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BRIEF REPORT

Using Capture-Recapture Methods to Estimate the Population
of People Who Inject Drugs in Washington, DC

Monica S. Ruiz1 • Allison O’Rourke1 • Sean T. Allen1

� The Author(s) 2015. This article is published with open access at Springerlink.com

Abstract No current estimates exist for the size of the

population of people who inject drugs (PWID) in the

District of Columbia (DC). The WHO/UNAIDS Guidelines

on Estimating the Size of Populations Most at Risk to HIV

was used as the methodological framework to estimate the

DC PWID population. The capture phase recruited harm

reduction agency clients; the recapture phase recruited

community-based PWID. The 951 participants were pre-

dominantly Black (83.9 %), male (69.8 %), and 40? years

of age (68.2 %). Approximately 50.3 % reported injecting

drugs in the past 30 days. We estimate approximately 8829

(95 % CI 4899 and 12,759) PWID in DC. When adjusted

for possible missed sub-populations of PWID, the estimate

increases to 12,000; thus, the original estimate of ap-

proximately 9000 should be viewed in the context of the

95 % confidence interval. These evidence-based estima-

tions should be used to determine program delivery needs

and resource allocation for PWID in Washington, DC.

Keywords HIV � PWID � Population estimation �
Capture-recapture

Introduction

Since the identification of the HIV/AIDS epidemic in the

District of Columbia (DC), people who inject drugs

(PWID) have borne a disproportionate burden of infection

risk. The District has seen a 42 % reduction in new cases of

HIV among all risk groups between 2008 and 2012 [1];

injection drug use remains the third leading mode of

transmission overall and PWID are the third largest group

of people living with HIV in DC [1]. Hepatitis C infection

(HCV) is also an issue: between 2008 and 2012, 15,915

new cases of chronic HCV were diagnosed among DC

residents. In the 2010 National Health and Behavior Survey

(NHBS) report on PWID in DC, 90 % of PWID par-

ticipants indicated they were HCV positive [2].

Existing literature on the size of the PWID population in

DC incorporates the states (or portions of the states) sur-

rounding the District to create a ‘‘metropolitan area’’ esti-

mate. For example, in a 2004 article published by Friedman

et al., the population estimate for DC also included

Maryland, Virginia, and West Virginia and ranged from

5500 to 54,000 [3]. With this estimate including multiple

states and the range being so large, it is hard to determine

how much of the PWID population actually lives in the

District versus elsewhere. This limitation is problematic for

organizations serving PWID in DC because they do not

know the true size of the population they serve.

Health departments and community organizations need

accurate estimates of the size of their target population in

order to adequately allocate resources and ensure sufficient

service provision. Accurate population size estimates are

also useful for mathematical modeling of epidemic impact

of prevention efforts. Capture and recapture methods for

population estimation have been used to estimate the size

of human populations (such as PWID) that are socially

marginalized and often hard to quantify [4–6]. These

studies often base their estimates on community datasets

such as arrests, substance use treatment, or community

based service records. However, these types of source data

are often incomplete due to fringe populations’ lack of trust
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in accessing services unless they are allowed to do so

anonymously. As a result, it is difficult to find two data

sources that can be accurately matched and that represent

the entirety of the population.

At present, DC’s health department has been operating

HIV prevention programs for PWID (such as syringe ex-

change services) without an evidence-based estimate of the

population size. Implementing a population estimation

study in DC has the potential to offer considerable insights

into the efficacy and reach of syringe exchange program

coverage to PWID. We conducted a capture-recapture

study to develop an accurate estimate of the number of

PWID in DC using a combination of sources, including

data from PWID who are engaging with harm reduction

service providers as well as PWID who are not.

Methods

The capture-recapture study was conducted between March

and April 2014 in accordance with the WHO/UNAIDS

Guidelines on Estimating the Size of Populations Most at

Risk to HIV [10]. We partnered with two local harm re-

duction service providers who have been engaged in pro-

viding services to DC residents since the inception of the

DC Department of Health’s needle exchange network (DC

NEX) in 2008. Together, these two organizations ac-

counted for 98.2 % of the clean injection equipment

(needles and syringes) provided through the DC NEX in

fiscal year 2013. Both organizations provide mobile sy-

ringe exchange and one organization provides sterile sy-

ringe delivery throughout the city. Both organizations serve

clients in all eight of The District’s wards.

