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Abstract
This systematic review examined the evidence on the prevalence of the Hepatitis C virus (HCV) in
non-injecting drug users (NIDUs) who sniff, smoke or snort drugs such as heroin, cocaine, crack or
methamphetamine. The search included studies published from January 1989 to January 2006.
Twenty-eight eligible studies were identified and the prevalence of HCV in these NIDU populations
ranged from 2.3% to 35.3%. There was substantial variation in study focus and in the quality of the
NIDU data presented in the studies. The results of our systematic review suggested that there are
important gaps in the research of HCV in NIDUs. We identified a problem of study focus; much of
the research did not aim to study HCV in users of non-injection drugs. Instead, NIDUs were typically
included as a secondary research concern, with a principal focus on the problem of transmission of
HCV in IDU populations. Despite methodological issues, HCV prevalence in this population is much
higher than in a non-drug using population, even though some IDUs might have inadvertently been
included in the NIDU samples. These studies point to a real problem of HCV in NIDU populations,
but the causal pathway to infection remains unclear.
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1. Introduction
Hepatitis C virus (HCV) infection is a leading risk for liver disease, affecting more than 170
million people globally according to the World Health Organization (World Health
Organization, 1998). Since the virus was first isolated in 1989, injection drug users (IDUs)
have been found to be at high risk for contracting the virus (Hagan, 1998;Hocking et al.,
2001;Roy et al., 2002).

However, the evidence regarding the relationship between HCV infection and non-injecting
users of drugs such as crack, methamphetamines and powder cocaine or heroin is ambiguous
and controversial. Some researchers have suggested that non-injecting drug users (NIDUs) are
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often injecting drug users (IDUs) who have failed to report their route of administration
accurately (Judd et al., 2002), or that HCV transmission in NIDUs is associated with tattooing,
(Howe et al., 2005) or unsafe sexual behavior (Gyarmathy et al., 2002). Hypothesized drug-
related risk factors for acquisition of HCV in NIDUs include sharing of non-injection drug use
equipment, such as straws or crack pipes (Gyarmathy et al., 2002;Howe et al., 2005;Tortu et
al., 2004).

Quantifying the magnitude of the problem and understanding practices associated with HCV
acquisition among NIDUs with more accuracy could lead to better informed and more effective
prevention. Our goals were to perform a systematic review of the literature summarizing HCV
prevalence in NIDUs and to critically evaluate evidence on risk of HCV in NIDUs by
examining these data in relation to study methods and hypothesized risk factors.

2. Methods
2.1. Literature review

As part of the HCV Synthesis Project (a meta-analysis of HCV epidemiology and prevention
in drug users), searches of published literature were carried out on MEDLINE, ISI Web of
Knowledge databases (Thomson Scientific, 2006), PsychInfo, ERIC, Dissertation Abstracts,
Sociological Abstracts, and Current Contents. We used the following search terms: (hepatitis
C OR HCV) AND (intravenous drug abuse OR intravenous drug use OR drug misuse OR drug
addict or injecting drug use OR drug abuse OR IDU) AND (prevention OR risk factor OR
epidemiology OR prevalence OR incidence or seroprevalence OR seroincidence OR genotype
OR co-infect*). Manual search methods included footnote chasing, conference abstract
searches, and hand searching of journals on drug use, infectious disease and public health. The
dates of publication included were January 1989 through January 2006. Figure 1 shows the
process used to retrieve, screen and select reports for this analysis.

Using our search methods, we identified two unpublished HCV prevalence estimates in NIDUs.
However, no additional data regarding study methods and sample characteristics were available
for these two studies, and the estimates were within the range of the published HCV prevalence
estimates. Thus, these studies would not have contributed to our understanding of the variability
of HCV in this population, and were excluded.

2.2. Inclusion criteria
For the present paper, our goal was to synthesize existing data on HCV infection in people who
reported never injecting drugs but who did engage in non-injection drug use via sniffing,
snorting or smoking heroin, cocaine, crack or methamphetamine--behaviors which could
conceivably transmit HCV. Our initial intent was to include both prevalence and incidence
studies, but our search identified only two small incidence studies. In the results section we
cite the incidence data, but this synthesis focuses on studies of HCV prevalence in NIDUs.

