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A B S T R A C T

Objectives. This study investigated
the sharing of drug preparation equip-
ment as a possible route of hepatitis C
virus (HCV) transmission.

Methods. HCV seroconversion was
measured in a cohort of 317 injection
drug users who tested negative for HCV
antibody at recruitment.

Results. Cumulative HCV incidence
was 16.7% per year. Among those who
did not share syringes, HCV serocon-
version was associated with sharing drug
cookers and filtration cotton (adjusted
risk ratio = 5.9; 95% confidence inter-
val=1.1, 31.7); 54% of HCV infections
in injection drug users who did not share
syringes were attributable to cooker/cot-
ton sharing.

Conclusions. Among injection drug
users who do not share syringes, an im-
portant proportion of HCV infections
may be attributed to cooker/cotton shar-
ing. (Am J Public Health. 2001;91:
42–46)

Hepatitis C virus (HCV) infection is very
common among injection drug users. Studies
of injection drug users in regions with a long-
standing pattern of endemic injection drug use
have reported prevalences of HCV antibody
in the range of 65% to 90%, even where HIV
prevalence is quite low.1–5 The majority of HCV
infections become chronic, resulting in a large
reservoir of HCV infection among injection
drug users.6 Incidence of HCV infection in pre-
viously uninfected injection drug users ranges
from 10 to 30 per 100 person-years at risk.1–4,7–9

Prior studies have not observed a consistent
pattern of risk associated with sex, duration or
recency of injecting, or participation in a sy-
ringe exchange program.3,4,7,10,11 Three inci-
dence studies noted an association between
HCV seroconversion and use of potentially
contaminated syringes,3,8,9 but in all but one8 the
association was weak after control for other
factors. Clearly, a great deal remains to be
learned about the determinants and prevention
of HCV infections in injection drug users.

Among the unexplored areas of HCV re-
search is the importance to transmission of the
shared use of drug preparation equipment in
the absence of injection with a contaminated
syringe. Because the prevalence of syringe
sharing has declined since the appearance of
HIV/AIDS,12 viral transmission associated with
sharing equipment used to prepare drugs for
injection may have risen in importance. In this
study, we examined the risk of HCV trans-
mission in relation to the sharing of cookers
used to melt the drug into an injectable liquid,
of cotton used to filter out particles as the drug
is drawn into the syringe, and of water used to
rinse the syringe. Injection with a syringe pre-
viously used by another injector, and use of a

syringe to divide drug doses between users
(backloading),13 were also evaluated as poten-
tial means of HCV transmission.

Methods

Subjects were enrolled in a cohort study
of health consequences and risk behaviors as-
sociated with injection drug use (the RAVEN
Study).7 Recruitment occurred between June
1994 and May 1997 in 9 different locations in
the Seattle area; a random-numbers table was
used to select the nth client from among those
present at each location. Eligibility criteria in-
cluded having injected an illicit drug in the pre-
vious year, being English or Spanish speaking,
being 14 years or older, and not being already
enrolled in the study. After providing written
consent to participate, subjects completed an
interviewer-administered questionnaire and a
blood draw. Follow-up 1 year later included an
interview that asked about behavior during the
follow-up period and a second blood speci-
men. Blood was tested for HCV antibody with
a third-generation enzyme immunoassay (Ab-
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bott Laboratories, Chicago, Ill). HCV sero-
conversion was determined by the appearance
of HCV antibody in a previously seronegative
individual. Details of RAVEN methods are
available elsewhere.7 Study protocols were ap-
proved by an institutional review board.

Baseline characteristics and risk behav-
iors during the follow-up period were evalu-
ated as risk factors for HCV seroconversion
by cumulative incidence.14 The questionnaire
asked about injection with a syringe previously
used by another person, use of a cooker or cot-
ton after another person had used it, use of rinse
water another person had used, and use of a
syringe to divide drugs. Throughout this re-
port, these behaviors are referred to as syringe
sharing, cooker and cotton sharing, sharing
rinse water, and backloading, respectively. The
magnitude of the association between these in-
jection behaviors and HCV infection was esti-
mated by means of the risk ratio and its 95%
confidence interval. Shared use of cooker and
of cotton were evaluated together, because
among those who did not share syringes, all
of the HCV seroconverters who shared cotton
also shared a cooker.

