Syringe exchange programs have been established
in numerous communities throughout the United
States, primarily for the purpose of prevention of
blood-borne viral infections, but with the secondary
purpose of gaining access to a hidden population with
multiple health concerns. Evaluations of exchange
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programs have reported a reduced risk of HIV infec-
tion (1, 2), reduction in HIV risk behavior (3-6), and
lower risk of infection with hepatitis B and C viruses
(HBV and HCV) (7). This analysis addresses whether
the risk of HCV and HBYV infection in current injection
drug users (IDUs) was associated with participation in
the Seattle-King County Department of Public Health
needle exchange program in Washington State.

MATERIALS AND METHODS

A cohort study design was used to address the rela-
tion between syringe exchange participation and HBV-
and HCV-seroconversion. Subjects for this analysis
were identified from IDUs enrolled in a larger multi-
purpose cohort study, the Risk Activity Variables,
Epidemiology, and Network Study (RAVEN Study).

Beginning in June 1994, cohort study subjects were
recruited from six drug treatment programs and from
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social service, corrections, and drug-use assessment
agencies. In each setting, subjects were systematically
selected by use of a random-number based scheme
from 1) all agency clients present during recruitment
hours (non-drug treatment settings), or 2) all newly
enrolled drug treatment clients. Series of random num-
bers between one and nine were issued to interviewers
who would select the nth client as he or she entered the
agency, or appeared on client lists.

Those selected were screened for eligibility (drug
injection during the previous one year, English or
Spanish speaking, age 14 years or older, and not
already in the study), and were also asked whether
they were likely to be in the Seattle-King county area
one year hence, when the follow-up interview would
be completed. Participants were paid $10 to complete
the baseline interview and blood draw, and $25 at the
follow-up visit. To be included in the present analysis,
participants needed to have been enrolled in the cohort
study between June 1994 and January 1996 and to be
seronegative for HBV or HCV infection at that time.

At the enrollment and follow-up visits, a standard-
ized questionnaire was completed during a face-to-
face interview. The interviews asked about sociodemo-
graphic characteristics, and injection and sexual risk
behavior. Injection risk behavior included sharing of
syringes, sharing of drug preparation equipment (drug-
cookers and other items used to prepare for an injec-
tion), and dividing up drugs between two or more
IDUs using a common syringe (“backloading”). Blood
samples were tested at the Seattle-King County
Department of Public Health Laboratory for antibodies
to HCV and HBV. Sera were screened for anti-HCV
using a third generation Enzyme Immunoassay
(Abbott Laboratories, Chicago, Illinois). To determine
susceptibility to HBV, sera were screened for anti-HBc
using an Enzyme Immunoassay (Abbott). Sero-
conversion was determined by the appearance of anti-
HCV or anti-HBc in a previously seronegative indi-
vidual. All subjects were informed of their test results,
were given risk reduction counseling, and were offered
referral assistance in seeking medical care.

Classifications were created to characterize syringe
exchange use during the follow-up period, to test the
hypothesis that the syringe exchange would be able to
prevent infection only if susceptible IDUs had access
to the exchange during the follow-up period. In our
primary analyses, we separated IDUs into four groups:
1) those who had never been to a syringe exchange by
the follow-up interview (never exchangers); 2) IDUs
who had been to the syringe exchange at some time
before the baseline interview, but did not attend the
exchange during the follow-up period (former
exchangers); 3) current users of the syringe exchange

who got most (half or more) of their syringes from
sources other than the exchange (“sporadic” users);
and 4) current users of the exchange who obtained
most of their syringes from the exchange (“regular”
users).