The sample included studies of non-injectors for whom HCV transmission via NIDU behaviors
was biologically plausible. For HCV infection, blood-to-blood exposure is considered to be a
biologically plausible route of transmission (Sherlock, 1994). HCV transmission via smoking
crack and methamphetamine is plausible because the pipe can get very hot and burn the lips,
creating open sores. Thus, sharing these pipes could lead to blood to blood contact. Sniffing
cocaine and other drugs could also lead to blood to blood contact. This behavior can cause
bleeding in nasal passages as a result of erosion of the mucous membranes from exposure to
cocaine or if the implement (a straw or tubing) is rigid or has sharp edges that cause small tears
in the tissue. Sharing straws or other intranasal implements could also lead to blood to blood
contact. Therefore, we believe the NIDUs in the studies we have included in this analysis could
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conceivably acquire HCV through such drug-related exposures. We did not set any minimum
time threshold for exposure as indicated by duration of use of non-injection drugs; these studies
include participants with duration of use ranging from 1 month to 30 years.

2.3. Exclusion criteria
Once NIDU studies had been identified, we applied a substantial number of exclusion criteria
to increase precision in measurement of exposure and reduce bias in estimating HCV
prevalence (Figure 1). We excluded studies in which selection of participants was based on
HCV status, as this was our outcome of interest. Samples that included individuals who had
ever injected drugs were excluded as previous injection drug use would tend to bias our results
toward higher prevalence estimates, and obscure any association between HCV and non-
injection risk factors. Samples that included users of drugs such as marijuana were excluded
because smoking marijuana should not lead to blood to blood contact, as the pipe stem or “joint”
does not typically get hot enough to burn lips. For the same reason, studies which included
oral administration of drugs such as amphetamine, and club drugs such as ecstasy, were also
excluded.

Our rationale for these criteria was to focus our review on samples where HCV acquisition via
drug administration was biologically plausible. Applying these exclusion criteria eliminated
some reports which are often cited as evidence of HCV prevalence in NIDUs (Conry-Cantilena
et al., 1996;Fingerhood et al., 1993;Shirin et al., 2000;Wada et al., 1999). Additionally, we
excluded reports that provided only aggregate estimates combining IDUs and never-injectors.
Finally, to be certain that the outcome of HCV prevalence was adequately assessed in the
studies under review, we included only studies that tested sera or saliva for antibodies to HCV;
studies that used self-reporting to ascertain HCV antibody status of individual subjects were
excluded.

2.4. Data coding
The content and structure of the coding form was developed by reviewing those used in other
meta-analyses, for example, the CDC Prevention Research Synthesis Project (Sogolow et al,
2002). The coding form included items such as the type of study or studies included in the
body of the report (prevalence, incidence or genotype), study methods, and demographics and
other characteristics of the sample such as duration of drug use or type of drugs used. The
coding form was piloted and the final version was complete within the first six months of the
study. The coding was carried out by senior research assistants who had graduate training in
research methodology, and received additional training in HCV epidemiology, drug use and
meta-analytic methods by the investigators of the meta-analysis study.

A number of strategies were used in the course of this study to ensure reliable, valid and
consistent coding of data. Each data report was coded by a research assistant and independently
reviewed for accuracy and completeness by the Project Director and the Principal Investigator.
After this review, the coders made any necessary changes to the coding before it was considered
complete and ready for data entry. In all cases where there was lack of agreement in any coding
decision, the study group members carried out discussions to clarify the interpretation until
consensus was reached. A study manual provided instructions for coding each item, and noted
special cases and their resolution, to provide guidelines for consistent coding.

2.5. Quality measurement
As suggested by the MOOSE (Meta-analysis of Observational Studies in Epidemiology) group
(Stroup et al., 2000), we established ‘quality’ criteria to evaluate the evidence regarding the
NIDUs in the studies in this review. We did not evaluate the studies' research designs with
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regard to their explicit aims, but rather examined the quality of evidence regarding the
association of NIDU practices and HCV prevalence.