Stratified analysis was carried out to sep-
arate the large effect of syringe sharing from the
effect of other injection behavior. Logistic re-
gression was used to estimate the risk of HCV
infection associated with injection risk behav-
ior among those who did not report sharing sy-
ringes during the follow-up period; this analy-
sis obtained estimates of the association
adjusted for confounding factors (adjusted risk
ratio). Frequency of injection at the baseline
interview was included in the model because
it met databased criteria for confounding.15 The
attributable risk percentage is the proportion
of disease in persons with a given behavior that
is due to that behavior.16 The attributable risk
percentage was estimated by standard meth-
ods16 and as shown in Table 3. It was calcu-
lated for behaviors that were statistically sig-
nificantly associated with HCV seroconversion,
since some fraction of disease could reason-
ably be attributed to them. The attributable risk
percentage in the underlying injection drug
user population (population attributable risk
percentage) was also calculated by standard
methodology.16

Results

During the recruitment period, 2879 in-
jection drug users were enrolled in the RAVEN
cohort; only 507 (17.6%) tested negative for
HCV antibody. Follow-up was completed on
317 (62.5%) of the initially HCV-negative sub-
jects; characteristics of these subjects in rela-
tion to cumulative HCV incidence are shown
in Table 1. Fifty-three subjects seroconverted

to HCV positive during the follow-up period
(16.7%).The risk of HCV seroconversion was
lower for African Americans than for others,
but itwasnotassociatedwith sex, age,orhome-
lessness. Injection drug users whose first in-
jection was in the previous 2 years, and those
who reported at their enrollment interview that
they injected at least once every day, were rela-
tivelymore likely tobecomeinfectedwithHCV.

Also shown in Table 1, those who re-
ported no injections during follow-up had
the lowest risk of HCV seroconversion. All
3 seroconverters who did not inject during
follow-up reported injecting in the month
before enrollment, and only 1 of the 3 did
not report any injection or sexual risk be-
havior during that period. Any syringe shar-
ing was associated with a 3-fold higher risk
of HCV infection (29% vs 10%; risk ratio
[RR]=2.94; 95% confidence interval [CI]=
1.6, 5.3). Similarly, risk of HCV was 3-fold
higher among those who shared a cooker or
cotton (24% vs 7%; RR=3.39; 95% CI=1.4,
8.2). Risk of HCV seroconversion did not
differ according to the frequency of sharing
a cooker and cotton, but it was relatively
higher among those who reported sharing
syringes sometimes, usually, or always than
among those who reported rare syringe shar-
ing (χ2 test for trend, P<.01). Among those
who injected with a used syringe, there was
no difference in HCV incidence between
those who almost always used disinfectant
bleach when they shared a syringe and those
who never or inconsistently used bleach.
None of the sexual risk behaviors analyzed
were associated with HCV acquisition; these
included number of partners, unprotected
anal or vaginal sex, sex with another injec-
tion drug user, and exchanging money or
drugs for sex.

Results of the analysis of HCV serocon-
version stratified by syringe sharing are shown
in Table 2. Among individuals who reported
having injected at least once with a used sy-
ringe, sharing both a cooker and cotton was
associated with a risk ratio of 1.7, sharing rinse
water with a risk ratio of 0.9, and backloading
with a risk ratio of 2.1 (all nonsignificant).
Among those who did not inject with a used
syringe, the risk ratio for cooker and cotton
sharing was 3.8 (95% CI=1.1, 13.8), but shar-
ing rinse water and backloading were not as-
sociated with much, if any, increased risk of
seroconversion.

In a multiple logistic regression model
that included only 123 injection drug users who
injected but did not share syringes during
follow-up, the adjusted risk ratio for cooker
and cotton sharing was 5.9 (95% CI=1.1, 31.7).
For injection drug users who shared rinse water
or backloaded, risk of HCV seroconversion
was not significantly different than for those

who did not share any equipment (for sharing
rinse water, adjusted risk ratio [ARR]=0.6,
[95% CI=0.1, 2.7]; for backloading, ARR=
1.1, [95% CI=0.2, 4.7]).