In this analysis, IDUs who did not inject during the
follow-up period were removed, in order to estimate
the effect of the exchange on risk of HBV or HCV in
those who continued to inject. Because there was little
variation in person-time, and time-to-event was not
directly measured, cumulative HCV and HBV inci-
dence and 95 percent confidence intervals were calcu-
lated. Demographic and risk behavior characteristics
were examined in relation to syringe exchange use cat-
egories and HCV/HBYV seroconversion, to identify fac-
tors that may have confounded the association between
exchange use and seroconversion. Logistic regression
analysis was performed, entering confounding factors
and syringe exchange terms into the model. The con-
founding effect of a variable was assessed by first
examining the distribution of subject characteristics in
relation to syringe exchange and HBV/HCY incidence,
to determine which needed to be evaluated in the mul-
tivariate analysis. If entering any of these in the logis-
tic regression model changed the exchange-use coeffi-
cient by more than 10 percent, it was considered a
confounder and retained in the final model. Relative
risks and 95 percent confidence intervals were calcu-
lated for each category of exchange use, using IDUs
who had never been to the exchange as the referent cat-
egory. Because there were few former exchangers in
the HCV-negative cohort (n = 15), this group was not
included in the analyses of HCV infection.

RESULTS

Between June 1994 and January 1996, 2,728 injec-
tion drug users were systematically selected and asked
to participate in the RAVEN study; 266 potentially eli-
gible individuals (9.8 percent) refused (table 1). Of the
2,462 enrolled between June 1994 and January 1996,
353 were anti-HCV negative. Seven deaths occurred in
this group (2 percent), and 241 (70 percent) of the
remaining 346 returned for their follow-up visit. A total
of 187 (78 percent) of the HCV-negative subjects
reported any injections during the follow-up period.
Enrolled subjects also included 780 anti-HBc-negative
IDUs; 12 (1.5 percent) of these subjects died before the
end of the follow-up period. Of the remaining 768
believed to have been alive at the end of the follow-up
period, 565 (74 percent) completed their follow-up
interview. A total of 460 (81 percent) of the HBV nega-
tives injected at least once during the follow-up period.

There were no differences between IDUs lost versus
those retained in the study with respect to baseline
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TABLE 1. Injection drug users that were included In analysis
of hepatitis C virus (HCV) and hepatitis B virus (HBV) sero-
conversion, RAVEN Study*, Seattle, Washington State, June
1994 to June 1997

No. %
RAVEN Study eligible subjects 2,462
enrolled June 1994 to
December 1995
No. of subjects HCV-negative at
enroliment 353 14.3
Deaths 7 2.0
Believed to be alive at the end of
follow-up 346 98.0
Completed follow-up 241 69.7
Injected during follow-up period 187 77.6
No. of HCV cases (% per year) 39 (20.8)
No. of subjects HBV-negative at
enrollment 780 31.7
Deaths 12 1.5
Believed to be alive at the end of 768 98.5
follow-up
Completed follow-up visit 565 73.6
Injected during follow-up period 460 814
No. of HBV cases (% per year) 46 (10.0)

* RAVEN Study, Risk Activity Variables, Epidemiology, and
Network Study.

interview characteristics, such as ever-use of the
exchange prior to the baseline interview (74 percent
and 72 percent of lost and retained, respectively),
injecting once a day or more often (34 percent and 37
percent), reporting of any needle-sharing during the
one month period prior to the baseline interview (67
percent and 66 percent), or sharing of cookers (42 per-
cent and 45 percent). Neither were these risk behaviors
related to exchange use reported at baseline among the
IDUs who were lost to follow-up, with no differences
observed in the characteristics of lost and retained
exchange users and never-exchangers.

The study protocol allowed for a 12-month follow-
up period to observe seroconversion; however, sub-
jects could complete their second study visit beginning
at 11 months after enrollment. For the HCV-negative
cohort (n = 187), the mean follow-up time per subject
was 408.9 days (standard deviation (SD) 81.1), with
209.5 person-years of observation contributed to the
study. There were 39 cases of HCV infection, for a
cumulative incidence of 20.8 percent per year. HCV-
negative subjects included 47 who had never
exchanged, 15 who stopped using the exchange
(former exchangers), 35 current exchangers in the
sporadic-use group, and 90 who were classified as cur-
rent, regular exchange users.

The mean follow-up period for the HBV-negative
cohort (n = 460) was 401.8 days (SD 81.8), with a total
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of 506.4 person-years of observation. Forty-six cases
of HBV infection were detected, for a cumulative inci-
dence of 10 percent per year. There were 102 never-
exchangers in the HBV-negative cohort, 48 former
exchangers, 95 current, sporadic exchangers, and 214
current, regular exchange users.