The quality criteria were developed by the research team and were comprised of two broadly
defined sections. The “NIDU screening items” were intended to measure the efforts made by
each study to classify and define non-injection drug users in their sample. These NIDU-specific
items included whether one of the aims was to study NIDUs, whether there was a method for
minimizing misclassification of IDUs as NIDUs and whether the definition of non-injection
drug use the authors used was clearly stated. The other items in this quality checklist were
intended to capture basic elements of observational research design. These measures of quality
evaluated the studies' inclusion of demographics of the sample, treatment of confounders,
inclusion/exclusion criteria, sample size, and consistency of data reporting.

The Project Director and a member of the research staff coded these items independently.
Initially there was 89% agreement on the coding of these items. Where there was not agreement,
the items were discussed by the group until consensus was reached.

2.6. Statistical methods
We report prevalence estimates from the studies of NIDUs in our sample along with 95 percent
confidence intervals (CI); when confidence intervals did not appear in the reports they were
calculated using the “epitools” (Aragon, 2005) package in the “R” statistical and graphical
software (R Core development Team, 2005). We performed tests of heterogeneity in HCV
prevalence on the data available in the articles under review. We used chi-square, which showed
very strong evidence of heterogeneity: chi-square = 148.52, df = 24, p < 0.00001.

We plotted overall prevalence, prevalence in relation to sample size, and prevalence in relation
to a “quality” score. For each of twelve quality criteria, coded as 0 or 1, we calculated mean
and median score across all studies. Two summary scores were calculated (NIDU Screening
Score, and Total Quality Score), to show both overall quality of the studies and which aspects
of study quality were particularly problematic.

There was overlap between study samples in some cases, (Tortu et al., 2001;Tortu et al.,
2004) and (Fuller et al., 2004;Howe et al., 2005;Koblin et al., 2003). For calculations of median
HCV prevalence, we used the study with the largest NIDU sample (Howe et al., 2005;Tortu
et al., 2001) and chose not to include the three others (Fuller et al., 2004;Koblin et al.,
2003;Tortu et al., 2004) in order to avoid double counting overlapping samples. We have
included all the published studies in Tables 1 and 3 and have included all studies with relevant
risk factors in Table 2.

3. Results
3.1 Study characteristics

We found 28 published reports that met our criteria (Allwright et al., 2000;Baozhang et al.,
1997;Broers et al., 1998;Chang et al., 1999;Denis et al., 2000;Feldman et al., 2000;Fuller et
al., 2004;Galperim et al., 2004;Garten et al., 2004;Gyarmathy et al., 2002;Harsch et al.,
2000;Hershow et al., 1998;Howe et al., 2005;Koblin et al., 2003;Lai et al., 2001;Maayan et al.,
1994;Mathei et al., 2005;Njoh et al., 1997;Nyamathi et al., 2002; Quaglio et al 2003a; Quaglio
et al 2003b; Santana Rodriguez et al., 1998;Shrestha et al., 1998;Strasfeld et al., 2003;Tortu et
al, 2001;Tortu et al., 2004;Van Ameijden et al., 1993;Ward et al., 2000). One report included
two separate studies, both of which were included (Tortu et al., 2001) and which appear in
Table 1 in two separate rows; two reports were by the same author and indicated the same
overall seroprevalence and sample size, therefore we counted this as one study (Quaglio et al.
2003a & 2003b). Thus our sample included 28 reports and 28 studies. The 28 studies in this
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review are listed in table 1 with data on geographic location, enrollment dates, recruitment
setting, sample size, definition of NIDU subjects, study design, HCV test method, anti-HCV
seroprevalence information, prevalence of HIV and/or HBV in the sample, and characteristics
of the NIDU sample. These studies represent several different regions including the USA
(n=12), Western Europe (n=8), Asia (n=5), two in the Middle East (Israel & Saudi Arabia),
and one in Brazil.

Study methodology varied substantially, particularly with respect to recruitment setting.
Investigators of eleven studies did at least some of their recruitment in substance abuse
treatment settings, while two of the studies took place in prisons. Other recruitment locations
included storefront/street outreach (n=9), community organizations (n=1), the “community of
addicts” (n=1) and medical/clinic settings (n=6). Note that some studies recruited from more
than one location, so that the sum of the number of recruitment locations exceeds the total
number of studies. When we examined variation in HCV prevalence in relation to recruitment
settings we did not observe any association.

