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Abstract

Purpose of review—Estimation of key population sizes is essential for advocacy, program 

planning, and monitoring of HIV epidemics in these populations. A review of recent publications 

on population size estimation among key populations including MSM, people who inject drugs, 

and male and female sex workers was conducted to identify and assess current practices at the 

global level.

Recent findings—Studies have used multiple methods including capture–recapture, service 

multiplier, and unique object multiplier. Other studies apply census and enumeration, often before 

implementation of a behavioral survey. Network scale-up is used infrequently. Newer methods or 

variations of existing size estimation methods have emerged that are applied solely within surveys.

Summary—A range of size estimation methods is available. All methods rely on theoretical 

assumptions that are difficult to meet in practice, are logistically difficult to conduct, or have yet to 

be fully validated. Accurate and valid key population size estimates remain as necessary as they 

are challenging to undertake; the concurrent use of multiple methods may be justified to facilitate 

the triangulation and interpretation of the resulting estimates. Formative assessment can help 

inform the appropriateness and feasibility of different size estimation methods.
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INTRODUCTION

The HIV/AIDS epidemic in many parts of the world has been driven by key populations at 

increased risk of HIV infection. The epidemic in South and South-East Asia, Central Asia, 

Central America, and Central and Eastern Europe has been concentrated among the key 

populations including men who have sex with men (MSM), people who inject drugs 

(PWID), and male and female sex workers [1]. Lack of reliable and valid population size 

data, along with stigma and discrimination against these populations, continue to challenge 
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design, development, and implementation of appropriate prevention, care, and treatment 

interventions targeting key populations [1]. In response, UNAIDS/WHO revised the 2003 

guidelines on population size estimation in 2010 [2▪], and subsequently, in collaboration 

with PEPFAR, implemented regional population size estimation capacity building 

workshops. Since then, several countries have conducted size estimation studies among key 

populations including MSM, sex workers, and PWID. In addition, funding organizations 

such as the Global Fund to Fight AIDS, Tuberculosis and Malaria and the President’s 

Emergency Plan For AIDS Relief (PEPFAR) have begun to require and encourage countries 

to conduct population size estimates to monitor intervention coverage and reach, and to 

monitor the epidemic among key populations.

Reliable size estimates are important for several reasons. Size estimation data are needed to 

inform the design of HIV prevention, care and treatment programs; assist with the 

monitoring and evaluation of these programs; and advocate for implementation of new 

services. UNAIDS’s global, regional, and national HIV estimates for all but generalized HIV 

epidemic settings use key population size estimates to estimate the number of new and 

prevalent infections, the number of people in need of care and treatment, and the number of 

AIDS deaths. In this review, we focus on the current state of the size estimation activities 

among key populations. We briefly describe the methods that have been used, highlight 

some of the successes and challenges to these methods, and the options that these methods 

provide in informing the programs. We also describe newer methods that are being proposed 

and/or used, and future directions of population size estimation activities.

SUMMARY OF SIZE ESTIMATION METHODS

There are two broad categories of methods used to estimate the size of key populations. 

Methods under category one (census and enumeration, multiplier, and capture–recapture) are 

used to collect data directly from the key population at risk, including existing data from 

related institutions. Methods under category two (population survey, network scale-up) are 

used to collect data from the general population.

Using census and enumeration can be a straight-forward way to produce credible lower-limit 

estimates of population size. These activities are costly and may miss hidden or hard to 

reach populations. Capture– recapture (CRC) [2▪] has a long history but can be complex to 

implement. The addition of a third capture source may yield more stable and reliable 

estimates but requires more complex data analysis. The theoretical assumptions underlying 

CRC are difficult to meet or to assess (closed population, unique matching, independence of 

sources, and equal likelihood of capture).

The multiplier method compares two independent sources of data for populations to estimate 

the total number in the population. The first source is a count or listing from program data 

including only the population whose size is being estimated, and the second source is a 

representative survey of the populations whose size is being estimated. Another version of 

multiplier method involves the distribution of a unique object to members of the population. 

