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SUMMARY

The use of blood-contaminated drug preparation equipment is believed to be associated with the 

transmission of hepatitis C virus (HCV) among injection drug users (IDUs), but the extent of HCV 

infection risk is unclear. The objective of this review was to appraise the evidence regarding HCV 

incidence associated with the use of drug preparation equipment such as drug mixing containers, 

filters and water. In June 2007, cohort and case–control studies examining the association of HCV 

incidence with the sharing of drug preparation equipment were identified by searching electronic 

reference databases as well as the reference lists of published papers. Ten studies (seven cohort 

and three nested case–control) met the inclusion criteria for the review. The relative risk of HCV 

infection associated with drug preparation equipment were mainly between 2.0 and 5.9; however, 

the precision of the estimates from individual studies were marked by wide confidence intervals. 

Few studies exist to allow an adequate assessment of the individual contributions of containers, 

filters and water to HCV incidence. The major methodological limitations of reviewed studies 

were short follow-up times, inadequate control of confounders and lack of exclusion of periods 

when IDUs were not at risk for HCV infection through drug injection. Current evidence 

implicating the association of drug preparation equipment with HCV incidence is limited by 

several methodological concerns.

Keywords

hepatitis C; HIV; injecting paraphernalia; injection drug use; syringes

INTRODUCTION

Worldwide, between 123 and 170 million people are chronically infected with the hepatitis 

C virus (HCV) [1]. Injection drug users (IDUs) constitute the largest group of persons 

infected with HCV and those most afflicted by new infections in developed countries [2,3]. 

Prevalence and incidence rates for HCV infection in general IDU populations (different rates 
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in younger or older IDUs) are as high as 91% and 45.8 per 100 person-years, respectively 

[4,5]. There is evidence that many IDUs become infected with HCV early in their injecting 

career [6–8] and that the highest rates of HCV infection are observed among those who 

report a history of sharing drug preparation or injection equipment [3,8].

While the sharing of contaminated syringes is regarded as a major contributor to HCV 

infection, syringes may be only one source of injection-related infection. Drug mixing 

containers, cotton filters and rinse water, have garnered support in recent years as additional 

sources of bloodborne infection [9,10]. Opportunities for viral transmission through drug 

preparation equipment may exist at various stages of the injection process. For example, 

water used to prepare a drug solution can become contaminated with HCV if the solution is 

mixed with a syringe previously used for injection. Clean syringes can become contaminated 

when a drug solution is drawn from a container or through a filter previously used by an 

HCV-infected injector. Cleaning a syringe, container or filter with contaminated rinse water 

may also lead to viral cross-contamination of drug preparation and injection equipment.

There remains continuing debate about the relative contribution of syringes compared with 

drug preparation equipment in relation to HCV transmission [11,12]. Biologically, needles 

and syringes have the greatest potential for carrying HCV because of their direct contact 

with blood during venipuncture. However, the persistence of the hepatitis C virus in used 

drug preparation equipment is supported by laboratory evidence which shows that between 

25% and 40% of filters, spoons and rinse water samples may harbour HCV RNA [13]. 

While the epidemiologic evidence for the association between HCV infection and drug 

preparation equipment sharing is not well established, support for ancillary injection 

materials is mounting as additional studies are carried out. A recent simulation study found 

that the probability of HCV infection was higher for syringes compared with other 

equipment during the first 5 years of injecting but was similar after 25 years [14]. 

Consequently, the authors of the study suggested that there may be more rapid spread of 

HCV through syringes during the initial years of injecting after which continued exposure to 

contaminated drug preparation equipment can lead to an elevated risk of HCV 

seroconversion.

To our knowledge, a review of the risk of HCV infection associated with drug preparation 

equipment has not yet been published in the medical literature. Therefore, the objective of 

this review was to critically appraise the evidence regarding HCV transmission risk from 

shared drug preparation equipment and to comment on whether the risk of HCV infection 

differs according to the type of drug preparation equipment shared.