Drugs used by the NIDUs in the samples also varied greatly, with seven studies including only
heroin users, three studies comprised of crack or cocaine users, and the remainder of the studies
recruiting a combination of heroin, crack, methamphetamine and cocaine users. When we
examined the relationship between drug type and HCV prevalence, there was no association,
perhaps because many samples included multiple drug types. The sample sizes ranged from
20 - 722 NIDUs. The median number of NIDU participants in these studies was 119.

3.2. Sample characteristics
Fewer than half the studies reported descriptive characteristics for NIDUs. Those that did give
characteristics reported that their samples were predominantly male (62 percent-100 percent
male), although there were five studies that either recruited only females or restricted their
analysis to female subjects (Feldman et al., 2000;Hershow et al., 1998;Tortu et al., 2004;Tortu
et al., 2001;Ward et al., 2000). The NIDUs in the majority of the reports we located were
relatively young; among those studies that reported age information, the mean age of the
subjects varied between 25 and 30 years old.

3.3. HCV prevalence and prevalence of other infectious diseases
Prevalence of HCV in these studies ranged from 2.3 to 35.3 percent, with a median of
approximately 14 percent. Studies reporting high prevalence (over 20 percent) tended to have
small to modest sample sizes (n=20 to 260; median=83). This correlation between sample size
and prevalence may be due to sampling error or publication bias, but may be related to other
factors such as geography—four of six high prevalence studies took place in East Asia.
Approximately half of the NIDU studies reported HIV and/or HBV infection. Four studies
reported 0 percent HIV infection. Overall HIV prevalence in the studies ranged from 0-14.6
percent. Three studies reported on the relationship between HIV and HCV. There was no linear
relationship between HIV and HCV when we examined all studies with HIV prevalence data.

Prevalence of seromarkers for HBV prevalence ranged from 1.7 -45.8 percent (Table 1). One
study reported that subjects with HBV were significantly more likely (Odds Ratio (OR) =10.35,
95 percent CI=2.75-38.99) than HBV negatives to be infected with HCV (Quaglio et al.,
2003a).

3.4. Risk factors
Table 2 presents HCV prevalence estimates from the studies of NIDUs in relation to categories
of drug-related risk factors which were hypothesized to be most informative in terms of
exposure risk. Three studies examined duration of use in NIDUs (Chang et al., 1999;Gyarmathy
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et al., 2002;Quaglio et al., 2003). One study (data not shown) reported high prevalence (22
percent) for NIDUs using for one month or less (Chang et al., 1999), though prevalence
decreased as duration of use increased. Another study found that the risk of HCV increased
threefold after 5 years of use (16.1 vs. 5.9 percent; Adjusted Odds Ratio (AOR) =3.80, 95
percent CI =1.4, 10.6 (data not shown)) (Gyarmathy et al., 2002). The third study also found
a relationship between duration of use and HCV infection; those non-injectors using more than
10 years were significantly more likely than those using less than 10 years to have HCV (32
vs. 12.5 percent; p<.05) (Quaglio et al., 2003b).

Two studies (Tortu et al., 2004;Howe et al., 2005) differed in their findings with respect to
sharing of non-injection drug use equipment; these data were difficult to compare given that
one examined recent sharing behavior and one analyzed ever-sharing behavior. Specifically,
one study found that any lifetime sharing of implements was associated with HCV--ever shared
both oral and intranasal drug-use implements (HCV prevalence 29.3% vs. 10.8%; AOR=2.83
(AOR not shown); 95 percent CI=1.04, 7.72) and ever shared noninjected heroin implements
with injector (HCV prevalence 27.5% vs. 18.1%; AOR=3.06 (AOR not shown); 95 percent
CI=0.87, 10.70) (Tortu et al., 2004). In contrast, the study that examined more recent behavior
found no association between HCV prevalence and sharing straws: shared straw or dollar bill
to sniff/snort heroin, past 6 months (3.1 vs. 4.1 percent) and shared straw or dollar bill to sniff/
snort heroin with cocaine, past six months (6.0 vs. 3.7 percent) (Howe et al., 2005).

