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Abstract

Introduction

This paper presents the results of a study with a
two-occasion capture-recapture design. The data are part of the AjUDE-Brasil II Project, carried out in 2000-2001. Estimation of the size of
the IDU population attending a syringe-exchange program (SEP) in São José do Rio Preto,
Salvador, and Porto Alegre, Brazil, was performed using Chao’s model. Capture probabilities were also estimated. For Porto Alegre a comparison of the results from the AjUDE-Brasil I
and AjUDE-Brasil II Projects was performed.
Results are also presented for error rates secondary to the choice of matching criteria.

Estimation of population size using capture-recapture methods 1,2 has been an issue in many
studies over the years. Although these models
are frequently used to estimate the size of animal populations, more recently they have become popular in other areas such as epidemiology and social sciences 3,4. Interesting studies include McKeganey et al. 5 and Mastro et al. 6,
where capture and recapture methods were
used to estimate the number of HIV-infected
drug users in Bangkok, Thailand, and the size
of the commercial sex street-working population and HIV infection in Glasgow, Scotland.
Capture and recapture methods have also been
used to estimate the prevalence and underreporting of certain diseases such as AIDS and
diabetes 7,8 and to perform adjustments for
census undercount 9. Although practical interest currently focuses on models that allow for
heterogeneity and trap response, which require
more than just one recapture, the two-occasion
capture-recapture design is still widely used in
situations where high cost, extended time, and
difficult data collection preclude more than
one recapture. A good example relates to surveys of hard-to-reach populations. The AjUDEBrasil I Project assessed injection drug users
(IDUs) in five syringe exchange programs (SEPs)
in Brazil 10,11. The city of Porto Alegre in southern Brazil was used as the pilot for the capture-
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recapture methodology to estimate the size of
the IDUs population attending the local SEP.
The IDUs population was very difficult to interview, and interviewers required special training. The overall cost of the survey was high.
Time-consuming data collection procedures
would have been significantly increased if a
multiple capture-recapture design was used.
Of interest, the results obtained with just one
recapture were very reasonable, indicating that
there was probably no need to conduct additional recaptures.
Another version of the AjUDE-Brasil Project
was conducted in 2000-2001 12. The capture-recapture technique was used again to estimate
the size of the IDU population attending the
SEPs located in São José do Rio Preto, Salvador,
and Porto Alegre. The results of the previous
study are presented in this paper.

Capture-recapture methodology
If the population study consists of N elements,
N being unknown and finite, capture-recapture
methods can be applied to estimate the size of
N. Statistical models have been developed considering two basic situations: (1) The population is assumed to be closed in the sense that if
a certain number of elements leave the population during the sampling period, a similar
number of elements enters the population during the same period 13. Thus, N remains unchanged over time. (2) Immigration, death, and
birth are allowed. The population is then classified as open, and the statistical models consider parameters describing the possible changes
in population size 14,15,16,17,18. A good overview
of capture-recapture methods for closed populations is available in Chao’s reference text 19.
Multinomial probabilistic 13 and log-linear
regression methods 19,20 have been used to develop sensitive estimators of population size. In
both methodologies the estimators are derived
on the basis of the presence of some variation
factors in the capture occasions such as: time,
environment, particular individual behavior,
and effect of the three sources taken together.
Data used to estimate the population size can
be collected on two or more occasions (multiple
captures 3,13,14). In this paper we focus only on
the two-capture model for closed populations.
Two-occasion capture-recapture design
In the two-occasion capture-recapture design,
two random samples are collected: the first sample (capture) has m distinct elements of the
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population which are captured, tagged, and returned to the population. The second sample
has n elements from which s were already observed in the first sample. The latter are called
recaptured elements. It is assumed that the
markers on the elements captured in the first
sample are not lost during the time elapsed between collection of the two samples, so that the
elements captured in the first sample can be
identified unequivocally in the second sample 13.
Estimation of population size N
A well-known estimator for size N of a closed
population and a capture-recapture design
with only two capture occasions is the LincolnPetersen estimator 21,22, first used by Laplace
in 1786 to estimate the size of the French population. The estimator is simple and based on
the fact that the proportion of marked elements
in the second sample is an estimator of the
marked elements in the population before the
second sample is collected. Considering this
approach, the Lincoln-Petersen estimator (N̂ )
is expressed as:
nm
N̂ =
s
The fewer the recaptured elements, the
greater the value of N̂, and if s = 0 then N̂ is infinite. Capture probabilities for each occasion
are estimated by
n
p̂i = i ,
N̂
where n i is the number of elements sampled
(captured) on occasion i, i = 1,2.
For the two-occasion capture-recapture design time variation in capture probabilities is
the only factor that can be incorporated into
the model. The estimator M(t) proposed by
Darroch 23, with bias correction based on Chao
24, is then used to estimate N. It is also possible
to calculate a confidence interval for the true
value of N. A simple form is to use the normal
distribution to construct the confidence intervals. However, a more precise method was proposed by Burnham et al. 25, based on the assumption that the number of individuals in the
population not captured in the sample has a
log-normal distribution. Chao’s estimator with
the correction for confidence intervals is found
in special software developed for capture-recapture designs, such as the user-friendly freeware Capture and Mark (http://www.cnr.colo
state.edu/~gwhite/mark/mark.htm, accessed
on 18/Aug/2004).
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Sample data
The data discussed in this paper are part of the
AjUDE-Brasil II Project 12. The population consists of IDUs attending the three SEPs, located
in São José do Rio Preto, Salvador, and Porto
Alegre, Brazil. The first capture took place from
May to August 2000 and the second from September 2000 to February 2001. For both capture and recapture occasions the IDUs answered a series of questions designed to identify whether they were recaptured in the second
sample. These questions were adapted from
other studies considering some specificities of
Brazilian culture and were tested in a similar
study in a SEP located in Porto Alegre during
the AjUDE-Brasil I Project in 1998.
The information collected on the two occasions for each SEP was entered twice into a
computer database. After validation, the data
were matched using a Turbo-Pascal program
designed for the AjUDE-Brasil I Project, combined with database sorting and visual inspection. Three different criteria were tested to
identify the recaptured IDUs. In the first procedure, the IDU’s name and initials, sex, and date
of birth and parents’ initials were used as
matching variables. In the second, the two data
sets were compared by using only the IDU’s
name, sex, and date of birth. In the third, matching used only the IDU’s sex and date of birth
and parents’ initials. Finally, matching was performed using all five variables jointly plus
highly detailed sorting and visual inspection of
the two data sets. For the visual inspection other variables available in the dataset were used,
such as the interviewer’s opinion about whether
a given IDUs was a recapture. This was considered the “gold standard” for comparisons. For
this study in particular, information on the
IDU’s name was available, which allowed us to
compare the results of the three criteria and to

