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Do Needle Syringe Programs Reduce HIV Infection
Among Injecting Drug Users: A Comprehensive
Review of the International Evidence
ALEX WODAK AND ANNIE COONEY
St. Vincent’s Hospital, Sydney, Australia
This first international review of the evidence that needle syringe programs reduce
HIV infection among injecting drug users found that conservative interpretation of the
published data fulfills six of the nine Bradford Hill criteria (strength of association,
replication of findings, temporal sequence, biological plausibility, coherence of
evidence, and reasoning by analogy) and all six additional criteria (cost-effectiveness,
absence of negative consequences, feasibility of implementation, expansion and
coverage, unanticipated benefits, and application to special populations). The Bradford
Hill criteria are often used to evaluate public health interventions. The principal
finding of this review was that there is compelling evidence of effectiveness, safety, and
cost-effectiveness, consistent with seven previous reviews conducted by or on behalf
of U.S. government agencies. Authorities in countries affected or threatened by HIV
infection among injecting drug users should carefully consider this convincing evidence
now available for needle syringe programs with a view to establishing or expanding
needle syringe programs to scale.
Keywords Bradford Hill criteria; bridge populations; cost-effective; cost-saving;
criminal justice approach; harm reduction; HIV; public health approach; risk factor;
safe; zero tolerance

Introduction
By 2010, the global epicenter of the HIV epidemic is expected to shift from sub-Saharan
Africa, where injecting drug use has made a negligible contribution, to Asia, home to half
the world’s population and a region where injecting drug use has made a substantial contribution. Central and Eastern Europe and the countries comprising the former Soviet Union is
another region where HIV beginning among injection drug users (IDUs) has resulted in an
explosive epidemic now spreading to the general population. Injecting drug use is an important risk factor for HIV in 7 of the 10 UNAIDS regions (UNAIDS, 2002), which account for
90% of the world’s population. In many countries around the world, IDUs have contributed
to HIV epidemics out of all proportion to the size of the drug injecting population.
It did not take long after recognition in 1981 of the epidemic soon to be called “AIDS”
for public health practitioners around the world to start thinking about measures that could
control HIV. The first needle and syringe program (NSP) was established in Amsterdam,
the Netherlands, in 1981 in response to a hepatitis B outbreak among IDUs (Burns et al.
1996). Soon afterward, researchers and policymakers began to appreciate the immense
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National Commission on AIDS, 1991
Lurie and Reingold, 1993
General Accounting Office, 1993
Office of Technology Assessment of
the U.S. Congress, 1995
NIH, 1997
Satcher, D, Surgeon General, 2000
Institute of Medicine of the National
Academy of Science, 2001

Author and year

National Institutes of Health Consensus Panel
U.S. Dept of Health & Human Sciences
Institute of Medicine of the National Academy of Science

National Commission on AIDS
Centers for Disease Control and Prevention
General Accounting Office
Office of Technology Assessment of the U.S. Congress

Name of institution

Table 1
Reviews of NSPs by or on behalf of U.S. government agencies 1991–2001

1997
2001
2001

1991
1993
1994
1995

Year

Yes
Yes
Yes

Yes
Yes
Yes
Yes

Prevents
HIV?

No
No
No

No
No
No
No

Increases
IDU?
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potential threat of HIV epidemics and the centrality of injecting drug use in HIV control
for communities. In most developed countries where there were large numbers of IDUs,
NSPs were established in the 1980s and then expanded rapidly to prevent the spread of
HIV among and from drug-injecting populations.
By the beginning of the 1990s, evidence of the effectiveness and safety of NSPs in
reducing HIV spread among IDUs was already compelling and well summarized in seven
previous reviews conducted by or on behalf of U.S. government agencies (Table 1). The
failure of these reviews to influence the policymaking process in the United States has to
be considered from the perspective of an unusual national drug policy sustained over many
decades (McAllister, 2000; MacCoun and Reuter, 2001; McCoy, 2003).
Authorities, especially in developing and transitional countries, have often resisted
implementation of NSPs lest any support for effective harm reduction strategies might be
considered to undermine their entrenched commitment to global drug prohibition. This
situation still prevails today despite copious high-quality data supporting the effectiveness,
safety, and cost-effectiveness of NSPs.
In drug policy and HIV prevention, as in numerous other areas, many developing
and transitional countries still look to the United States for leadership. However, HIV
incidence and prevalence in the United States is the highest in the developed world, and
IDUs comprise at least a third of all new HIV infections (Centers for Disease Control and
Prevention, 1996). HIV/AIDS prevalence in the United States in 2003 was estimated to be
950,000 (470,000–1,600,000) or 0.6% (0.3–1.1%) (UNAIDS, 2004).
Adoption of NSPs in the United States has been late and implementation slow because
of explicit rejection of harm reduction and strong support for a zero tolerance approach
to drugs. A vociferous debate has been conducted in many countries between supporters
of a public health approach based on evidence and a criminal justice approach supposedly
based on the international drug treaties. However, even the International Narcotics Control
Board has conceded that “Article 14 of the 1988 Convention requires parties to adopt
appropriate measures aimed at eliminating or reducing illicit demand for narcotic drugs and
psychotropic substances, with a view to reducing human suffering” and noted significantly
that “The ultimate aim of the conventions is to reduce harm” (International Narcotics
Control Board, 2004). The International Narcotics Control Board also commissioned a
review of the legal status of harm reduction interventions which found that NSPs and other
harm reduction interventions, with the possible exception of pill testing, did not infringe on
the international treaties (Legal Affairs Section, United Nations International Drug Control
Programme, UNDCP, 2002).
An appraisal of the published evidence for NSPs conducted for the World Health
Organization as part of an “Evidence for Action” HIV/AIDS series (Wodak and Cooney,
2004) represents the first international review of this subject. This review encompassed
needle and syringe decontamination strategies; needle and syringe exchange; pharmacy,
vending machines, and other distribution program; needle and syringe disposal; and injecting paraphernalia legislation. This article reports only the findings of the review of evidence
regarding the effectiveness of NSPs in reducing the spread of HIV infection among IDUs.

Methodology
An extensive and systematic literature search was conducted. Evidence was evaluated
according to the Bradford Hill (1965) criteria attempting to disprove the relevant null
hypothesis. Randomized controlled trials are often regarded as the gold standard in clinical
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Table 2
Summary of results
Type of assessment
Bradford-Hill

Extended criteria

Criteria
Strength of association
Replication of findings
Specificity of association
Temporal sequence
Biological plausibility
Biological gradient
Experimental evidence
Reasoning by analogy
Coherence of evidence
Cost-effectiveness
Absence of negative consequences
Feasibility of implementation,
expansion, and coverage
Unanticipated benefits
Application to special populations

Criterion
fulfilled
Yes
Yes
No
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes

biomedical research, although there is a vigorous debate about their universal application
in diverse circumstances, especially public health interventions. No randomized controlled
trial of NSPs has been reported to date, and the only known attempt to conduct such a
trial (in Alaska) appears to have been abandoned. Conducting a randomized controlled trial
of an NSP is probably not feasible and would now be considered unethical in most parts
of the world. In cities or countries where NSPs are still illegal, conducting a randomized
controlled trial faces self-evident and insuperable problems. In cities or countries where
NSPs are now legal, randomization of subjects or locales and reducing contamination of
groups to acceptable levels would be virtually impossible.
To assess inferences of causality from epidemiological studies of association, the
noted English epidemiologist, Bradford Hill, devised (1965) a set of criteria (strength
of association, replication of findings, specificity of association, temporal sequence,
biological plausibility, biological gradient, experimental evidence, reasoning by analogy,
and coherence). The Bradford Hill criteria, now also widely used as a standard framework
to assess the strength of evidence for public health interventions, were used in this review
and extended by additional criteria (cost-effectiveness; absence of negative consequences;
feasibility of implementation, expansion, and coverage; unanticipated benefits; and
application to special populations).
Many public health practitioners, noting the strength of evidence supporting NSPs, have
struggled to understand the reluctance of NSP critics to accept this evidence. Supporters
of NSPs, arguing from a consequentialist perspective, rely heavily on empirical data while
disdaining discussion of perceived moral values of NSPs. In contrast, critics of NSPs often
show little interest in empirical data and prefer to emphasize what they regard as the moral
messages of NSPs (Buchanan et al., 2003).
There is no recognized acceptable method for deciding whether a specific null
hypothesis has been disproved and thus a specific Bradford Hill criterion has been fulfilled.
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601 IDUs at several exchange sites

Des Jarlais et al., 1996
New York City, USA;
prospective cohort study using
pooled data from three studies in
a high-prevalence area
Hurley et al., 1997
Ecological study of 81 cities
between 1988 and 1993

Health Outcomes International
(HOI), 2002
Ecological study of 778 calendar
years of data from 103 cities
worldwide

Monteroso et al., 2000
Five US cities; observational
study

Random sample of returned syringes at
the New Haven NSP

Heimer et al., 1993
New Haven, CT, USA

Results

Seroprevalence in south
HIV seroprevalence among IDU in south
Sweden compared with
Sweden maintained at ∼1% contrasted with
Scandanavian
up to 60% in other Scandanavian
subpopulations with
subpopulations
comparable drug problems
Percentage of syringes
Within 3 months of initiating syringe
containing HIV
exchange, percentage of syringes containing
serum with HIV declined by one third
HIV incidence among
Multivariate proportional-hazards analysis, not
continuing NSP users
using an NSP was associated with a hazard
compared with nonusers
ratio of 3.35 (95% CI, 1.29, 8.65) for
incident HIV compared with using an NSP