The annual incidence of HCV infection was rela-
tively high in IDUs aged 24 years or younger (26 per-
cent), and also elevated in 25-34 year olds (23 per-
cent) compared with older injectors (14 percent, table
2). Although only 4 percent of blacks seroconverted to
HCV-positive, the denominator was so small that the
difference from the corresponding proportion of
whites who seroconverted was well within the limits of
chance. HBV infection was not associated to any
appreciable degree with race/ethnicity or age; it was
somewhat elevated in males (11 percent vs. 8 percent
in females), in those who reported streets or shelters as
their place of residence (17 percent vs. 9 percent for all
others), and in heterosexuals (11 percent vs. 5 percent
in gay or bisexual IDUs).

HCYV incidence was particularly high among IDUs
who had been injecting for one year or less at the base-
line interview (31 percent), whereas HBV incidence
was not associated with duration of drug injection.
There was somewhat lower HCV incidence in subjects
whose usual drugs were stimulants (~15 percent for
cocaine or amphetamine users) compared with those
who usually inject heroin alone (24 percent) or in com-
bination with cocaine (“speedball”, 20 percent). Only 2
percent of cocaine users seroconverted to HBV-positive
compared with 9 percent of speedball users and 12 per-
cent of those who usually injected heroin or ampheta-
mines. Frequency of injection during the one month
before baseline interview was not clearly related to
HCV or HBV infection. However, other injection risk
behaviors at the baseline and follow-up interviews (fre-
quency of sharing syringes, the number of IDUs shared
with, and indirect sharing via cookers and cottons or by
backloading) were associated with a higher frequency
of both HCV and HBV. For these subjects who contin-
ued to inject during the follow-up period, being in drug
treatment at baseline or during the follow-up period was
not associated with a lower risk of HBV or HCV.

Recency of sexual contact was associated with an
increase in HCV incidence (22 percent vs. 16 percent
depending on whether the last sexual contact was or
was not within 6 months before baseline). Subjects
who had sexual contact during the follow-up period
had a somewhat lower incidence of HBV than those
who did not. Women who had sexual contact with an
IDU partner at baseline or follow-up had substantially
higher incidence of HCV compared with other women.
In general, sexual risk behavior was not associated
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TABLE 2. Hepatitis C virus (HCV) and hepatitis B virus (HBV) seroconversion rates in injection drug
users, by subject characteristics, RAVEN Study*, Seattle, Washington State, June 1994 to June 1997

HCV-negative HBV-negative
Characteristic % HCV % HBV
No. converters No. converters
TOTAL 187 20.9 460 10.0
Demographic characteristics

Sex

Male 115 18.3 280 1.4

Female 72 25.0 180 7.8
Age group (years)

<24 50 26.0 81 9.9

25-34 78 23.1 184 8.7

235 59 13.6 195 1.3
Race/ethnicity

White 143 23.1 344 9.9

Black 23 4.3 55 9.1

Other 21 23.8 61 11.5
Residence

Lives in shelter/streets 38 15.8 71 16.9

Other 149 221 389 8.7
Sexual orientation

Heterosexual 153 20.9 402 10.7

Gay/bisexual 33 21.2 56 54

Drug use characteristics

No. of years injecting

0-1 62 30.6 80 6.3
2-5 59 16.9 115 13.0
6-10 29 20.7 92 8.7
11-20 21 14.3 113 71
221 16 6.3 60 167
Drug injected most often
Speedball 15 20.0 45 8.9
Heroin 102 235 293 1.6
Cocaine 26 15.4 57 1.8
Speed 28 14.3 34 1.8
Other 6 16.7 6 0.0
No. of injections/day
(02 33 15.2 84 9.5
0.1-1.0 43 23.3 106 57
1.1-3.9 70 18.6 171 11.7
24.0 41 26.8 99 121
Injection risk behavior

Reported at the baseline
interview

Frequency that subject shared

syringes

Never 84 17.9 206 9.2

Rarety 27 29.6 78 77

Sometimes 24 25.0 50 8.0

Usually 8 25.0 23 26.1

Always 2 50.0 6 0.0

Table continues

with HBV infection in a pattern that would conform to Current exchange users were somewhat younger than
substantial sexual transmission. those who had never used the exchange, with twice as
Characteristics associated with HCV infection were many less than 24 years old (table 3). Those who had
more prevalent in exchange users than nonusers. been injecting one year or less (the group with highest
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TABLE 2. Continued