It relies on access to members of the key populations in which a particular unique object is 

distributed randomly. The multiplier method is widely used and relatively cost efficient. 
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Multipliers based on different data sources can yield vastly different results because of the 

variations in the operational definitions of key populations. It requires accurate and timely 

demographic and geographic information to allow for linking with additional data sources, 

and is dependent on the quality of data sources. The multiplier method is often used as part 

of surveys in high-risk populations, and a lack of representativeness of the resulting survey 

samples can be an additional source of bias [2▪].

Another size estimation method includes the addition of direct questions about high-risk 

behaviors (that define key populations) in general population-based surveys. Because only a 

minority of the general population practices such high-risk behaviors, large sample sizes are 

required to generate acceptably precise estimates. Further, participants may deny engaging 

in stigmatized or illegal behaviors, and adding such direct behavioral questions may risk 

exposure and breaches of confidentiality. Household-based sampling does not reach people 

in institutions, homeless persons, or mobile populations.

An alternative to direct survey questions is the network scale-up method (NSUM) [2▪,3], a 

relatively new method in HIV surveillance. NSUM allows for the concurrent estimation of 

sizes of key populations within the same study without requiring access to a key population. 

The survey respondents are not asked direct questions about their own behaviors; instead, 

NSUM probes respondents’ personal network sizes and the number of high-risk individuals 

within them. Some inherent biases of NSUM include the respondents’ social isolation or 

their ignorance of high-risk behaviors (transmission error) among their acquaintances. Also, 

estimating their personal network size can be complex or cognitively demanding for some 

respondents. Table 1 provides a brief summary of strengths and limitations of each of these 

methods.

METHODS

For this review, we have included articles published during 2011– 2013, that is, after the 

2010 publication of the UNAIDS/WHO population size estimation guidelines [2▪] and 

subsequent regional capacity building workshops conducted by PEPFAR and UNAIDS. 

During this period, a significant number of population size estimation studies have been 

implemented, and some have been published.

We conducted a systematic search of publications using EMBASE and PUBMED that either 

reported findings from population size estimation activities among key populations, or 

included discussions of any of the population size estimation methods, or proposed a new or 

modified size estimation method. Only publications related to key populations (MSM, sex 

workers, and PWID) were considered. Studies selected for this review include those that 

report findings from size estimation studies among the key populations.

FINDINGS

Table 2 is a summary of selected studies that highlight the study design (method used), 

population, and major findings. The multiplier method was the most commonly used and 

was often applied as part of a survey activity. Multipliers included both unique object 

multipliers and service multipliers [2▪]. Mapping and limited field ethnography 
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accompanied some of these surveys. Three studies reported using CRC, three studies 

reported using NSUM, one study reported using USA State-specific data, and one study 

reported conducting meta-analysis with behavioral data from population-based surveys.

In most cases, the size estimation studies were conducted as part of key population surveys 

and surveillance activities. In Pakistan [4], size estimation among FSW was conducted, 

along with a mapping exercise, before a behavioral survey. In El Salvador [7], size 

estimation was conducted among MSM and FSW in conjunction with behavioral survey 

using respondent-driven sampling (RDS). In Mauritius [8] both unique object and service 

multipliers were used with RDS to estimate the size of PWID population, including HIV-

positive PWIDs.

Paz-Bailey et al. [7] distributed unique objects prior to the implementation of the survey, and 

arrived at estimates using the multiplier formula. Lieb et al. [24] calculated averages using 

findings from two statistical models developed to estimate the total State-specific percentage 

and number of MSM in the USA. The two models rely on previously estimated proportions 

of MSM residing in rural, suburban, and urban areas (model A), and on State-level data on 

number of same-sex male unmarried partners and number of households (model B) [24]. 

Purcell et al. [10] conversely, conducted meta-analysis of behavioral data from United States 

population-based surveys to estimate national MSM population size. As the estimates by 

Purcell et al. [10] are linked with United States census data, there is the possibility of 

updating the number of MSM (as well as rates and ratios) annually based on updated United 

States census population figures. The estimates calculated by Lieb et al. [24], and Purcell et 
al. [10], can help understand the HIV epidemic in the USA and also facilitate resource 

allocation, program design, and evaluation of policies and programs.