Outcome variables

Data from reports on HIV seroprevalence HIV seroprevalence among
On average HIV seroprevalence increased by
linked with details of NSP
IDU in 52 cities with NSP
5.9% per year in cities without NSPs and
implementation in 81 cities worldwide
compared with that in 29
declined by 5.8% per year in cities with
cities without NSPs
NSPs. Average annual change in
seroprevalence was 11% lower in cities with
NSPs (95% CI, –17.6 to –3.9, p = .004)
Some 2,306 street IDUs recruited from 5 HIV incidence among NSP
Participation in NSPs associated with
U.S. cities and a State Women’s prison
participants compared
substantially reduced risk of HIV
and followed
with nonparticipants
acquisition, but not statistically so
up 8 months later
Details of NSP implementation and HIV HIV seroprevalence
HIV seroprevalence in cities with NSPs
seroprevalence measurements for 67
compared in cities with
declined by a mean annual 18.6% compared
cities without NSP, 36 cities with NSP
and without NSPs
with an 8.1% increase in cities without NSPs

182 “active participants” of NSP

Respondents

Ljungberg et al., 1991
Skane province, Sweden;
observational study

Study

Table 3a
Efficacy of needle syringe programs. NSP use and HIV seroprevalence or seroconversion as outcomes: studies with positive findings
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408 treated and untreated IDU;
any vs. no NSP use,
last 6 months

1,599 treated, untreated IDU;
NSP users compared with
nonusers; mean follow-up
period 21.7 months
1,006 untreated IDU; frequent
NSP attenders compared
with nonattenders

Bruneau et al., 1997
Montreal, Canada;
prospective cohort
study
Strathdee et al., 1997
Vancouver, Canada;
observational study

Respondents

Bruneau et al., 1997
Montreal, Canada;
nested case-control
study

Study

Frequent NSP attenders more likely to be HIV
positive than nonattenders

HIV seroprevalence

HIV seroconversion

Exclusive NSP users four times more likely to
seroconvert than never-users (OR, 4.2; 95% CI,
1.5–11.5)
Nonexclusive NSP users three times more likely to
seroconvert than never-users (OR, 3.3; 95% CI,
1.6–6.7)
Consistent NSP use strongly associated with
seroconversion (OR, 10.5; 95% CI, 2.7–41.0)
Substantially increased risk of HIV seroconversion
associated with NSP use (adjusted OR, 2.2;
95% CI, 1.5–3.2)

Results

HIV seroconversion

Outcome variables

Table 3b
Efficacy of needle syringe programs. NSP use and HIV seroprevalence or seroconversion as outcomes: studies with negative findings
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Table 3c
Efficacy of needle syringe programs. NSP use and HIV seroprevalence or seroconversion
as outcomes: studies with indeterminate findings
Study
Patrick et al., 1997
Vancouver, Canada;
case-control study
Schechter et al., 1999
Vancouver, Canada;
prospective cohort
study

Respondents
281 untreated IDU;
ever-users of NSP
compared with
never-users
694 treated and
untreated IDU
followed for 15
months; frequent
attenders vs.
infrequent NSP
attenders

Outcome
variables

Results

HIV
No association
seropositivity
between ever using
an NSP and HIV
seropositivity
HIV incidence No differences in HIV
incidence between
frequent attenders
and infrequent
attenders

Interpretation in this review has been conservative. There is also no recognized acceptable
method for deciding whether sufficient Bradford Hill criteria have been fulfilled to justify the
conclusion that the intervention has been demonstrated to be effective. Again, interpretation
in this review has been conservative. The full report of this project was published by the
World Health Organization as part of their Evidence for Action series (Wodak and Cooney,
2004). The definitions used for the criteria in this review follows.
Bradford Hill Causal Criteria
Strength of Association. The strength of a supposed association between an exposure factor
and an outcome is gauged by the appropriate statistic used to measure the protective effect
of an intervention. The preferred statistic, where available, is relative risk or odds ratio
(OR) with associated confidence intervals.
Replication of Findings. Also referred to as “Consistency,” this criterion examines whether
different studies conducted in different locations by different investigators have reported
similar findings.
Specificity of Association. Specificity is said to be present when the alleged exposure factor
(or intervention) is exclusive to the outcome and when the outcome has no other known
cause or associated risk factors. This criterion is easy to explain by use of examples: Apart
from lung cancer, cigarette smoking is causally associated with numerous other serious
health consequences such as coronary artery disease, peripheral vascular disease, and
emphysema. The association between smoking and lung cancer is therefore not specific.
Car safety belts, on the other hand, reduce deaths and serious injury but have no other major
benefits or costs.
Temporal Sequence. For a cause-and-effect relationship to be supported, was the
introduction of an intervention followed by a reduction in the outcome factor? Did the

Table 4a
Efficacy of needle syringe programs. NSP use and HIV risk behavior outcomes: studies with positive findings
784

Study

Respondents

Outcome variables

Hartgers et al., 1989
Amsterdam, the Netherlands;
observational study

145 untreated IDU in
community sample.
NSP users vs. nonusers.

Syringe borrowing

Donoghoe et al., 1989
Scotland and England; prospective
cohort study, pre-post (2 months)
comparison
Kaplan et al., 1991, 1994, 1995
New Haven, USA; syringe
tracking and modeling studies

282 NSP users and non-NSP
control group

Syringe sharing

Frisher and Elliott, 1993
Glasgow, Scotland;
observational study

503 IDU community sample.
NSP users in last 6 months
vs. nonusers.

Keene et al., 1993
Wales, UK; observational study

328 mostly untreated IDU.
NSP attenders vs.
nonattenders
752 treated, untreated IDU.
NSP users vs. nonusers.

Watters et al., 1994
San Francisco, USA;
observational study

Syringe exchange rate,
syringe return rate,
syringe circulation
time
Syringe borrowing or
lending

Syringe sharing in last
year and last 4 months
Syringe sharing

Injection frequency

Results
NSP users less likely to borrow than
nonusers in previous month
(10% compared with 23%) and also in
previous 2 years (33% compared with
57%)
Significant decline in syringe sharing
among NSP users in previous month
compared with no change in control
group
The syringe exchange rate per IDU and
the return rate of program syringes
both increased, implying a decreased
mean circulation time for each syringe.
NSP attenders less likely (mean 4.5
times a month) than nonattenders
(mean 9.2 times a month) to borrow
used syringes, despite legal pharmacy
sale of syringes.
NSP attenders less likely to share
syringes in last year and last 4 months
NSP use was strong independent
predictor of not sharing syringes (OR,
0.71;
95% CI, 0.59–0.87)
Median number of injections declined
following NSP attendance, from 1.9
injections/day to 0.7 injections/day

Des Jarlais et al., 1995
New York City; multiple
cross-sectional study

1,115 IDU entering
methadone treatment

Syringe borrowing,
lending

Oliver et al., 1994
Portland, USA; prospective
pre-post NSP evaluation study
Oliver et al., 1994
Portland, USA; prospective cohort
study

115 NSP clients, pre- and
post-NSP attendance.
No comparison group
412 untreated IDU followed
for 6 months. NSP users
compared with outreach
IDU
1269 NSP clients

Syringe sharing, renting
and borrowing

Paone et al., 1994
New York City; retrospective
pre–post comparison study

Syringe borrowing

Syringe borrowing

Peak et al., 1995
Kathmandu, Nepal; multiple
cross-sectional study

586 NSP clients

Number of sharing
partners and sharing
occasions

Guydish et al., 1995
San Francisco, USA;
observational study

50 NSP clients; compared
number of months since
first used NSP

Number of sharing
partners

Quarterly level of NSP use correlated
negatively with proportion of IDU
reporting borrowing and lending of
syringes (X2 = −0.67, p < .02 and
X2 = −0.44, p < .13, respectively).
Substantial decline in sharing (20% to
7%), renting (9% to 3%) and also
borrowing of syringes
NSP users borrowed less and outreach
clients (who bleached more)

Substantial decline in borrowing used
syringes (from 29% to 12%) and in
renting or buying a used syringe (from
22% to 6%)
Median number of sharing partners
declined from 2 to 1 and median
number of sharing occasions declined
from 14 to 2 following NSP attendance
Recent NSP users had fewer sharing
partners and number of sharing partners
was negatively correlated with number
of NSP visits in past 30 days
(Continued on next page)
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Table 4a
Efficacy of needle syringe programs. NSP use and HIV risk behavior outcomes: studies with positive findings (Continued)
Study
Schoenbaum et al., 1996
New York City; prospective
cohort study
Vlahov et al., 1997
Baltimore, USA; prospective
cohort study
Singer et al., 1997
Hartford, USA; multiple
cross-sectional study
Guydish et al., 1998
San Francisco, USA;
observational study
Heimer et al., 1998
New Haven, San Francisco,
Baltimore and Chicago;
retrospective analysis of data

Gleghorn et al., 1998
Seven metropolitan centers, USA;
observational study

Respondents

Outcome variables

329 treated IDU, NSP users
compared with nonusers

Syringe sharing

221 NSP clients pre-NSP,
2 week, 6 month,
follow-ups. No
comparison group.
710 untreated IDU; pre-post
comparison

Syringe borrowing,
lending, and indirect
sharing

114 NSP clients; Compared
on basis of proportion of
syringes obtained from
NSP
Large sample of NSP
attenders; first visit data
compared with later visits

Broad sample of IDUs

Syringe reuse (a proxy
for syringe sharing)

Syringe sharing

Syringe reuse

Source of most recent
syringe
(reliable/unreliable)

Results
NSP users significantly less likely than
non-users to report syringe sharing
4 years after the NSP was introduced
Substantial declines in syringe borrowing
(22% to 8%) and syringe lending (27%
to 12%).
Respondents significantly reduced their
“reuse” of syringes following
introduction of NSP and legalisation of
pharmacy sale of syringes
Those who obtained a higher proportion
of syringes from the NSP (92% vs. 81%
were less likely to report the sharing of
syringes)
Self-reported reuse of injection equipment
declined by at least half in three of the
four cities. In the fourth city different
methods of data collection (including
syringe tracking) corroborated these
findings
IDUs were most likely to have used a
reliable source to obtain their most
recent syringe in cities with an NSP
(OR, 5.3; 95% CI, 3.3–8.5).

