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Abstract Iran is facing unprecedented dual drug use and
HIV epidemics. We conducted a cross-sectional survey to
obtain HIV prevalence and risk behavior data from injec-
tion drug users (IDU) in Tehran. We used respondent-dri-
ven sampling (RDS) to recruit IDU through successive
waves starting with 24 “seeds,” conducted anonymous
face-to-face interviews and HIV testing and counseling,
and used RDSAT to adjust data. During 44 weeks, 1,726
study referral coupons resulted in 645 (37 %) IDU refer-
rals, of whom 548 (85 %) were enrolled. From those
enrolled, 84 % were incarcerated, 47 % employed, 55 %
single, 27 % under 30 years of age, and 26 % homeless.
The adjusted HIV prevalence was 26.6 % (95 % confi-
dence interval 21.3-32.1), and was higher among certain
IDU subgroups (e.g., those who sharing injection para-
phernalia). Our estimates of HIV prevalence were higher
than some other estimates; however, repeated surveys
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using similar methodology are needed to monitor the trend
of HIV epidemic over time.

Keywords HIV - Iran - Injection drug use - Cross-
sectional design - Respondent-driven sampling

Introduction

The Iranian Ministry of Health and Medical Education
estimates that there are at least 125,000 individuals living
with HIV in Iran [1], the large majority of whom are
injection drug users (IDU). Traditionally, data on HIV
prevalence and incidence, risk behaviors, and the size of
the IDU population are based on drug treatment program
attendees or prisoners [2-7]. Such data usually are not
representative of the larger population of IDU [8]. In a
review of studies conducted between 1999 and 2002, HIV
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sero-prevalence ranged between 1.2 and 24 % among IDU
who were incarcerated or attending mandatory drug reha-
bilitation [9]. Outside of such settings, 23 % of 213 active
injectors in a convenience sample in Tehran in 2004 were
HIV-infected [10]. A 2003 study in the same geographic
area found that the prevalence of HIV infection was 15 %
among 170 IDU recruited at three drug treatment centers or
through outreach in neighboring areas [6]. Variation in
HIV prevalence can be due to type of setting, sampling
method, and change in HIV incidence rate among under-
lying IDU sub-populations across time.

According to the United Nations Office of Drug Control,
when all modes of substance use are included, Iran has nearly
two million individuals with substance abuse problems [11].
In 2006, the year when this study was implemented, there
were approximately 200,000 IDU in Iran [2, 12] half of
whom resided in Tehran with population of 9 million
inhabitants [13]. The most commonly injected substances
are heroin and opium derivatives. Afghanistan, the leading
producer of opium and heroin worldwide, lies on Iran’s
eastern border, across which hundreds of tons of opium-
based drugs are smuggled each year [11, 14]. Inrecent years,
aderivation of heroin in the form of white powder kerack has
been commonly used in Iran. Kerack is easier to prepare for
injection and may cause withdrawal symptoms in shorter
time intervals, meaning that kerack users tend to inject more
frequently [15]. IDU in Iran also share needles, hand-made
injecting instruments, and other drug paraphernalia in drug
shooting venues and inside prisons [10, 12, 15-17]. As a
result, the conjunction of the twin epidemics of injecting
drug use and HIV in Iran could prove devastating.

To respond to the HIV epidemic, Iran has launched
large-scale harm reduction programs promoting opioid
substitution treatment (OST), needle exchange program
(NEP), outreach, and prison-based programs since 2002
[18-20]. Also, as a result of change in drug policy, several
community-based drop-in centers (DIC) were established
as points of access for harm reduction services [18] and
obtaining clean syringes through pharmacies for drug users
was legalized [21]. Between 2006 and 2007, concurrent
with the time of data collection for this study, 16 DICs
distributed a total of 2,754,000 clean needles or syringes in
Tehran (nationally 5,826,00), constituting an annual aver-
age of 331 per client per year, and a total of 9,675 clients
received outpatient drug treatment services in Tehran
through government funded clinics [22].