Two 14-day periods of data collection—the capture

phase and the recapture phase—were defined a priori. The

capture phase focused on reaching PWID presenting for

services at either of the two harm reduction organizations.

The recapture phase focused on reaching PWID in the

community who are not engaged with services. In the cap-

ture phase, recruitment of study participants occurred during

routine mobile harm reduction outreach. All individuals

presenting for services at mobile syringe exchange locations

or those requesting syringe delivery were given the oppor-

tunity to participate. In the recapture phase, community

outreach workers approached individuals in community

locations (e.g., parks, local hangouts, etc.) that were not

connected to or associated with any of the formal syringe

exchange services. Additionally, recapture participants

were recruited through secondary exchange networks,

meaning that they obtained their clean paraphernalia

through other PWID who themselves engaged with syringe

exchange providers and perform bulk distribution of clean

needles to others. By focusing our recapture recruitment on

community locations and secondary networks, we were able

to access populations of PWID who do not wish or who

cannot engage directly with formal syringe exchange

services.

During both study phases, every individual who was

approached received a verbal description of the study and

was given the chance to ask questions. If they verbally

consented to participate, they completed an anonymous

one-page survey asking questions about individuals’ de-

mographic characteristics, current substance use, and

methods of obtaining clean injection equipment. Small

tokens of appreciation (toiletries kits or new socks) were

given to each individual for their time in completing the

survey. No personally identifying information was col-

lected from participants at any time during the study.

Each token was labeled with a project logo sticker to

allow for easy identification of project participation. In-

terviewers asked participants if they had already received

one of these tokens before with the project logo sticker.

Those indicating that they had received a token were

categorized as ‘‘recounts’’, meaning that they had been

seen by a study interviewer on more than one occasion

(e.g., initially during the capture phase and again during the

recapture phase).

The study methodology was executed in accordance

with the WHO/UNAIDS Guidelines on Estimating the Size

of Populations Most at Risk to HIV [7]. The mathematical

equation used to estimate the population size and its 95 %

confidence interval are outlined in the WHO/UNAIDS

Guidelines mentioned before. In these equations, necessary

counts include the number of unique PWID identified

during the capture phase, the number of unique PWID in

the recapture phase, and the number of individuals identi-

fied during the recapture phase who were also interviewed

during the capture phase.

All completed survey data were entered into a Microsoft

Access database and a 10 % random sample was double

checked for errors. v2 analyses were completed to deter-

mine if differences existed between the capture and re-

capture period PWID on behavioral, syringe access, and

substance use measures. In cases where expected cell

counts were less than 5 for 25 % or more of the cells,

Fisher’s exact test was used. Population estimate mathe-

matical calculations were completed using Microsoft Excel

while all v2 analyses were completed using SAS 9.3.

Results

A total of 951 surveys (244 at capture, 707 at recapture)

were completed during the study. The majority of the

sample was 40 years of age or older (68.2 %), male

(69.8 %), non-Hispanic (76.1 %), African American/Black
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(83.9 %), and residents of DC (90.9 %). Fifty-three percent

of the sample reported having injected drugs in the 30 days

prior to the survey. This number was significantly different

(P\ 0.001) between the capture and recapture phase, with

73.4 % of participant indicating injection drug use in the

capture population versus 49.9 % in the recapture

population. This difference was not surprising given that

the capture phase focused recruitment at local harm re-

duction organizations while the recapture phase focused on

finding PWID out in the community. There were no other

significant demographic differences observed between the

populations sampled during the capture compared to the

recapture phase.

