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Abstract

Evaluating the efficiency of community-based HIV testing and counseling strategies to
decrease HIV burden in sub-Saharan Africa

Monisha Sharma
Chair of the supervisory committee:

Ruanne Barnabas, Assistant Professor
Department of Global Health

Knowledge of one’s HIV status is vital to accessing treatment and prevention yet only a
fraction of individuals in sub-Saharan Africa are regularly tested for HIV. Community-based
HIV testing and counseling (HTC), defined as HTC conducted outside of a healthcare facility,
has the potential to achieve high population testing coverage and linkage to care. The studies
within this dissertation describe effectiveness and efficiency (cost-effectiveness) of various
modalities of community-based HTC. Aim 1 presents a systematic review of community and
facility-based HTC strategies in sub-Saharan Africa. Aims 2 and 3 evaluate the cost-effectiveness
of two types of community HTC interventions in western Kenya by incorporating primary cost
and effectiveness data from randomized clinical trials into an HIVV mathematical model.
Specifically, Aim 2 assesses the health and economic impact of implementing a home-based
partner education and HIV testing (HOPE) intervention for pregnant women and their male
partners. Aim 3 evaluates the cost-effectiveness of scaling up provider notification services for

sexual partners of recently diagnosed HIV-positive persons.



In Aim 1, we found that community HTC (including home, mobile, partner notification,
key populations, campaign, workplace and self-testing) successfully reached target groups (men,
young adults and first-time testers) with higher coverage than facility HTC. Community HTC
also identifies HIV-positive individuals at higher CD4 counts who were likely to be earlier in
their disease course. Combined with the potential of community HTC with facilitated linkage to
achieve high linkage to treatment with similar retention rates as facility HTC, this suggests that
scaling up community interventions can reduce the morbidity, mortality and transmission
associated with late or non-initiation of ART. Of all modalities examined, home HTC attained
the highest population coverage (70%, 95% CI = 58-79) while mobile HTC reached the highest
proportion of men (50%, 95% CI = 47-54%). Self-testing reached the highest proportion of
young adults (66%, 95% CI = 65-67%). As each HTC modality reaches distinct sub-
populations, a combination of modalities (differing by setting) will likely be needed to achieve
high ART coverage.

In Aim 2, we found that the incremental cost of adding the HOPE intervention to standard
antenatal care was $31-37 USD per couple tested; task shifting intervention responsibilities to
community health workers lowered the cost to $14-16 USD per couple tested. At 60% coverage
of male partners, HOPE was projected to avert 6,987 HIV infections and 2,603 deaths in Nyanza
province over 10 years with an incremental cost-effectiveness ratio (ICER) of $886 and $615 per
DALY averted for the program and task-shifting scenario, respectively. The ICERs are below the
threshold of Kenya’s per capita gross domestic product ($1,358) and are therefore considered
cost-effective. We conclude that the HOPE intervention can cost-effectively decrease HIV-
associated morbidity and mortality in western Kenya by linking HIVV-positive male partners to

care.



In Aim 3, we found that implementing assisted partner services (aPS) or active tracing, exposure
notification, and home HTC for sexual partners of newly diagnosed HIV-positive persons in
western Kenya is projected to achieve 12% population coverage and reduce HIV infections by
by 2.8% and HIV-related deaths by 1.5%. The incremental cost-effectiveness ratio (ICER) of
implementing aPS is $1,703 USD (range $1,198-2,887) per disability-adjusted life year (DALY)
averted. Task-shifting intervention activities from healthcare professionals to community health
workers decreases the ICER to $1,302 (range $955-2,789) per DALY averted. The task-shifting
scenario falls below Kenya’s per capita gross domestic product (GDP) and is therefore
considered very cost-effective while the full program cost scenario is considered cost-effective
under the higher threshold of 3-times Kenya’s per capita GDP. Intervention cost-effectiveness
and HIV-related deaths averted among aPS partners increased with expanded ART initiation
criteria.

