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Abstract

Objective—We evaluated whether identification of undiagnosed HIV-infected people who inject
drugs (PWID) via respondent-driven sampling (RDS) can be enhanced through a precision RDS
(pRDS) approach.

Design/Methods—First, using prior RDS data from PWID in India, we built a prediction
algorithm for recruiting undiagnosed HIV-infected PWID. pRDS was tested in Morinda, Punjab
where participants were randomly assigned to standard or pRDS. In the standard RDS approach,
all participants received 2 recruitment coupons. For pRDS, the algorithm determined an
individual’s probability of recruiting an undiagnosed PWID, and individuals received either 2 (low
probability) or 5 (high probability) coupons. Efficiency in identifying undiagnosed HIV-infected
PWID for the RDS approaches was evaluated in two ways: the number needed to recruit (NNR)
and identification rate/week.

Results—Predictors of recruiting undiagnosed PWID included HIV/HCV infection, network
size, syringe services utilization, and injection environment. 1631 PWID were recruited in
Morinda. From the standard RDS approach, 615 were recruited, including 39 undiagnosed; from
pRDS, 1012 were recruited, including 77 undiagnosed. In pRDS, those with higher predicted
probability were more likely to recruit others with HIV/HCV co-infection, undiagnosed and
viremic HIV, and who utilized services. pRDS had a significantly higher identification rate of
undiagnosed PWID (1.5/week) compared to the standard (0.8/week). The NNR for pRDS (13.1)
was not significantly lower than the standard approach (15.8).

Conclusions—pRDS identified twice as many undiagnosed and viremic PWID significantly
faster than the standard approach. Leveraging RDS or similar network-based strategies should be
considered alongside other strategies to ensure meeting UNAIDS targets.
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INTRODUCTION

Awareness of status is the first target in the UNAIDS 95-95-95 targets to end AIDS by 2030
— 95% of people living with HIV (PLWH) diagnosed?. Along with maximizing prevention
efforts, identifying and treating a large majority of PLWH will avert new infections. This
must occur in a human rights framework, including respecting the unique needs of key
populations such as men who have sex with men (MSM) and people who inject drugs
(PWID). For these populations, structural factors such as stigma, discrimination, and
criminalization often make accessing HIV prevention and care difficult thus leading to large
gaps in the care continuum - particularly at diagnosis®. Among PWID in India, a large
community-based sample identified that only 40% of those HIV-infected were aware of their
infection?.

Meeting the UNAIDS diagnosis target will require new approaches to reach those not
currently engaged in HIV testing services. Respondent-driven sampling (RDS), a type of
chain-referral sampling, is commonly used in public health for HIV surveillance and
research among key populations for which a sampling frame does not exist®. Using
recruitment coupons distributed to peers, RDS leverages social network connections to
recruit study participants, rather than utilizing study staff to identify and recruit individuals.
Sampling weights can be applied to provide unbiased population estimates such as HIV
prevalence. Researchers have noted the potential of RDS to be used beyond surveillance to
an implementation tool or intervention to quickly reach and engage individuals at high-risk
for HIV6-2, In prior work, we found RDS rapidly identified PWID in India, including many
that were HIV-infected but previously undiagnosed or viremic, in other words, individuals
not engaged in traditional HIV services such as clinic-based HIV testing and care or
outreach services1. This prior work focused on traditional RDS approaches that distribute
the same number of coupons to everyone regardless of individual characteristics. The
objective of this study is to evaluate whether the efficiency of identification of undiagnosed
HIV-infected PWID in India can be further enhanced through an approach that steers the
RDS by providing more coupons to those deemed more likely to recruit undiagnosed HIV-
infected individuals — a precision RDS (pRDS) approach.

METHODS

Overview

The evaluation of the pRDS approach was conducted in Morinda, Punjab, in north India. To
design pRDS, we first identified characteristics that predicted RDS recruitment of an
undiagnosed HIV-infected PWID. Since there is significant regional variation in the HIV
epidemic/continuum and drug use across India, previously collected RDS data from four
cities in northern India were used to build a prediction algorithm. This algorithm then
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determined differential coupon distribution in the pRDS approach. Detailed methods are
described below.

Predicting recruitment of undiagnosed HIV-infected PWID

Study design and procedures—To identify characteristics that predict recruitment of
an undiagnosed HIV-infected PWID, data from the National Collaboration on AIDS (NCA)
trial (ClinicalTrials.gov identifier: NCT01686750) were used. The NCA trial was a cluster-
randomized trial among MSM and PWID in India investigating the effectiveness of
integrated care centers on the uptake of HIV testingl. Population-level effectiveness was
assessed using two community cross-sectional samples, baseline and endline, collected via
RDS. Data used for this study were baseline data from four cities in northern India in the
PWID stratum (Amritsar, Ludhiana, Chandigarh, and New Delhi).

Study participants were recruited using RDS between January and July 2013. Two seeds and
all subsequent study participants received two recruitment coupons to distribute randomly to
others they knew injected drugs in the community. Seeds were selected from focus groups
and selected to represent varying geographic, HIV-related, and drug-related characteristics of
the local populations. Seeds and all other study participants received 250 rupees for
completing study procedures and 50 rupees for each eligible participant referred.
Recruitment continued until the desired sample size in each city was met (~1000 recruits).
Eligibility criteria included (1) =18 years old, (2) provision of informed consent, (3)
possession of a valid coupon unless a seed, and (4) self-reported injection drug use in the
prior 24 months. Details on study procedures have been published elsewherel2.