Residence in the DC was determined by participant re-

ported zip code or state of residence. Overall, DC has 48

residential zip codes; there were 31 unique DC zip codes

reported by participants who indicated IDU in the last

30 days. These zip codes represent all eight wards in the

District. Data pertaining to drug use behaviors of those who

indicated recent injection (overall and by study phase) and

residence in the DC are presented in Table 1. Overall,

PWID reported having initiated their drug use at young

ages, with 62.8 % reporting initiating injection drug use

behavior before the age of 20 and 20.5 % initiating be-

tween the ages of 20 and 29. A significant difference was

found in the 40 and older age of injection drug use behavior

initiation category between the capture and recapture

PWID, with significantly more PWID in the capture phase

reporting injection initiation during this time frame (5.0 vs.

1.2 %, P\ .05). When participants were asked to indicate

their injection drug of choice, heroin alone was the most

often cited drug (39.3 %), followed by an equal preference

for using either heroin or cocaine/speedball (19.0 %), and

then cocaine alone (12.6 %). However, significant differ-

ences were found in drug of choice between the capture

and recapture PWID categories for cocaine, heroin, and

only hormones/silicone. Significantly more recapture

PWID reported cocaine as their injection drug of choice

(2.9 vs. 16.6 %, P\ .05); however, significantly more

capture PWID reported use of heroin alone (45.7 vs.

36.7 %, P\ .05), or only hormones/silicone (1.4 vs. 0 %,

P\ .05) as their injection drug of choice.

When asked to indicate all the methods used to obtain

clean injection equipment in the last 30 days overall, the

DC NEX was most often reported (55.9 %) followed by

secondary exchange (25.9 %), and purchasing them from

someone else (13.6 %). Capture PWID were also sig-

nificantly more likely than recapture PWID to have ob-

tained clean syringes by buying them at a pharmacy (8.6

vs. 0.9 %, P\ .05) or getting them through other non-

NEX sources (8.6 vs. 0.9 %, P\ .05). Recapture PWID

were significantly more likely than capture PWID to have

obtained clean syringes by purchasing them from another

person (13.6 vs. 18.9 %, P\ .05). Capture PWID were

significantly more likely than recapture PWID to name the

NEX as a preferred source for clean syringes (65.0 vs.

40.5 %, P\ .05).

When participants were asked to indicate what sub-

stances they had used the last 90 days, heroin (60.7 %),

alcohol (55.2 %), and cocaine (41.4 %) were the three

most frequently reported substances overall. However,

differences in drugs used were observed for each study

phase. Compared to recapture participants, capture PWID

were significantly more likely to report using amphetami-

nes (5.6 vs. 0.6 %, P\ .05), hallucinogens (7.1 vs. 0.6 %,

P\ .05), heroin (76.4 vs. 54.1 %, P\ .05), and hormones

(3.6 vs. 0.9 %, P\ .05) while recapture PWID were sig-

nificantly more likely to report using cocaine or crack (35.0

vs. 44.1 %, P\ .05), marijuana (22.1 vs. 33.4 %,

P\ .05), or prescription drugs (7.1 vs. 18.6 %, P\ .05).

To calculate the population estimate using the WHO/

UNAIDS mathematical formula, we calculated [1] the

number of unique PWID interviewed during the capture

period, [2] the number of unique PWID interviewed during

the recapture period, and [3] the number of PWID con-

tacted at both periods. During the capture period, 244 in-

dividuals were interviewed however, only 140 (57.4 %) of

these reported injecting during the previous 30 days and

DC as their state of residence; of these, 9 individuals were

identified as being repeat participants (i.e., they had taken

the survey twice during the capture period) and were

therefore removed from the total. This resulted in a total of

131 unique PWID identified during the capture period. Of

the 707 individuals interviewed during the recapture peri-

od, 338 (47.8 %) individuals reported injecting drugs in the

previous 30 days. Of these, one survey was removed due to

missing data, leaving a final count of 337 unique PWID

identified in the recapture period. Of these 337 individuals,

5 individuals indicated that they had completed the survey

during both the capture and recapture time periods. Using

these numbers in the equation, 131 capture PWID, 337

recapture PWID, and 5 individuals seen at both time pe-

riods, we estimate that there are 8829 (95 % CI 4899 and

12,759) PWID in Washington, DC.