We hope that this dissertation work will be useful in forming policy deliberations

regarding implementation of community HTC in countries of sub-Saharan Africa.
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CHAPTER 1: Introduction



Introduction

Despite the effectiveness of antiretroviral therapy (ART), HIV remains one of the world’s
most serious health challenges. Globally, there are approximately 2.3 million new HIV infections
and 1.6 million HIV-related deaths annually, with 70% of incident infections occurring in sub-
Saharan Africa.l2 In spite of high burden, only one-third of adults in sub-Saharan Africa have
been tested for HIV in the past year.3*

Facility-based HIV testing and counselling (HTC) has not achieved high coverage in sub-
Saharan Africa (SSA) and will likely be insufficient to curb the epidemic. Barriers to facility
HTC uptake include distance from clinic, long wait times, economic costs (transportation, lost
wages, childcare), concerns about confidentiality, inconvenient hours, and lack of access to the
healthcare system.> Community-based HTC (defined as HTC outside of a health facility) has the
potential to overcome these barriers and achieve widespread testing coverage.®” Modalities of
community HTC are diverse and include: home, mobile, workplace, partner/index, and campaign
testing. Community HTC has been shown to have high acceptability and requires minimal
infrastructure allowing for easier scale up. Since community HTC enables easy access to testing,
it can identify asymptomatic HIV-positive individuals at high CD4 counts. In contrast,
individuals generally seek facility HTC when they are feeling ill, later in the course of their
illness. Identifying HIV-positive persons at higher CD4 counts enables early ART initiation,
which improves patient survival and reduces HIV transmission from virally suppressed
individuals by up to 96%.%° In KwaZulu-Natal, South Africa, an analysis found a 1.4% decline
in HIV incidence for every 1% increase in ART coverage.® Additionally, modeling studies

project substantial decreases in HIV incidence if high coverage of ART is started immediately



after diagnosis.!*3 As countries shift their ART initiation criteria from a CD4 threshold to
immediate treatment, efficient ways to identify HIV-positive persons will be crucial.

Community HTC has the potential to achieve high population testing coverage which can
reduce stigma of testing. In addition, community HTC can reach underserved groups, including
men, young adults, and key populations (commercial sex workers, men who have sex with men,
and persons who inject drugs). Men are more likely to be lost at each step of the HIV treatment
cascade. They are less likely to test for HIV, more likely to start ART at advanced disease and to
interrupt treatment, all of which leads to increased morbidity and mortality.** Young adults (age
15 to 24 years) represent 39% of new infections in those over age 15 years® yet they have lower
access to HTC and HIV care and poorer clinical outcomes than other age groups.'® Key
populations have an HIV prevalence up to eight times higher than the general population yet are
marginalized which results in limited access to the healthcare system.'”® Increasing HTC and
treatment coverage in these groups is critical to controlling the epidemic.

Community HTC modalities are diverse and acceptability and population reached differ
by modality and can vary by setting and linkage strategy.’ Further, each modality is associated
with a different cost per person tested. Synthesizing the literature on HTC modalities can assist
policymakers in determining the optimal combination of HTC modalities to implement in each
country. As most countries have multiple and varying epidemics, UNAIDS recommends creating
regional policies tailored to macro-epidemics rather than nation-wide approaches.'® Summarizing
the data on HTC can also inform parameters in mathematical models to project the long-term
impact of HTC interventions.

As countries in SSA have limited budget to implement community HTC, it is important

to examine the cost-effectiveness of different modalities. Previous studies have examined the



cost-effectiveness of home and mobile HTC, but other modalities are not well studied. One such
strategy is home HTC for male partners of pregnant woman which has been shown to be
successful in testing men; the recently completed HOPE intervention in Kisumu, Kenya found
that 87% of male partners had been tested 6 weeks post-partum in the HOPE arm compared to
39% in the standard of care arm.?° Further, couples HIV testing and status disclosure has been
shown to increase women’s adherence to both antiretroviral therapy (ART) and prevention of
mother to child transmission (PMTCT) regimens.?:2® Interventions for encouraging male
partners to come to the ANC with their partner and undergo HTC have had varied success; a
study in Uganda found that written invitations asking males to attend the ANC for HIV testing
was no more effective than standard of care,?* while other studies in Tanzania and South Africa
found that a substantial proportion of men came to the clinic and underwent testing after
receiving a letter of invitation (43% and 32%, respectively compared to control rates of <19%
and 11%, respectively).?>? Therefore, home HTC for male partners may be a viable alternative
in settings where encouraging males to attend ANC for testing has not been successful. Indeed,
qualitative studies showed home HTC is preferred by both pregnant women (54%) and their
male partners (68%) over ANC or VCT.?’