estimate the error rate for each. This was an
important part of the research, because in most
studies of this kind, IDU names are not available and initials are used instead (in combination with other variables) to perform matching.
Estimation of the IDU population attending the three SEPs used Chao’s estimator 24,
with correction for the confidence interval. The
Capture software was used for the estimation.
Informed consent was obtained from all individuals, and the protocols were approved by
the Institutional Review Board of the Federal
University in Minas Gerais (ETIC number 168/
99, 01/Mar/1999).

Results
A total of 624 IDUs were interviewed for the
capture-recapture study, 329 in the first sample
and 434 in the second, with 139 recaptures.
Table 1 shows the number of captured and recaptured IDUs for each SEP. Table 2 provides
the distribution of the captured-recaptured
IDUs for each SEP, according to the criterion
used to determine the matching persons in the
capture and recapture data sets. Table 3 shows
the estimated populations for each SEP and the
respective capture probabilities. The estimates
for the Porto Alegre SEP, using the data set from
the AjUDE-Brasil II Project, were compared
with those from the capture-recapture design
conducted in 1998 for the AjUDE-Brasil I Project. The results are shown in Table 4. Considering the three cities together, Chao’s model estimated that a total of 1,024 IDUs were attending the three SEPs, with a standard deviation of
54.15 and a 95% confidence interval (931;1,145).
Estimated capture probability was 0.32 for the
first occasion and 0.42 for the second.
Of all the interviewed IDUs, 14 in São José
do Rio Preto and 13 in Porto Alegre reported

Table 1
Number of injection drug users (IDUs) in capture and recapture samples from three
Syringe Exchange Programs (SEP) in Brazil.
SEP (city)

São José do Rio Preto

Number of IDUs
(1st sample)

Number of IDUs
(2nd sample)

Number of
recaptures

Number of
distinct IDUs

79

99

36

136

Salvador

119

134

42

207

Porto Alegre

131

201

61

271

Total

329

434

139

597
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Table 2
Frequency of recaptures according to the matching criteria in three syringe-exchange programs, Brazil.
Matching criteria

Frequency of recaptures (%)
São José do Rio Preto*
Salvador**
Porto Alegre***

1. IDU name, sex, date of birth, parents’ initials

23 (63.8)

19 (45.2)

2. IDU name, sex, date of birth

33 (91.7)

32 (76.2)

37 (60.6)

3. IDU initials, sex, date of birth, parents’ initials

23 (63.8)

21 (50.0)

23 (37.7)

36

42

61

4. IDU name, initials, sex, date of birth, parents’ initials,
and visual inspection of data sets (gold standard)

19 (31.4)

Percentages relate to:
* r = 36;
** r = 42;
*** r = 61.