Statistical methods—~Participants were categorized as undiagnosed if positive by the
onsite HIV test and self-reported no prior diagnosis. Using the linkage between recruiters
and their recruits, we determined whether each participant recruited at least one undiagnosed
PWID. Recruitment predictors were identified using two methods: logistic regression
models and a random forest. Characteristics investigated included HIV infection and others
associated with HIV risk among PWID in the literature, including socio-demographics,
HCV infection, sexual and injection drug use risk behaviors, and network size. In total, more
than 50 characteristics were explored.

Univariable logistic regression models were conducted for each characteristic and area under
the receiver operator curve (AUROC) calculated using a 10-fold cross-validation technique
to address over fitting of the modell3. Additionally, a classification random forest was built,
which included 56 different characteristics and 500 trees. The best split at each node in the
tree was determined by the Gini index. Variable importance was calculated for each
characteristic using the permutation method4,

A multivariable prediction algorithm was built that included characteristics with an

AUROC>0.5 from the univariable logistic regression or a VIMP>0 from the random forest.
For the pRDS, a cut-point in predicted probability calculated from the prediction algorithm
was required to divide the sample into two groups: 1) likely to recruit an undiagnosed HIV-
infected PWID and 2) unlikely to recruit an undiagnosed PWID. Sensitivity and specificity
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of the probabilities were calculated to assess the ideal cut-point which was chosen so that
sensitivity was optimized while ensuring specificity was at least 0.5.

Evaluating the precision RDS approach

Study design and procedures—To evaluate the pRDS approach, an RDS was
conducted in Morinda, Punjab, where recruitment continued for a year, regardless of sample
size accrued. In December 2017, two seeds initiated recruitment and each received two
recruitment coupons to distribute randomly to others they knew who injected drugs in their
community. Then beginning at the first wave of recruitment and beyond (i.e., recruits of the
seeds, recruits of wave 1, etc.), individuals were randomized to one of two coupon
approaches - standard or pRDS - in a 1:1 allocation (Figure 1) using a computer program
with a randomization list and randomly varying block sizes (8, 10, 12, 14 and 16). In the
standard approach, all PWID received two recruitment coupons. If randomized to pRDS, a
program extracted an individual’s questionnaire responses and HIVV/HCV test results and
entered them into the prediction algorithm (i.e., the multivariable logistic regression model
described above) and calculated their predicted probability of recruiting an undiagnosed
PWID. If the predicted probability was below the pre-determined cut-point they received
two coupons, and if greater than or equal to the cut-point, they received five coupons. RDS
recruitment continued in this manner until December 2018.

Eligibility criteria to enroll were the same as the NCA trial with the exception of injection
drug use in prior 12 months (rather than 24). Seeds and all other study participants received
250 rupees for completing procedures and 50 rupees for each eligible study participant
referred. A biometric system was used to prevent duplicate enrollment. Following consent,
participants provided a blood sample and completed an interviewer-administered
questionnaire that collected socio-demographics, HIV and HCV testing/care, injection and
sexual behaviors, harm reduction service utilization, and network characteristics. HIV/HCV
pre- and post-test counseling with referrals to care were provided. HIV testing was
conducted in accordance with Indian guidelines using 3 rapid tests. HCV antibody testing
was conducted using SD BIOLINE HCV (Standard Diagnostics, Inc, Korea). HIV RNA was
measured using RealTime HIV-1 (Abbott Laboratories, Abbott Park, IL, USA).

Statistical methods—Efficiency was evaluated in two ways: tthe number needed to
recruit (NNR) and identification rate. Both were used to compare the efficiency of the
standard vs. pRDS approach in identifying undiagnosed HIV-infected PWID. The NNR
(total number recruited / number of undiagnosed PWID identified) is the average number of
individuals recruited in order to find one undiagnosed individual. The lower the NNR, the
more efficient approach, meaning fewer persons need to be tested. The identification rate is
the average number of undiagnosed individuals identified per week (number of undiagnosed
HIV-infected PWID identified / number of weeks RDS recruitment was active). Here,
efficiency is measured in terms of the time required to identify undiagnosed persons. The
difference in NNR and rate between the approaches was calculated and a confidence interval
estimated using bootstrapping. For secondary analyses, we explored the NNR and
identification rate by months of cumulative recruitment and the NNR and rate for viremic
PWID (i.e., HIV viral load = 150 copies/mL) for each approach.
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Analyses were conducted using Stata (StataCorp. 2017. Stata: Release 15.1. Statistical
Software. College Station, TX: StataCorp LLC) and the randomForestSRC package in R (R
Core Team (2016). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/). P-values were
considered statistically significant at <0.05.

Ethical clearances—This study was approved by the institutional review boards of the
Johns Hopkins University School of Medicine and the Y.R. Gaitonde Centre for AIDS
Research and Education.

Predicting recruitment of an undiagnosed HIV-infected PWID

A total of 4,002 PWID were recruited across the four NCA trial sites. Median age was 28
(interquartile range [IQR]: 23 — 35), nearly all were male (99.7%), 45.4% had a primary
education or less, about half were injecting daily (52.3%), and of those injecting in the prior
6 months, 79.7% reported injecting buprenorphine, the most commonly used drug. HIV
prevalence was 18.5%; 72.8% of whom were previously unaware of their status. HCV
prevalence was 46.8%. The overall coupon return rate was 50.1%; 42.2% recruited no other
participants, 15.9% recruited one, and 42.0% recruited two;12.1% recruited at least one
undiagnosed HIV-infected PWID.