NSUM is a relatively new method that has not yet been widely used to estimate the size of 

key population. The study in Japan [11▪] estimated the size of MSM and when adjusted for 

transmission error [3], the estimated MSM size increased by 50 times. Similarly, the 

estimates of the number of heavy drug users in a Brazil study (defined as people who had 

used illegal drugs other than marijuana more than 25 times in the past 6 months) [12] were 

5–10 times higher than previous estimates obtained using other methods.

Dombrowski et al. [17▪] innovatively used the CRC entirely within a behavioral survey. RDS 

was used to recruit the first capture using the Internet (Craiglist), and the second capture was 

based on respondents’ friends in their personal networks. Recapture sampling was based on 

links to other respondents derived from demographic and ‘tele-funken’ matching procedures

—the latter being an anonymized version of telephone numbers. This technique made it 

possible to estimate the population size without physically recruiting a second sample.

DISCUSSION

The most common method applied in the past few years has been the multiplier method, 

suggesting that researchers should explore extensions to this method and hybrid approaches 

utilizing several methods simultaneously. Estimating population sizes using the service 

multiplier method requires programs that serve the key population and produce reliable 
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service data. Programs implemented in some countries often lack good-quality data by 

which to derive acceptably accurate multiplier-based estimates. Estimating population size 

using unique object multipliers relies on access to and reach of the members of the key 

population through outreach or health workers to distribute the unique object. At the second 

stage, surveys are then used to estimate the proportion, which had received the unique 

object. The surveys are expected to recruit a representative sample, and the two samples 

(those who received the unique object in the first stage and those who are enrolled in the 

survey and probed for receipts of the unique object in the second stage) must be independent 

of each other.

In the multiplier method, the population size estimate is derived within the statistical 

framework of the capture– recapture method. Adding an additional stage of recapture could 

provide more robust three-source estimates that could also adjust for dependence between 

sources via log-linear modeling. Further use of service or benchmark data will depend on 

information to uniquely identify individuals for linking the different sources of data, a key 

condition of the CRC method. Another key condition of CRC is equal likelihood of capture, 

but RDS sampling in the recapture stage is assumed to be proportional to personal network 

size. Thus, Paz-Bailey et al. [7] adjusted the CRC estimate by weighting the RDS recapture 

by the respondent’s personal network size. Berchenko and Frost [27] suggested an additional 

improvement to this approach by gathering information on network size during the capture 

stage (e.g., unique object distribution) for similar adjustment.

NSUM produces a population size estimate at the national level. Challenges to NSUM 

include the need for a population-based survey as well as adjustments to address 

transmission error (low social visibility of key populations).

A promising direction of research is the use of a single data source to derive at a population 

size estimate. The Laska–Meisner– Siegel (LMS) method, introduced in 1988 [14], enables 

estimation of a population size on the basis of a single survey. The LMS method requires 

asking survey participants about the last time they engaged in a well defined activity such as 

attending a venue or using some service in the previous K time units; based on this 

information, an estimate of the size of the target population during the K weeks is calculated 

[15]. Tate and Hudgens [16] generalized the LMS method for two-stage and three-stage 

sampling designs for size estimation across multiple venues (e.g., stage 1 – sample of venues 

within a city, stage 2 – sample of individuals attending these venues).

Behavioral surveys among key populations are being conducted around the world, and many 

of these surveys use RDS. The recent methods to estimate population sizes using a single 

RDS or other survey require more sophisticated statistical programming and analysis, which 

may restrict their wider use. Handcock, Gile, and Mar [18▪] recently proposed a Bayesian 

approach to estimate population size of key populations using a single RDS survey. Their 

approach uses an approximation of RDS by successive sampling (probability proportional to 

size without replacement sampling), in which successive sampling samples are simulated 

and the population size and the distribution of personal network size are assumed to be 

known, though sensitivity analyses for unknown population sizes can be performed through 

use of different prior distributions that may incorporate previous or concomitant information 

Abdul-Quader et al. Page 5

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



about the population size. Dombrowski’s [17▪] technique derives population size estimate 

without recruiting a second sample, minimizing the risk of breach of confidentiality and 

anonymity. In the absence of good quality service data or sufficient resources for population 

size estimation using multiple sources, a single-source method may be a feasible and 

costeffective approach, with collaboration of quantitative scientists and technical assistance 

providers. Providing public access to individual size estimation data sets may accelerate 

development of single-source methods or other novel approaches.