Bluthenthal et al., 1998
Oakland, USA;
observational study

Syringe sharing

NSP use conferred a greater than 40% protective effect
on syringe sharing adjusted (adjusted OR, 0.57;
95% CI, 0.46–0.72).

Bluthenthal et al., 2000
Oakland, USA; controlled
cohort study

1,304 untreated IDU in
community sample.
Compared NSP users
with nonusers
340 high-risk IDU. NSP
users compared with
nonusers

Syringe sharing
cessation

Cox et al., 2000
Dublin, Ireland; evaluation
study of NSP
Monterroso et al., 2000
Five U.S. cities and a State
Women’s prison;
prospective study
Power et al., 2002
Sverdlovsk Oblast, Russia;
short-term process
evaluation of three NSPs

IDU who attended the NSP;
compared data at first
visit and 3 months later
2,306 street IDUs; NSP
participants compared
with nonparticipants.
8 months follow-up
IDU attenders compared
with nonattenders
6 months after NSP
opened

Sharing of injection
paraphernalia

IDU who began using the NSP were more likely to stop
sharing than nonusers (adjusted OR, 2.68; 95% CI,
1.35–5.33),
as were IDU who continued using the NSP (adjusted
OR, 1.98; 95% CI, 1.05–3.75).
Significant reductions in borrowing and lending of
syringes

Gibson et al., in press
San Francisco; prospective
cohort study

259 IDU followed for mean HIV risk behavior
period of 10.7 months.
NSP users compared with
nonusers

Syringe reuse

Reported use of NSP was significantly associated with
not using previously used needles. (adjusted OR, 2.08;
95% CI, 1.15–3.85; p = .015)

HIV risk behaviors

NSP attenders reported less HIV risk behavior than
nonatteders. The following risk behaviors were
statistically significant at p < −.0005: only use own
syringe; only use own needle; only use own filter;
only use own drug solution; use another’s syringe for
measuring drug dose
NSP use had a substantial protective effect against HIV
risk behavior (a two-fold decreased odds of HIV risk
behavior), compared with non-use. Controlled for
baseline risk behavior and exchange use as markers of
risk-taking tendency, and other potential confounders
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Table 4b
Efficacy of needle syringe programs. NSP use and HIV risk behavior outcomes: study with
negative findings
Study
Klee et al., 1991
Northwest
England, UK;
observational
study

Respondents
217 treated, untreated
IDU; regular NSP
users compared
with rare or never
users

Outcome
variables
Syringe lending

Results
Regular use of NSP
associated with
passing of syringes

introduction of NSPs precede a reduction in needle sharing, other risk behaviors, or HIV
incidence? Conversely, in locations where NSPs were closed, did risk behavior and HIV
incidence increase subsequently?
Biological Plausibility. This criterion refers to the presence or absence of a likely biological
mechanism linking the risk exposure or intervention to the observed findings.
Biological Gradient. Evidence that increasing exposure to an intervention or risk factor
results in a commensurate positive or negative change in an outcome is indicative of a
biological gradient.
Experimental Evidence. This criterion often provides the strongest support for causation
and examines whether preventive action, in this case increased availability and utilization
of sterile injecting equipment, actually reduces needle sharing, which in turn reduces HIV
incidence and/or prevalence.
Reasoning by Analogy. Causality is supported by analogy if there are similar associations
or causal relationships in other clinical or epidemiological areas of relevance. This may
involve “apposite” studies where, say, NSP use leads to lower hepatitis C (HCV) or B virus
incidence compared with non-NSP use.
Coherence. When the evidence from different disciplines and different sources “hangs
well together,” this criterion is considered to be fulfilled. For example, lack of supportive
laboratory findings would count against coherence. Are there documented examples of HIV
incidence declining without NSPs? Does the apparently lower impact of NSPs on HCV
incidence damage the evidence for effective HIV prevention?
Additional Feasibility and Implementation Criteria
Cost-Effectiveness. Although estimated in a number of different ways, authorities pay
increasing attention these days to the magnitude of benefit achieved from allocation of
scarce public resources. Is the introduction of NSPs and other interventions cost-effective
in all parts of the world and at different stages of an HIV epidemic?
Absence of Negative Consequences. Consideration of possible inadvertent adverse
consequences is an important part of evaluating clinical and public health interventions. The
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Van Ameijden et al., 1998
Amsterdam, the Netherlands;
observational study

Van Haastrecht et al., 1996
Amsterdam, the Netherlands;
prospective cohort study

Klee et al., 1995
Northwest England, UK;
observational study

Donoghoe et al., 1992
London, UK; observational study
Hartgers et al., 1992
Amsterdam, the Netherlands;
observational study
Van Ameijden et al., 1992
Amsterdam, the Netherlands;
case-control study
Van Ameijden et al., 1994
Amsterdam, the Netherlands;
observational study

Study

Syringe borrowing

Syringe sharing

Outcome variables

NSP users and nonusers equally likely
to share used injection equipment
Regular NSP use not associated with
increased or decreased borrowing

Results

232 untreated IDU; NSP users compared Proportion of syringes No protective effect associated with
with nonusers
exchanged
proportion of syringes exchanged
at the NSP
Community sample of 616 treated,
Syringe borrowing
Bivariate negative association with
untreated IDU; NSP users compared
and lending
borrowing and lending of syringes.
with nonusers, previous year
Later multivariate analysis (1998)
adjusted for possible confounders
discounted these negative findings
Community sample of 663 treated,
HIV risk behavior
Mixed pattern of NSP use and HIV
untreated, opiate, nonopiate IDU in
risk behavior in three studies
three studies; regular NSP users
compared with rare or never users
632 treated, untreated IDU followed over Predictors of
Mortality rate of NSP attenders about
8 years; NSP users compared with
mortality among
the same as that for nonattenders
nonusers
HIV-positive and
HIV-negative IDUs
Community sample of 879 treated,
Syringe borrowing
Irregular NSP users at statistically
untreated IDU seen at 6,645 visits;
and lending
greater risk of borrowing and
NSP users compared with nonusers,
lending of syringes than regular
previous year
users or nonusers

207 untreated IDU; NSP users
compared with nonusers
131 HIV-seronegative IDU;
mostly NSP users

Respondents

Table 4c
Efficacy of needle syringe programs. NSP use and HIV risk behavior outcomes: studies with indeterminate findings
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Table 4d
Tally of studies finding positive vs. negative or null effects of syringe
exchange broken down by presence or absence of legal access to
pharmacy syringesa (Gibson and Flyun, 2001)

Legal pharmacy access?
Total

Yes
No

Positive

Negative/null

Total

5
7
12

13
0
13

18
7
25

a

Relationship between positive vs. negative or null findings and legal
pharmacy access significant by Fisher’s exact test at p < .002.

presence of unintended negative consequences has a major impact on adoption or expansion
of interventions. Fear that increased availability of sterile NSPs might exacerbate illicit drug
use has been a major factor delaying adoption and expansion of these programs.
Feasibility of Implementation, Expansion, and Coverage. Is it feasible to implement
NSPs in diverse settings, including resource-poor settings, and to expand these to a scale
commensurate with public health need?
Unanticipated Benefits. Does the introduction of NSPs lead to other unintended and
welcome benefits (such as increased referral to drug user treatment)?
Special Populations. How successful are NSPs in reaching special populations that have
been identified as particularly “at risk” (such as young IDUs) or of considerable public
health significance (such as bridge populations like homosexual male IDUs or commercial
sex workers who also inject drugs)?