HCV-negative HBV-negative
Characteristic No % HCV No % HBV
) converters ) converters
Injection risk behavior (contd.)
No. of IDUs* with whom subject
shared syringes

0 108 13.9 275 8.0

1 30 233 88 6.8

22 27 40.7 57 17.5
Shared cooker

No 94 18.1 231 7.4

Yes 89 23.6 217 124
Shared cotton

No 110 17.3 262 8.4

Yes 73 26.0 190 121
Backloaded

No 90 17.8 244 78

Yes 64 26.6 136 14.0
In drug treatment

No 96 219 189 11.1

Yes 91 19.8 271 9.2
Reported at the follow-up interview
No. of IDUs with whom subject

shared syringes

0 102 12.7 235 9.8

1 65 30.9 198 10.3

22 7 28.6 27 18.5
Shared cooker

No 54 9.3 138 8.7

Yes 125 26.4 305 10.5
Shared cotton

No 69 10.1 163 8.6

Yes 110 28.2 277 10.8
Backloaded

No 88 13.6 221 10.4

Yes 63 28.6 141 9.9
In drug treatment during follow-up

No 48 271 94 10.8

Yes 136 191 363 9.9

Table continues

HCV incidence) were more likely to be never- or
regular-users of the exchange. Both regular and spo-
radic exchange users were more likely to report shar-
ing injection and drug preparation equipment during
the follow-up period.

A substantially larger proportion of current exchange
users reported that they usually injected four times per
day or more often, a practice that was also associated
with higher HBV incidence. In general, former
exchange users had fewer HBV injection risk behav-
iors than did current users of the exchange. On aver-
age, regular users of the exchange injected more fre-
quently than never- and sporadic users, and generally
reported more high-risk behaviors (table 4).

IDUs who had never used the syringe exchange had
a lower incidence of HCV than those who did use the
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exchange (15 percent vs. 21-26 percent, table 5).
Compared with sporadic exchangers, the regular users
had a slightly lower incidence. For HBV, never-
exchangers and former exchangers had a lower risk of
infection than current users of the exchange (46 per-
cent vs. 11-14 percent).

For the association between use of the needle
exchange and HCV infection, two factors were impor-
tant confounders: direct syringe-sharing at the base-
line period, and having begun to inject during the pre-
vious one year. Relative to nonusers of the exchange,
regular users during follow-up had about a 30 percent
increase in the rate of HCV infection (relative risk
(RR) = 1.31), adjusted for these confounders.
However, the confidence limits around this estimate
were wide (95 percent confidence interval (CI)
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TABLE 2. Continued

HCV-negative HBV-negative
Charactenstic No % HCV No % HBV
! converters : converters
Sexual risk behavior
Reported at baseline Interview
Last sexual contact
>6 months before 25 16.0 60 15.0
1-6 months before 37 21.6 84 13.1
During last 1 month 125 21.6 315 8.3
How often usually uses condoms
with steady sex partners
Never-rarely 90 20.0 247 10.9
Sometimes—usually 34 323 56 3.6
Always 21 14.3 42 71
How often usually uses condoms
with casual sex partners
Never-rarely 29 10.3 68 10.3
Sometimes—usually 33 33.3 53 7.5
Always 51 25.5 94 7.4
Subject is a female who had sex
with an IDU/1 month before
basseline
No 126 18.3 311 10.6
Yes 42 33.3 108 7.4
Reported at follow-up interview
Last sexual contact
Not during follow-up 24 10.3 62 19.6
During follow-up, not last month 51 23.1 120 9.2
During the month before follow-up 100 22.0 241 10.4
How often subject used condoms
with casual sex partners
Never—rarely 36 19.4 105 8.6
Sometimes—usually 45 244 106 11.3
Always 59 23.7 118 10.2
Subject is a female who had sex
with an IDU/1 month before
baseline
No 78 19.2 197 1.6
Yes 30 243 73 55

* RAVEN Study, Risk Activity Variables, Epidemiology, and Network Study; IDU, injection drug user.
1 Numbers may not sum to total because of missing values.
} These individuals did inject during the follow-up period and therefore were included in the analysis.