One barrier to measuring the impact of the current HIV
prevention programs, monitoring the trends of the HIV
epidemic, and designing more effective prevention pro-
grams has been sampling this hard to reach population.
HIV infection, HIV-related risk behaviors, and access to
prevention programs should be studied among IDU peri-
odically [23-25]. However, obtaining representative

samples of IDU and other most at-risk populations
(MARP) in Iran is extremely challenging, given that drug
use remains illegal, drug users are socially stigmatized
[18], and conventional probability-based sampling tech-
niques that require a sampling frame are not a feasible
means [8, 26]. As a result, non-probability methods have
been the only pragmatic options for sampling MARP [8,
26-29]. In other contexts, respondent-driven sampling
(RDS) has been effectively used to sample MARP,
including IDU, sex workers, and men who have sex with
men for surveys of HIV infection and related risk factors in
numerous developing countries [25]. If implemented cor-
rectly, RDS can address many of the operational and
methodological challenges facing epidemiological surveys
of MARP [30-35].

In this paper, we present our findings from the first
survey of HIV prevalence and related risk behaviors using
RDS among IDU in Tehran. We assess whether RDS was
an effective method for recruiting a diverse sample of IDU
outside treatment centers, correctional institutions, and
social venues. We provide estimates of key demographic
characteristics of IDU and the serological prevalence of
HIV infection in Tehran.

Methods
Research Setting

The study was conducted between August 2006 and July
2007 in metropolitan Tehran, the capital, economic center,
and largest city of Iran. Tehran has approximately 8 million
inhabitants [13], is ethnically diverse, and young—nearly
half of the population are under 30 years of age. An esti-
mated 100,000 IDU lived in Tehran in that year [12] and
are most commonly found in Tehran’s older neighborhoods
in the southern, eastern, and central areas of the city [2, 12].
In 2005, we conducted a preliminary study showing that
methodological requirements for using RDS in Tehran to
study IDU were achievable [15].

Recruitment Sites

We recruited subjects at the Imam Khomeini Medical
Center, the largest public general hospital in Tehran, a
Tehran University of Medical Sciences (TUMS) affiliate,
and a national tertiary care referral center. Our main
research site was at the Iranian Research Center for HIV/
AIDS (IRCHA), which was in close proximity to an HIV
testing and counseling center and the infectious disease
ward of the hospital, which serves as the national reference
center for HIV/AIDS.
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Fourteen weeks after the initial recruitment period, we
added three additional recruitment sites in three commu-
nity-based organization drop-in-centers. These centers
provide social support (i.e., a place for socialization, warm
meals, and tea) and basic prevention and treatment services
to IDU, including methadone maintenance treatment, drug
detoxification, HIV counseling (with referral for testing),
distribution of free condoms and clean needles, basic
medical care (with referral to specialists), and wound care.
The centers were located in three geographically disparate
parts of the city. All served 150-300 men, women, IDU,
and non-injecting drug users daily.

Study Subjects

The target population was active adult IDU in greater
Tehran. We defined eligible participants as persons who
self-reported injecting any illicit drugs within the prior
30 days, were at least 18 years old at the time of the
interview, presented a study referral card (or coupon) at the
time of enrollment, reported receiving their coupons in
greater Tehran, and provided verbal informed consent for
both serological tests and behavioral components of the
survey. We excluded individuals who had no signs of
injection (e.g., track marks, scars) in visible areas of the
body and did not report injecting in genital areas, failed to
accurately describe the process of preparing their drug of
choice for injection, or were not able to provide informed
consent due to mental disorientation or being under the
influence of drugs.

Subject Recruitment Procedure

The study participants were sampled using RDS. The
methods of RDS have been described in detail elsewhere
[36, 37]. We identified seeds through outreach in IDU
communities and by recruiting IDU who were attending
IRCHA or seeking referrals from the drop-in centers. The
study was conducted anonymously. Eligible seeds were
enrolled into the study after providing verbal informed
consent for both the serological and behavioral components
of the survey. The seeds received an initial monetary
incentive of 500 Toomans (approximately $0.53), a
hygienic package (clean syringes, condoms, cotton, medi-
cal alcohol, educational brochure, and the addresses of HIV
testing and counseling centers), a laboratory test results
card, three study referral coupons, and instructions on how
they should use the coupons to refer other IDU to our
study. Each coupon had the project name, location, contact
information, expiration date (30 days after the issuance
date), and a unique ID code that was used to link recruits
and recruiters. For each eligible participant who completed
the survey, the recruiter would receive a secondary

@ Springer

incentive of 1,000 Toomans (approximately $1.07). The
incentive was disbursed based on the presentation of their
study ID number, which was linked by code to the three
referral coupons. We used coupon-management software to
keep track of who recruited whom, as needed for statistical
adjustments in the RDSAT analysis software [38].