Characteristics of recruiting an undiagnosed HIV-infected PWID are presented in Table 1
along with their predictive accuracy calculated from univariable logistic regressions (i.e.
AUROC) and the random forest (i.e. VIMP). The larger an individual’s PWID network size,
the more likely they were to recruit an undiagnosed PWID (one increase in In OR: 1.10,
95% ClI; 1.03 — 1.18); network size had the highest AUROC (0.534). Compared to those
HIV and HCV negative, PWID with mono-HCV infection (OR: 1.38, 95% confidence
interval [CI]: 1.11 — 1.71) and co-infection (OR: 1.78, 95% CI: 1.37 — 2.31) were
significantly more likely to recruit an undiagnosed PWID; HIV/HCYV status had the second
highest AUROC (0.531). Other characteristics with an AUROC>0.5 included the number of
sexual partners, injecting buprenorphine, injecting in a shooting gallery, and using a needle/
syringe exchange program (NEP) in the prior six months. Demographics - age, sex, marital
status, and education - were not significantly associated with recruiting an undiagnosed
PWID. HIV/HCV status, NEP use, and injecting in a shooting gallery also had VIMP scores
above zero. Characteristics with VIMP scores above zero but with an AUROC<O0.5 include
injecting sedatives and stimulants, injecting with multiple people and sexual partners, being
incarcerated, injecting at a friend’s house, public toilet, or other place in the prior six
months, and being female.

The multivariable model including only characteristics with an AUROC>0.5 resulted in an
AUROC of 0.573 (see Table, Supplemental Digital Content 1, multivariable models and
predictive accuracy); adding characteristics identified by the random forest with a VIMP>0
increased the AUROC to 0.575 (i.e., the final algorithm used for the pRDS approach). A
probability cut-off of 0.11 results in a sensitivity of 0.65 and specificity of 0.50 and thus was
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chosen as the cut-off to be used in Morinda. This cut-off results in a positive predictive value
of 0.16 and a negative predictive value of 0.92.

Evaluating the precision RDS approach

From December 15, 2017 to December 15, 2018, 1631 PWID recruits enrolled and
completed study procedures in Morinda. Median age was 26 (IQR: 22 — 33), all were men,
20.7% were injecting daily and among those injecting in the prior six months, the most
commonly used drug was buprenorphine (72.1%). HIV prevalence was 10.2%, and 69.9% of
those HIV-infected were previously unaware of their infection. HCV prevalence was 41.9%
and HIV/HCV co-infection was 9.1%.

Among recruits, 815 were randomized to the standard coupon approach, and 816 were
randomized to the pRDS coupon approach. Characteristics were similar across the two
approaches (Table 2). Of those in the pRDS, 414 (50.7%) had a predicted probability<0.11
and received two recruitment coupons; 402 (49.3%) had a predicted probability=0.11 and
received 5 coupons. Applying the prediction algorithm, the AUROC was 0.615 (95% ClI:
0.566 — 0.664).

Recruitment progressed to 20 waves in Morinda. Most participants were generated from one
of the seeds (98.1%). The overall coupon return rate was 36.4% and did not significantly
differ across the two approaches or number of coupons provided (standard=37.7%,
pRDS=35.7%, pRDS-two coupon=37.3%, pRDS-five coupon=35.0%). On average, those
that received two coupons, recruited 0.75 participants. Those in pRDS who received 5
coupons recruited 1.75 participants on average.

From the standard coupon approach, 615 PWID were recruited and from pRDS, 1012 were
recruited. There were no significant differences between the recruits of the two approaches
(Table 2). Within pRDS, there were several significant differences between recruits of those
with high vs. low predicted probability. Recruits of those with high probability were more
likely to have been tested for HIV in the prior year (35.0% vs. 19.7%, p<0.001), be
HIV/HCV co-infected (11.1% vs. 7.4%, p=0.049), have an undiagnosed HIV infection
(8.4% vs. 5.8%, p=0.047), be viremic (5.8% vs. 10.5%, p=0.017), and recently use a needle/
syringe exchange program (31.7% vs. 22.0%, p=0.002) or opioid agonist therapy (27.2% vs.
15.9%, p=0.002). When compared to recruits of those randomized to the standard approach
that had a high predicted probability (i.e. would have received more recruitment coupons
had they been in pRDS), recruits of those in pRDS with a high predicted probability were
similar across all characteristics explored with the exception of number of sexual partners in
the prior six months (see Table, Supplemental Digital Content 2, characteristics by
recruiter’s approach of those with predicted high probability).