METHODS

On June 20, 2007 a search of MEDLINE (1990-present), EMBASE (1990-present), BIOSIS 

(1969-present), Google Scholar and Thomson Scientific Web of Science databases was 

performed to identify cohort and case–control studies on the link between HCV 

seroconversion and the use of drug preparation equipment. The keyword search strategies 

used were (‘hepatitis C’or ‘HCV’) and (‘injection drug use’ or ‘intravenous drug use’ or 

‘injection drug user’ or ‘intravenous drug user’) and (‘paraphernalia’ or ‘injection 
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equipment’ or ‘drug equipment). Additional relevant papers were found through reference 

lists of identified articles.

Inclusion and exclusion criteria

We selected all peer-reviewed publications in English or French language published since 

1990 (when antibody testing for hepatitis C became available). Abstracts of articles were 

used for the initial assessment of appropriateness for inclusion. Studies were included if they 

examined HCV incidence and its association to drug preparation equipment. For multiple 

publications using the same data, only the most recent article was selected for review. 

Reports on IDUs from developing countries were excluded because of the greater frequency 

of medically transmitted HCV [15]. In addition, reports on IDUs in prisons were not 

selected for the review because incarcerated persons may experience elevated risk for HCV 

infection from several noninjection routes and as a result of different injecting dynamics 

compared with street-recruited IDUs [16].

Definitions

For the purpose of this review, drug preparation equipment referred to drug mixing 

containers (i.e. cookers), drug filters (e.g. cotton, Kleenex and cigarette filter) and water or 

other liquid for rinsing drug equipment. Whenever possible, the method of sharing – 

borrowing and/or lending – is specified according to the definition provided by the source 

article.

Study assessment

Studies were assessed by three reviewers (PD, ER and JFB), with disagreement resolved by 

discussion until consensus was reached. The following information was sought for each 

article: author identification, year of publication, geographical location of study, study 

design, HCV prevalence in the source population and incidence in the sample, study sample 

size and demographic characteristics, definition of an injection drug user, method of HCV 

assessment, frequency of assessment of injection risk behaviours, methods to account for 

losses to follow-up and methods for statistical analysis. The quality of the studies was based 

on whether the study provided: (i) a clear definition of HCV-positive status, including 

support from laboratory test results, (ii) a description of the sampling method, with 

appropriate discussion of selection bias, (iii) the number of subjects enrolled into the study, 

(iv) the demographic and HCV serostatus profile of participants at baseline, (v) a clearly 

defined and appropriate comparison group, (vi) adequate follow-up relative to incident HCV 

infection and (vii) a description of and statistical adjustment for potential confounders.

A meta-analysis of the data was not performed because of the heterogeneity of study 

populations and methodologies. The results are reported in the form of a narrative systematic 

review, which is a method deemed to be appropriate in reporting results of observational 

studies [17].
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RESULTS

Search results

The initial search identified 21 longitudinal studies which examined HCV incidence in the 

context of drug preparation equipment use. Of these, 10 studies (seven cohort and three 

nested case–control) met the inclusion criteria for review. Of the excluded studies, most (n = 

6) were descriptive reports of equipment sharing or did not use multivariate methods for 

comparing HCV-seroconverters with subjects who remained HCV-negative. Another two 

studies did not adequately describe the materials examined (i.e. whether syringes or drug 

preparation equipment only). Finally, three studies were excluded because they were 

secondary reports of previously published data.

Study characteristics

Studies were primarily reported for North American IDU populations and ranged in size 

from 106 to 543 subjects. Subjects were predominantly under 30 years of age and 

community-based samples. Reported HCV prevalence was up to 91.1% and HCV incidence 

was up to 37.3 per 100 person-years. Summaries of the reviewed studies are presented in 

Table 1 and the distribution of risk estimates are shown in Fig. 1. As shown in the figure, the 

relative risk estimates tended towards higher risk, with most of the larger studies showing 

risk estimates between 2.0 and 5.9. However, the large uncertainty in risk was evidenced by 

the wide confidence intervals of the risk estimates.