Results
The published evidence for NSPs conservatively fulfills six (strength of association;
replication of findings; temporal sequence, biological plausibility, coherence of the
evidence, and argument by analogy) of the nine Bradford Hill criteria. Three criteria
(specificity of association, biological gradient, and experimental evidence) were not
satisfied. All extended criteria were satisfied (Table 2).
Effectiveness of NSPs
Strength of Association. Forty-five studies dating from 1989 to 2002 were identified with
NSP implementation as an intervention and HIV seroconversion, HIV seroprevalence, or
HIV risk behaviors among IDUs examined as outcome variables. Some studies assessed
multiple outcomes. Six of ten studies that evaluated HIV seroconversion or seropositivity
as outcomes found that NSP use was protective (Table 3a), (Ljungberg et al., 1991; Heimer
et al., 1993; Des Jarlais et al., 1996; Hurley et al., 1997; Monterroso et al., 2000; Health
Outcomes International (HOI), NDARC, and Drummond, 2002), outcomes in two studies
were negatively associated with NSP use (Table 3b), (Bruneau et al., 1997; Strathdee et al.,
1997) and two studies showed no effect (Table 3c) (Patrick et al., 1997; Schechter et al.,
1999).
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HIV risk behavior outcomes were examined in 33 studies (with some authors reporting
on more than one study or outcome). Most focused on syringe sharing, borrowing, lending,
or reuse (23 positive (Table 4a), (Donoghoe et al., 1989; Hartgers et al., 1989 Frischer and
Elliot, 1993; Keene et al., 1993; Des Jarlais et al., 1994; Oliver et al., 1994; Paone et al.,
1994; Watters et al., 1994; Guydish et al., 1995; Peak et al., 1995; Schoenbaum et al.,
1996; Singer et al., 1997; Vlahov et al., 1997; Bluthenthal et al., 1998, 2000; Gleghorn
et al., 1998; Guydish et al., 1998; Heimer et al., 1998; Monterroso et al., 2000; Cox et al.,
2000; Gibson and Flynn, 2001; Gibson et al., 2002; Power and Nozhkina, 2002) 1 negative
(Table 4b) (Klee et al., 1991), and 7 indeterminate (Table 4c) (Donoghoe et al., 1992;
Hartgers et al., 1992; van Ameijden, 1992; van Ameijden et al., 1994; Klee and Morris,
1995; van Haastrecht et al., 1996; van Ameijden and Coutinho, 1998), whereas 6 studies
examined diverse outcomes, including injection frequency (1 positive (Watters et al., 1994)),
proportion of syringes exchanged (1 indeterminate (van Ameijden et al., 1992)), syringe
return rate or exchange rate (3 positive (Kaplan, 1991; Kaplan et al., 1994; Kaplan and
Heimer, 1995)), and mortality among NSP users versus nonusers (1 indeterminate (van
Haastrecht et al., 1996)). Overall, these studies provide strong evidence to reject the null
hypothesis that attendance at NSP does not confer protection against HIV. However, it is
not possible to exclude the possibility that selection bias may account for the findings in
studies comparing IDUs who attend NSPs with those who do not.
Several authors have offered explanations for the counterintuitive finding of some
studies that HIV was more prevalent in attendees compared with nonattendees (Lurie
and Drucker, 1997; Schechter et al., 1999; Bastos and Strathdee, 2000; Coutinho, 2000;
Strathdee and Vlahov, 2001). It is well known that NSPs in many settings attract high-risk
IDUs who may therefore have a higher risk of HIV seroconversion before ever attending
the program. This self-selection factor may help explain why cities such as Montreal
and Vancouver have observed higher HIV seroconversion rates among NSP attendees
compared with nonattendees (Lowndes and Alary, 1998; Schechter et al., 1999). As pointed
out by Bastos and Strathdee (2000), evaluations of NSPs typically used dichotomous
categorizations (such as NSP attendees vs. nonattendees, frequent vs. infrequent attendees).
This simplistic approach overlooks the fact that nonattendees may have only used sterile
injecting equipment, obtaining these from sources other than NSPs. For example, in an
analysis of NSP attendees in Amsterdam, a city where sterile syringes are readily available
through pharmacies, irregular NSP attendees but not non or frequent attendees were at
highest risk of HIV seroconversion (van Ameijden and Coutinho, 1998). The authors
concluded that irregular NSP attendees had the least exposure to sterile injection equipment
and consistent prevention messages, which placed them at highest risk of infection.
Studies examining NSP effectiveness have generally relied on self-reported outcome
measures. At least one study compared self-reported risk behavior with actual program
data and concluded that self-reported risk data underestimated the protective association of
NSP attendance by 18% (Safaeian et al., 2002).
Strong as the evidence is for NSP effectiveness, these data are confounded by the
presence or absence of alternative availability of sterile injecting equipment through
pharmacies. A systematic review (Gibson et al., 2001) identified 42 published studies
evaluating NSP effectiveness. The potential confounding of pharmacy access to syringes
for these studies (Gibson and Flynn, 2001) was examined. Twenty-eight studies concluded
that NSP use had positive effects (reduced risk-behavior or seroconversion), 12 showed no
effectiveness, and 2 found negative effects. Thirteen (Table 4d) of the 14 studies with no
effect or negative effects compared clients with nonclients of NSPs. When these 13 studies
were examined carefully and an additional 12 studies that compared users with nonusers
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of NSPs were considered, all 13 studies with negative or null findings were found to have
been conducted in settings where IDUs had legal access to syringes from pharmacies as
well as NSPs. By way of contrast, in settings with NSPs but without additional legal access
to sterile injecting equipment, there were no negative or null findings. Five studies found
positive effects (reduced risk behavior and/or seroconversion) despite legal access through
NSPs and pharmacies. Nevertheless, the relationship between pharmacy access (yes/no)
and positive versus negative findings was significant (p = .002). Finally, when studies in
settings where legal pharmacy access was available were excluded, 23 of the remaining 24
studies showed positive effects for NSP use.
There is sufficient evidence to consider that the criterion of “Strength of Association”
has been fulfilled.
Replication of Findings. The above findings strongly support the effectiveness of NSPs
as interventions that reduce risk behavior such as syringe sharing among IDUs and HIV
infection. The number of studies showing protective effects far outweighs those with
ambiguous or negative effects. The preponderance of positive findings is strengthened by
their replication by different authors, at different stages of the HIV epidemic, at different
times and geographical locations, and with diverse study designs. Furthermore, in instances
where NSP use has been statistically associated with increased HIV incidence or higher risk
behaviors, convincing arguments for possible sources of confounding have been presented.
The efficacy of individual NSPs has been reported in at least 10 different countries
(Australia, Bangladesh, Brazil, Canada, England, Nepal, the Netherlands, Scotland,
Sweden, and the United States), including several resource-poor countries. In addition,
ecological studies have found strong associations between NSP implementation and lower
HIV incidence and prevalence in comparisons involving diverse countries. Most notably, the
Return on Investment study (HOI NDARC and Dummond, 2002) compared HIV prevalence
in 103 cities in 24 countries and 16 of these countries had NSPs. HIV seroprevalence was
found to have declined by a mean annual 18.6% for 36 cities with NSPs compared with an
8.1% increase in 67 cities without NSPs. Hurley et al. (1997) compared HIV seroprevalence
among IDUs in 52 cities without NSPs and 29 cities with NSPs in North America, South
America, Europe, Asia, and the South Pacific. On average, seroprevalence increased by
5.9% per year in the 52 cities without NSPs and decreased by 5.8% per year in the 29
cities with NSPs. In a systematic review, results favoring the efficacy of NSP use were
recorded from six studies with longitudinal/prospective designs, four studies with multiple
cross-sectional designs, eight observational studies, five ecological studies, and several
modeling studies (Gibson et al., 2001).
There is sufficient evidence to consider that the criterion of “Replication of Findings”
has been fulfilled.
Specificity of Association. Many studies have demonstrated multiple other health benefits of
NSPs apart from a reduction in HIV infection. These additional benefits include improved
entry to primary health care and drug user treatment, prevention of other bloodborne
viral infections, reduced proximal bacterial infection (e.g., abscess and cellulitis), and
reduced distal bacterial infection (e.g., subacute bacterial endocarditis, brain abscess).
NSPs offer a “package” of different services, including education about protection against
other bloodborne viruses and sexually acquired HIV, education about cleaning injection
equipment, and information about drug user treatment. Reductions in risk behavior and HIV
seroconversion could be the result of these other services (such as acquiring clean syringes
from pharmacies, using condoms and other safer sexual practices) rather than the needle
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and syringe exchange, distribution, or sale. Although reduced HIV infection is not the only
benefit of NSPs, the other benefits are less well documented and do not seem to be as
powerful as the impact on HIV infection. There do not appear to be any well-documented
accounts of declining HIV incidence in a population with high prevalence levels in the
absence of NSPs. Although the existence of these additional benefits is attractive from a
public health and policy perspective, the effect of NSPs does not appear to be specific to
HIV prevention.
There is sufficient evidence to consider that the criterion of “Specificity of Association”
has not been fulfilled.
Temporal Sequence. Although NSPs are not the only intervention credited with achieving
reduced risk behavior, in most settings where an NSP was introduced, a subsequent
reduction in risk behavior and, where measured, HIV seroconversion were reported. As
discussed above (see Strength of Association), in settings where NSP implementation
has been followed by increased risk behavior and/or seroconversion among actual NSP
users, the availability of pharmacy access to clean syringes has been shown to confound
study results (Gibson and Flynn, 2001). NSP clients have also been shown at baseline
in two studies to be at greater risk of HIV seroconversion than nonclients (Lowndes and
Alary, 1998; Schechter et al., 1999). It is now thought that the findings in these studies
resulted from selection bias and other factors. A unique study in Windham, Connecticut
observed “reversal” effects on risk behavior among IDUs when an NSP was closed down.
Significant increases in syringe reuse and syringe sharing occurred postclosure compared
with preclosure (Broadhead et al., 1999). Any resulting change in HIV infection rates was
not measured. These observations are consistent with the expected direction of temporal
sequence.
A number of studies measured behavior at multiple points over time, and all supported
an appropriate temporal sequence. In New York City, 584 IDUs attending NSPs were
interviewed on three occasions and HIV drug use risk-related behavior was found to
decline with the continuing use of NSPs (Paone et al., 1998). Heimer and colleagues, in
their evaluation of the New Haven needle exchange, demonstrated that the prevalence of
HIV in syringes decreased after an increase in the exchange rate (Heimer et al., 1993). In a
large multiple cross-sectional study of 1,304 untreated IDUs in Oakland, USA, needle and
syringe sharing declined over time concurrent with an increase in NSP use and distribution
of supplies (Bluthenthal et al., 1998).
Analysis of trends in HIV risk behaviors among over 5,000 IDUs in New York City from
1990 to 1997 led to the conclusion that all three injection risk behaviors studied declined
significantly (all p < .01) accompanied by a substantial increase in syringe exchange
participation. Seroprevalence among IDUs also declined from approximately 45% in 1991