A total of 39 undiagnosed HIV-infected PWID were recruited from the standard approach,
resulting in an NNR of 15.8. A total of 77 undiagnosed PWID were recruited from pRDS,
resulting in an NNR of 13.1. The difference in NNR was —2.7, but this difference was not
statistically significant (95% CI: —9.6 — 2.6). Plotting the NNR over recruitment months
shows that the standard approach NNR generally decreased (test for trend p-value = 0.002)
over time while the pPRDS NNR appeared more stable (test for trend p-value = 0.214)
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(Figure 2a). At no time point was the difference in NNR between the two approaches
statistically significant (i.e. difference confidence intervals overlapped zero). The
identification rate of undiagnosed HIV-infected PWID for pRDS was higher (1.5/week) than
the standard approach (0.8/week) (difference: 0.7, 95% CI: 0.3 — 1.1). Plotting the
identification rate over recruitment months shows that the rate increased slightly over time in
the standard approach while it was more variable for pRDS. At all time points, the
identification rate for pRDS was significantly higher than the standard approach (Figure 2b).
For viremic PWID, 46 were recruited from the standard approach, for an NNR of 13.4 and
92 were recruited from pRDS, for an NNR of 11.0; the difference was not statistically
significant (difference: —2.4, 95% CI: —7.7 — 1.6). The viremic identification rate for pRDS
(1.8/week) was significantly higher than the standard approach (0.9/week) (difference: 0.9,
95% Cl: 0.4 -1.3).

DISCUSSION

A precision RDS approach that preferentially allocated recruitment coupons to individuals
identified as being more likely to recruit undiagnosed HIV-infected PWID significantly
improved the rate of identification of undiagnosed as well as viremic PWID over the
standard approach. Moreover, pRDS participants predicted to have higher probability of
recruiting undiagnosed PWID were significantly more likely to recruit those who were co-
infected with HIV and HCV, had an undiagnosed HIV-infection, and were viremic. While
these differences suggest a benefit with respect to the amount of time an RDS needs to
operate to identify undiagnosed PWID, there was no significant benefit with respect to the
number that needed to be tested as evidenced by the NNR. However, pRDS cost
approximately $10 less per undiagnosed PWID over the standard approach. This could add
up to a substantial difference when trying to reach large numbers in a community (e.g.
$10,000 less to identify 1000 undiagnosed people).

Characteristics such as HIV and HCV infection, PWID network size, utilization of needle/
syringe exchange programs, and the injection environment - where PWID and with whom
they inject - predicted who was most likely to recruit undiagnosed PWID. However, the
predictive ability of these characteristics was overall low, suggesting network patterns or
composition among our target population may not have been strong enough to substantially
influence recruitment patterns. One could imagine with a stronger predictive model, pRDS
would be even more efficient at recruiting undiagnosed individuals.

The pRDS approach found more than one additional undiagnosed and viremic person every
two weeks over the standard approach and twice as many in total over one year. This was a
consequence of more coupons given and PWID identified from pRDS - nearly twice as
many as the standard approach - since half of those in pRDS received 5 coupons while all
participants in the standard RDS received 2 coupons. Increasing the number of recruitment
coupons more rapidly identified PWID overall, which often results in RDS recruitment trees
that grow wide, rather than deep. RDS theory suggests that samples such as this might fail to
sufficiently penetrate networks and identify, in particular, those who are more peripheral and
have different risk profiles from earlier waves, which would have consequences for
providing unbiased population estimates1®. However, recruits of the two approaches did not
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differ on behaviors or other characteristics and, importantly, the goal of pRDS was to
increase the efficiency of identifying undiagnosed HIV-infected PWID, not estimate
population characteristics.

There is little prior research on differential coupon distribution in order to steer an RDS
sample to preferentially recruit specific sub-groups. Among PWID in Tijuana, Mexico,
researchers provided more coupons to women in order to recruit more women but were not
successfull®; notably, this strategy assumes women who inject drugs are connected to other
women, which may not be the case. Prior data on who are connected to/recruit women could
have been informative when attempting to recruit more women. Similar to differential
coupons, researchers have increased participant compensation for recruiting more of a
particular sub-group such as younger PWID?® or individuals at high risk for HIV17 in the
United States, with the former but not the latter being successful. In Tajikistan, Kan and
colleagues compared a traditional RDS design in which recruitment of PWID continued
indefinitely to a system in which recruitment ceased after two waves with no HIV-infected
PWID (i.e. restricted RDS); the restricted RDS approach yielded more new diagnoses!®. For
future research, it would be worthwhile to investigate whether recruitment can be steered to
those with characteristics associated with high HIV risk such as those who share needles/
syringes or have unprotected sex.

Morinda is a smaller community compared to sites in our prior RDS studies, likely with a
smaller population of PWID. There were approximately 400 PWID registered at the local
OAT center (personal communication). So, with over 1600 total PWID recruited, we may
have sampled a large fraction of PWID in Morinda and its surrounding communities. This
may have impacted our ability to see a meaningful or statistically significant difference
between the two approaches.

There are limitations to this work. First, the evaluation was conducted in one city in India
among PWID. Replicating this or a similar approach in additional populations with different
HIV epidemics would provide more robust evidence on the efficiency of pRDS. Awareness
of HIV infection was self-reported using an interviewer-administered questionnaire, which is
subject to recall or reporting bias, though well-trained interviewers were used to mitigate
bias. Validating self-reported diagnosis status with local testing centers was not be feasible.
However, viral load testing found that only 6% of those self-reporting no prior diagnosis had
suppressed viral load. Lastly, the pRDS prediction algorithm required prior RDS data from a
similar population. A prediction algorithm developed using data from the same population
(i.e., same person, place, and time) as to whom it will be applied, if available, would likely
perform best. For some, these data already exist and could be leveraged. Programmatic data
available via strategies such as enhanced peer outreach approach and social network
sampling under PEPFAR could be utilized. In settings where prior data is unavailable, one
could use HIV/HCV status only, providing more recruitment coupons to those with HIV
(and HCV for PWID), given these were strong predictors and can be objectively and quickly
assessed using rapid tests.