Table 3
Estimated size (N) of injection drug user (IDU) population attending each syringe-exchange program (SEP).
SEP (city)

Number of
distinct IDUs
(both samples)

Estimated
size (N̂ )

Standard
deviation

95% confidence
interval for true (N)

Estimated capture
probabilities
(1st;2nd) occasions

São José do Rio Preto

142

215

20.68

(185; 268)

(0.37; 0.46)

Salvador

211

376

37.99

(317; 468)

(0.32; 0.36)

Porto Alegre

271

429

33.11

(377; 508)

(0.31; 0.47)

Table 4
Estimated size (N) of injection drug user (IDU) population attending Porto Alegre SEP.
AjUDE-Brasil I Project (1998) and AjUDE-Brasil II Project (2000-2001).
Variables

AjUDE I

AjUDE II

Number of IDUs in each sample (1st;2nd) occasions

(55; 99)

(131; 201)

Number of recaptures

17

61

Number of distinct IDUs

137

271

Estimated size (N̂ )
Standard deviation of N̂
95% confidence interval for N
Estimated capture probabilities (1st;2nd) occasions

Cad. Saúde Pública, Rio de Janeiro, 22(4):783-789, abr, 2006

317

429

57.17

33.11

(235; 467)
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having participated in a similar study in 1998.
They were probably part of the sample collected in the AjUDE-Brasil I Project, since this was
the only study of its kind in the two cities that
year.

Discussion
Comparing the three different matching criteria with the gold standard, criterion number
two was the best for all three SEPs, although
with high error rates for Salvador (23.8%) and
Porto Alegre (39.4%). Criteria one and three
presented similar results, suggesting that the
use of IDU initials as a matching variable was
as reliable as the use of IDU name. However,
when compared to the gold standard, a large
amount of information could be lost if a detailed analysis is not performed by the researcher, especially for Porto Alegre, where only 60.6% of recaptures were correctly identified
by criterion two.
Comparison of criteria one and two suggested that inclusion of the IDU’s parents’ initials as a matching variable decreased the
number of recaptures. Considering that the
fewer the recaptured elements, the higher the
estimated population size (N), a decrease in
the number of recaptures due to failures in the
matching criteria may overestimate the true
value of N.
As depicted in Table 3, estimated capture
probabilities for the first and second occasions
for each SEP were more distinct in São José do
Rio Preto and Porto Alegre than in Salvador. For
São José do Rio Preto and Porto Alegre, the capture probability increased on the second occasion, suggesting a time variation factor. The
smaller standard deviation shows that the population size was estimated more precisely in
São José do Rio Preto.
Table 4 shows that the number of capturedrecaptured individuals in Porto Alegre was 1.97
times that observed in the same city in the
AjUDE-Brasil I Project. The number of IDUs
observed on the first and second occasions was
2.4 and 2.03 times that of AjUDE Brasil I, and
the number of recaptures was 3.6 times greater.
The proportion of recaptures in relation to the
number of distinct observed IDUs in the
AjUDE-Brasil I and II Projects was 12.4 and
22.5%, respectively. This increased probably in
the second study appears to be due to the fact
that in the AjUDE-Brasil I, just one month was
used to collect data for each occasion and the
two samples were collected during very close
periods (capture from April 1, 1998 to May 1,

1998; recapture from May 2, 1998 to June 6,
1998). In the AjUDE-Brasil II Project, three
months were used to collect the capture sample and two months for the recapture sample.
This allowed more accurate observation of the
behavior of IDUs attending the Porto Alegre
SEP in AjUDE-Brasil II as compared to the
AjUDE-Brasil I. This fact also reflects the standard deviation in the population estimate
(which was smaller for the AjUDE-Brasil II Project) as well as the confidence interval.
The difference in capture probabilities on
the two occasions points to a time variation
factor in the two surveys in Porto Alegre. Considering the population estimates shown in
Table 4, the number of IDUs attending the Porto Alegre SEP increased 35.5% from early 1998
to early 2001. Thus, in Porto Alegre, the investment in labor and resources in the SEP activities was producing an important social return.
Caiaffa et al. 11 present an interesting discussion on the assumption of closed populations in this kind of study. Briefly, open population models cannot be applied with only two
capture occasions. Thus, even if some questions are raised concerning the closed population assumption, they cannot be answered
technically with the data set analyzed in this
paper. Other studies would have to be performed, using multiple recaptures. However,
more time and money would be expended to
collect the data. In addition, as pointed out by
Caiaffa et al. 11, for each SEP analyzed in this
paper, the capture and recapture data used to
estimate the population size may not be a truly
random sample, since IDUs are a “partially
hidden population”. Questions could also arise
concerning the true population being estimated, since some groups of IDUs may not be well
represented in the samples, such as IDUs that
are recent injectors or those that are ill 11. In
any case, this study’s results highlight the fact
that the capture-recapture method is an important tool which can be combined with epidemiological information to help increase
knowledge concerning hard-to-reach and difficult-to-count populations like as injecting
drug users. The method can thus aid the decision-making process on planning and organizing public health programs to curb the spread
of HIV and other blood-borne infections.
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