Two studies (Gyarmathy et al., 2002;Howe et al., 2005) examined sexual risk behaviors in
NIDUs and had different findings (data not shown). One found no association between HCV
infection and “high risk” partners: unprotected sex with someone with HIV; with men who had
sex with men; and with other NIDUs (Gyarmathy et al., 2002). The other found that having a
sex partner with self-reported HCV was associated with HCV infection (12.5 vs. 3.5 percent)
(Howe et al., 2005).

These same two studies also examined tattooing, household or personal exposures, and
transfusion exposure (Howe et al., 2005;Gyarmathy et al., 2002) (data not shown). One study
found that having tattoos was associated with HCV infection (18.2% with tattoos vs. 9.2% of
other NIDUs; AOR=2.2, 95 percent CI=1.0, 4.7) (Gyarmathy et al., 2002), while the other
found that having a tattoo done by a friend/relative/acquaintance compared with no tattoo (7.3%
vs. 3.4%; AOR=3.61; 95 percent CI=1.15, 11.26) was associated with HCV infection (Howe
et al., 2005). The Howe study also reported an inverse association between HCV and the sharing
of personal hygiene items. These studies adjusted for drug-related risk behaviors in the
calculation of these odds.

3.5. Cohort Studies
We were able to identify only 2 HCV incidence studies in this population. One U.S. study
found an incidence of 0.4 per 100 Person Years of Observation (PY) (Fuller et al., 2004), while
a study based in China calculated 8 HCV seroconversions per 100 PY (Garten et al., 2004).
The authors of the China study reported problems assessing route of administration and they
hypothesized that this high incidence of HCV may have been related to a misclassification of
participants with respect to route of drug administration.

3.6. Quality
We utilized 12 items related to study quality to assess the NIDU studies in our sample. Each
item was scored for its presence (score=1) or absence (score=0) in a given study. When we
summed the 12 items for each study, the overall scores of each individual study ranged from
3 to 12, with a median score of 7.
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As a whole, the studies had some areas of strength. As shown in table 3, all or almost all of the
studies described their inclusion criteria in a detailed manner, collected their data in a similar
manner for all participants and showed consistency in their numbers and percentages.

Mean quality scores for the NIDU studies are shown in Table 3. The five indicators of quality
that appeared least frequently in the NIDU studies were: minimizing misclassification bias;
including demographics/characteristics of the sample for the NIDU sample; controlling for any
drug-related confounders; assessing any biologic mechanisms for transmission; and use of both
an antibody and a confirmatory test.

Because many of these studies had an IDU focus, often there were relatively few noninjectors
in the sample. Perhaps because of these small numbers, many studies did not indicate
demographics or other characteristics of the NIDU sample outside the general inclusion
criteria. Only eight studies indicated the use of specific criteria for ascertaining NIDU status
and minimizing misclassification of IDUs as NIDUs (e.g. checking for track marks or re-
confirming route of administration several times within a study instrument). Of the eight studies
that examined risk factors for HCV exposure, only four of them utilized multivariate techniques
to examine possible risk factors for HCV in NIDU populations.

Confirmatory testing of HCV ELISA testing is recommended in populations with a low
prevalence of HCV (Alter et al., 2003). Since NIDUs may meet the definition of a low-
prevalence population (<10 percent), we examined whether HCV prevalence varied in relation
to the use of a confirmatory RIBA test to verify HCV antibody status. Of those studies that
used a RIBA test, prevalence ranged from 2.4 percent to 35.3 percent with a median of
approximately 14 percent. Of those studies that used only antibody testing to assess positivity,
prevalence ranged from 4.5 - 32.5 percent with a median prevalence of approximately 17
percent.

We were interested in evaluating the evidence around appropriate identification of NIDUs,
which constitutes a potential source of bias in measuring prevalence accurately. We identified
three items which pertained to the identification of NIDUs--these are items 1 through 3 in Table
3: 1-Was one of the stated aims to study HCV in NIDU's; 2-Was there a method given for
minimizing misclassification bias and 3-Was NIDU definition/inclusion criteria and method
of drug use clearly stated in the report?