In summary, getting to the UNAIDS 95-95-95 target will require novel strategies to reach the
more hidden or difficult-to-reach PLWH that are not engaging in HIV testing and care
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services. Leveraging RDS or similar network-based strategies, already employed in HIV
research and surveillance, should be considered alongside other strategies to ensure the
UNAIDS first 95 target is reached for all populations living with HIV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Two seeds initiate recruitment, each receives 2 recruitment coupons

Wave 1:
Individual randomization to coupon systems — standard vs. pRDS —in 1:1 allocation (n=1631)

Standard coupon system (n=815) PRDS coupon system (n=186)

Participants receive 2 Characteristics entered into
recruitment coupons prediction model

Predicted p<0.11 Predicted p>0.11

Participants receive 2 Participants receive 5
recruitment coupons (n=414) recruitment coupons (n=402)

Figurel.
Randomization and coupon distribution flow diagram

AIDS. Author manuscript; available in PMC 2022 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

MCFALL etal.

25
e —
§ 15
10
i I
0
N 9 l > \J o A \J S
s s s s s s s s s
¥ RS & & < & & & &
<8 < N <& NS <& <8 <&
mmm Standard approach NNR mmm pRDS approach NNR
Figure 2a.

NNR over months of recruitment by RDS approach

AIDS. Author manuscript; available in PMC 2022 March 01.

N
<8

N
S

t

N

™

%
o%

O
&

t

&

%
c%

N
<8

+ NNR approach difference and 95% CI

NNR difference



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

MCFALL etal.

©
s
S
N
< < N

a
«°°&

&

Identification rate/week

A 2
N N N
@49(\ & & s

& <

48 &

< < o <8

Standard approach rate mmm pRDS approach rate

Figure 2b.
Identification rate over months of recruitment by RDS approach

AIDS. Author manuscript; available in PMC 2022 March 01.

|
16
14
12
1.0 Tl -
08 ‘
06
04 \
02
0.0
é‘\ 6\\& §> é\“\b 2 K S
NS & & &
&

® s S

* Rate difference and 95% CI

Page 13

Rate difference



Page 14

MCFALL et al.

G¢100'0- 2050 ERIICICTEN| (g's2) L9¢ (e'28) €682 aniebau AIH
sisoubBelp pue snyeis AlH
- 2050 88T-02T 0ST (5'¥2) 6TT (L°21) €29 anmsod AIH
€€T000- G670 1€T-880 L[0T (z'7e) 99T (9°€e) 08TT Jeak Joud ur AIH 1oy paisel
Sols1eIR feyd ADH/AIH
ET'T-290 80 (T°21) 65 (5'vT) 605 atenpesb |0oyas ybiy 1ses| 1V
80€00'0- 06%°0 62T-980 GO'T (v'zv) 902 (z'ov) €TVt 100yds Arepuodss
a0ualayey (5's¥) 122 (e's¥) ¥6ST 100yds Arewirid/oN
uoneanp3
9TT-€50 6.0 (99) ze (L2)ole payesedas/paoIONp/PaMOPIA
687000~ G670 €0T-690 ¥80 (8'9g) 6.1 (e'0v) 8THT Jauned/m Buial Jo wisi-Buoy/patiren
30UaI3J3Y (9°99) /2 (0°29) 8281 paLLIeW JBASN
snjels [eme
200000  /SF0 We-L120 12T o)z (e0) et (/1 191w "sA [apow) sjewaS
667000~ 6670 ITT-960 90T (9g - €2) 62 (se-¢€2) 82 (steak oT Aq [apow) seak ‘aby
65T-G60 €27 (8'62) ST (r'v2) 188 euelypn
8eT-180 90T (1°92) L2T (6'72) 7.8 1y13Q MaN
660950 GL0 (T'6T) €6 (2'52) G506 ysebipueyd
EMICIETEX| (6'%2) 12T (0°52) 088 Jesjuwy
Ao
so|yde JBowep-0100S
dINIA 208NV 10 %S6 o1y sppO  (YOI) uelpaw /(9% [09) u (401) veipaw /(% [09) U ans1eRR YD

(987=N) A IMd pesoubelpun peyinoey

(9TSE=N) @1Md pesoubelpun 1inJde. Jou pid

Author Manuscript

Aoeinade aAnaipald J1ayl pue QIMd Pa1dajul-AIH pasoubeipun ue Buninidal Jo sonsiigoeIey)

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2022 March 01.



Page 15

MCFALL et al.