Another promising HTC modality that requires further evaluation is partner notification
services.? Partner services (PS), refers to efforts to identify sex partners of persons diagnosed
with a sexually transmitted disease, notify them of their potential exposure, provide counseling,
testing, and referral to treatment for those found positive. Types of partner services include
passive referral—the index case is asked to notify their sexual partners of potential exposure and
encourage them to seek HTC, provider notification or assisted partner services (aPS)—

healthcare providers contact sexual partners directly and provide counseling and testing, or



contract referral—a mix of the previous two methods in which the index patient is given a
certain amount of time to contact their partners, after which the healthcare provider conducts
notification.?® Partner services are widely implemented in high-income countries and growing
evidence from sub-Saharan Africa shows PS is feasible and acceptable.®® APS was recently
scaled up by the Ministry of Health in Cameroon; index patients were given a choice of passive
referral, assisted partner notification, or contract referral. The intervention achieved 66%
coverage of reported sexual partners and HIV positivity was high (50%), with 86% of those
found positive were enrolled in care.*® Similarly, a PS trial with 3 arms in Malawi attained 51%
coverage of partners in both the provider notification and contract referral arms compared to only
24% in the passive referral arm. Overall with 64% of partners tested HIV-positive.3! The high
HIV positivity found through APS interventions are similar to those reported in the literature of
45-50% prevalence in cohabitating partners of HIV-positive adults, the vast majority of whom
are unaware of their status. APS can also be used as a prevention tool to target pre-exposure
prophylaxis (PrEP) to HIVV-negative persons who are at high risk of acquiring infection from a
positive partner.3> Although aPS has been shown to be effective in sub-Saharan Africa, its cost-
effectiveness has not been well evaluated. Implementing partner services will require significant
economic investment so it is crucial to evaluate efficiency to maximize use of limited resources.
As conducting an aPS RCT for a sufficiently long time frame to collect clinical endpoints is not
feasible, mathematical models can be used to synthesize epidemiologic and economic data and
project the long-term health consequences (HIV infections and disability-adjusted life years
(DALYsSs) averted) of implementing aPS over a 10 year time horizon. Modeling results can

provide insight to decision makers as they choose which interventions to implement.



This dissertation comprehensively describes key characteristics of various modalities of
community HTC and then focus specifically on the health and economic impacts of
implementing two understudied forms of community HTC—Home HTC for male partners of
pregnant women and assisted partner notification services (aPS). We hope that these papers will
provide information to policymakers as they determine which HTC interventions to implement in
the context of their country’s HIV epidemic. We also hope to inform the WHO guidelines on

community HTC and partner notification for sub-Saharan Africa.

Chapter 2: A systematic review and meta-analysis of community and facility-based approaches
to address gaps in HIV testing and linkage in sub-Saharan Africa

We conducted a systematic review of HIV testing and counselling modalities,
characterizing facility and community (home, mobile, index, key populations, campaign,
workplace and self-testing) approaches by population reached (men, first time testers, young
adults, key populations), HIV-positivity, CD4 count at diagnosis, linkage to care and cost. A
large number of studies have been conducted in the past decade and this is the first paper to
synthesize the literature on both facility and community HTC in SSA as well as the first to
characterize the ability of each modality to reach young adults and men, and assess the literature
on self-testing, an innovative low-cost method to test hard to reach populations.