During the initial phase of the survey (the first
14 weeks) we recruited 14 seeds at the IRCHA site, but
they referred only five eligible subjects. During week 15,
we increased the amount of the primary incentive to 2,000
Tooman (approximately $2.14), expanded interviewing to
the three drop-in centers, and recruited 10 new seeds from
those centers.

Referred participants (recruits) were asked to recruit
other members of their networks using the same system of
coupons and incentives. Given that participation was
anonymous, we used several methods to limit repeat par-
ticipation. First, once a participant was referred to the
recruitment site, we checked the validity of his or her
coupon, date of birth, and used a series of questions to
create a 12-digit code composed of four characters (initials
of the first name, last name, mother’s maiden name, and the
city of birth. We also collected a series of biological
measures including length of the right arm, height, weight,
and circumference of the left wrist, hair color, and presence
of body tattooing. We stored these data in a searchable
database that enabled us to screen potential repeat partic-
ipants. Additionally, we used one staff member to conduct
the initial screenings for the majority of the participants, so
that she would be able to spot repeat participants.

Data Collection Tool

The behavioral survey was conducted face-to-face using
four interviewers (three men, all of whom were ex-IDU and
two of whom were HIV-infected, and one woman, who was
a social worker serving female sex workers and drug
users). All staff members and interviewers received
intensive training about the basic concepts of the study,
neutral and non-judgmental techniques to increase validity
of answers, methods to build appropriate interpersonal
relationships, and ethical codes with emphasis on ano-
nymity and confidentiality of the participants’ information.
Our questionnaire was modeled on two pre-existing ques-
tionnaires: the IDU module of the Family Health Interna-
tional Behavioral Surveillance Survey [39] and a
previously used local survey implemented among IDU at
drug treatment facilities by Zamani et al. [6]. Survey topics
included: demographic characteristics, network informa-
tion, drug use, needle and equipment sharing behaviors,
detention history, sexual history, sexually transmitted dis-
ease history, condom use, use and assessment of HIV and
substance use services, experiences of stigma and



AIDS Behav (2015) 19:440-449

443

0 o ® 0000 doo@doao

Fig. 1 Chain of recruitment in injection drug users participated in our
respondent-driven sampling survey in Tehran, Iran 2006-2007 (total
n including seeds = 570). Shape of nodes represents the recruitment
role of IDU (square seed, circle recruited). Size of shapes reflects

discrimination, and HIV/AIDS knowledge, attitudes,

beliefs and practices.
HIV Counseling and Testing

A counselor/phlebotomist conducted a 10-min HIV pre-test
counseling session and drew 8 ml of venous blood. Sero-
logical screening was done for HIV by EIA (Anti-HIV
Tetra ELISA, Biotest, Germany) per the manufacturer’s
directions. HIV results were confirmed by Western blot
(MP Diagnostics, Geno labs Diagnostics, Germany &
Singapore). After HIV testing, trained physicians disclosed
results and provided counseling. Subjects were offered
multiple opportunities to obtain their test results. Persons
who tested HIV positive and returned to receive their test
results were referred to HIV care services at Imam
Khomeini Medical Center for further follow-up.

Data Management and Analysis

Our initial calculated sample size was 762 based on
detecting HIV prevalence of 10 % among IDU in Tehran,
considering a design effect of 2.0, a two-sided alpha of
0.05, and a 3 % margin of error. We entered data into a

self-reported network size. Arrow represents the recruitment pattern.
Color represents HIV sero-status (Red HIV positive, Green HIV
negative, Yellow indeterminate) (Color figure online)

Microsoft Access database and crosschecked for validity.
We exported the data into the RDSAT software version 5.6
for univariate analysis to calculate adjusted point preva-
lence estimates with 95 % confidence intervals. We used
the “enhanced data smoothing” option and set the boot-
strapping re-sampling to 15,000. We imputed the median
network size for five participants whose data were missing
based on their demographic variables, and excluded all
seeds from final data analysis.