0.79-2.19), as were those around the even higher rela-
tive risk associated with sporadic exchange use (RR =
2.59, 95 percent CI 0.79-8.5). The analysis of the
HBV cohort data adjusted for daily injecting at the
baseline period. The adjusted relative risks (95 percent
CIs) were 1.8 (0.69—4.77) for regular exchange use,
2.36 (0.866.47) for sporadic use, and 0.68
(0.19-2.46) for former use. Further analysis of the
data did not reveal any subgroups in whom needle
exchange use was associated with a particularly
altered risk of HBV or HCV. However, the size of
most of these subgroups was small, and so this analy-
sis did not have much power to identify an across-

subgroup difference in the impact of exchange use on
infection rates even if one truly were present.

DISCUSSION

Particularly because our results were different from
those of the case-control study that evaluated the
impact of the Tacoma, Washington syringe exchange
on hepatitis B and C (7), we assessed the possibility
that the design or conduct of the present study might
have affected our results. In a cohort study, selective
losses to follow-up can lead to substantial bias. In this
study, 26 and 30 percent of the initial cohort was not
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TABLE 3. Subject characteristics in relation to needle exchange use in hepatitis C virus (HCV)-negative injection drug users,

RAVEN Study*, Seattle, Washington State, June 1994 to June 19971

Needle exchange use at follow-up

Never radic R
Characteristic (n=47) e 3s) (n 50
No. % No % No. %

Age group (years)

<24 7 14.9 11 31.4 30 333

25-34 25 53.2 16 457 31 34.4

235 15 319 8 229 29 32.2
No. of years injecting

0-1 18 38.3 6 17.1 35 38.9

2-5 1" 234 15 429 28 311

610 8 17.0 8 229 1 12.2

11-20 6 12.8 3 8.6 7 7.8

221 4 8.5 3 8.6 9 10.0
No. of injections/day

(024 13 27.7 6 17.1 10 11.1

0.1-1.0 14 29.8 9 25.7 18 20.0

1.1-3.9 12 25.5 13 371 38 422

24.0 8 17.0 7 20.0 24 26.7

Infection risk behavior (follow-up period)
No. of IDUs* with whom subject
shared syringes

0 31 78.1 21 70.0 44 55.0

1 2 6.7 6 20.0 19 238

22 7 171 3 10.0 17 21.3
Shared cooker

No 16 36.4 10 28.6 23 26.4

Yes 28 63.6 25 71.4 64 73.6
Shared cotton

No 22 50.0 9 25.7 33 379

Yes 22 50.0 26 74.3 54 62.1
Shared rinse water

No 27 61.4 17 48.6 42 48.3

Yos 17 38.6 18 51.4 45 51.7
Backloaded

No 30 75.0 15 55.6 35 479

Yes 10 25.0 12 444 38 52.1

* RAVEN Study, Risk Activity Variables, Epidemiology, and Network Study; IDU, injection drug user.

1 Numbers may not sum to total because of missing values.

1 These individuals did inject during the follow-up period and therefore were included in the analysis.

assessed for the incidence of HCV or HBV infection,
respectively. We compared those who did complete the
follow-up visit to those who did not return to the study,
and did not note any important differences between the
two groups in terms of age, sex, race, or injection or
sexual risk behavior reported at baseline. Therefore, it
is unlikely that selective losses to follow-up would
have biased the association between exchange use and
risk of infection.

Measurement error can be a problem in studies that
rely on collection of self-reported risk behavior. In this
study, behavioral information was used to classify sub-
jects with respect to exposure, and to potentially con-
founding factors. Although most of the information on
characteristics of study subjects was collected prior to
the follow-up period, classification of exchange use
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was primarily determined by use during follow-up. If
a person who became infected was more or less likely
to report use of the exchange, the relative risks would
have been under- or overestimated. However, few
cases were aware that they had acquired infection at
the time of the follow-up interview. Four of the 39
HCV cases (10 percent) reported that they had experi-
enced symptoms of hepatitis, three of whom (8 per-
cent) had jaundice during the follow-up. In the HBV
cohort, seven cases (15 percent) had hepatitis symp-
toms, all of whom had jaundice. All of the sympto-
matic HBV cases and three of the four HCV cases with
symptoms said they were current exchangers.