to approximately 30% in 1996 (Des Jarlais et al., 2000). There do not appear to be any
published studies reporting an unexpected temporal sequence.
There is sufficient evidence to consider that the criterion of “Temporal Sequence” has
been fulfilled.
Biological Plausibility. Although the minimum quantity (infectious dose) of HIV necessary
to result in infection is not known, viable HIV has been detected in syringes stored at room
temperature for up to 4 weeks (Abdala et al., 1999). Field studies confirm that HIV can
be detected in blood-contaminated syringes for some weeks. The presence of HIV-1 RNA
in needles and syringes indicates the risk associated with sharing of needles and syringes,
and presumably also paraphernalia and wash waters by IDUs. A study of needles and
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syringes obtained from shooting galleries in Miami found that 39% of rinses from 36
needles and syringes containing visible blood had detectable amounts of HIV-1 RNA when
quantified and analyzed for the presence of antibodies for viral proteins. Antibodies to
HIV-1 polypeptides were detected in 94% of the same sample (Shapshak et al., 2000).
Earlier studies found HIV-1 in 3% of blood-contaminated needle and syringes collected
from exchange programs in Sydney (Wodak et al., 1987), 10% of needle and syringes
from shooting galleries in South Florida (Chitwood et al., 1990), 50% of used needles and
syringes obtained from shooting galleries in Miami (McCoy et al., 1995a, 1995b; Shah
et al., 1996), and in New Haven, Connecticut HIV-1 was detected in 67.5% of used “street”
syringes and in 91.7% of needles from a shooting gallery (Heimer et al., 1993).
Further evidence of a biologically plausible link between the use of shared injecting
equipment and HIV seroconversion among IDUs is provided by field studies of the
biological mechanisms of HIV transmission among IDUs. Practices such as “booting”
(a process performed after administering the drug solution with the needle still in the
vein whereby the injector draws back on the plunger of the syringe to fill the barrel with
blood and then reinjects the blood, sometimes repeating this practice several times) and
“backloading” (transferring the drug from one syringe to another by removing the plunger
from the receiving syringes) have been shown to increase the risk of HIV-1 transmission by
directly placing blood within the needle and syringe (Page et al., 1990; Samuels et al., 1991;
Inciardi et al., 1994). Chitwood et al. (1995) used logistic regression analysis that adjusted
for age, gender, and race to determine risk factors associated with HIV-1 seroconversion
among IDUs and found that sharing needles and syringes in the year before conversion
was the primary independent risk factor, much stronger than sexual factors. Other studies
have broadened the definition of sharing to shared injection paraphernalia such as cookers,
cottons, and rinse water and to the practice of “frontloading.”
IDUs with a history of diabetes have a significantly lower HIV seroprevalence rate
(9.8%) compared with nondiabetic IDUs (24.3%) (p = .03). This result highlighted that
increased access to sterile syringes and less use of contaminated equipment were important
factors contributing to lower HIV infection rates (Nelson et al., 1991).
One study investigated where IDUs obtain needles and syringes from before the
implementation of NSPs. A cross-sectional study of 741 current IDUs in Baltimore found
that most participants (85%) obtained at least some needles from street needle sellers
(Latkin and Forman, 2001). Participants who sold needles reported that it was easy to make
used needles appear to be unused, and some admitted to selling used syringes as new. The
authors concluded that street needle sellers were an important source of needles for drug
injectors, and few injectors were able to determine whether these needles were actually
sterile.
There is sufficient evidence to consider that the criterion of “Biological Plausibility”
has been fulfilled.
Biological Gradient. Heimer and associates (Heimer et al., 1993) found in their syringe
tracking study in New Haven that HIV prevalence in syringes decreased as the exchange
rate increased. Few studies have investigated a possible relationship between increased
implementation of NSPs and reduced HIV infections.
There is insufficient evidence to consider that the criterion of “Biological Gradient”
has been fulfilled.
Coherence of the Evidence. The arguments for coherence of the evidence span several
of the Bradford Hill criteria, including biological plausibility, strength of association, and
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replication. To minimize repetition, material which has already been presented is not
repeated here.
There is strong evidence that HIV can be transmitted when contaminated injection
equipment is shared and such sharing is the strongest risk factor predicting HIV
seroconversion among IDUs. Studies of IDU risk behavior in settings without NSPs show
that most engaged in needle sharing and other unsafe injecting practices. For example, in a
cross-sectional survey of active IDUs in Baltimore, Maryland, almost 50% of respondents
said their usual source for needles and syringes was street dealers and a further 4.1% said
their usual source was “friends/neighbors” or “shooting galleries” (Gleghorn et al., 1995). A
number of studies investigating the main risk factors for HIV seroconversion found syringe
borrowing to be an independent determinant, (van Ameijden et al., 1999), whereas some
studies also found that backloading and frontloading were independent predictors.
Modeling studies have demonstrated that obtaining clean needles from NSPs reduces
the circulation time of each syringe, whether for reuse by the same IDU or for sharing with
other IDUs. Evaluations of numerous NSPs in many countries have concluded that IDUs
who attend NSPs reduce their HIV risk behaviors compared with those who do not attend
and that the evidence is particularly consistent in areas where nonattendees cannot obtain
clean needles from any other sources (such as pharmacies or vending machines). Even in
areas where pharmacy and other access to sterile syringes is available, most studies show that
NSP use is significantly associated with a decline in risk behavior (Gibson and Flynn, 2001).
Evidence that a reversal to the status quo occurs after an intervention is withdrawn
adds further to the coherence of arguments for causality. The positive effects of NSPs were
observed when a needle exchange in Windham, Connecticut was closed. A significantly
higher percentage of former exchange users reported obtaining syringes from an unreliable
source and syringe sharing more than doubled, compared with preclosure (Broadhead et al.,
1999). Some large ecological studies show a clear association with NSP implementation
and declining HIV incidence and prevalence over time.
Evidence for the efficacy of NSPs in stemming the spread of HIV has been questioned
because of an apparent lack of effect for HCV. HIV entered drug injecting populations
in New York during the mid-1970s and Australia in the early 1980s, whereas prevention
measures such as NSPs only began to be established in the early 1980s. In contrast, HCV
first spread among IDUs in the 1960s and therefore had a comparatively higher baseline
prevalence by the time NSPs were instigated (Crofts et al., 1999). HCV is about an order
of magnitude more infectious by blood–blood contact than HIV (Coutinho, 1998; Crofts
et al., 1999). Despite some reported disparities, there is increasing evidence that use of
syringe exchanges have led to significant reductions in both hepatitis B and HCV (Hagan
et al., 1995).
There is sufficient evidence to consider that the criterion of “Coherence of the
Evidence” has been fulfilled.
Experimental Evidence. An appropriate experiment could theoretically be provided by a
randomized clinical trial whereby IDUs were randomly allocated to an experimental group
who would be issued with an adequate supply of sterile syringes at an exchange and a
control group who would not be provided with sterile syringes. The experiment would
need to take place in a setting isolated from potential access (by controls) to pharmacy or
vending machine syringe acquisition. Other possible confounding factors would need to be
measured and controlled for such issues as rate of incarceration, availability, accessibility,
opportunity, appropriateness, and quality of drug user treatment (especially methadone
treatment for heroin dependence); utilization of strategies to reduce sexual transmission
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(such as condoms and treatment of sexually transmitted infections); and overlap with
“bridge” populations (men who have sex with men and commercial sex workers). As
discussed already, there are strong logistical and ethical arguments against conducting such
experiments.
There is insufficient evidence to consider that the criterion of “Experimental Evidence”
has been fulfilled.
Reasoning by Analogy. The provision of sterile injecting equipment to reduce HIV infection
among IDUs has many similarities with condom provision to reduce sexual transmission
of HIV. These interventions both have high biological plausibility. Condom provision is
well accepted to have strong support from empirical evidence of effectiveness (Weaver
et al., 2005). It could be argued that both are implemented less vigorously than would
be justified by the evidence of effectiveness, safety, and cost-effectiveness. Concern has
often been expressed that condom provision might inadvertently increase unsanctioned
sexual activity such as reducing the age of initiation and increasing the frequency of sexual
activity, especially among unmarried partners. There is no convincing evidence to support
these concerns despite numerous and diligent attempts to detect these or other unintended
negative consequences (Weaver et al., 2005). Drug use and sexual activity are sensitive
issues in virtually all countries, especially when these occur among teenagers. Like NSPs,
condom provision has considerable benefits apart from reduction of HIV infection, such
as reducing the incidence of sexually transmitted infections and unwanted pregnancies.
Condom provision and NSPs are both cost-effective interventions.
There is sufficient evidence to consider that the criterion of “Reasoning by Analogy”
has been fulfilled.
Cost-Effectiveness. Many studies have demonstrated that the implementation of NSP
is cost-effective and cost-saving. In a retrospective analysis, Lurie and Dructer (1997)
estimated that the number of HIV infections that could have been prevented in the United
States had NSPs been implemented during the early stages of the HIV/AIDS epidemic
was between 4,394 (with a 15% incidence reduction due to NSPs) and 9,666 (with a
33% incidence reduction). The cost to the U.S. health care system of treating these HIV
infections was calculated at between U.S.$244 million and U.S.$538 million, respectively
(Lurie and Drucker, 1997). Furthermore, Lurie and colleagues (1998) also estimated the cost
per syringe distributed for five syringe distribution strategies (an NSP, a pharmacy-based
NSP, free pharmacy distribution of pharmacy kits, sale of such pharmacy kits to IDUs, and
sale of syringes in pharmacies). All five strategies could distribute syringes at relatively
low unit cost, with NSPs being the most expensive and syringe sales the cheapest. At an
annual seroincidence exceeding 2.1%, all strategies were estimated to be cost saving.
Others have used mathematical modeling to estimate the cost per HIV infection averted
by NSPs. Holtgrave and associates (Holtgrave et al., 1998) estimated that 100% coverage
of a previously unmet need for sterile syringes for IDUs in the United States would require
954.8 million syringes at a cost of U.S.$423 million. This would prevent 12,350 cases
of HIV, with subsequent HIV treatment costing approximately U.S.$1.3 billion. Total
societal expenditure of U.S.$277 million was estimated for NSP costs with U.S.$145.8
million for pharmacy-based sales. It was estimated that approximately one third of the cost
would comprise out-of-pocket payments by IDUs purchasing syringes from pharmacies.
This amounts to a cost saving of U.S.$34,278 per HIV-infection averted, well under the
estimated lifetime medical costs of treating an HIV-infected individual (U.S.$108,469).