Assessing linkage to care is also crucial as the success of HTC strategies is dependent on
their ability to link persons to ART. We assess the effectiveness of community HTC with and
without facilitated linkage to care strategies (i.e. counsellor home visits to encourage linkage).
We also assess the difference in uptake between two types of facility testing: voluntary
counselling and testing (VCT) and provider initiated testing counselling and (PITC). Since PITC

is provider driven, it can provide a safety net for those who do not independently seek HTC.3334



Chapter 3: Modeling the cost-effectiveness of home-based HIV testing and education (HOPE)
for pregnant women and their male partners in Nyanza Province, Kenya

In Chapter 3, we assess the efficiency of adding the HOPE intervention to standard
antenatal care in western Kenya. Pregnant and post-partum women in sub-Saharan Africa (SSA)
have rates of HIV-acquisition that are more than two fold higher than in non-pregnant women.3%-
38 39 Additionally, HIV-positive pregnant women face a higher risk of maternal mortality and can
transmit HIV to their infants.*> Although pregnant women have high rates of HIV testing
coverage, largely due to antenatal (ANC) testing, they are less likely to know the HIV status of
their male partners. In Kenya during 2013, 88% of pregnant women were tested for HIV, while
only 4.5% of their male partners underwent testing in the prior 12 months.***! Home HTC for
pregnant women and their male partners can address this gap by facilitating couples testing
outside of the ANC. Increasing HIV testing in males reduces transmission to their female
partners, while also averting morbidity and mortality in men associated with late ART initiation.
However, home-based couples counseling for pregnant women is resource intensive and its cost-
effectiveness has not been evaluated. We used a mathematical model to assess the cost-
effectiveness of providing home-based partner education and HIV testing (HOPE) to couples as
a part of routine antenatal care in western Kenya. We conducted a detailed in-country
microcosting to estimate the cost per couple tested for scaling up the HOPE intervention under a
program scenario of healthcare professionals and with a task-shifting scenario utilizing

community health workers.

Chapter 4: Cost-effectiveness of implementing active partner notification for HIV in Kenya: A
mathematical modeling analysis




In Chapter 4, we evaluate the efficiency of partner services for HIV prevention in SSA.
While partner services are routinely utilized in developed countries, they have not been widely
implemented in SSA. Similarly, although several studies have evaluated the cost-effectiveness of
partner services in developed countries, we found only one such economic analysis in SSA.%
This analysis was a static model that did not incorporate indirect benefits (herd immunity)
generated by the intervention and only used a one year time horizon. Our economic evaluation
uses a dynamic model that projects the long-term health and economic impact of implementing a
large-scale aPS program in a low resource setting. We also conducted a micro-costing of the aPS
randomized clinical trial in Kenya. By collecting costs prospectively and assessing staff time
needed to perform different aspects of the intervention, we were able to accurately project the
incremental cost per sexual partner tested. APS costs data from SSA are scarce in the published
literature.

In SSA, where the primary driver of the HIV-epidemic is heterosexual transmission and
50% of HIV-positive persons do not know they are infected, aPS is a promising strategy to fill in
testing gaps. APS can provide targeted HTC to those at high risk of HIV infection—sexual
partners of persons diagnosed with HIV. APS can also serve as a vehicle for couples counseling

and disclosure as well as PrEP if the partner is HIVV-negative.
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Abstract

HIV testing and counselling is the first crucial step for linkage to HIV treatment and prevention.
However, despite high HIV burden in sub-Saharan Africa, testing coverage is low, particularly
among young adults and men. Community-based HIV testing and counselling (testing outside of
health facilities) has the potential to reduce coverage gaps, but the relative impact of different
modalities is not well assessed. We conducted a systematic review of HIV testing and
counselling modalities, characterizing facility and community (home, mobile, index, key
populations, campaign, workplace and self-testing) approaches by population reached, HIV-
positivity, CD4 count at diagnosis and linkage. Of 2,520 abstracts screened, 126 met eligibility
criteria. Community HIV testing had high coverage and uptake and identified HIV-positive
individuals at higher CD4 counts than facility testing. Mobile HIV testing reached the highest
proportion of men of all modalities examined (50%, 95% CI = 47-54%) and home with self-
testing reached the highest proportion of young adults (66%, 95% CI = 65-67%). Few studies
evaluated HIV testing and counselling for key populations (commercial sex workers and men
who have sex with men), but these interventions yielded high HIV positivity (38%, 95% CI =
19-62%) combined with the highest proportion of first-time testers (78%, 95% CI = 63-88%),
indicating service gaps. Facilitated linkage (for example, counsellor follow-up to support
linkage) achieved high linkage to care (95%, 95% CI = 87-98%) and ART initiation (75%, 95%
Cl = 68-82%). Expanding mobile HIV testing, self-testing and outreach to key populations with
facilitated linkage can increase the proportion of men, young adults and high-risk individuals

linked to HIV treatment and prevention.