Results

From 24 total seeds, nine (37.5 %) referred at least one
eligible IDU. The maximum referral wave generated by a
seed was 34. Over the course of the 44 weeks of fieldwork,
we distributed a total of 1,726 coupons, from which 645
(37 %) individuals volunteered to participate in our study.
From these 645 participants, 97 became ineligible, most of
whom (90 %) were non-injecting drug users and the rest
did not have study referral coupons. In the end, 548 (85 %)
non-duplicated subjects met the eligibility criteria and were
consented and enrolled. Figure 1 demonstrates recruitment
pattern by HIV sero-status. While 14 seeds did not recruit
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Table 1 Demographic characteristics of injection drug users participating in a respondent-driven sampling survey, Tehran, Iran, 2006-2007

Characteristics Seeds Recruit® Recruitment Equilibrium Population® 95 % CI°
N=24 frequency proportion (%)° proportion (%)° proportion (%)
Gender
Male 22 541 99.6 99.6 99.8 99.4 100.0
Female 2 2 0.4 04 0.2 0.0 0.6
Age group, years
<30 1 135 24.9 25.5 27.2 22.1 318
30-39 13 225 414 41.9 38.9 344 454
40-49 9 128 23.6 23.1 23.2 17.6  28.5
>50 1 55 10.1 9.6 10.7 70 141
Country of birth
Iran 24 542 99.8 99.6 99.9 99.9 100.0
Others 0 1 0.2 04 0.1 0.0 0.1
Ethnicity
Fars 12 195 35.9 36.0 33.0 27.6 385
Turk 9 185 34.1 33.9 34.6 29.2 403
Kurd 2 76 14.0 14.0 133 100 17.1
Luor 0 43 7.9 7.9 8.1 52 109
Gilaki+-Mazani 1 36 6.6 6.8 104 57 16.1
Arab-+other 0 8 1.5 1.4 0.6 0.1 1.1
Region of residence in
Tehran'
Northwest 3 23 49 5.0 5.4 2.6 7.6
Northeast 5 24 5.1 5.2 4.6 2.5 7.6
Southwest 6 160 34.0 34.7 334 269 418
South 8 202 429 42.6 44.6 36.8 51.8
Southeast 1 62 13.2 12.5 11.9 8.0 16.1
Employed
Yes 12 270 49.7 50.0 46.9 41.1 532
No 12 273 50.3 50.0 53.1 46.8 589
Educational status
None 1 36 6.6 6.6 5.7 3.8 8.3
Primary or some 5 106 19.5 19.3 20.8 15.7 259
schooling
Middle school 12 221 40.7 40.7 37.2 322 429
High school 6 147 27.1 27.3 299 244 354
College+ 0 33 6.1 6.2 6.4 3.5 9.5
Slept over night past
12 months
Home 15 223 41.1 40.7 41.5 364 484
Motel/workplace 1 65 12.0 12.2 12.7 87 16.2
Street/park/shelter 6 139 25.6 25.8 26.5 21.8 319
Prison 2 69 12.7 12.8 12.6 9.1 157
NA camp 0 39 7.2 7.0 5.7 32 8.2
Hospital4-other 0 8 1.5 1.4 0.9 0.2 1.7
Marital status
Single, never married 10 251 46.2 46.3 45.4 39.8 515
Currently married 3 48 8.8 8.8 8.4 5.1 122
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Table 1 continued
Characteristics Seeds Recruit® Recruitment Equilibrium Population® 95 % CI°
N=24 frequency proportion (%)° proportion (%)° proportion (%)
Divorced/separated/ 11 244 44.9 44.9 46.1 403 51.8

widowed

* Recruitment frequency reflects number of IDU recruited un each category. Total number of IDU included in analysis is 548 unless otherwise

due to missing data

® Recruitment proportion reflects the unadjusted distribution of recruited sample, excluding seeds or those whose network coding is missing