Our inability to measure a relevant confounding
variable or misclassification of confounders that was
measured could also have led to bias. The primary
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TABLE 4. Subject characteristics in relation to needle exchange use in hepatitis B virus (HBV)-negative injection drug users,
RAVEN Study*, Seattlte, Washington State, June 1994 to June 19971

Needle exchange usse at follow-up

Never Former Regular
Characteristic (n=102) (n=48) ros (n= 214)
No. % No. % No. % No. %

Age group (years)

<24 10 9.8 7 14.6 14 14.7 50 234

25-34 42 41.2 12 25.0 46 48.4 84 39.3

235 50 49.0 29 60.4 35 36.8 80 374
No. of years injecting

0-1 20 19.6 5 10.4 1 11.6 a4 20.6

2-5 17 16.7 12 25.0 30 31.6 56 26.2

6-10 21 20.6 14 29.2 21 22.1 36 16.8

11-20 26 25.5 10 20.8 27 28.4 50 23.4

>21 18 17.6 7 14.6 6 6.3 28 13.1
No. of injections/day

03 4 22 21.6 15 31.3 15 14.6 31 145

0.1-1.0 35 343 10 20.8 31 30.1 38 17.8

1.1-3.9 28 275 13 271 40 38.8 90 421

24.0 17 16.7 10 20.8 17 16.5 55 25.7

Injection risk behavior (follow-up period)
No of IDUs* with whom
subject shared syringes

0 61 65.6 36 81.8 55 64.0 125 62.8

1 19 20.4 7 15.9 17 19.8 45 22.6

22 13 14.0 1 2.3 14 16.3 29 14.6
Shared cooker

No 36 38.7 16 36.4 20 21.3 66 31.3

Yes 57 61.3 28 63.6 74 78.7 145 68.7
Shared cotton

No 42 45.7 20 45.5 25 26.9 75 35.7

Yes 50 54.3 24 54.5 68 73.1 135 64.3
Shared rinse water

No 56 60.9 24 54.5 35 37.6 105 49.8

Yes 36 39.1 20 45.5 58 62.4 106 50.2
Backioaded

No 61 76.3 28 71.8 36 54.5 95 54.0

Yes 19 23.8 1 28.2 30 45.5 81 46.0

* RAVEN Study, Risk Activity Variables, Epidemiology, and Network Study; IDU, injection drug user.

1 Numbers may not sum to total because of missing values.

1 These individuals did inject during the follow-up period and therefore were included in the analysis.

needle exchange in Seattle is located in the drug/sex
market area where there was a possible concentration
of more compulsive drug users and those who risk
exposure from unprotected sex to a greater degree.
Indeed, this site was chosen for its proximity to a high-
risk population. It is possible that non-exchangers who
were able to obtain sterile syringes from pharmacies
and other sources also may have been different from
exchangers in other means of exposure to HBV and
HCYV beyond those we could measure and adjust for.
Thus, retention in the needle exchange of higher-risk
IDUs could have contributed to the observed higher
HBV/HCYV risk in current users of the exchange com-
pared with nonusers and those who stopped exchang-
ing. On the other hand, it is conceivable that participa-

tion in the exchange may have truly increased the risk
of HBV or HCV among certain users by bringing them
into regular contact with compulsive drug users and
with those with a pattern of routine sharing of injection
equipment. However, whether the exchange increased
risk by association with higher risk IDUs could not be
addressed by the data available because we did not
ask about IDU-interactions stemming from exchange
participation.