Do Needle Syringe Programs Reduce HIV?

797

Using conservative estimates, it was predicted that the Hamilton NSP in Canada (Gold
et al., 1997) would prevent 24 cases of HIV infection over 5 years, thereby providing
cost savings of U.S.$1.3 million after the program expenses were taken into account. This
translates into a savings-to-cost ratio of 4:1. The cost-effectiveness of the Edmonton Streetworks NSP in Canada was estimated at C$9,500 per HIV infection delayed for 1 year (Jacobs
et al., 1999). The discounted cost per case averted was less than the cost of a case of AIDS.
A variety of HIV prevention strategies was compared for cost-effectiveness in an East
Coast city of the United States. Cost per HIV infection prevented was equal lowest for
needle exchange and counselling/education (about U.S.$4,000) (Kahn et al., 1992). The
cost per HIV infection averted for an year by a NSP in New York City was estimated to be
U.S.$2,667. This is far below the estimated cost of lifetime medical treatment for one HIVinfected individual (before protease inhibitors)—U.S.$56,000 to U.S.$80,000. Thus the net
cost savings per HIV infection averted for an NSP in New York City could be estimated
to be U.S.$53,000 to U.S.$77,000 (Kahn and Haynes Sanstad, 1997). Another analysis of
New York State–approved NSPs concluded that syringe exchange is a cost-effective and
cost-saving strategy for reducing HIV transmission (Laufer, 2001), with an estimated 87
HIV infections averted across seven programs at a total cost of US$1.8 million, resulting
in a cost-effectiveness ratio of almost U.S.$20,947 per HIV infection averted.
A cost-effectiveness study of NSPs in Svetlogorsk, Belarus evaluated a comprehensive
strategy that included NSPs, safe sex counseling, condom promotion, bleach distribution,
and referral for sexual transmitted disease services. The average cost per HIV infection
averted was estimated at only about U.S.$68 (estimated range, U.S.$54 to U.S.$100)
(Kumaranayake et al., 2004). If the cost of the associated mass-media campaign was
included, the cost per HIV infection averted rises to a range of U.S.$240 to U.S.$442, still
notably cost-effective. This is a very significant study because it confirms that the costeffectiveness of NSPs as an HIV prevention measure also applies in a resource-poor setting.
A cost-effectiveness study assessed whether prevention interventions targeted at highrisk populations have a greater effect on the number of HIV infections prevented than if
they are targeted to low-risk populations. Assuming that the program reduces risk behaviors
by a modest 10%, the study showed that one million dollars (U.S.) in annual prevention
spending over 5 years could prevent about 100 HIV infections in high-risk populations with
HIV prevalences of 10–15% (such as IDUs) (Kahn and DeCarlo, (1996). Kahn and DeCarlo
(1996) also highlight the fact that there are certain cases where a simple cost-effectiveness
analysis does not reflect the value of a program. For example, some programs benefit more
risk groups than just their audience.
A cost-effectiveness analysis applied a simplified Yale Needle Circulation Model to
four hypothetical NSPs in four U.S. cities with differing HIV prevalence and incidence
rates. Reductions in HIV incidence rates varied across cities from 17% to 70% across
the four hypothetical settings. Higher reductions were associated with more needles per
client-year and greater efficiency was associated with low cost per needle exchanged. The
estimated cost savings per HIV infection averted ranged from U.S.$12,000 to U.S.$99,000
(Kahn, 1998). Most cost-effectiveness studies have been conducted in developed countries
with far fewer conducted in resource-poor settings.
There is sufficient evidence to consider that the criterion of “Cost-Effectiveness” has
been fulfilled.
Absence of Negative Consequences. Studies have searched for and found no convincing
evidence of the following unintended complications associated with NSPs: greater injection
frequency, (Hartgers et al., 1989; Watters et al., 1994) increased illicit drug use, (Wolk et al.,
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1990; Guydish et al., 1993) a rise in syringe lending to other IDUs, (Hartgers et al., 1989;
Schechter et al., 1999) recruitment of new IDUs, (Heimer et al., 1993; Watters et al., 1994;
van Ameijden and Coutinho, 2001) social network formation (Junge et al., 2000), greater
numbers of discarded used needles (Oliver et al., 1992; Broadhead et al., 1999; Doherty
et al., 2000), less motivation to change (i.e., reduce) drug use (Bluthenthal et al., 2001),
and increased transition from noninjecting drug use to IDU (Guydish et al., 1993).
There is sufficient evidence to consider that the criterion of “Absence of Negative
Consequences” has been fulfilled.
Feasibility of Implementation, Expansion, and Coverage. The implementation of NSPs has
been shown to be successful in a variety of settings. The historical development of NSPs
in Germany has been described, concluding that establishing programs in larger cities
were easier than meeting the demand for them in smaller cities and more conservative
states. Establishing NSPs in German prisons was considered desirable but only possible
as pilot projects on a limited basis (Weber and Schneider, 1998). An ecological study
of IDUs in seven U.S. metropolitan areas demonstrated that the IDUs were more likely
to have used a reliable source for obtaining their most recent syringe in cities with an
NSP (OR, 5.3; 95% confidence interval [CI] 3.3–8.5) (Gleghorn et al., 1998). NSPs have
been successfully established in a few resource-poor settings, such as Hanoi in Vietnam
(Quan et al., 1998), Kathmandu in Nepal (Peak et al., 1995), and northern Thailand (Gray,
1995). A report on NSPs in northern Thailand mentioned cooperation from government
agencies and nongovernment agencies in addition to the local communities as key factors
for successful implementation (Gray, 1995). The Hanoi NSP gained local acceptance by
holding workshops with key community people, including the local police, using outreach
services to distribute needles and syringes rather than at established exchange sites, using
appropriate methods to collect used injection equipment, and by training and recruitment
of ex-user outreach workers (Quan et al., 1998).
Successful implementation has also been achieved in some transitional countries, such
as Svetlogorsk, Belarus (Eastern Europe) (Kumaranayake and Watts, 2000; Vickerman
and Watts, 2002) and Sverdlovsk Oblast, Russia (Power and Nozhkina, 2002). The latter
was achieved through a process of “many months of negotiation and discussion with all
relevant agencies” including the Ministry for Internal Affairs (which is responsible for
law enforcement). These processes also included educating officials at seminars at which
international research evidence of best practice was presented, a study tour to visit harm
reduction programs in Britain, and a series of training workshops for workers at the pilot
sites. It was necessary to provide an early evaluation report to satisfy politicians and health
care providers so that the project could continue. A number of international organizations
were also involved to encourage policy-makers and health practitioners to implement
harm-reduction strategies, and in particular to champion NSPs (Power and Nozhkina, 2002).
An evaluation of a Hawaiian NSP showed that the following characteristics were
required to achieve sustainable high coverage: broad-based political support; allocation
of public funds; progressive expansion and removal of counterproductive aspects; peer
educators; links to other services for drug users, especially drug user treatment; and periodic
formal evaluation (Vogt et al., 1998). It is noteworthy that implementation of NSPs in the
early stages of an HIV epidemic (when seroprevalence is still low) combined with multiple
prevention initiatives, including community outreach, have been shown to have maximum
impact (Des Jarlais et al., 1995).
Early and vigorous implementation has been demonstrated in a number of countries.
The first NSP was established in Sydney, Australia in 1986 and within a couple of years,
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a national network of programs had been implemented with a throughput of 30 million
needles and syringes in 2000 for a population of less than 20 million ( HOI, NDARC, and
Drummond, 2002). However, in many countries implementation has been delayed and the
scale has been inadequate. This is especially true in developing and transitional countries
or in countries that respond to illicit drugs with a predominantly supply control perspective
(Bastos and Strathdee, 2000).
There is sufficient evidence to consider that the criterion of ‘Feasibility of Implementation, Expansion, and Coverage’ has been fulfilled.
Unanticipated Benefits. A number of studies have demonstrated additional benefits
resulting from NSP use, apart from a reduction in injecting risk behavior and HIV infection.
At the New Haven and Seattle exchanges, increased enrollment into drug user treatment
was reported as well as higher treatment retention rates compared with nonusers of NSPs
(Heimer, 1998; Gibson, 2000; Hagan et al., 2000). An evaluation study in Baltimore found
that NSP attendance was independently associated with entry into drug user treatment for
HIV-infected IDUs (Strathdee et al., 1999). In San Francisco, Bluthenthal et al. (2001)
found that NSP clients’ attitudes and motivation to change their drug-using patterns was
positive and concluded that NSP is a possible link to drug user treatment. Gibson (2000)
found NSP use to be associated with substantially reduced injecting or cessation of injecting
compared with IDUs who had never attended an NSP. During a pilot NSP conducted in a
Swiss women’s prison for a year, accommodating up to 110 women, no injection abscesses
were observed and there were no instances of aggressive or threatening behavior among
inmates using syringes (Nelles and Harding, 1995).
There is sufficient evidence to consider that the criterion of “Unanticipated Benefits”
has been fulfilled.
Special Populations.
Prisons. A pilot intervention project was carried out in a Bern prison accommodating
up to 110 women, of whom a high (but unspecified) proportion injected drugs while
imprisoned. Sterile injection equipment was made available from a one-to-one automatic
dispenser. Before distribution of injection material, nearly half of the prisoners who injected
drugs reported sharing injecting material regularly, whereas sharing virtually ceased during
the experiment. A total of 5,335 syringes was exchanged during the project (0.2 syringes a
day per inmate) (Nelles and Harding, 1995).
Mathematical modeling has been proposed as a useful technique for estimating
HIV transmission in prisons (Dolan et al., 1998). Using conservative assumptions where
measurement of relevant variables for the model were unavailable, a relatively large number
of HIV infections were estimated to occur in prisons through sharing of injection equipment.
Importantly, these observations were made even in a country where HIV prevalence among
IDUs is low.
By December 2000, 19 prisons in three countries—Spain, Germany, and Switzerland
—had syringe exchange programs (Dolan et al., 2003). All evaluations of these programs
have been favorable and without any reported unintended negative consequences (Dolan
et al., 2003).
Young IDUs. Young IDUs have been found to be at higher risk of acquiring HIV.
Multivariate analysis in one study showed recent onset injecting to be an independent
predictor for seroconversion (Fennema et al., 1997). A study of IDUs in Rio de
Janeiro, Brazil found that younger age was the principal factor associated with high-risk
injecting behavior (Telles et al., 1997). In most countries, young people appear to be
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under-represented among IDUs attending NSPs. This may be because attendance at an
NSP amounts to a relatively public identification as an IDU.
A study that investigated an HIV prevention program for homeless young adult IDUs in
San Francisco found significant differences between IDUs who frequented a secondary NSP
intervention site and a comparison group who did not (Sears et al., 2001). The comparison
group was more at risk of sharing syringes (adjusted OR, 3.748; 95% CI, 1.406–9.988) and
reusing syringes (adjusted OR, 2.769; 95% CI, 1.120–6.847).
“Bridge” populations. Several studies have observed that women who attend NSPs and
engage in sex work typically report greater HIV risk than women non–sex workers attending
NSPs. A study comparing sex workers with non–sex workers in five U.S. cities found that
sex workers were significantly more likely to inject more frequently (p < .0005), to reuse
syringes more than twice (p < .005), to engage in backloading syringes (p < .005), and
to obtain syringes from non-NSP sources (p < .05) (Paone et al., 1999). Current sex
workers in a Vancouver study engaged in “heavier drug use,” reported a greater variety
of injection and noninjection drugs, and injected substantially more frequently than both
sexually active and nonsexually active women (Schechter et al., 1999). They also engaged
more frequently in risky injection practices, such as renting, buying, or borrowing used
syringes and using “shooting galleries,” than other women. Extensive HIV infection has
occurred among commercial sex workers in some countries before a generalized epidemic
(e.g., Thailand, Nelson et al., 1996; Ungchusak et al., 1989).
IDU men who have sex with men constitute another bridge population. A Brazilian
study that aimed to determine risk factors for HIV-1 among IDUs (n = 123) in Rio
de Janiero found that being a male who has had sex with men in the previous 5 years
was a significant independent risk factor for HIV infection. The authors concluded that
homosexual/bisexual male drug injectors may have been a bridge group through which
HIV entered drug-injecting networks in that city (Lima et al., 1994).
Successful NSP interventions have been set up either as pilot programs or ongoing
services in a number of developing countries, including three remote villages in northern
Thailand (Gray, 1995) Hanoi, Vietnam, and Dhaka and Rajshahi, Bangladesh (Jenkins
et al., 2001). Evaluation results for these studies were reported above under Strength of
Association and were further discussed under Feasibility of Implementation, Expansion,
and Coverage.
There is sufficient evidence to consider that the criterion of “Special Populations” has
been fulfilled.