The attributable risk percentage for sy-
ringe sharing was 66% (Table 3). Since 77% of
HCV seroconverters had shared syringes, the
proportion of all HCV infections in the un-
derlying population of injection drug users that
was attributable to syringe sharing (the popu-
lation attributable risk percentage) was 51%.
Among those who did not share syringes but
shared cookers and cotton, 74% of infections
were due to cooker and cotton sharing. Be-
cause relatively few seroconverters shared
cookers and cotton but not syringes (17%), the
population attributable risk percentage for
cooker and cotton sharing for all injection drug
users was only 13%. However, in the underly-
ing population of injection drug users who did
not share syringes, the population attributable
risk percentage for sharing cookers and cotton
was substantially higher, 54%.

Discussion

The potential for blood-borne viral
transmission via injection equipment other
than syringes was reported in an earlier study
of equipment collected in a Miami shooting
gallery, where HIV-1 DNA was detected in
rinses from cottons and cookers and in water
used to clean paraphernalia and to dissolve
drugs.17 A sterile syringe may become con-
taminated when the tip of the needle is in-
serted into a contaminated cooker or when
the drug is drawn up through contaminated
filtration cotton. This type of injection risk
behavior appears to be quite common, and
fewer injection drug users may recognize
the hazard of sharing drug preparation
equipment than recognize the hazard of shar-
ing syringes.18 The present study suggests
that HCV may be transmitted via the shared
use of drug cookers and filtration cotton
even without injection with a contaminated
syringe.

To our knowledge, there have been no
prior published reports of incident blood-borne
infections in injection drug users who shared
equipment without sharing syringes. An asso-
ciation between backloading and prevalent in-
fection with HIV was reported in a New York
cross-sectional study; however, the magnitude
of the association was small (adjusted odds
ratio=1.65), and therefore a notable correla-
tion between syringe sharing and HIV preva-
lence may have contributed to the observed re-
lationship.19 Another cross-sectional study
reported an association between frequency of
backloading and HIV and HCV seropreva-
lence, but the odds ratios were not adjusted for



January 2001, Vol. 91, No. 144 American Journal of Public Health

TABLE 1—Hepatitis C Virus (HCV) Seroconversion in Seattle Injection Drug Users in Relation to Enrollment Characteristics
and Risk Behavior During a 1-Year Follow-Up Period

HCV-Negative Subjects at Baseline No. of HCV Seroconversion
n % Seroconverters Risk,a %

Total 317 100.0 53 16.7
Sex

Male 191 60.3 29 15.2
Female 126 39.7 24 19.0

Race/ethnicity
African American 56 17.7 3 5.4
White/other 261 82.3 50 19.2

Age, y
≤24 79 24.9 18 22.8
25–34 144 45.4 24 16.7
35–44 73 23.0 8 11.0
≥45 21 6.6 3 14.3

Lives on the street or in a shelter
Yes 61 19.6 11 18.0
No 251 80.4 42 16.7

Years since first injection
<2 77 29.8 21 27.3
2–5 80 31.0 10 12.5
>5 101 39.1 19 18.8

Injected every day during 1 month 
before enrollment

Yes 156 49.2 34 21.8
No 161 50.8 19 11.8

Usual drug injected
Heroin alone or with cocaine 206 66.7 36 17.5
Cocaine alone 97 31.4 14 14.4
Other drugs 6 1.9 1 16.7

At follow-up interview, last injection was
In last 1 month 158 49.8 34 21.5
Since study enrollment, but not in last month 101 31.9 16 15.8
Before enrollment 58 18.3 3 5.2

Among Those Who Reported Any Injections During Follow-Up Period (n=259)
Injected with a syringe previously used 

by another injector
Usually or always 14 5.5 5 35.7
Sometimes 27 10.5 13 48.1
Rarely 85 33.2 19 22.4
Never 130 50.8 13 10.0

Used bleach to disinfect syringe previously
used by another injector

Yes, always or usually 52 41.3 14 26.9
No, never or inconsistently 74 58.7 23 31.1