CONCLUSION

Key population size estimates continue to have limitations; estimates are uncertain and 

different methods are likely to give very different results. Variability in quality of service 

data (multiplier method), assumptions that are hard to meet (CRC), and transmission error 

(NSUM) can make population size estimates substantially uncertain. Use of more than one 

method to derive estimates may help to interpret the range of estimates and determine the 

best one based on the most acceptable method. Solutions have included best guesses based 

on evidence from multiple sources and Delphi panels (the Delphi method is a structured 

communication technique, developed as a systematic, interactive forecasting method which 

relies on a panel of experts) [28], resulting in some midpoint or median among the available 

estimates. These approaches depend on subjective judgments of subject matter experts or 

key population members themselves. When feasible, multiple estimates may be bracketed by 

a minimum estimate derived from good quality service data and a maximum estimate 

derived from census data.

In the USA or where multiple studies have been conducted, more statistically rigorous 

methods can be used to combine information and derive best estimates. To estimate the 

number of MSM in the USA, Purcell et al. [10] performed a meta-analysis of seven national, 

population-based surveys in which the survey was treated as a random effect to account for 

between-survey variability [29]. This approach could be applied where several studies have 

been performed on the same population.

Looking forward, thorough planning and preparation will improve the validity of key 

population size estimation. It is important to inventory your capacities to conduct size 

estimation such as experience with key population programs and experience with sampling 

methods to implement population surveys such as IBBS. Also important is inventories of 

your existing data – sources of data in which the at-risk members of a population are 

identified, including the quality of the data, ease of access and sharing the data, and legal or 

other constraints to using the data. A formative assessment that includes members of the key 

population conducted before designing the study clarifies the social and geographical 

distribution of the key population and the likelihood that the study staff can reach them. 

Working with key population members in the community informs the selection of the most 

appropriate methods. Piloting the method(s) in a subset of the population and validating the 

method(s) in a known setting (e.g., a university), where possible, are important. Estimating 

population size is essential; however, the calculated estimates should be accompanied by the 

corresponding degrees of uncertainty.

Abdul-Quader et al. Page 6

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgements

None.

REFERENCES AND RECOMMENDED READING

Papers of particular interest, published within the annual period of review, have been 
highlighted as:

▪ of special interest

▪▪ of outstanding interest

1. Joint United Nations Programme on HIV/AIDS (UNAIDS). UNAIDS Report on the Global AIDS 
Epidemic, 2012.

2▪. UNAIDS/WHO Working Group on Global HIV/AIDS and STI Surveillance. Guidelines on 
Estimating the Size of Populations Most at Risk to HIV. 2010.Current guidelines for conducting 
studies, estimating sizes, and reporting results.

3. Bernard HR, Hallett T, Lovita A, et al. Counting hard-to-count populations: the network scale-up 
method for public health. Sex Transm Infect 2010; 86 (Suppl 2):10.1136/sti.2010.044446.

4. Altaf A, Agha A, Holte-McKinzie M, et al. Size estimation, HIV prevalence and risk behaviours of 
female sex workers in Pakistan. JPMA 2012; 62:551–557.

5. Comiskey C, Dempsey O, Simic D, Baros S. Injecting drug users, sex workers and men who have 
sex with men: a national cross-sectional study to develop a framework and prevalence estimates for 
national HIV/AIDS programmes in the Republic of Serbia. BMJ Open 2013; 3:e002203 10.1136/
bmjopen-2012-002203.