Discussion

Using capture-recapture methodology, we estimate that

there are approximately 9000 PWID in the DC; this num-

ber represents approximately 1.8 % of the District’s

500,908 persons aged 18 years and older [8]. A more ac-

curate estimate is important to the District’s HIV and HCV

prevention and control efforts because it provides the

Department of Health and community-based organizations

serving the PWID populations with a better idea of the true

AIDS Behav

123



size of the client-base for harm reduction services. With

better understanding of the size of the population needing

services, the city can more easily and accurately evaluate

how well the DC NEX and other harm reduction organi-

zations are reaching and serving the population.

In an effort to obtain a ‘‘wisdom of the crowd’’ per-

spective regarding this estimate, we asked our community

harm reduction service provider partners about their

thoughts regarding the accuracy of the estimate based on

their direct experience in serving the PWID community.

Table 1 Substance use

behaviors of participants

reporting injection drug use

within 30 days of survey and

DC as residence (N = 478)

All Capture Recapture

(n = 478) (n = 140) (n = 338)

Age initiated injection drug use

\20 300 (62.8 %) 80 (57.1 %) 220 (65.1 %)

20–29 98 (20.5 %) 29 (20.7 %) 69 (20.4 %)

30–39 30 (6.3 %) 13 (9.3 %) 17 (5.0 %)

40? 11 (2.3 %) 7 (5.0 %) 4 (1.2 %)a

Missing 39 (8.2 %) 11 (7.9 %) 28 (8.3 %)

Injection drug of choice

Cocaine 60 (12.6 %) 4 (2.9 %) 56 (16.6 %)a

Heroin 188 (39.3 %) 64 (45.7 %) 124 (36.7 %)a

Heroin or cocaine/speedball 91 (19.0 %) 22 (15.7 %) 69 (20.4 %)

Only hormones/silicone 2 (0.4 %) 2 (1.4 %) 0a

PCP 14 (2.9 %) 6 (4.3 %) 8 (2.4 %)

Other 84 (17.6 %) 30 (21.4 %) 54 (16.0 %)

Missing 39 (8.2 %) 12 (8.6 %) 27 (8.0 %)

Methods used to obtain clean syringes in last 30 days

NEX 267 (55.9 %) 100 (71.4 %) 167 (49.4 %)

Bought at pharmacy 15 (3.1 %) 12 (8.6 %) 3 (0.9 %)a

Bought from person 83 (17.4 %) 19 (13.6 %) 64 (18.9 %)a

Ordered online 3 (0.6 %) 3 (2.1 %) 0

Secondary exchange 124 (25.9 %) 53 (37.9 %) 71 (21.0 %)

Other 18 (3.8 %) 12 (8.6 %) 6 (1.8 %)a

Missing 126 (26.4 %) 13 (9.3 %) 113 (33.4 %)

Preferred method for obtaining clean syringes

NEX 228 (47.7 %) 91 (65.0 %) 137 (40.5 %)a

Buy at store or online 5 (1.0 %) 2 (1.4 %) 3 (0.9 %)

Friend or secondary exchange 70 (14.6 %) 17 (12.1 %) 53 (15.7 %)

NEX or friend/secondary 31 (6.5 %) 10 (7.1 %) 21 (6.2 %)

Missing 144 (30.1 %) 20 (14.3 %) 124 (36.7 %)

Drug(s) used in the last 90 days

Alcohol 264 (55.2 %) 81 (57.9 %) 183 (54.1 %)

Amphetamines 12 (2.5 %) 10 (7.1 %) 2 (0.6 %)a

Cocaine or crack 198 (41.4 %) 49 (35.0 %) 149 (44.1 %)a

Hallucinogens 11 (2.3 %) 7 (5.0 %) 4 (1.2 %)a

Heroin 290 (60.7 %) 107 (76.4 %) 183 (54.1 %)a

Hormones/silicone 8 (1.7 %) 5 (3.6 %) 3 (0.9 %)

Inhalants 2 (0.4 %) 0 2 (0.6 %)

Marijuana 144 (30.1 %) 31 (22.1 %) 113 (33.4 %)a

Prescription drugs 73 (15.3 %) 10 (7.1 %) 63 (18.6 %)a

Other 12 (2.5 %) 11 (7.9 %) 1 (0.3 %)a

Missing 32 (6.7 %) 2 (1.4 %) 30 (8.9 %)

a v2 test significant at P\ .05 between capture and recapture IDU
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One of the two organizations believed that our 8829 cal-

culation was an overestimate whereas the other organiza-

tion believed it to be an underestimate. Nonetheless, both

organizations agreed that the true estimate fell within our

95 % confidence interval.