The design also limited the ability to examine any
effects of participation in the exchange that extended
beyond the one-year follow-up period. Examination of
duration of exchange use in relation to exchange-
category at follow-up indicated that more former
exchange users had been using the exchange for more
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TABLE 5. Relative risks (RR) of hepatitis C virus (HCV) and hepatitis B virus (HBV) seroconversion in
relation to needle exchange use by injection drug users, RAVEN Study*, Seattle, Washington State,

June 1994 to June 1997

No. Risk/100/

Needle

Adjusted
ox use No of )ng)r RRA 95% Cl AR 95% ClI
HCV seroconversiont
Never 47 7 14.9 1.0 1.0
Current—sporadic 35 9 25.7 1.72 0.71-4.19 2.59 0.79-85
Current—regular 90 19 211 1.42 0.64-3.13 1.31 0.79-2.19
HBV seroconversiont
Never 102 6 59 1.0 1.0
Former 48 2 4.2 0.71 0.15-3.38 0.68 0.19-2.46
Current—sporadic 95 13 13.7 2.32 0.92-5.87 2.36 0.86-6.47
Current—regular 214 24 11.2 1.9 0.84.52 1.81 0.694.77

* RAVEN Study, Risk Activity Variables, Epidemiology, and Network Study.
t The adjusted relative risk for HCV seroconversion was adjusted for onset of injection within the year prior to

baseline interview and any sharing at the baseline.

1 The adjusted relative risk for HBV seroconversion was adjusted for daily injection at baseline.

than one year (60 percent vs. 47 percent and 41 percent
of regular and sporadic exchange users), and that spo-
radic exchange users were more likely to have begun
using the exchange within the one month before base-
line interview (33 percent vs. 10 percent of former
users and 20 percent of regular users). This would be
consistent with a gradual effect of needle exchange on
development of safer injection skills, and with loss of
more “successful” IDUs from the exchange as they
acquire other, perhaps more convenient sources of
syringes. Under the Prochaska “Stages of Change”
behavior change model (8), new and inconsistent
exchange users would tend to be in the contemplative
or early action stages of risk behavior change, and for-
mer exchangers would include more IDUs who are
able to maintain safe injection behavior even while not
actively participating in the program. In this study, we
did not collect data on risk behavior before 1994 or in
relation to when subjects first began to use the
exchange, so we could not explore whether behavior
change was more substantial in earlier years. However,
among exchange users, adjustment of the relative risks
for duration of exchange use did not lead to an impor-
tant change in the results.

There are several studies that have related risk of
blood-borne viral infection to syringe exchange partic-
ipation. Kaplan (9) tested all syringes returned to the
New Haven syringe exchange and found that 50 per-
cent of program syringes (originating from the
exchange) tested positive for HIV, compared with 68
percent of non-program syringes. Assuming that non-
program syringes were representative of those that
IDUs had access to prior to the start of the exchange,
Kaplan concluded from the difference in positivity in
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the syringes that there was a 25 percent decrease in the
risk of HIV for exchange users. In an ecologic study,
Hurley et al. (1) reported that HIV seroprevalence in
IDUs increased an average of 6 percent per year in 52
cities without syringe exchange, but decreased 6 per-
cent per year in 29 cities with an exchange program.
The influence of the Amsterdam syringe exchange on
HIV seroconversion was studied in a cohort of IDUs
from 1986 to 1991 (10); after controlling for individ-
ual characteristics associated with seroconversion, no
association with syringe exchange use could be found.
However, the data suggested that calendar time modi-
fied the association, with a reduced risk (odds ratio =
0.4) in 1986-1987 but not in later years. A meta-
analytic study design was used to estimate the effect
of syringe exchange on HIV transmission in New York
area IDUs (2); adjusting for other HIV risk factors, a
threefold excess risk in those who did not participate in
exchange programs was reported. Included in the
meta-analysis were data from two current studies in
New York, and historical controls (IDUs studied in the
1980s) who were classified as non-exchangers because
exchange programs were not available when the stud-
ies took place. Another study examined hepatitis B and
C incidence in relation to ever-use of the Tacoma
syringe exchange during 1990-1993 (7); nonuse was
associated with a six- to sevenfold greater risk of viral
hepatitis. Most recently, an HIV outbreak occurred in
IDUs in Vancouver, British Columbia, where there is a
large-scale syringe exchange (11). In the investigation
of the outbreak, 23 of 24 HIV seroconverters reported
that the exchange was their main source of syringes.
Even though no corresponding data were presented for
persons who did not seroconvert, it is clear that the
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presence of the syringe exchange program in
Vancouver could not have prevented many IDUs from
acquiring HIV infection. The tendency for the earlier
studies, but not the later ones, to have shown a reduced
risk of viral blood-borne infections among IDUs who
used a syringe exchange program is compatible with
the hypothesis that, over time, sterile needles are
becoming increasingly available through means other
than an exchange. The research also suggests that iden-
tification of a comparison group that is similar to
exchange users regarding other risk factors for blood-
borne viral infections may become increasingly prob-
lematic over time. For example, in Amsterdam in the
early 1990s, the syringe exchange had become the pri-
mary source of safe injection equipment for a particu-
larly high risk segment of the IDU population (10).