6. Kimani J, McKinnon LR, Charles Wachihi C, et al. Enumeration of sex workers in the central 
business district of Nairobi, Kenya. PLoS One 2013; 1:1–5.

7. Paz-Bailey G, Jacobson JO, Guardado ME, et al. How many men who have sex with men and 
female sex workers live in El Salvador? Using respondent-driven sampling and capture recapture to 
estimate population sizes. Sex Transm Infect 2011; 87:279–282. 10.1136/sti.2010.0456332013. 
[PubMed: 21385892] 

8. Johnston L, Saumtallyb A, Corcealb S, et al. High HIV and hepatitis C prevalence amongst injecting 
drug users in Mauritius: findings from a population size estimation and respondent driven sampling 
survey. Int J Drug Policy 2011; 22:252–258. [PubMed: 21700442] 

9. Khalid FJ, Hamad FM, Othman AA, et al. Estimating the number of people who inject drugs, 
female sex workers, and men who have sex with men, Unguja Island, Zanzibar: results and 
synthesis of multiple methods. AIDS Behav 2013 10.1007/s10461-013-0517-x.

10. Purcell DW, Johnson CH, Lansky A, et al. Estimating the population size of men who have sex 
with men in the United States to obtain HIV and syphilis rates. The Open AIDS J 2012; 6 (Suppl 
1: M6):98–107. [PubMed: 23049658] 

11▪. Ezoe S, Morooka T, Tatsuya Noda T, et al. Population size estimation of men who have sex with 
men through the network scale-up method in Japan. PLoS One 2012; 7:2e31184.Combined an 
Internet survey with the network scale-up method. Using the survey results with the network 
scale-up method, the personal network size and MSM population size were estimated. 
Adjustment for transmission error was performed through use of ‘the coming-out rate’ for MSM 
among people they know.

12. Salganik MJ, Dimitri Fazito D, Bertoni N, et al. Assessing network scale-up estimates for groups 
most at risk of HIV/AIDS: evidence from a multiple-method study of heavy drug users in Curitiba, 
Brazil. Am J Epidemiol 2011; 174:1190–1196. [PubMed: 22003188] 

13▪. Chen H, Zhang Y, Tan H, et al. Estimating the population size of men who have sex with men: a 
modified Laska, Meisner and Siegel procedure taking into account Internet populations. Sex 
Transm Infect 2012; 00:1–6. 10.1136/sextrans-2012-050531.Used a modified Laska, Meisner and 
Siegel method based on a single survey for the estimation of population size of MSM. 

Abdul-Quader et al. Page 7

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Specifically, the MSM size of traditional tangible venue was integrated with Internet virtual 
venue. Currently, the latter is an important source of socialization for MSM population.

14. Laska EM, Meisner M, Siegel C. Estimating the size of a population from a single sample. 
Biometrics 1988; 44:461–472.

15. Laska E, Lin S, Meisner M. Estimating the size of a population from a single sample: methodology 
and practical issues. J Clin Epidemiol 1997; 50:1143–1154. [PubMed: 9368523] 

16. Tate JE, Hudgens MG. Estimating population size with two- and three-stage sampling designs. Am 
J Epidemiol 2007; 165:1314–1320. [PubMed: 17400569] 

17▪. Dombrowski K, Khan B, Wendel T, et al. Estimating the size of the metham-phetamine-using 
population in New York City using network sampling techniques. Adv App Sociol 2012; 2:245–
252.Used network sampling methods to estimate the size of the total networked population. This 
process involved sampling from respondents’ list of co-use contacts, which in turn became the 
basis for capture–recapture estimation. Recapture sampling was based on links to other 
respondents derived from demographic and anonymized telephone number matching procedures.

18▪. Handcock MS, Gile KJ, Mar CM. Estimating hidden population size using respondent-driven 
sampling data. http://arxiv.org/abs/1209.6241 [Accessed on 5 August 2013].This analysis 
approach utilizes data collected as part of a standard RDS survey and can be implemented using 
RDS Analyst (http://www.hpmrg.org), which is R-based, free, open source software with an easy 
to use user interface. This software includes the latest estimators and associated confidence 
intervals for RDS data as well as training materials.