More accurate population estimates allow for appropri-

ate budgeting of resources for the provision of necessary

services and other prevention programming. In 2012, the

World Health Organization (WHO), United Nations Office

on Drug and Crime (UNODC), and UNAIDS released a

technical guide for countries to set targets for universal

access to HIV prevention, treatment and care for injecting

drug users [9]. Among these recommendations was the

determination of adequate syringe coverage given the size

of the PWID population. According to the guidance, cov-

erage can be classified based on the mean number of sy-

ringes distributed per PWID into three categories: low (less

than 100), medium (100–200), and high (over 200). Based

on our estimations of the PWID population in the District

and the number of clean syringes distributed by the DC

NEX in fiscal year 2013 (n = 684,000), DC is currently

providing 77.5 syringes per PWID (95 % CI 139.6, 53.6),

which falls into the ‘‘low coverage’’ category. In order to

fall in the middle of the ‘‘medium coverage’’ category, the

DC NEX would need to distribute approximately 1.3 mil-

lion clean syringes (95 % CI: 735,000, 1.9 million), which

would mean doubling the current amount of syringe dis-

tribution. Achieving the goal of medium syringe coverage

has obvious implications for program planning and re-

source allocation.

Two factors were identified that may have affected the

validity of the IDU population estimate presented in this

manuscript: the use of a 30-day reporting time period for

injection behavior and the ability of this study to access the

most hidden PWID, including new/young injectors and

middle class injectors. Using a 30-day reporting period for

having engaged in injection behavior was done to minimize

recall errors. Research has shown that a shorter 30-day

window versus a longer 6-month window can result in a

15 % reduction in identified population [10]. If we apply

this to our estimate by increasing the number of PWID

identified during each phase, our estimate would increase

from about 9000 to 12,000 individuals. While this is a

substantial increase, it is still within our confidence interval

for the 30-day reporting period estimate.

Another factor that may affect the validity of our esti-

mate was the ability of this study to access the most hidden

segments of this already hard to reach population, such as

the younger or newer PWID or those from higher socioe-

conomic brackets. We attempted to include all segments of

the PWID population, not just those who engage with the

DC NEX, by recruiting individuals who obtained clean

paraphernalia through secondary exchangers and

individuals who only engaged with community outreach

workers for harm reduction supplies. While these methods

were intended to minimize missed segments of the broader

PWID population, it is possible that there are still sub-

populations of PWID who are not engaged with any harm

reduction services and, therefore, would not be seeing

secondary exchangers or community outreach workers.

There were also time and financial constraints associated

with attempting to reach these subpopulations. Further,

given that we only included in our analyses individuals who

explicitly indicated that they were DC residents, our esti-

mate does not reflect the individuals who may actually

reside in DC but who were not comfortable providing their

zip code of residence (11.5 % of the injectors surveyed in

our study) or who reside outside the District but who come

to the city for services (5 % of the injectors surveyed). Had

these uncounted and non-resident individuals been included

in the calculations, our population estimate increases to

approximately 12,000 injectors (95 % CI 7000, 16,500).

Given these limitations and considerations, we recommend

that the population estimate of approximately 9000 be

viewed in the context of being contained within the 95 %

confidence interval, which would accommodate the possi-

ble missed populations of PWID who were not accessed.

In examining the population sampled for this study,

some significant differences were identified between the

capture and recapture groups in terms of their substance

use behaviors and harm reduction practices. While heroin

was the most often reported injection drug of choice for

both groups, there were significantly more cocaine injec-

tors in our recapture group. Given that our recapture group

was from the community rather than from syringe ex-

change sites, it is possible that the sites are not adequately

reaching stimulant injectors with harm reduction services.