Discussion
This study represents the first international review of NSPs. It is also the first systematic
review to consider the extent to which evidence for NSPs fulfills the Bradford Hill criteria.
These criteria, originally devised to assess inferences of causality drawn from observational
studies, have been used increasingly in recent years to assess intervention studies. This
review has attempted to rigorously and conservatively apply the Bradford Hill criteria
but in so doing has often encountered the problem of “double negatives” in drawing
conclusions. Accordingly, readers are encouraged to carefully review the wording of all
conclusions relating to Bradford Hill criteria. Each of these refers specifically to a null
hypothesis.
Although a wide variety of different activities and operational methods are now
subsumed by the term “needle syringe programme,” there is sufficient commonality to
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allow evaluation of this large and growing literature. Large numbers of research studies
with widely differing designs in diverse countries have been reported. An increasing number
of countries commenced NSPs and then began to expand them to scale. Although evidence
supporting the effectiveness and safety of NSPs grew, HIV has continued to spread even
more rapidly among and from IDUs than the adoption and later expansion of NSPs. Some
excellent and comprehensive reviews of the evidence for NSPs have appeared (International
Commission of AIDS, 1991; General Accounting Office, 1993; Lurie and Reingold, 1993;
Office of Technology Assessment of the U.S. Congress, 1995; Normand et al., 1995;
National Institutes of Health Consensus Panel, 1997; Satcher, 2000; Institute of Medicine
of the National Academy of Science, 2001). All have confirmed the effectiveness of NSPs
in reducing HIV spread. This conclusion was drawn with increasing confidence in more
recent reviews as more and better quality data have become available.
The overwhelming majority of studies evaluating the effectiveness and safety of NSPs
are highly supportive. But in spite of the impressive volume and quality of this supporting
evidence, some still question the efficacy and safety of NSPs. A somewhat tendentious
interpretation of a handful of negative studies from Montreal (Bruneau et al., 1997) and
Vancouver (Strathdee et al., 1997) is relied on by critics of the proposition that NSPs are
effective and safe, despite subsequent studies providing plausible alternative explanations
for these negative findings (Lurie and Drucker, 1997; Schechter et al., 1999; Bastos and
Strathdee, 2000; Coutinho, 2000; Strathdee and Vlahov, 2001). The benefits of NSPs are
much easier to demonstrate when these are the only outlets for sterile injecting equipment.
Another methodological issue is the tendency for studies to measure baseline and outcome
variables dichotomously, substantially reducing the power of these studies.
The quantity and quality of the literature on pharmacy availability of sterile injecting
equipment is not as impressive as the literature on NSPs. It is also more difficult to interpret
because of the often confounding effect of NSPs and thus not easy to estimate the specific
contribution of pharmacy availability. However, studies evaluating pharmacy availability in
the absence of NSPs make it abundantly clear that pharmacies are also effective. The paucity
of data for vending machines is even more marked than for pharmacies. However, there
is a common finding that pharmacy and vending machine outlets often attract a somewhat
different population from those attending NSPs. The attitude of pharmacists to IDUs is
critical to the success or failure of pharmacy availability of sterile injecting equipment.
There is a need to consider outlet density and type more as a system than in terms of its
component parts.
This review should be considered in the light of several limitations. The only literature
reviewed was in the English language. Most of this literature originated from developed
countries, which although peer reviewed may still be subject to one or more forms of
publication bias. The overwhelming majority of studies were quantitative, and there were
very limited qualitative data to illuminate the findings of the quantitative studies. The
literature regarding the second term of reference (NSP effectiveness) is so vast that there is
little need to also review the relevant “gray literature.” Any subsequent reviews of bleach
and decontamination, pharmacy and vending machines, disposal and injecting paraphernalia
legislation, should make greater use of gray literature. The “white literature” on these areas
is small and often less than impressive in quality.
This review was also inevitably limited by inherent deficiencies in the quality of the
existing literature. For example, much of the literature classifies IDUs as persons who either
attend or do not attend NSPs, whereas in reality this phenomenon is dimensional rather
than categorical. In addition, outcome measures are usually categorical, although again the
phenomenon is usually dimensional. For example, sharing is usually measured as either
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present or absent during a particular period rather than estimated on a continuum (Bastos
and Strathdee, 2000).

Conclusions
1. There is compelling evidence that increasing the availability, accessibility, and both
the awareness of the imperative to avoid HIV and utilization of sterile injecting
equipment by IDUs reduces HIV infection substantially.
Overall, there is convincing evidence that NSPs, assessed conservatively, fulfill
six of the nine Bradford Hill criteria and all of the five additional criteria. Measured
against any objective standards, the evidence to support the effectiveness of NSPs
in substantially reducing HIV must be regarded as overwhelming.
2. There is no convincing evidence of any major unintended negative consequences.
Specifically and after almost two decades of extensive research, there is still
no persuasive evidence that NSPs increase the initiation, duration, or frequency of
illicit drug use or drug injecting.
3. NSPs are cost-effective.
It is more difficult to generalize from studies of cost-effectiveness of NSPs
in one country to other similar countries, let alone from developed countries to
resource-poor settings. However, a number of careful studies in several developed
countries and some transitional countries have demonstrated convincingly that NSPs
are cost-effective.
4. NSPs have additional and worthwhile benefits apart from reducing HIV infection
among IDUs.
There is reasonable evidence that NSPs can increase recruitment into drug user
treatment and possibly also into primary health care.
5. NSPs on their own are not enough to control HIV infection among IDUs.
There is no evidence of a protective effect for single interventions strong enough
to guarantee HIV control, but the aggregate effect of several harm reduction
interventions appears to be generally successful in maintaining HIV control. Sterile
needle and syringe availability needs to be considered as a system and has to be
supported by a range of complementary measures if communities wish to control
HIV infection among and from IDUs.