For each study, we gave a score of “1” to the studies that adhered to these criteria and “0” to
those that did not. We then summed these three scores. Using this scheme, we were able to
attribute a numeric value to each report—from“0” for studies that possessed none of these
qualities (n=5) to “3” for those that contained all of these elements (n=6). Figure 2 shows the
range and median of the prevalence of HCV in each group. The range is indicated by the
horizontal bottom line or dot and the horizontal top line or dot. The dot indicates that this upper
or lower range value is an outlier, while the horizontal line shows that the top or bottom value
is within the expected range. The median is indicated by the thick black line in the rectangle.
As shown in figure 2, the studies with the highest NIDU screening score (value = 3) had the
narrowest range of prevalence measures (2.3 -17 percent) and a median HCV prevalence of 9
percent. The other three groups had substantially broader ranges (studies scoring “0”: 5 to 30
percent; studies scoring “1”: 4.5 to 32.5 percent; and studies scoring “2”: 2.4 to 35.3 percent).
Medians ranged from 10.5 - 20 percent.
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4. Discussion
4.1. Summary of findings

Our systematic review identified 28 published studies of HCV in self-reported NIDUs.
Prevalence of HCV in never-injecting drug users ranged from 2.3 - 35.3 percent in studies from
several regions with samples that included between 20 and 722 NIDU participants. When we
restricted the sample to reports that were least likely to misclassify NIDUs, prevalence
estimates ranged between 2.3 and 17 percent. Whether the higher observed prevalence rates
(up to 35 percent) in studies that were less focused on NIDUs is attributable to misclassification
of IDUs as NIDUs is uncertain. This finding suggests that future NIDU studies should apply
rigorous and standard screening methods including inspection for evidence of track marks, and
describe specific protocols used to screen subjects for route of drug administration data.
Otherwise, evaluating the evidence regarding risk of HCV infection in never-injector
populations will remain speculative.

4.2. Gaps and methodological issues
The results of our systematic review suggest that there are substantial gaps in the research of
HCV in NIDUs. There was little consistency in methods used to determine NIDU status, and
it was often challenging to glean this and other methodological information from the reports.
Additionally, because many of the studies did not provide prevalence estimates by drug type,
we do not know if there are different degrees of risk for specific drug types. For this review,
there was a problem of study focus; much of the research we identified did not aim to study
HCV in users of non-injection drugs. Instead, NIDUs were included as a secondary research
concern, with a principal focus on the problem of transmission of HCV in IDU populations.
Misclassification of route of administration was also a concern—it was conceivable that in
some studies individuals who had identified themselves as non-injectors may have actually
been IDUs. One of the NIDU studies in our review included in their baseline prevalence
estimates subjects who revealed themselves to be IDUs in later waves of a cohort study (Garten
et al., 2004). The rationale for this decision may be related to the article's focus on injectors,
and may have contributed to an inflation of prevalence and incidence estimates among NIDUs
in that study. Clearly, reporting of more detailed descriptions of screening and recruitment
methods used in these studies would permit more precise classification, and might aid in the
detection of variation in HCV prevalence in relation to study methods.

4.3. Risk factors
Few of the studies included in our review systematically examined or reported on HCV
prevalence in relation to drug-related risk behaviors. Most of the studies identified in our review
were descriptive studies of HCV prevalence in NIDUs and other drug users. Therefore, we
were constrained in our ability to examine and statistically synthesize covariates which may
be associated with HCV in these users. We were able to identify a limited number of studies
that attempted to assess duration of drug use, sexual, or tattooing behaviors related to HCV.
The findings of these studies regarding equipment-sharing, sexual behavior and tattooing may
or may not be replicable in other NIDU populations.