More efforts should be undertaken to better understand the

particular needs of stimulant injectors and how harm re-

duction providers can more successfully engage them.

With regard to harm reduction behaviors, those in the

capture group were more likely to indicate more than one

method of obtaining clean syringes in the past 30 days

compared to those in the recapture group. This finding may

indicate that those who engage with the NEX already pri-

oritize the importance of having clean injection equipment.

It may also indicate how well harm reduction service

providers in the DC NEX emphasize the importance of

clean needle and syringe use, as well as educate clients on

different options for obtaining clean equipment. Such in-

formation and education may not be available to those who

choose to not engage with the NEX.

Additionally, we found that while injectors report hav-

ing initiated injection practices at younger ages (e.g., in

their 20s), they are engaging in needle exchange services

when they are much older (e.g., in their 40s). While this

AIDS Behav

123



finding may be an artifact of simply having an older PWID

population in the District, it also points to the possibility

that young injectors in DC and adjacent areas who are at

the start of their substance use careers are not aware of the

harm reduction services that are available to them and,

therefore, are not accessing services. More research is

needed to better understand the diversity of the substance

using population in the DC area so that efforts can be made

to reach and engage younger populations with harm re-

duction information and services, including overdose

prevention.

One of the greatest strengths of this study is that we

were able to engage local harm reduction service providers

as collaborators. Their expertise and trust within the PWID

population allowed us access to a population that is often

wary of outsiders, particularly researchers. Also, we were

able to work with our community partners in a manner that

did not disrupt their normal routines for service provision

to PWID clients. This successful collaboration demon-

strates that community based organizations, even those

with little experience with research, can be active and

valuable partners as long as researchers respect their needs

and do not jeopardize or detract from their mission of

service provision. When the terms of engagement are based

in respect, the collaboration between research and practice

can be mutually beneficial.

This study provides an evidence-based estimation of the

number of PWID in DC. These data are useful in that they

provide better information for harm reduction service

providers to estimate program delivery needs. With more

accurate population estimates guiding the resource alloca-

tion and program implementation, DC’s harm reduction

providers will have greater capacity to meet the needs of

the approximately 9000 PWID at disproportionate risk for

HIV and HCV.

Acknowledgments This work is part of a larger project—DC

POINTE: Policy Impact on the Epidemic—whose main objective is to

examine the epidemic impact of policy change as a structural inter-

vention for HIV prevention for PWID in the DC. This research was

supported by a grant to Dr. Monica S. Ruiz from the National Institute

on Drug Abuse 3R01DA031649-03S1. The authors of this paper have

no conflicts of interest to declare. The study was reviewed and ap-

proved by the George Washington University Institutional Review

Board (IRB# 071315). The authors would like to express gratitude to

the following people for their assistance in conducting this research

and sharing with us their understanding of the PWID population in

DC: Cyndee Clay, Catherine Paquette, Elizabeth Saracco, and the rest

of the team at HIPS; Ron Daniels, Diane Jones, and the rest of the

team at Family and Medical Counseling Services, Inc.; and George

Kerr at START at Westminster.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://

creativecommons.org/licenses/by/4.0/), which permits unrestricted

use, distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. District of Columbia Department of Health. Annual epidemiology

and surveillance report: surveillance data through. 2012. http://doh.

dc.gov/sites/default/files/dc/sites/doh/publication/attachments/2013

%20Annual%20Report%20FINAL-2.pdf. Accessed 7 July 2014.

http://www.webcitation.org/6SygqXwCb. Archived 30 Sep 2014.

2. District of Columbia Department of Health HIV/AIDS Admin-

istration. Injection drug use: IDUs and HIV infection in DC.

2012. http://doh.dc.gov/sites/default/files/dc/sites/doh/publica

tion/attachments/IDU_Behavior_Study_2010__0.pdf. Accessed 7

July 2014. http://www.webcitation.org/6SygvlMoV. Archived 30

Sep 2014.