Shared a drug cooker
Yes 174 69.6 42 24.1
No 76 30.4 6 7.9

Shared filtration cotton
Yes 151 60.4 40 26.5
No 99 39.6 8 8.1

Shared cooker or cotton
Usually or always 73 29.1 18 24.7
Sometimes 43 17.1 11 25.6
Rarely 64 25.5 14 21.9
Never 71 28.3 5 7.0

Shared rinse water
Yes 120 48.0 27 22.5
No 130 52.0 21 16.2

Backloaded
Yes 116 46.2 34 29.3
No 135 53.8 14 10.4

Note. Numbers may not sum to total because of missing data.
aCalculated as number of HCV seroconverters per 100 HCV-negative subjects.

syringe sharing.20 In a Baltimore study of in-
jection drug users aged 18 to 29 years, HCV
antibody seropositivity at study enrollment was

associated with recent backloading and sharing
of cookers, cotton, or rinse water, but not after
adjustment for use of new syringes.9

Potential sources of bias in the study were
examined. Study retention was not associated
with the injection riskbehaviorweexamined, so
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TABLE 2—Risk of Hepatitis C Virus (HCV) Seroconversion in Seattle Injection
Drug Users Associated With Sharing Equipment During 1-Year
Follow-Up, Stratified According to Syringe Sharing

No. HCV No. HCV
Negative at Converted at % RR

Baseline Follow-Up Converted (95% CI)

Injected With a Syringe Already Used by Another Injection Drug User
(n=126) (n=37)

Shared both cooker and cotton
Yes 95 31 32.6 1.7
No 31 6 19.4 (0.8, 3.7)

Shared rinse water
Yes 78 22 28.2 0.9
No 48 15 31.3 (0.5, 1.6)

Backloaded
Yes 90 31 34.4 2.1
No 36 6 16.7 (0.9, 4.5)

Did Not Inject With a Syringe Already Used by Another Injection Drug User
(n=123) (n=11)

Shared both cooker and cotton
Yes 50 8 16.0 3.8
No 72 3 4.2 (1.1, 13.8)

Shared rinse water
Yes 41 5 12.2 1.7
No 81 6 7.4 (0.5, 5.1)

Backloaded
Yes 26 3 11.5 1.4
No 97 8 8.2 (0.4, 4.9)

Note. Includes only those who injected during the follow-up period. RR=risk ratio;
CI=confidence interval.

TABLE 3—Calculation of the Attributable Risk Percentage (AR%) and the
Population Attributable Risk Percentage (PAR%) for Syringe Sharing
and Cooker/Cotton Sharing and Hepatitis C Virus (HCV)
Seroconversion in Seattle Injection Drug Users

Cooker/Cotton
Sharing Without

Syringe Sharing Syringe Sharing
Proportion % Proportion %

Ie 37/126 29 8/50 16
Iu 13/130 10 3/72 4
AR% 66 74
Pe (all seroconverters) 37/48 77 8/48 17
PAR% (all injection drug users) 51 13
Pe (those who do not share syringes) 8/11 73
PAR% (those who do not share syringes) 54

Note. Ie = incidence in the exposed (i.e., HCV incidence in injection drug users who
practiced the risk behavior); Iu = incidence in the unexposed (i.e., HCV incidence in the
referent population of injection drug users who did not practice the risk behavior);
AR%=(Ie – Iu)/Ie; Pe =prevalence of the exposure in those with the disease (i.e.,
prevalence of risk behavior in the HCV seroconverters; PAR%–Pe*AR%.

loss to follow-up could not have influenced our
results to any important degree.21 We consid-
ered whether underreporting of syringe shar-
ing might have led to the associations between
cooker or cotton sharing and HCV infection.
Thefindingofasmall increase in riskassociated
with sharing rinse water may have been due to
wording in the questionnaire, which did not
specify whether potentially contaminated rinse

water was used to clean the syringe after injec-
tion. Similarly, we did not ask whether a sterile
“draw syringe” was used during backloading,
and this may have decreased our ability to de-
tect any risk associated with this practice. In
contrast, questions about sharing a cooker and
cotton asked about using these materials after
another injection drug user, and these practices
were associated with higher risk of HCV sero-

conversion.Therewasno indication that theuse
of bleach to disinfect the syringe had any effect
on the risk associated with syringe sharing; this
is consistent with studies showing that the use
ofbleachhasnoeffectonHIVtransmission.22,23