Introduction

Globally, there are around 2.3-million new HIV infections annually, 80% of which occur in sub-
Saharan Africal. Despite the high burden, only one-third of adults in sub-Saharan Africa have
been tested for HIV in the past year and less than 50% of HIV-positive individuals know their
status®3. Knowledge of one’s serostatus is vital for accessing lifesaving anti-retroviral therapy
(ART) and linking to HIV prevention. Conventional facility-based HIV testing and counselling
(HTC) has not achieved high testing coverage in sub-Saharan Africa and will probably be
insufficient to meet UNAIDS ambitious 90-90-90 targets — 90% of HIV-positive individuals
knowing their status, 90% of HIV-positive individuals who are aware of their status on ART, and
90% of individuals on ART virally suppressed*®. Barriers to facility testing include distance
from clinic, long wait times, costs (transportation, lost wages and childcare), confidentiality
concerns, low perceived risk and infrequent contact with the health-care system®. In addition,
patients often present at facilities late in the course of their illness, increasing HIV morbidity,
mortality and transmission’. Community-based HTC (conducted outside of a health facility) has
the potential to overcome these barriers, achieve high coverage, and identify asymptomatic HIV-
positive individuals at high CD4 counts®®. In addition, community HTC may reach more men,
young adults, and key populations than facility HTC. Community-based strategies also require
minimal infrastructure allowing for easier scale up®12,

Community HTC modalities include: home, mobile, workplace, index partner/family
members (sexual partners or family members of HIV-positive persons) and as part of a
campaign. Uptake and demographics of population reached can vary widely by modality®. A
large number of studies on HTC have been conducted in sub-Saharan Africa and a previous

systematic review was completed in 2012, but facility testing was not included and uptake in



men and young adults was not assessed. In addition, several large-scale interventions have been
published since 201211131% Recently, the World Health Organization’s released guidelines that
strongly recommend implementing community HTC®, As most countries have multiple and
varying epidemics, UNAIDS recommends creating regional policies tailored to the macro-
epidemic rather than nation-wide approaches.!” Local policymakers will need to determine the
optimal combination of community HTC interventions to increase testing in the context of their
country’s HIV epidemic.

To provide evidence for decision makers, we summarize the literature on community and
facility-based HTC. We characterize each modality by population coverage, since high coverage
is beneficial to both HIV-positive and -negative people. HTC can reduce risk behaviour in HIV-
negative individuals, while providing a means to link them to primary prevention (including
circumcision and pre-exposure prophylaxis (PrEP))'®-2L, We evaluate effectiveness in reaching
men and young adults (both groups have a disproportionately high risk of HIV acquisition and
poorer clinical outcomes once infected??24) and targeted HTC for key populations (men who
have sex with men (MSM), commercial sex workers (CSWs) and people who inject drugs
(PWID)) — groups that generally have very high HIV prevalence and low access to health
care®. We assess HIV positivity to characterize yield and examine CD4 count at diagnosis to
identify modalities that have the potential to link infected persons to care earlier in their disease
course. Estimates from our analysis can also be used as parameters in mathematical models to

project the long-term impact of HTC interventions.

Methods
Inclusion criteria. We conducted a systematic literature review following Cochrane and

PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines?.



Studies were eligible for inclusion if they reported data on at least one of the following
outcomes: coverage (individuals who accepted HTC/eligible target population); uptake
(individuals who accepted HTC/individuals offered HTC); proportion of young adults (age <25
or <30 years; proportion of men; proportion of first-time testers; HIV positivity (number
positive/total tested); proportion with a CD4 count of 350 cells uL™ or less; proportion linked to
care (those who had visited a clinic, obtained a CD4 count or initiated ART); proportion retained
in care (individuals retained/individuals who initiated ART); or cost per person tested. The target
population was defined as eligible population in the catchment area, either enumerated by the
study (often the case for home HTC) or estimated (often the case for mobile and campaign
HTC). For facility HTC, the target population was defined as people visiting the clinic, and for
index partner or family members it was defined as all sexual partners or cohabitating family
members listed by index patient. With the exception of HTC targeted to key populations, we
excluded HTC studies not related to general population screening, including case reports and
studies limited to antenatal or paediatric settings, or to patients with specific diseases (for
example, tuberculosis). Observational (cross-sectional and cohort) studies and randomized trials
were eligible for inclusion. Studies were included in the analyses more than once if they had
different arms or multiple study sites (for example, urban and rural settings or different
countries). If more than one wave of a survey or intervention was completed, only the most
recent was used.