- 9050 0ST-€0T V2T (2€9) 192 (€'8v) 869T ‘ow g Joud ut s1supred [enxes oN
660950 ¥.0 (9zm) 19 (z'sT) 925 alow lo g
G/T000- 6050 €0T-890 €80 (2°€€) v9T (5'9¢) 2821 T
20UBI343Y (L°€9) 192 (€'8v) 869T 8UON
‘ow 9 Joud ui siauped [enxes
00T-G¥'0 190 (98) v (0°01) 28¢ alow Jo 8T
¥60-G7'0 S9°0 (6'0T) €9 (T°€T) 6SP [T018
270000- 0050 G0T-650 6.0 (eeg) 29T (6°2€) SSTT L01g
20T-1S0 9.0 (5°0¢) 8T (T°T€) S60T zi0T
ERIIETETEX| (L91) 18 (6'2T) aS¥ BUON
slaunied [enxas awnayi
sJoireysq X1 [enxes
1€C-1ET 8.1 (902) 00T (7'v1) L0S anmsod ADH pue AIH
TLT-TTT 8€T (9%¢) 89T (e'T€) 660T anmsod AOH/eAebaU AIH
670000  TESO
G7'2-680 87T (67€) 6T (e€) 91T annebau AOH/eAIISOd AIH
20UBI343Y (0'TY) 66T (0'79) ¥6.T anlebau AOH pue AlH
sn1e1s ADH/AIH
- 0250 LLT-T2T 9T (1°59) 892 (L'Sv) 909T anmsod AOH
I6T-%2T 99T (r'z2) 60T (9°ST) 085 a|qe10019p ‘aAnIsod AlH
- 1670 122-850 €T'T (T2)01 (0202 3|qeloalepun ‘anmisod AIH
201343y (5°62) 19¢ (°28) 9682 anneBsu AIH
peoj JediA pue snyels AlH
WZ-€TT S9T (z'2)se (89) L9T pasoubeip ‘aanisod AlH
88T—-2I'T G&FT (e'L1) ¥8 (0'eT) 95¥ pasouBelpun ‘ennisod AIH
dINIA 20dNY 10 %56 o1y SpPO  (HOI) ueIpaw /(9% [00) u (401) veipaw /(% [00) U a1s1B10R RYD

(987=N) A IMd pssouBeipun paiin 1oy

(9TSE=N) @1Md pesoubelpun 1IN jou pia

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2022 March 01.



Page 16

MCFALL et al.

790000 €70 €5T-880 O9TT (0'¥1) 89 (eet) T8V SaAIIePaS
€70000 = €0G-¢r0 Sv'T (90 ¢ (o) st syueINWINS
02100'0- 0TS0 BT-LTT 9T (€92) 1€ (8'89) 022 auiydiouaidng
¥50000- 68Y°0 ¥6'0-850 ¥.°0 (L81) 16 (8'€7) Ge8 utolaH
sow g Joud ul paposlur sbnig
190000- 6710 €2T-T80 00T (z'82) LT (z'82) 266 ‘ow g Joud ut sBupiAs/a|pssu pareys
85T-G680 O9TT (€'%9) ¥92 (T°29) 0€8T Areq
T€0000- S8Y°0 0ST-8.0 80T (r'v€) 19T (r'se) evet Ajrep ueys ssa
soussgey  (£7TT) S§ (9z1) evv 8UON
‘ow g Joud ur Aouanbauy asn Bnap uonoalug
G0€-80T 187 (e0g) vT (7€) 80ZT uoneUIqWOD
6¥1000- €TS0 ve'e (€99) zee (€'89) 6702 Ajuo sjeannagew.eyd sayo/aulydiouaidng
88'€—Ty'T 9doualasey (g¢) LT (z'1) ese Ajuo utossH
payoalul Jans sbnig
00T-290 6.0 (r'12) v0T (092) 16 aouapuadap [0yod|y
8rT000- €670 9eT-€80 90T (e'6T) 6 (#'27) 219 asn snopJezey/|njuwieH
ERIICICIEN| (e'65) 882 (9'95) 066T SN 3JeIaPOW/MOT
(Lianw) 8sn joyod|y
SJoINeyaq Xs!lasn soueisqns
vY9T-680 12T (L'€9) 192 (e'8%) 869T ssaupted [enxes oN
6T000'0- 0050 2€T-0L0 960 (8'7€) 69T (z'68) 6LET S3A
20UBI343Y (S°TT) 95 (g21) 6V ON
‘ow 9 Jond ul xas pajosiosdun
dINIA 20dNY 10 %56 o1y SpPO  (HOI) ueIpaw /(9% [00) u (401) veipaw /(% [00) U a1s1B10R RYD

(987=N) A IMd pssouBeipun paiin 1oy

(9TSE=N) @1Md pesoubelpun 1IN jou pia

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2022 March 01.



Page 17

MCFALL et al.

€70000  ¥Sv°0 WT-¥.0 V0T (r'8) T (1'8) 982 ‘ow g Jowd Ul paresadseau]
GZT000- 9S¥0 T12T-1L0 160 (eeg) etT (8'€2) 8¢8 ‘ow 9 1sed ur Adesays 1siuobe proido
. . ‘ow 9
§Cc000 €S0 ygr-gzT  ggT (5'25) 552 (9'Tv) v9vT so1d uy asn weiBoid aBueyoxa aBULIAS/RIPIIN