¢ Equilibrium proportion reflects the distribution of sample when it reached equilibrium

4 Population proportion reflects adjusted estimated proportion

e

f The information was missing for one seed

any new participants, a large portion of IDU were recruited
by three initial seeds. Cross HIV status recruitment (HIV
positive IDU recruiting HIV negative IDU and visa versa)
was common. Our sample reached equilibrium on multiple
demographic characteristics; that is, the composition of the
sample stabilized on certain key variables including age,
education, and employment. Our sample was predomi-
nantly male (99.8 %) and ranged in age from 20 to
60 years, with a quarter of the sample being less than
30 years of age (Table 1). Forty-five percent had never
been married, and 47 % reported being employed at the
time of interview. Two female seeds did not recruit any
other participants, and only two female IDU were referred
to our study and completed survey.

Of 544 IDU with known HIV results, 127 (23.3 %) were
infected. The RDSAT-adjusted HIV sero-prevalence was
26.6 % (21.3-32.1 %). HIV prevalence was higher among
participants from south-central region of Tehran (33 %),
the illiterate (61 %), and those from the Fars ethnic group
(60 %) (Table 2). Prevalence among those who had ever
been incarcerated (27 %) was similar to those who had not
(25 %). Prevalence was also higher among those who
reported that they had been tattooed using shared equip-
ment (42 %) and, in the subsample that had injected in the
prior month, those who reported that they “always or most
of the time” shared drug paraphernalia (25 %) (Table 3).
IDU who reported certain sexual risk behaviors including
“ever visiting a sex worker,” “exchanging sex for money
or drugs,” “having had sex with other men,” and “had
multiple lifetime sexual partners” had HIV infection rates
similar to those without these behaviors.

Discussion

We found that 26.6 % of IDU in Tehran were HIV infec-
ted. This was the first survey to use RDS to study IDU in
Iran, and it has recruited the largest sample of IDU reported
in Iran in 2006. We have demonstrated that RDS is a

95 % CI reflects the confidence interval of the estimated population proportion

feasible and effective tool to sample IDU in Iran if
incentive amounts are carefully set, a trusted community-
based organization is involved and—in a large city like
Tehran—recruitment sites are decentralized.

Our study population differed somewhat from those in
two studies conducted by Zamani et al. [6, 10], which used
convenience and venue-based samples. After adjustment,
our RDS sample had fewer IDU less than 30 years of age
(27 vs. 49 % in 2003 and 36 % in 2004), was more eth-
nically heterogeneous (only 33 % were Fars in our study as
compared with 60-63 %), was less likely to be unem-
ployed, and was less illiterate. Furthermore, our sample,
which theoretically is representative of IDU in Tehran,
found significantly higher HIV prevalence (15.2 %) than
Zamani’s 2003 convenience sample from drug treatment
centers and slightly higher prevalence (24 %) than his 2004
venue-based sample. This finding contradicts the expecta-
tion that we had when we started the study that a com-
munity-based sample would have a lower prevalence
because of its ability to reach out to a more diverse sample
of IDU.

In Table 4, we compared characteristics of participants
in our study with two other HIV bio-behavioral surveys
that were also conducted among IDU in Tehran during
2006-2007: (1) Rahimi-Movaghar et al. who sampled
from five communities and five clinics [4], and (2)
Kheirandish et al. who sampled from mandatory drug
rehabilitation center [7, 40]. We observed overall simi-
larities in characteristics of IDU who participated in these
three studies with respect to age, sex, education, being
resident of Tehran, and history of incarceration. However,
HIV prevalence of our study was very close to estimates
from Kheirandish (24 %) [7] but significantly higher than
Rahimi-Movaghar (10.5 %) [4]. One explanation for this
finding can be that both our study and Kheirandish’s
study reached sub-populations of IDU with higher risk
behaviors and less access to harm reduction services
compared to those who participated in Rahimi-Movag-
har’s 2010 study.
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Table 2 Adjusted HIV prevalence and 95 % confidence interval (CI)
by selected demographic characteristics, injection drug users partic-
ipating in a respondent-driven sampling survey, Tehran, Iran,
2006-2007