Search strategy. Literature searches were conducted with the help of a librarian on July 22,
2014 and updated on June 10, 2015. Briefly, we searched PubMed, EMBASE, Cochrane Library,
Global Health Database, African Index Medicus, and conference abstracts (CROI, R4P, 1AS)

using MeSH terms for PubMed and comparable terms for other databases. Search terms included



"HIV Infections/diagnosis™ AND "Africa South of the Sahara” AND ("mass screening™ OR test
OR tests OR testing OR screen* OR diagnosis OR “counseling”). Bibliographies of relevant
papers were screened and authors were contacted for missing outcomes. Searches were limited to
human studies published between 2000 and 2015. Full strategy is described in the Supplementary
Information.

Definitions of HTC modalities. Community-based HTC was defined as that conducted outside
of health facilities. Facility-based HTC modalities were conducted in health-care facilities (for
example, clinics, hospitals, fixed stand-alone voluntary counselling and testing sites). Facility
HTC was divided into two categories: voluntary counselling and testing (VCT), which is patient-
initiated testing; and provider-initiated testing counselling (PITC), which is routine or opt-out
HTC that is initiated by a provider. Community HTC modalities included home (offering HTC
door-to-door to a catchment area), mobile (setting up a mobile van or container to provide HTC
in a central area of a community), index partner or family member (offering HTC to individuals
who may have been exposed to HIV by a sexual partner or who have an HIV-positive household
member), campaign (short — generally one to two weeks — intensive community mobilization
followed by mobile testing, often partnered with other health interventions), key populations
(targeted to MSM, CSWs and PWID) and workplace (offered at a place of employment). We
examined a subset of home and workplace HTC that used self-testing.

Data screening and extraction. M.S., R.Y. and R.V.B. screened abstracts for initial inclusion.
Disagreements were adjudicated by reviewing the full text. M.S., R.V.B., R.Y. and G.T.
reviewed papers for eligibility and used a standardized extraction form to characterize eligible
studies (Supplemental Information 2). Study quality was rated low; moderate; or high; based on

representativeness of underlying population, follow-up (present or absent), assessment of



outcomes, and number of outcomes presented. Costs were inflated to 2012 US dollars by
converting to local currency units, multiplying by the ratio of each country’s gross domestic
product deflator (2012 deflator or base year deflator) and converting back to US dollars?”.
Statistical analysis. Random effects meta-analysis of single proportions with binomial exact
confidence intervals (Cl) was used to summarize results. Proportions were stabilized using the
Freeman-Tukey double arcsine transformation unless the number of events was less than ten, in
which case a logit transformation was used because of convergence issues. Heterogeneity was
quantified using the 12 statistic. For modalities with enough data (ten studies or more), trends
were examined by year before 2005 (when the HIV rapid diagnostic test was introduced),
country and facilitated linkage. Analyses were conducted in R software using the metaprop

function in the meta package?®.

Results

We identified 126 eligible studies out of 2,520 abstracts (Supplementary Figure S0.a). Overall,
64% of studies were rated moderate or high quality (Supplementary Information 2). Most studies
included in our analysis evaluated facility and home HTC. We identified far fewer studies on
other types of community HTC: home with self-testing (n = 2), workplace with self-testing (n =
2), index partner/family member (n = 5), key populations (n = 5), campaign (n = 5) and
workplace (n = 4). Forest plots of each outcome by modality are available in the Supplementary
Information with pooled estimates presented here. 12 values of pooled estimates varied from 90%
to 100%, reflecting high heterogeneity in study designs and countries included (Supplementary
Information). The countries represented varied by outcome with the greatest number reporting
data for home and facility HTC coverage, uptake and tester demographics. Far fewer studies

reported CD4 count at diagnosis and linkage to care outcomes; studies containing these data



were mainly conducted in South Africa, Kenya and Uganda. All home self-testing studies were
conducted in Malawi and the most key population studies were conducted in Nigeria. Overall,
the largest number of studies were conducted in South Africa.