€ST-€L0 90T (r'8) T (5'8) 162 alow 1o 1T

82T-5990 160 (gom) 18 (z'er) 62V 0T 019

292000~ 1870

TWT-060 €TT (2'19) Y72 (0'8v) 8891 GOl T

20UBI343Y (z'82) L€T (8'62) 6¥0T 8UON
skep
o€ Joud ur yum pajaslui suosiad Jo JaquinN
G70000 €970 €€T-060 60T (e'8¢) 98T (z'9e) zizT suossad Jayo ajdnniA
8v0000—- ¥.¥0 9T'T-6.0 960 (8'TY) €02 (8'2v) €0ST uosiad Jayro suo
870000 8970 9V -0€T S¥2 (Lo et (1) 6€ Jaupred [enxes/asnods
870000— €870 9e'T-€60 2I'T (€°29) ¥5¢ (7'6v) SELT auoly
row g Joud ur yum pajoaluy
800000 /870 G6'0-090 9.0 (0°22) L0T (2°22) 956 aoe|d J8y10
06T000- 970 YOT-¥90 280 (1'87) 88 (e'T2) YL punoJB feung ‘Alajewad ‘prekanels
980000  ¥0S°0 99T-TTT 9€T (z'%€) 997 (L'22) €6 AKuayjeb Bunooys
¥00000  TL¥0 9TT-v.0 €60 (0'z2) L0T (r'€2) ze8 19110 91]and
170000~ 9870 60T—-GL0 T60 (0'6v) 8€2 (5°79) 608T punoJBAe|dyied atjand
€T0000 2870 ZTT-690 880 (e'6T) 6 (#'12) 28L asnoy s,pusli<
TE0000—- 8.¥0 ETT-0.0 680 (9°6T) 56 (r'12) 282 awoH
row g Jolid ur paposlur 82efd
dINIA 20dNY 10 %56 o1y SpPO  (HOI) ueIpaw /(9% [00) u (401) veipaw /(% [00) U a1s1B10R RYD

(987=N) A IMd pssouBeipun paiin 1oy

(9TSE=N) @1Md pesoubelpun 1IN jou pia

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2022 March 01.



Page 18

MCFALL et al.

1S40} WOPURI Ul PAPN[OUI 10U J1ISLIBIORIRYD--

L1190 118y3 ul mouy| Ajjeuostad Ayl Q1M 10 JaquuinN

)

'S]19 BLIOS Ul SUOITRAISSCO JO JBQUINU [[eWS 0} 8NP 8]qe[Nded 10U DOUNY
*

Bo| |eanyeu :uj ‘snuIA

2 snedsH ADH ‘158104 Wopues woiy aouepodwi ajgeren (dINIA [apow o1siBo| ajgelieAlun Wwoly aAInd Jojelado JaAI031 8y} Japun eale :DOHNY ‘[eAIslul 8dusplyuod ;D ‘sbnip s1slul oym uosiad :qimd

€6T-TIT VT (6'8T) 26 (0'97) ¥95 alow 1o 0§

4150 €8T-TTT €71 (5'92) 621 (Tez) et8 0501 T2

0LT-T0T T€T (eea)etT (0za) €Ll 0Z01TT

ERIICIEIEY| (e'18) 28T (6'8€) L9€T $89] 40 0T
u\wN_m MJI0Mm1su dIMd

. . uj 8uo Aq |apo) ,azZIS YI0MIau
S9700°0-  ¥ES'0 8TT-€0T OTT (05-8) 02 (ov-9) g1 w a1 vk 19 JHomisu diMd
9Z1s Y JOMBN
dINIA 208NV 10 %56 o1y SPPO  (HOI) ueIpaw /(9% [00) u (401) veipsw /(% [00) U a1s1B108 RYD
(98v=N) QIMd pesoubeipun peindy  (9TSE=N) A1Md pesouBelpun 1N 1581 10U pid

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2022 March 01.



Page 19

MCFALL et al.

(5°02) v¥T (6'72) L2 (8'12) 122 (z02) veT (112) 2.7 (z12) €Lt SUON

‘ow 9 Joud ur Aouanbauy asn Bnup uonoalug

('68) 6.2 ('06) €TT (2'68) z6€ (6'06) 022 (L'68) v0€ (7'06) TTE (sanmsod

ADH Buowe) uonaayur AJH pasoubeipun

(T'98) v (e'82) 8T (9¢8) 26 (z'98) 9 (2'08) 29 (898) 2L (ssnmisod AIH Buowe) FOIWBNIAAIH

(som) 2 (8'9) 81 (r'6) 26 (§2) ov (z'8) L9 (8'8) 2L (11e Buowe) FOIWRIA AIH

(8'29) 65 (e'82) 8T (002 L2 (z'zl) 6e (5'29) 95 (e'€2) 09 (sanmisod

AIH Buowre) uonoajur AlH pasoubelpun

(¥'8) 65 (8'9) 81T (9012 (e9) 6 (6'9) 95 (¥°2) 09 (11e Buowe) uonosyur AIH pasoufelpun
(T71) 8L (1) ez (001) TOT (§2) 9y (0'6) €L (€'6) 92 anmsod ADH pue AIH
(e7€e) vee (0°€g) z0T (zee) 9ge (6°T€) 96T (9°2¢) 992 (672¢€) 892 anmsod AOH/eAebaU AIH
(eT)6 (0o (60)6 (eT)8 (eT) 01 (670) L annebau AOH/eAIISOd AIH
(e'¥9) z8¢ (9°69) ¥8T (6°59) 995 (7'69) 59¢ (z'29) L9v (6°99) ¥9¥ anebau AOH pue AlH

sn1e1s ADH/AIH

(0°s€) 9ve (L'6T) 19 (e°0€) L0€ (T°7€) T6T (0°2¢) 192 (z'62) 8¢2 JTeak soud ur AIH 104 paisaL
(5'92) 98T (592) z8 (5'92) 892 (¥'5e) 95T (9°92) /12 (5'52) 802 ayenpelB [ooyas ybiy ises| I
(8'99) 66€ (6°29) 6.7 (1°29) 815 (€'09) 1€ (€'89) 9. ('89) 9L¥ 100y2s Arepuodss
(891) 81T (g°sT) 87 (¥°91) 99T (e'yT) 88 (T°5T) €27 (T91) TET 100yds Arewirid/oN