Recommendations
1. Authorities responsible for areas threatened by or experiencing an epidemic of HIV
infection among IDUs should urgently adopt measures to increase the availability,
access, and utilization of sterile injecting equipment and expand implementation
to scale as soon as possible. As an approximation it is reasonable to assume that
providing 200 sterile needles and syringes per drug injector per year is a figure that is
achievable and likely to control HIV infection in this population. It may take several
years, starting from scratch, to reach this figure. Higher targets may be needed where
seroprevalence has already reached unacceptable levels. The precise quantity of
injecting equipment required is not known. Cocaine injectors, for example, require
more needles and syringes than heroin injectors.
2. The higher the seroprevalence of HIV among IDUs, the more HIV sexual
transmission becomes an important factor. HIV sexual transmission is more difficult
to control than HIV spread through sharing of injection equipment.
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3. Carefully evaluated pilot programs of NSPs have their place in allowing the
introduction of this invaluable protection of public health, but they also have
some risks. First, the case for NSPs is already so compelling and the international
experience so impressive that there is no longer any real justification for pilot
programs. Pilot programs may further delay the much needed expansion phase.
If the program remains frozen at the pilot phase level of implementation, then
there is a risk that the program will remain chronically underfunded with attendant
inadequate coverage.
4. NSPs are only one way of increasing the availability of sterile injection equipment,
and these exist in many forms around the world with some cities requiring
“one-for-one” exchange, others attempting to achieve high levels of exchange but
accepting less than 100%, whereas authorities in other jurisdiction provide sale
or free distribution without attempting to remove used injection equipment from
circulation. There is no evidence that any one method is notably more efficacious
or cost-effective. Many jurisdictions have found that a diversity of approaches is
optimal with some methods working best in certain locations and conditions and
other approaches better suited in other places and conditions. The paramount aim
is to reduce the circulation time of needles and syringes.
5. Attempts to increase the availability of sterile injecting equipment should be
accompanied by endeavors to increase the use of sterile injection equipment,
reduce the use and availability of unsterile injection equipment, and improve the
appropriateness of discarding of used injecting equipment. These objectives are best
met through education of IDUs where peer-based explicit campaigns have generally
been found to be highly effective.
6. However worthwhile it may be to increase the availability and use of sterile
injecting equipment with the aim of controlling HIV infection among IDUs, this
appears to be a necessary rather than a sufficient intervention. Other activities
that complement the benefits of sterile injecting equipment programs include
education of IDUs; increasing the capacity, accessibility range, appropriateness;
(“matching”), and quality of drug user treatment (especially substitution treatment);
and making available daily life resources (hot showers, a meal, a “time out”
supportive environment, etc.) and community development of drug users.
7. Pharmacy-based NSPs appear to complement community-based schemes and may
provide access to a somewhat different population of IDUs. Vending machines
increase coverage geographically and across time zones but have the disadvantage
of not providing information, counseling, or referral.
8. Special populations of IDUs are of great public health significance in HIV control,
especially bridge populations (such as IDUs who are also men who have sex
with men or male or female commercial sex workers). In most countries, a large
proportion of IDUs spend a considerable proportion of their drug-injecting careers
behind bars, whereas a large proportion of prison inmates have a history of drug
injecting. Many inmates of correctional facilities continue to inject while they are
incarcerated. The limited evidence available from evaluation of the few existing
prison NSPs suggests that their benefits are similar to community programs,
whereas there is no evidence to date that these programs are inherently unsafe or
counterproductive. On the available evidence, there is a strong case for establishing
and expanding NSPs in correctional facilities in many countries.
9. Disinfection and decontamination schemes are not supported by evidence of
effectiveness and should only be advocated as a temporary measure where there
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is implacable opposition to NSPs in certain communities or situations (e.g.,
correctional facilities).
10. This review has demonstrated significant gaps in research. The quantity and quality
of research needs to be improved in bleach and disinfection field studies, pharmacy
and vending machine evaluation, measures to reduce inappropriate disposal, and
injecting paraphernalia legislation in countries other than the United States. More
and better qualitative research would illuminate the findings of the numerous
quantitative studies. Researches should make more use of continuous measures
of baseline characteristics, interventions, and outcome variables. However, it is
important to recognize that the limited implementation of NSPs is not fundamentally
due to a lack of adequate research data. Therefore, it is unlikely that increasing the
quantity of the same kind of research as exists already is unlikely to increase
the implementation of NSPs. These findings are consistent with seven previous
reviews conducted by or on behalf of U.S. government agencies. This is the first
international review and also the first to use the Bradford Hill framework. Only
a handful of negative studies have been published, and alternative explanations
for the findings in these studies are readily available. Dichotomous measurement
at baseline and outcome of NSPs evaluation studies reduces the power of these
articles.

Glossary
Backloading: Injecting drug users use their syringes to give drugs to other drug users by
squirting measured quantities of drug solution into the back of the syringes of other
drug users after removing the plunger.
Booting: Drawing the plunger of the syringe backward and forward after the drugs have
been injected while the tip of the needle is still inserted into the vein to rinse out the
last remaining small quantities of residual drugs.
Bradford Hill Criteria: A set of criteria (strength of association, replication of findings,
specificity of association, temporal sequence, biological plausibility, biological
gradient, experimental evidence, reasoning by analogy, and coherence) devised by
the noted English epidemiologist, Bradford Hill, are used to assess inferences
of causality from epidemiological studies of association; now also widely used
as a standard framework to assess the strength of evidence for public health
interventions.
“Bridge” Populations: Populations of considerable public health significance as they
overlap other populations enabling HIV to be transmitted very quickly throughout
the general population. For example, homosexually active male injecting drug users
are a bridge between men who have sex with men and injecting drug users.
Frontloading: Same as backloading except the drug solution is inserted into the front of the
syringe after removing the needle.
Gray Literature: Produced by all levels of government, academia, business, and industry in
print and electronic formats but which is not controlled by commercial publishers and
is not peer reviewed.
HIV Epidemic: HIV is a retrovirus responsible for the frequently fatal AIDS. AIDS was
first officially recognized on June 5, 1981 and somewhat later was found to be caused
by HIV infection. HIV/AIDS is now a pandemic that has claimed the lives of over 20
million people worldwide.

Do Needle Syringe Programs Reduce HIV?

805

Street Needle Sellers: Private dealers of syringes encouraged by a market that requires
convenient, all-hour access to injecting equipment in neighborhoods where drugs are
frequently purchased.
White literature: Conventional publications by international organizations, governments,
nongovernmental organizations, peer-reviewed articles published in journals, and
academic books.
Zero Tolerance: The absence of leniency, exception, or flexibility in the enforcement of
a law, rule, or regulation, especially a law against what is deemed to be antisocial
behavior. Zero tolerance against drugs is part of this phenomenon.

RÉSUMÉ
Cette première revue internationale de l’évidence dans laquelle les programmes de seringue
d’aiguille réduisent la contamination par HIV parmi les utilisateurs de drogues d’injection a
constaté que la traditionelle interprétation des données publiées accomplit six critères parmi
neuf nommées, “Bradford Hill” (force d’association, dédoubelement de resultats, séquence
temporaire, plausibilité biologique, coherence de l’évident et raisonnement par analogie) et
tous parmi les cinq critères additionnelles (rentabilité, absence des conséquences negatives,
possibilité d’installation, expansion et couverture, avantages imprévus et application aux
populations spécifiques). Les critères de Bradford Hill sont souvent utilisées pour évaluer
les interventions de santé publique. La principale découverte de cette revue était le fait qu’il
existe l’évidence considérable de l’effectivité, la sécurité et la rentabilité conforme aux
sept revues précedentes réalisées par, ou représentées par des agences de gouvernement des
Etats-Unis. Les autorités dans les pays affectés ou menacés par la contamination du virus
du SIDA parmi les utilisateurs de drogues d’injection deveraient soigneusement examiner
cette évidence convaincante disponible, à present, pour les programmes de seringue
d’aiguille avec l’intention d’établir ou d’agrandir les programmes de seringue d’aiguille
à balance.

RESUMEN
Esta primera revisión internacional de la evidencia que el programa de agujas y jeringas
reduce el contagio del VIH entre los usuarios de drogas, se encontró que la información
publicada satisface seis de los nueve criterios de Bradford Hill (ventajas de la asociación,
resultados repetitivos, secuencia temporal, plausibilidad biológica, evidencia coherente
y razonamiento por analogı́a) y todos los cinco criterios adicionales (costos efectivos,
aucencia de concecuencias negativas, factible implementación, expansión de la cobertura;
beneficios inesperados y la applicación a una población especial). Los criterios Bradford
Hill son utilizados comunmente para evaluar las intervenciones de salud pública. Lo
que se encontró principalmente en esta revisión fue la evidencia de costos reducidos y
seguridad; comparada con las siete anteriores revisiones realizadas o conducidas por las
agencias del govierno de los Estados Unidos de América. Autoridades dentro de los paises
afectados o amenazados por la infección del VIH entre los usuarios de drogas inyectables
debe considerarse cuidadosamente las evidencias convincentes ahora disponibles para los
programas de agujas y jeringas, con una vista hacı́a el establecimiento o expansión de los
programas de agujas y jeringas a gran scala.
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