Table 3 Adjusted HIV prevalence and 95 % confidence interval (CI)
by related sexual and injecting risk behavior variable, injecting drug
users participating in respondent-driven sampling survey in Tehran,
Iran 2006-2007

Risk Behavior N Adjusted HIV. 95 % CI
prevalence (%)

Characteristic N Adjusted HIV 95 % CI
prevalence (%)
Region
Northwest 26 178 0.0 26.7
North east 22 134 39 299
Southwest 151  20.0 10.7 28.5
South-central 200 334 27.0 46.2
Southeast 72 234 8.7 37.6
Age group
<30 105  26.6 18.3 35.1
30-39 229 338 25.6 447
40-49 153 174 109 299
>50 56 30.1 10.9 45.1
Education level
None 44 609 40.8 78.9
Primary 107 35.0 20.6 49.8
Middle school 207 225 16.3 294
High school 143 232 142 337
University 42 102 23 232
Spent the night the most past
12 months
Home 246 284 20.5 39.7
Motel/workplace 71 15.6 7.6 25.6
Street/pak/shelter 141 289 184 374
Prison 51 246 11.7 36.1
Narcotic anonymous camp 28 298 7.5 50.0
Hospital4-other 6 452 0.0 86.2
Ethnicity
Fars 195 765 55.1 96.3
Turk 198 238 16.6 33.0
Kurd 75 238 124 444
Lour 38 342 149 528
Arab+other 7247 0.0 764
Gilaki+Mazani 30 28.6 50 526
Ever incarcerated
Yes 445  27.1 21.8 33.8
No 90 249 144 358
Number of times imprisoned
0 90 244 13.7 345
12 160 245 169 35.6
3-5 148  22.1 11.7 335
6-10 92 303 17.5 535
>10 45 436 234 60.2
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Ever had sex

Yes 451 243 19.1 30.5

No 88 38.8 249 533
Number of life time sexual

partner(s)

0 87 384 273 557

1 178 247 15.8 355

2-3 174 255 17.1 343

>3 92 21.0 9.1 33.0
Ever visited sex worker

Yes 220 25.0 17.7 332

No 319 28.1 212 359
Exchanged sex for money or

drug

Yes 51 134 43 245

No 488 28.1 22.8 34.1
Ever had sex with another man

(male)

Yes 41 31.8 145 497

No 498 26.6 21.3 327
Ever tattooed using shared

equipment

Yes 184 420 314 524

No 351 17.8 135 233
Ever shared syringe to inject

Yes 190 324 237 412

No 345 237 17.6 31.0
Ever shared drug paraphernalia

Yes 318 224 17.1 28.7

No 217 337 24.0 439
Shared drug paraphernalia last

month

Always or most of the time 164 24.7 21.7 403

Never or rarely 25 144 0.3 19.0
Ever used a syringe already

filled

Yes 84 253 129 369

No 449 273 21.7 337
Shared needle last month

Yes 61 414 256 534

No 29 46.7 18.7 62.5

Chose unsafe injection when
clean needle was not

available
Yes 199 27.8 22.6 425
No 120 274 19.7 418
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Table 4 Comparison between three HIV bio-behavioral surveys conducted among injection drug users in Tehran, Iran, 2006-2007

Author and Current study Kheirandish [7, 40] Rahimi-Movaghar [4]

year

HIV 26.6 % (95 % CI 21.3-32.1) 24.4 % (95 % CI 20.5-28.6) 10.7 % (95 % CI 8.5-12.5)
Prevalence

IDU Injection within last month Recently detained IDU with Self-report of Injection within past two months
population physical mark of injection and

urine test (4)

Sampling Respondent-driven sampling Convenience (mandatory drug  Ethnographic observation & snowballing (five
method and (four geographically dispersed rehabilitation center) communities) & convenience sampling (three drug
setting recruitment sites) treatment centers & two DICs)

Sample size 548 417 904 (448 community, 451 centers)

Biological test ELISA confirmed by Western ELISA confirmed by Western ~ ELISA confirmed by Western blot

blot blot

Age mean 36.5 (£9.2) 33.7 (£10.2) 33.9 (£9.45)