Our study suggests that the influence of needle
exchange on risk of HCV infection may be affected by
the high prevalence of infectious carriers in the under-
lying IDU population. During the period in which
HBV/HCYV infection was studied in the cohort, the
incidence of HIV infection was quite low, with only
four seroconversions among 1,651 study participants
(0.2 percent). Thus, it would appear that high inci-
dence of viral hepatitis can occur in the presence of
low HIV incidence, presumably because of the higher
prevalence of HCYV carriers in the Seattle IDU popula-
tion (70 to 80 percent, vs. 5 percent for HIV and HBV
(12)) and perhaps because of higher transmission effi-
cacy for HBV compared with HIV and HCV (13).
Mathematical modeling of the ability of disinfectant
bleach to prevent needle-borne HIV transmission indi-
cates that predicted effectiveness of bleach may be
highest in low-prevalence settings (14). Another study
of more than 6,000 IDUs in 15 US cities (15) found
that HIV seroprevalence modified the effect of in-
dividual risk factors for HIV seroconversion, with
syringe-sharing being a significant risk factor in
high-prevalence cities, whereas factors representing
the likelihood that a needle-sharing partner was infect-
ed were associated with seroconversion in low-
prevalence areas. In our study, the likelihood that
another IDU was an HCV-carrier was at least 70 per-
cent, and any syringe-sharing was an important risk
factor for HCV infection.

The emphasis of risk reduction counseling in most
needle exchange programs has been on direct sharing
of syringes. Only recently has sharing of drug prepara-
tion equipment (drug cookers or cottons, or backload-
ing) been recognized as an important risk factor for
HIV, and an additional focus of HIV prevention educa-
tion for IDUs (16, 17). In this study, we did not collect
information regarding specific risk reduction advice
given to subjects by needle exchange staff. However, if

the primary effect of the needle exchange was to
reduce direct sharing, then any infections that occur as
a result of indirect sharing would tend to reduce the
likelihood of detecting an association between
exchange use and HBV/HCV. Both HBV and HCV
infections occurred in some IDUs who reported that
they did not share syringes, but shared cookers and cot-
ton or backloaded. This would suggest that needle
exchange users and other IDUs need to know that HBV
and HCV might be transmitted by this route, and that
the only safe way to inject is to not share any injection
equipment whatsoever.

Conclusions

In this study, there was no indication of a protective
effect of syringe exchange against HBV or HCV infec-
tion. Indeed, highest incidence of infection occurred
among current users of the exchange, even after
adjustment for confounding variables. Whether the
excess incidence in exchange users is due to dispro-
portionate retention of high risk IDUs in the exchange
could not be directly addressed by the design of this
study. Additionally, the incidence of viral hepatitis
was high in the entire cohort, with 10 percent annual
seroconversion rate among HBV-susceptible IDUs,
and 20 percent among HCV negatives. In an era of
HIV/AIDS, such high seroincidence of other blood-
borne viral infections is troubling, and suggests that
the goal of elimination or substantial reduction of risk
behavior that may transmit HIV in IDUs has not been
achieved. Clearly, risk factors for HBV/HCYV infection
such as syringe-sharing are still practiced by a sub-
stantial proportion of Seattle-area drug injectors.

Drug treatment programs that lead to cessation or
reduction in drug injection may lower the risk of both
HCV and HBV in current drug injectors (18, 19).
Because only a small proportion of IDUs are in treat-
ment programs at any point in time and treatment pri-
marily attracts older IDUs, most of whom have already
been infected with HBV and HCV, drug treatment may
be expected to have a small net effect on HBV/HCV
transmission (20). Additionally, programs to vaccinate
IDUs against HBV have also been extremely limited,
so this remains a possible but little-used HBV-control
strategy.
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