To our knowledge, the association between HCV and risk factors related to non-injection drug
use has not been examined in large studies outside the United States. Studies based in New
York City have analyzed a variety of risks for HCV. Some of these studies have found evidence
for sharing of non-injection equipment as a possible route of HCV transmission, while others
have found that tattooing, older age, and having friends/associates infected with HCV are risk
factors of interest. Tattooing, age and knowing people with HCV may represent duration of
time spent in the drug use scene. Based on our review, it remains unclear whether HCV in
NIDUs can be attributed to drug rather than sex-related or other risk behaviors.
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4.4. Confirmatory testing
One potential complication related to the measure of HCV prevalence in NIDU populations in
these studies is the lack of confirmatory HCV testing in most of these studies. Only eight studies
in our sample reported using RIBA confirmatory tests. In their screening guidelines, the CDC
notes that in populations with low prevalence of infection (<10 percent), the proportion of
false-positives with antibody tests averages 35 percent (Alter et al., 2003). It is unclear what
proportion of false positives would apply to a true NIDU population, but based on the CDC
estimates, sole reliance on an EIA test to assess HCV antibody status may inflate prevalence
estimates.

4.5. Limitations
In most studies, limitations included potential misclassification of the exposure and the lack
of adjustment for confounding to assess association between risk behaviors and HCV
prevalence. Thus we cannot draw firm conclusions about the role of non-injecting drug use in
HCV. However, there is evidence to support the plausibility of HCV transmission via NIDU
routes, including the isolation of HCV in the nasal secretions of a non-injection drug user
(McMahon and Tortu, 2003).

The rate and circumstances of seroconversion in NIDU populations remain unclear as well.
Only two of the studies we located (Fuller et al., 2004;Garten et al 2004) measured
seroconversion, and the incidence rate in the study in China (8 per 100PY) was undermined
by the likely misclassification of some IDUs as NIDUs. Further, the small number of
seroconversions limited the examination of HCV incidence in relation to risk factors.

While incidence studies in NIDUs may require large samples, following baseline HCV
negative NIDUs over time could guide researchers in understanding (1) NIDU risk behaviors
that are most likely associated with seroconversion to HCV, and (2) circumstances leading to
NIDU transition to IDU, which will increase the risk for contracting blood-borne viruses
(Fuller et al., 2004;Neaigus et al., 2001). Neaigus et al.'s study suggests that certain NIDU
characteristics or behaviors may merit further investigation in an effort to prevent or delay
transitioning to injection.

5. Conclusions
Despite this relative scarcity of information, those who work with drug user populations are
creating interventions to protect non-injection users of illicit drugs. For example, a study from
Canada (Shannon et al., 2006) describes efforts in Vancouver to encourage safe crack cocaine
smoking. Those who work with NIDUs would benefit from stronger evidence to help inform
their efforts to reduce drug-related harm.

We conclude that current studies have not clearly demonstrated whether or not NIDU-specific
behaviors are associated with HCV infection. We suggest that future research be targeted to
examine NIDU-specific risks and exposures. Despite quality problems, HCV prevalence
among this population is higher than in a non-drug using population, even assuming some
IDUs were inadvertently included in the samples. These studies point to a real problem of HCV
in NIDU populations. With better classification and risk factor data we might be able to better
grasp the mechanisms of transmission in this population and design appropriate interventions
for this at-risk population.
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Figure 1.
Decision tree used to retrieve and select reports for synthesis of HCV infection in non-injection
drug users.
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Figure 2.
Plots of prevalence by quality scores; medians and ranges by quality. The range is indicated
by the horizontal bottom line or dot and the horizontal line or dot. The dot indicates that this
lower or upper value is an outlier, while the line indicates that this lower or upper value is
within the expected range. The median value for each quality score is indicated by the thick
black line in the rectangle. Each rectangle encompasses the 25th - 75th percentile for the
corresponding quality score.
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Table 2
HCV prevalence by drug-related risk factors in the NIDU studies in our sample

Duration of use
Sharing of pipes or other
oral implements

Sharing of straws or
other intranasal
implements

Sharing of both
pipes
and straws

*Heroin use:†
<=5 years: 7/118 (5.9%)
>5 years: 35/218 (16.1%)
(Gyarmathy)

*Shared crack pipe:
No: 2/46 (4.3%)
Yes: 5/19 (26.3%) (Gyarmathy)

*Shared rolled bank note for
heroin use:
No: 8/89 (9.0%)
Yes: 4/12 (33.3%) (Gyarmathy)