This pattern of results, coupled with the
large magnitude of the risk ratios, makes it un-
likely that bias could have caused us to identify
safe injection behaviors as risk factors for HCV
infection. Moreover, if underreporting of risk
behavior were a serious source of bias in this
study, we would have observed more infec-
tions among individuals who did not report any
risk behavior. Our study’s power to evaluate
the risk of HCV associated with sharing a
cooker, cotton, or rinse water or with back-
loading was reduced by the limited number of
seroconverters (11) who did not share syringes.
Practical difficulties in identifying a large co-
hort of HCV-negative injection drug users in
combination with a high proportion who shared
syringes reduced the number of subjects in our
multivariate analysis.

In this study, the substantial risk of HCV
associated with sharing syringes, cotton, and
cookers, combined with the high proportion of
injectiondrugusers in theSeattle areawhoprac-
tice these behaviors, indicates that a sizable
fraction of HCV infections among injection
drug users in this population may result from
using another injector’s equipment.The impact
of eliminating the sharing of syringes on the
incidence of HCV appears particularly impor-
tant, but eliminating the sharing of cookers and
cotton among those who do not share syringes
could also prevent a large fraction of infections.
Protecting oneself and other drug injectors from
HCV infection and its long-term consequences
may require consistent adherence to a rather
strict injection hygiene regimen. Effective risk
reduction education messages should be de-
veloped and evaluated that stress not sharing
cookers and filtration cotton as well as not
reusing another person’s syringe.
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Prevalence and Duration of
Hepatitis C Among
Injection Drug Users in
San Francisco, Calif

Injection drug users are the population
most affected by the hepatitis C virus (HCV);
an estimated 60% of HCV transmission in the
United States is attributed to injection drug
use.1 Progression to cirrhosis, hepatocellular
carcinoma, or both is believed to occur in 20%
to 30% of infected persons within 2 to 3
decades.2There are an estimated 1.0 to 1.5 mil-
lion injection drug users in the United States.3

To anticipate the future burden of HCV-related
care among injection drug users, it is impor-
tant to determine the prevalence and duration
of infection.

We tested stored serum samples collected
in 1987 from 372 injection drug users for HCV

antibody, using the HCV Version 3.0 ELISA
(Ortho Diagnostic Systems, Raritan, NJ). Sub-
jects were part of a targeted sample4 of street-
recruited injection drug users participating in
the Urban Health Study, an HIV prevalence
and risk behavior study in San Francisco, Calif.
Demographic, risk behavior, and drug use his-
tory data were also collected as part of the
Urban Health Study.

Of the 372 serum samples from 1987,
353 (95%) tested positive for HCV antibody.
This proportion is higher than the 72% found
in Sacramento in 1987–19895 and the 89%
found in Baltimore in 1988–1989.6 As in
those studies, HCV prevalence was strongly
associated with length of injection career
(Figure 1). Of those injecting for 2 years or
less, 75.9% were infected (95% confidence
interval [CI]=0.56, 0.90). Of those injecting
for more than 10 years, 98.8% were infected
(95% CI=0.96, 0.99). There were no signif-
icant differences in prevalence by race, sex,

or frequency of injection. The median year
of initiating injection drug use was 1972 (in-
terquartile range=1967–1979). Because most
injection drug users test positive for HCV an-
tibody within 2 years of commencing injec-
tion drug use,5,6 the majority of injection drug
users in this sample were most likely infected
by the mid-1970s and are now well into their
third decade of infection. Thus, large numbers
of injection drug users may be developing liver
disease at this time.

Current national guidelines recommend
that only injection drug users who have ceased
to use drugs receive HCV therapies such as in-
terferon and ribivarin plus interferon.2 How-
ever, the capacity of the drug treatment system
in the United States is sufficient for only 10%
to 20% of injection drug users at any given
time.3 Given the profound penetration of HCV
into injection drug user communities, we must
consider alternatives to this recommendation.
We suggest that HCV-related treatment deci-