Incident HCV infection through drug preparation equipment in cohort studies

Among the studies reviewed, four of seven cohort studies found a positive association with 

the sharing of at least one type of drug preparation equipment. A prospective cohort of IDUs 

in New South Wales, Australia, showed a positive association between HCV seroconversion 

and filter sharing. In this analysis, which adjusted for syringe sharing in the 6 months prior 

to HCV testing, drug mixing containers, water and tourniquets were not found to be 

statistically significant predictors of seroconversion [8]. Although the study found positive 

associations of HCV infection with containers, water and tourniquet in univariate analyses, 

there was no discussion about the magnitude of these associations or reasons for excluding 

these materials from the final multivariate model of HCV risk.

In a prospective cohort study in Chicago, USA, HCV seroconversion was strongly 

associated with sharing a container or cotton filter during 6 months of follow-up [18]. In 

adjusted analyses, IDUs who shared containers were nearly four times more likely to 

become HCV-infected and filter sharers were twice as likely to seroconvert. On the other 

hand, sharing rinse water showed no significant risk for HCV infection. After adjusting for 

syringe sharing in the past 6 months, HCV incidence remained strongly associated with 

sharing containers but no longer associated with filters. Furthermore, the positive association 

with sharing rinse water showed a marginal statistical association with HCV incidence.

Another prospective cohort study in Seattle, USA, similarly showed a higher incidence of 

HCV among those who shared containers or cotton filters (but no concomitant syringe 

sharing) during a one-year follow-up compared with those who did not share these materials 
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[19]. The study also found a lack of association for rinse water sharing among those who did 

not report sharing syringes.

In a study of IDUs in France, the sharing of any drug preparation equipment in the 3 months 

prior to HCV testing was a strong predictor of incident infection among those who were 

seronegative at baseline [20]. Follow-up occurred every 2 months and was accompanied by 

saliva testing for HCV antibodies.

Of the studies which found no or limited association with drug preparation equipment, a 

study of young IDUs (<30 years of age) in Vancouver, Canada, found no statistically 

significant link between the sharing of containers, filters or rinse water and HCV 

seroconversion [21]. Similarly, a study of young IDUs in San Francisco, USA, showed that 

borrowing previously used drug preparation equipment (container, filter and rinse water in 

the past 3 months before HCV screening) from a person who was not a sexual partner was 

associated with an elevated, but statistically nonsignificant, risk for HCV seroconversion 

[22]. Finally, the SurvUDI surveillance network which monitors a cohort of IDUs in the 

province of Quebec and city of Ottawa, Canada, found no association of drug preparation 

equipment with HCV seroconversion [23]. The study subjects were assessed every 6 months 

or more and were assessed for HCV infection using saliva testing.

Incident HCV infection through drug preparation equipment in case–control studies

The evidence for the link between drug preparation equipment sharing and HCV incidence 

is less convincing in case–control studies. Only one of three case–control studies found a 

positive association between HCV incidence and the sharing of any drug preparation 

equipment.

A case–control analysis, nested within a prospective cohort of injectors in Baltimore, USA, 

examined container sharing in the 6 months prior to HCV testing [4]. Although the study 

found a positive association, it compared equipment sharers with IDUs who did not use 

drugs in the past 6 months, rather than with a group who did not share injecting equipment. 

The authors also found a positive association between not sharing containers and no drug 

use, which suggests that containers alone may not account for HCV incidence.

The second case–control study consisted of a multi-site analysis of young IDUs and new 

injectors in the US. This study showed that sharing containers, cotton filters and rinse water 

were each associated with nearly a twofold greater risk of HCV infection in unadjusted 

analyses compared with the absence of sharing of these materials in the past 6 months prior 

to HCV testing [24]. However, when adjusted for the concomitant use of bleached syringes, 

the sharing of any drug preparation equipment was no longer statistically significant in 

relation to HCV infection, regardless of the period of risk considered (lifetime or past 4 

months).