uolyeonp3

(1'6€) 512 (09¢) TTT (z'8¢) 98¢ (v'9¢) ez (0°9¢) 62 (8'8¢) 19 patuew Apusing

(e -22) 9z (e -T12) 52 (e€-22) 9z (ze-722) 9z (ee-22) 9z (ze-22) 9z (s1eaf) aby

(€02=N) Anjiceqo.d (60£=N) A1jiceqo.d (cT0T=N) (ST9=N) (918=N) (ST8=N) (401) veipaw /(9% 109) U

paIpa.d ybiy yum pa1Ipa.Id mo| yiim S@yd josinioey yoeoidde prepuels  s@yd ol paziwopuey  yoeo.dde prepuels ols1BR BYD

S@yd josunioey S@yd josunioey josunioy 01 paziwopuey

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

yoroudde uodnod Say Aq sonsLidRIRYD

Author Manuscript

AIDS. Author manuscript; available in PMC 2022 March 01.



Page 20

MCFALL et al.

Jwysa1dod OGT < PrO| [RAIA ATH SB PaULJap BIWBIIA :

T

Burjdwies usalip-juspuodsal :say ‘sbnup 198fur oym ajdoad :aimd

(1ot omne (emer (oot (om et (om et alow Jo 0
(g91) 91T (z'sT) 1t (T°91) €97 (8€1) 58 (T°5T) €27 (g's1) 921 0501 T2
(o'ov) 182 (0'sp) 6T (§'T¥) O2v (s'ov) 672 ('ov) oge (9'1¥) 6EE 0201 TT
(T°2v) 962 (8'8€) 02T (T'TY) 9TF (Tvv) 122 (6°2v) 05€ (r'1v) €€ ssa] o 0T
NmN_m ylomisu QIMd
(6T)€T (Ca9h4 LD (0o et (€2 6T DT "ow 9 Joud ui pajelsareau]
(ev) og (59) 0z (6'7) 05 (o) ge (z9) v (¥9) v aiow Jo g
(6'8Y) ¥ (rev) 1T (6'9v) G1¥ (92v) 292 (0'sv) 29 (g'sv) 1€ T
(8'9v) 62€ (T°19) 85T (1°8Y) L8% (0°29) oze (6°67) LOV (T°6%) 00 3UON
‘ow 9 Joud ui siauped [enxes
(z'22) 16T (6°ST) 6Y (L€2) o (7'¥2) 05T (6°52) 112 (zza) 181 ‘ow 9 1sed ur Adesayp 1s1uoBe proido
(L'18) €22 (0'z2) 89 (8'82) 162 (T'82) €17 (1'82) 622 (e'62) 62 "ow 9 Joud
ut asn welboid abueyoxa abuliAs/apasN
(e'92) LT (9v2) 15 (8'52) v0Z (T'82) 8€T (922) 8LT (2'52) S9T (s10108fur annoe
Buowre) "ow 9 Joud ui abuliAs/a|pasu pateys
(z'89) T8¢ (6729) 9T (9°99) /25 (6°29) 60€ (5°59) zev (1°59) 81V 8sn UolfeUIqWoD
(60) G (60)2 (60) L o)z 90 v (80) g Ajuo sjeonnaoew.reyd
Loy (0o (sov (zo)t (€02 (o) e AKjuo suresod
(022) ezt (908) TL (S'72) v6T (2'62) 9T (e'52) €97 (922) 117 Ajuo utoseH
(z8) or (99) €T (52) 65 (29) g (z'8) €5 (T9) 6 Ajuo supydiouaudng
(s10108[ul
anoe Buowe) ‘ow g Joud ui payaslul sbnig
(z'6T) 5€T (8'8T) 85 (T°6T) €6T (e€2) evT (1°02) ¥9T (12 et Ajrea
(€°09) vzv (€99) LT (1°69) 865 (9°99) 8ve (8'89) 08% (9°29) 697 Ajrep ueys ssaT
(€02=N) Aniqeqo.d (60€=N) A1|1ceq0d (c10T=N) (579=N) (918=N) (518=N) (401) veipaw /(% (00) u
peipa.d ybiy yum pe101pa id MOo| Yy1m Sayd josunioey yoeoudde prepuers  sgyd ol paziwopuey  yoeoidde prepuels J1IS1810R YD
S@yd josynioey S@yd josunioey josun.ioey 0} paziwopuey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2022 March 01.

in

available

3

AIDS. Author manuscript



Page 21

MCFALL et al.

A1 118y3 ul mouy| Ajjeuostad Asyl Q1M 10 JaquinN N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AIDS. Author manuscript; available in PMC 2022 March 01.



	Abstract
	INTRODUCTION
	METHODS
	Overview
	Predicting recruitment of undiagnosed HIV-infected PWID
	Study design and procedures
	Statistical methods

	Evaluating the precision RDS approach
	Study design and procedures
	Statistical methods
	Ethical clearances


	RESULTS
	Predicting recruitment of an undiagnosed HIV-infected PWID
	Evaluating the precision RDS approach

	DISCUSSION
	References
	Figure 1
	Figure 2a
	Figure 2b
	Table 1
	Table 2