3. Friedman SR, Tempalski B, Cooper H, et al. Estimating numbers

of injecting drug users in metropolitan areas for structural ana-

lyses of community vulnerability and for assessing relative de-

grees of service provision for injecting drug users. J Urban

Health. 2004;81(3):377–400. doi:10.1093/jurban/jth125.

4. Xu Y, Fyfe M, Walker L, Cowen LL. Estimating the number of

injection drug users in greater Victoria, Canada using capture-

recapture methods. Harm Reduct J. 2014;11:9.

5. Mingoti SA, Caiaffa WT. Projecto AjUDE-Brasil II. A capture-

recapture technique to estimate the size of the injecting drug user

population attending syringe exchange programs: AjUDE-Brasil

II Project. Cad Saude Publica. 2006;22(4):783–9.

6. Platt L, Hickman M, Rhodes T, et al. The prevalence of injecting

drug use in a Russian city: implications for harm reduction and

coverage. Addiction. 2004;99(11):1430–8.

7. UNAIDS/WHO Working Group on HIV/AIDS/STI Surveillance.

Estimating the size of populations at risk for HIV. Co-published by

WorldHealthOrganization andUNAIDS. 2010. http://www.unaids.

org/en/media/unaids/contentassets/documents/epidemiology/2011/

2011_estimating_populations_en.pdf. Accessed 19 November

2012. http://www.webcitation.org/6SyiodJLy. Archived 30 Sep

2014.

8. United States Census Bureau. State and County Quick Facts: DC.

http://quickfacts.census.gov/qfd/states/11000.html. Accessed 6

August 2014. http://www.webcitation.org/6SyhDnToG. Archived

30 Sep 2014.

9. Joint United Nations Programme on HIV/AIDS (UNAIDS).

WHO, UNODC, UNAIDS technical guide for countries to set

targets for universal access to HIV prevention, treatment and care

for injecting drug users. 2012 Revision. http://apps.who.int/iris/

bitstream/10665/77969/1/9789241504379_eng.pdf?ua=1. Accessed

on 2 September 2014. http://www.webcitation.org/6SyhJ8muk.

Archived 30 Sep 2014.

10. ShutzCG,VlahovD,Anthony JC,GrahamNM.Comparisonof self-

reported injection frequencies for past 30 days and 6 months among

intravenous drug users. J Clin Epidemiol. 1994;47(2):191–5.

AIDS Behav

123

http://doh.dc.gov/sites/default/files/dc/sites/doh/publication/attachments/2013%20Annual%20Report%20FINAL-2.pdf
http://doh.dc.gov/sites/default/files/dc/sites/doh/publication/attachments/2013%20Annual%20Report%20FINAL-2.pdf
http://doh.dc.gov/sites/default/files/dc/sites/doh/publication/attachments/2013%20Annual%20Report%20FINAL-2.pdf
http://www.webcitation.org/6SygqXwCb
http://doh.dc.gov/sites/default/files/dc/sites/doh/publication/attachments/IDU_Behavior_Study_2010__0.pdf
http://doh.dc.gov/sites/default/files/dc/sites/doh/publication/attachments/IDU_Behavior_Study_2010__0.pdf
http://www.webcitation.org/6SygvlMoV
http://dx.doi.org/10.1093/jurban/jth125
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2011/2011_estimating_populations_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2011/2011_estimating_populations_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2011/2011_estimating_populations_en.pdf
http://www.webcitation.org/6SyiodJLy
http://quickfacts.census.gov/qfd/states/11000.html
http://www.webcitation.org/6SyhDnToG
http://apps.who.int/iris/bitstream/10665/77969/1/9789241504379_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/77969/1/9789241504379_eng.pdf?ua=1
http://www.webcitation.org/6SyhJ8muk

	Himmelfarb Health Sciences Library, The George Washington University
	Health Sciences Research Commons
	2-2016

	Using Capture-Recapture Methods to Estimate the Population of People Who Inject Drugs in Washington, DC
	Monica S. Ruiz
	Allison O'Rourke
	Sean T. Allen
	Recommended Citation


	Using Capture-Recapture Methods to Estimate the Population of People Who Inject Drugs in Washington, DC
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References