Finally, a study of an in-treatment sample of IDUs in Italy also showed a lack of association 

with HCV infection. The study found that participants who were HCV negative were no 

more likely than HCV positive IDUs in the study to share drug preparation equipment in the 

past 6 months before study enrolment [25].
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DISCUSSION

Summary of findings

The paucity of longitudinal studies on the relation between HCV incidence and drug 

preparation equipment sharing has rendered it difficult to assess the relative contribution of 

these materials to the HCV epidemic among IDUs. Overall, the risk estimates from the 

reviewed studies suggest a positive association between HCV seroconversion and drug 

equipment sharing, but precision of the estimates appeared to be a concern. The second 

purpose of this review was to highlight some of the methodological concerns with existing 

studies. There appears to be a trend in the epidemiological literature in recent years towards 

more rigorous study designs and analyses, but as the following discussion highlights, there 

remains several common limitations across the reviewed studies.

Methodological issues

Study design—First, the small sample size and differential losses to follow-up brings into 

question the statistical power and validity of some studies. The retention of subjects in 

cohort studies was problematic as some studies lost up to half of eligible subjects during 

follow-up [19,21,25].

Several studies were also limited by a small number of seroconversions, which questions the 

adequacy of follow-up. Short follow-up times of less than 2 years in several of the reviewed 

cohort studies may not have allowed for sufficient time for observing HCV seroconversion 

in relation to risk behaviours [21,22,25]. In fact, limited power because of few 

seroconversions was a limitation commonly acknowledged by authors for the inability to 

detect small differences in HCV risk in relation to equipment sharing [18,22,24]. A lack of 

precision in risk estimates is shown by large confidence intervals for the association between 

HCV incidence and drug equipment sharing. The description of lost subjects in the study 

from Australia provides evidence that participants who continue in the study may be 

different with regard to their injection risk practices, which can influence the direction of the 

observed association with HCV seroconversion [8]. In addition to describing the subjects 

who were lost to follow-up, the study demonstrated the importance of specifying and 

controlling for known and potential confounders, providing a thorough definition of 

seroconversion cases, using short intervals of 3–6 months between subject assessments to 

reduce recall bias and using a complementary ethnographic approach to examine the 

syringe-mediated injection practices of participants. The study had a relatively large pool of 

HCV-uninfected individuals at baseline and used PCR testing for HCV RNA to identify 

recent infection compared with testing for HCV antibodies.

Confounding by injecting equipment and other covariates—In most of the 

studies, confounders were not explicitly stated or were inadequately controlled for. This may 

play an important role in the observed outcomes because the reviewed studies showed large 

heterogeneity with respect to the definition of measures, prevalence of risk behaviours, 

demographic characteristics of subjects and location of subject recruitment.
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The sharing of drug preparation equipment is typically more widespread in IDU populations 

than of syringes alone and the sharing of different types of equipment is often not mutually 

exclusive [18]. Although some of the reviewed studies adjusted for syringe sharing as a 

confounder, others did not provide any description of syringe sharing to allow assessment of 

concomitant risk from syringes.

Other potential confounders such as age and location of recruitment were rarely adjusted for. 

For example, some studies suggest that younger injectors may be more likely to share used 

injecting equipment than older IDUs and, as a result, are at higher risk of bloodborne 

infections [26,27]. On the other hand, studies also show that the relatively short injecting 

career of younger IDUs may not correlate well with HCV infection in comparison with older 

IDUs whose more prolonged exposure to used equipment is likely to contribute to a greater 

cumulative risk of infection [26]. Second, subjects recruited from drug treatment and out-of-

treatment settings may differ in their frequency of injection and extent of injection risk 

behaviours [28]. There was no evidence of adjustment for location of recruitment as a 

potential confounder in studies in which subjects originated from multiple sources.

The composition of drug injecting networks is an additional consideration that could impact 

the probability of infection, because the number of equipment sharing partners and the 

infection status of partners can be related to the risk of HCV infection [29].