(SD) and Range: 20-70 Range: 17-70 Range: 16-65
Range

Sex (% male) 99.4 % 100 % 96 %

Marital status
Married 8.4 % (currently) 39.5 % 29.1 %

Single 45.4 % (never married) 38.0 % 70.9 %

Divorced 46.1 % 21.7 %

Widowed 0.7 %

Residence of 94.3 % 83.8 % -
Tehran

Education
No school 5.7 % 6.8 % 53.4 % (<grade 8)

Primary/ 20.8 % 74.3 %

some

school
Middle 372 %

school
High school 299 % 18.9 % (=high school) 46.6 %
College 6.4 %

Employed 46.9 % N/A 36.0 %

History of 85.0 % 753 % 90.9 %
Incarceration

Homelessness  39.2 % N/A 38.8 %

N/A not available

We found that a history of tattooing with shared
equipment and recent (last month) history of sharing
drug paraphernalia were associated to a higher HIV
prevalence among IDU. However, many other well-
known behavioral risk factors (visiting sex workers,
exchanging sex for money, lifetime of sharing syringes
or needles for injection) were not associated with higher
HIV prevalence among IDU, possibly owing to sample
size constraints.

Our study had similar limitations noted in other studies
that have used RDS. Some IDU subpopulations may have
been underrepresented because they either did not have
strong social ties with other IDU or were reluctant to
participate. Although there is some evidence that 5 % of

IDU in Iran are female, and despite expenditures of extra
effort to recruit women, only two female IDU were referred
to our study. Additionally, our formative study indicated
that we should have found Afghan IDU in Tehran, but none
appeared in our sample. More qualitative research is nee-
ded to explore the barriers to participations of IDU sub-
populations that we did not reach and understand whether
or not these populations are actually networked, tease out if
the behavior is considered too stigmatized to use RDS in
this context, and identify alternative sampling methods to
access them. Another limitation of our study is the lack of
sufficient statistical power to measure the prevalence of
some variables with greater precision. This is most evident
among women.
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It took 44 weeks to recruit 548 eligible IDU (average 12
IDU/week). There are several explanations for this slow
recruitment. First, we started the recruitment process uti-
lizing only a single site in the central part of Tehran to
ensure good access for all potential participants. Tehran is
considered a megacity with heavy street traffic during
daytime hours, causing long travel times from the city’s
perimeter to the center. Second, the monetary incentive
initially designated for participation was not sufficient to
cover the cost of round trip transportation for all partici-
pants. To respond to these issues, we recruited 10 new
seeds, doubled the amount of initial and secondary incen-
tives, and launched three new and geographically scattered
recruitment sites 14 weeks after the initial recruitment.
Although these changes significantly increased the pace of
the recruitment process, recruitment slowed down again
almost 10 weeks after these changes (Week 25) due to
antidrug police activists with active checkpoints in main
streets and intersections throughout the city.

Nonetheless, we were able to recruit a large sample; the
number of participants in our study was the second largest
among 65 RDS-based surveys of IDU worldwide in 2006
[30]. Calculating an accurate sample size for RDS-based
surveys has remained a challenge, but it is important to
note that we inflated our calculated sample size twofold,
taking into account a design effect of 2.0 [41]. Among 91
RDS-based surveys that were conducted among MARPs in
developing countries, only 34 (38 %) had used a design
effect of >1.5 in the sample size calculation [30].

This was the first implementation of the RDS method in
the context of IDU in Iran in which we were able to
demonstrate the feasibility of RDS in 2006. Our study
contributed to the adoption of RDS methods to conduct
several other HIV bio-behavioral surveys among MARPs
in Iran. In order to incorporate RDS in Iran’s national HIV
surveillance program, more data must be gathered on the
cost, time, and human resource needs associated with the
use of RDS and its operational advantages compared to
other methods. Our community-based sample reported the
highest level of HIV prevalence among male IDU in
Tehran. More research is necessary to verify our observed
figures as well as to study HIV prevalence and risk
behaviors among Iranian women and ethnic subgroups.
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