*Ever shared both
intranasal and
oral implements:
No: 7/65 (10.8%)
Yes: 17/58 (29.3%)
(Tortu, 2004)

Crack use:
<=5 years: 26/209
(12.4%)
>5 years: 16/128 (12.5%)
(Gyarmathy)

*Shared crack pipe when blood
present, past 6 months:
No: 27/717 (3.8%)
Yes: 1/ 3 (33.3%) (Howe)

Shared straws or dollar bill to
sniff/snort cocaine, past 6 months:
No: 17/468 (3.6%)
Yes: 11/254 (4.3%) (Howe)

Ever shared both
intranasal and
oral implements w/
IDU:
No: 22/118 (18.6%)
Yes: 2/5 (40.0%)
(Tortu, 2004)

*Duration NIDU:
<10 years: 10/80 (12.5%)
>10 years: 16/50 (32.0%)
(Quaglio, study b)

Ever shared crack implements
No: 6/47 (12.8%)
Yes: 18/76 (23.7%) (Tortu,
2004)

Sharing straws or dollar bill to
sniff/snort heroin, past 6 months:
No: 24/592 (4.1%)
Yes: 4/130 (3.1%) (Howe)

Ever shared crack implements w/
IDU
No: 20/107 (18.7%)
Yes: 4/16 (25%) (Tortu, 2004)

Shared straw/dollar bill to
sniff/snort heroin w/cocaine, past
6 months:
No: 25/672 (3.7%)
Yes: 3/50 (6.0%) (Howe)

Ever shared oral implements
No: 6/47 (12.8%)
Yes: 18/76 (23.7%) (Tortu,
2004)

Ever shared intranasal
implements:
No: 5/39 (12.8%)
Yes: 19/84 (22.6%) (Tortu 2004)

Ever shared oral implements w/
IDU
No: 21/108 (19.4%)
Yes: 3/15 (20%) (Tortu, 2004)

Ever shared intranasal implements
w/IDU:
No: 19/108 (17.6%)
Yes: 5/15 (33.3%) (Tortu 2004)
Ever shared heroin implements:
No: 13/72 (18.1%)
Yes: 11/40 (27.5%) (Tortu 2004)
Ever shared heroin implements
w/IDU:
No: 18/110 (16.4%)
Yes: 6/13 (46.2%) (Tortu 2004)
Ever shared cocaine implements:
No: 6/48 (12.5%)
Yes: 18/75 (24.0%) (Tortu 2004)
Ever shared cocaine implements
w/IDU:
No: 23/115 (20.0%)
Yes: 1/8 (12.5%) (Tortu 2004)

†
Among those NIDUs with 5 years or less duration of use, 5.9% were HCV positive

†
Among those NIDUs with over 5 year duration of use, 16.1% were HCV positive

*
p<.05
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Table 3
Mean and median scores of quality items across NIDU studies in our sample

Mean Median

NIDU screening items*
1. Was one of the stated aims to study the disease in NIDU's 0.57 1
2. Is there a method for minimizing misclassification bias 0.32 0
3. Was NIDU definition and method of drug use clear? 0.75 1
Subtotal: NIDU Screening Score** 1.64 1.5

Other items*
4. Aside from any inclusion criteria, were there any demographics/characteristics of the sample for
the NIDU sample? 0.39 0
5. Did the authors control/stratify for any relevant (drug-user related) confounders/co-variates for the
NIDU sample? 0.32 0
6. Did the authors assess any possible biologic mechanisms for disease transmission attributable to
non-injection use? 0.29 0
7. Were inclusion criteria well-described? 0.93 1
8. Were exclusion criteria well-described? 0.61 1
9. Were data collected in a similar manner for all participants? 1.00 1
10. Was outcome (HCV) assessed using both antibody test and confirmatory test? 0.32 0
11. Was sample size sufficient (>=100 NIDU participants) 0.61 1
12. Were the number of subjects and percentages consistent? 1.00 1
Total quality scores*** 7.11 7

*
Each item was scored 0 or 1 (absent, present) for each report

**
Items 1-3. Total summed scores ranged from 0 to 3.

***
Items 1-12. Total summed scores ranged from 3 to 12.
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