Definition of drug injector—The definition of an injection drug user seemed to differ 

substantially across studies, particularly with regard to the duration of injecting and current 

status as an active IDU. Comparisons across studies were problematic because injecting 

careers encompassed timeframes that ranged from ‘ever injecting’, ‘injecting in the past 

year’ to ‘injecting in the past month’. For example, in the Baltimore case–control study, any 

injection in the past 10 years was a contentious issue because it is conceivable that injecting 

may have ceased or risk behaviours may have changed during the assessed period of risk [4]. 

Similarly, the study from Italy did not provide a clear definition of an IDU [25]. Participants 

were simply called heroin users without further specification about the history of injecting or 

frequency of current injecting [25].

The direction (borrowing vs lending) and frequency of equipment sharing was also rarely 

stated in several studies even though this information may have proven helpful in assessing 

the extent and frequency of exposure of study subjects to injection-related risk activities. 

Finally, information of the type of drug used may have better defined the relative risk of 

exposure to risk behaviours. For example, some studies have suggested that cocaine 

injection is associated with higher risk of HCV and HIV because of the profile and drug-

related risk behaviours of users [30,31].

Prevalence of HCV infection—Appropriate comparisons across studies were hampered 

by varying HCV prevalence among IDU populations in the various study samples. For 

example, in high HCV prevalence settings, low rates of equipment sharing may be 

associated with high rates of HCV transmission because fewer sharing episodes are needed 

for transmission of infection [12].
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Serologic testing was the most common method for identifying HCV-positive individuals 

across most studies. The use of saliva testing, which has lower sensitivity of 83% [32], for 

identifying HCV cases or selecting subjects for subsequent serologic testing may have 

underestimated the total number of incident infections in two studies [20,23]. It is unclear, 

how this underestimation may have attenuated the association with the sharing of drug 

preparation equipment.

Period of risk—Our review found that the period of risk assessment was not always 

relevant to HCV incidence. For example, longer periods of risk behaviour assessment can 

lead to a greater likelihood of misclassification of subjects with regard to their risk 

behaviours and, consequently, reduce the association between equipment sharing and HCV 

infection. In the Chicago [18] and Seattle [19] studies, risk behaviours for the prior 12 

months were examined in relation to HCV seroconversion. However, historical risk 

behaviours might not be representative of more recent HCV-related risk behaviours because 

of possible changes in sharing habits or intensity of drug use.

In contrast, risk behaviour information which is restricted to a short period may preclude 

high-risk sharing episodes that occur prior to the period of interest. In other cases, periods of 

injecting may be intermittent and, thus, overestimate HCV infection risk during periods of 

noninjecting. Except for one study [22], there was little evidence for periods of noninjecting 

to be accounted for. The inclusion of lower-risk periods can lead to misclassification of 

equipment sharing and underestimation of the association between sharing and HCV 

infection.

Implications for future research and prevention

Researchers should strive to improve on several methodological aspects in order to better 

address the limitations identified in this review. First, additional prospective studies are 

needed to distinguish the relative contribution of the various types of drug preparation 

materials to HCV infection. This would allow for more specific identification of materials 

which carry the highest risk of HCV infection. Second, future research should aim to 

increase comparability of results across studies by a more justified choice of risk periods and 

consistency in the definitions of injection drug use and equipment sharing. Finally, water for 

drug preparation, unlike water for equipment rinsing, was seldom considered as a potential 

risk factor for HCV seroconversion. Other materials such as swabs and tourniquets were also 

rarely examined. Nevertheless, our review of the literature reinforces the need to recommend 

the use of sterile injecting equipment for all episodes of drug injecting.

CONCLUSION

The current evidence regarding drug preparation equipment sharing and HCV incidence is 

not overwhelming. To further differentiate the impact of various injecting equipment on 

HCV risk, additional longitudinal studies are needed that have longer and more rigorous 

follow-up, more appropriately control for potential and known confounders, adequately 

adjust for periods of noninjecting and use consistent definitions of risk behaviour.
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Abbreviations

HCV hepatitis C virus

IDUs injection drug users
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Fig. 1. 
Forest plot of risk estimates from multivariate analyses of drug preparation equipment 

sharing and its association to HCV seroconversion.
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