Coverage and uptake

Coverage was reported in 19 home HTC studies®™>!82%45 one mobile!?, two campaign*®*#’, three
index partner/family member®®>0, five facility VCT>>°, and five facility PITC studies>®L,
Overall, community HTC modalities achieved higher coverage than facility, with home (70%,
95% CI = 58-79) and campaign (76%, 95% CI = 49-95%) having the highest population
coverage (Fig. 1). Home HTC consistently achieved high coverage across 19 studies, whereas
campaign coverage was also high, but based on only two studies. Pooled coverage was 37%
(95%, CI = 33-42%) for mobile HTC, from one study conducted in three countries (South
Africa, Tanzania and Zimbabwe). Coverage of index HTC was heterogeneous depending on
target group (family members compared with sexual partners) and type of contact tracing (active
or passive referral). Figure 1 shows results for sexual partner tracing only (41%); full results are
shown in Supplementary Figure S18. Facility VCT (15%, 95% CI = 9-21%) and PITC (18%,
95% CI = 18-31%) attained the lowest coverage.

Uptake was reported in 31 home HTC studies®1415:18:27.29-38,40-4553.62-74 "tyy9 home with
self-testing'> ">, two mobile!®® three index partner or family member*-0, four
campaign®6477877 three workplace’8, three facility VCT>**8! and 11 facility PITC
studies®®>"°9608187 Qyerall, community modalities had high uptake (Fig. 1). Home HTC had a
pooled uptake of 82% (95% CI = 76-87%) and home with self-testing had slightly lower uptake
(69%, 95% CI = 59-78). Mobile and campaign had the highest uptake (both at97%). Index

uptake was 89% (95% CI = 88-90%) for home testing of family members (Supplementary



Figure S10) and 52% for sexual partners (95% CI = 30—71%; Fig. 1). Uptake for facility VCT
was defined as number tested divided by number referred for VCT by provider, for facility PITC
it was defined as number tested divided by number offered PITC. We found higher uptake for
people given routine PITC (73%, 95% CI = 55-87%) compared with those referred to on site
VCT (26%, 95% CI = 15-39%).
Demographics of testers
The percentage of men out of total persons tested was reported in 25 home HTC
StUdi655’14'18’29’31'32'37’38’41'45'63'64’66'68'72‘88'90, two home with self-testing“*75, 10 mobile1°'13'68772'91'99,
3 index partner*4°#8 3 campaign?®4"’¢, 2 workplace!®®1%, 20 facility
VCT52,54,61,64,81,88,89,92,93,95,96,98,102-1071 and 13 facility p|Tc58,60,82-84,86,99,108-113 (Flg 2)_ Mobile had
the highest percentage of men (50%, 95% CI = 47-54%), whereas home had the lowest for
general population HTC (40%, 95% CI = 39-41%). Index partner testing had 41% men (95% ClI
=23-61%), but varied greatly by tracing strategy; active tracing had 50% men whereas passive
clinic referral had only 15% (Supplementary Figure S18). Facility VCT and PITC both had 42%
men.

Percentage of participants reporting testing for the first time was included in 20 home
HTC StUdi685'14’18’29'31’32’38’41'44’63’65’66'68'72’88, 11 mObi|910’12’68’93'95’97’103’114, 3 campaign46'47’77, 3
key populations®11>116 and 7 facility VCT25491.9395.106 and 5 facility PITC®88088.11L112 pogled
percentages of first-time testers were higher for community than facility modalities (Fig. 2).
Percentages varied by country, with South Africa consistently having the lowest percentage of
first-time testers across modalities (Supplementary Figures S23-S27). Key population
interventions had the highest proportion of first-time testers (83%, 95% CI = 71-91%), and

mobile had the highest percentage among the general population (63%, 95% CI = 50-74%).
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Home HTC had 58% first-time testers (95% CI = 48-67%), and campaign had 55% (95% CI =
20-91%), but was highly variable depending on the setting (Supplementary Figure S25). Facility

VCT had 53% (95% CI = 40-66%) and PITC had 55% (95% CI = 48-62%) first-time testers.