19. Medhi GK, Mahanta J, Akoijam BS, Adhikary R. Size estimation of injecting drug users (IDU) 
using multiplier method in five districts of India. Subst Abuse Treat Prev Policy 2012; 9:1–5.

20. Sawitri AAS, Blogg J, Angela R. Estimating the number of the people who inject drugs in Bali. 
Drug Alcohol Review 2012; 31:813–817. [PubMed: 22449011] 

21. Okal J, Geibel S, Muraguri N, et al. Estimates of the size of key population at risk for HIV 
infection: men who have sex with men, female sex workers and injecting drugs users in Nairobi, 
Kenya. Sex Transm Infect 2013; 89:366–371. [PubMed: 23761166] 

22. Raymond HF, Bereknyei S, Berglas N, et al. Estimating population size, HIV prevalence and HIV 
incidence among men who have sex with men: a case example of synthesising multiple empirical 
data sources and methods in San Francisco. Sex Transm Infect 2013; 89:383–387. [PubMed: 
23620133] 

23. Zhao Y. Estimating the size of an injecting drug user population. World J AIDS 2011; 1:88–93.

24. Lieb S, Fallon SJ, Friedman SR, et al. Statewide estimation of racial/ethnic populations of men 
who have sex with men in the U.S. Public Health Rep 2011; 126:60–72.

25. Guo W, Bao S, Lin W, et al. Estimating the Size of HIV key affected populations in Chongqing, 
China, using the network scale-up method. PLoS One 2013; 8:e71796. [PubMed: 23967246] 

26. Bollaerts K, Aerts M, Sasse A. Improved benchmark-multiplier method to estimate the prevalence 
of ever-injecting drug use in Belgium. Arch Pub Health 2013; 71:10. [PubMed: 23642251] 

27. Berchenko Y, Frost SDW. Capture–recapture methods and respondent-driven sampling: their 
potential and limitations. Sex Transm Infect 2011; 87:267–268. [PubMed: 21593467] 

28. Linstone HA and Turoff M, editors. The Delphi Method: Techniques and Application. Reading, 
MA: Addison-Wesley, 1975.

29. Barza M, Trikalinos TA, Lau J. Statistical considerations in meta-analysis. Infect Dis Clin N Am 
2009; 23:195–210.

Abdul-Quader et al. Page 8

Curr Opin HIV AIDS. Author manuscript; available in PMC 2019 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://arxiv.org/abs/1209.6241
http://www.hpmrg.org


KEY POINTS

• Conduct a formative assessment to understand the availability of data sources 

and determine the feasibility of any method of population size estimation.

• Use multiple methods of size estimation.

• Optimize the use of population-based surveys by incorporating questions 

about key populations. The network scale-up method could be exploited in 

surveys like the Demographic and the Health Survey and AIDS Indicator 

Survey

• If using the multiplier method, use more than one data source to allow for 

multiple estimates and account for dependency of sources in the capture–

recapture method.

• Include key population members in planning studies, and where feasible, pilot 

study methods in a subset of the population, and validate the methods in a 

setting of known population size.
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at
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t c
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 c
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 d
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 D
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 c
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t b
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 c
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t b
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 m
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 m
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at
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 D
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 p
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, m
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 f
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 d
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 b
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re

si
di

ng
 in

 h
ou

se
ho

ld
s 

(m
ob

ili
ty

);
 P

ri
va

cy
, 

co
nf

id
en

tia
lit

y,
 r
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 p
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l p
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ra
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; D
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 d
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 p
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 d
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l p
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 b

e 
un

aw
ar

e 
so

m
eo

ne
 in

 h
is

/h
er

 n
et

w
or

k 
en

ga
ge

s 
in

 th
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l p
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l. 
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l. 
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at
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l. 
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; D
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 p
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, c
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 m
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l p
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 c
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 b
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 m
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at
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 c

an
no

t b
e 

ex
cl

ud
ed

; e
lig

ib
ili

ty
 c
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 c
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