The percentage of testers who were young adults testers <age 25 or <30 years) was
reported in 17 home HTC studies®!8:29-31:35,37,38,45,63,64,68-70,73,7490.117 " gne home with self-testing?,
13 mobilgl012:13:68.91,93,95-97.103.107.114 ‘t\0 jndex partner‘®®, two campaign*”’’, 20 facility
VCT12,51,52,54,64,88,89,91-93,95,104-107,114,118-120’ and six facility P|T058’82’86’88’110’113. Results varied
considerably by study (Supplementary Figures S29-S35). Community HTC generally tested a
higher proportion of young adults than facility modalities; home with self-testing had the largest
percentage (66%, 95% CI = 65-67%), followed by mobile, and then home (Fig. 2). Campaign
reported 31% young adults, but varied from 20-50% depending on study (Supplementary Figure
S32). Facility VCT had 46% (95% CI = 39-53%) and PITC had 38% (95% CI = 39-53%).

HIV positivity and CD4 count of less than 350 cells gL at diagnosis

Yield of HIV positive individuals (HIV positivity) was reported in 29 home studies!#15182729-
32,34,36,38,41—45,63,65,66,68,70—73,88,89, one home with SG'f-tGStiﬂgll, 12 mobilelO,13,68,72,92—95,97,98,103,107,114,
five campaign®®4":7677120 three workplace’®!2! four key population?1>116122 four index
partner48'50'88, 27 facility VCT54—56,64,81,84,88,91—93,95,98,102,104—107,114,118—120,123—127’ and 17 facility
PITC56:57:59,6081,83-88,99,110-113,126 o1y djes. Community-based strategies for the general population
had lower HIV positivity (6-11%) than facility HTC (18-20%), whereas targeted community
HTC for key populations and sexual partners of index patients had the highest HIV yield (Fig. 3).
HTC interventions targeting sexual partners of index cases had 28% positivity (95% CI = 13—
50%), those for MSM had 24% (95% CI = 14-39%), for CSWs had 27% (95% CI = 12-51%),
and interventions targeting PWIDs had the lowest positivity (3%, 95% CI = 1-15%). Index HTC

11



for family members had similar HIV yield to home and mobile HTC (9%, 95% CI = 5-14%)
(Supplementary Figure S42). Forest plots of HIV positivity for each modality stratified by
country are shown in Supplementary Figures S36—S44). HIV positivity for community HTC in
the general population largely mirrored prevalence of the country where the study was
conducted, with the exception of four countries with the highest prevalence: Mozambique,
Swaziland, Botswana and Lesotho. These countries have adult HIV prevalence ranging from 22—
27%'%8, but HIV yield from home, mobile and campaign HTC was 5-12%. HIV positivity for
facility VCT and PITC was generally higher than prevalence in the general population.

The proportion of individuals with CD4 count of less than 350 cells uL™* at HIV
diagnosis was reported in 7 home'#38:42438572.73 '3 mgpjle1.94114 3 campaign?®4"78, 8 facility
V/CT8081.107.126,127.129-131 5 5 facility PITC studies®:-819126.130 Community-based strategies
identified HIV-positive individuals at higher CD4 counts than facility HTC, with campaign
having the lowest proportion with CD4 count less than 350 cells uL™ (26%, 95% CI = 22-30%)
(Fig. 3). Home (39%, 95% CI = 32-46%) and mobile (38%, 95% CI = 36-41%) had similar
proportions of HIV-positive individuals with a CD4 count less than 350 cells uL%, whereas
facility VCT (66%, 95% CI = 60-72%) and PITC (71%, 95% CI = 67—-75%) had the highest
proportion with low CD4 count.

Linkage and retention in care for HIV-positive individuals

Linkage to care was defined as visiting a clinic for community HTC and returning to the clinic to
obtain CD4 count results (or enrolling in pre-ART care) for facility HTC. Linkage was reported
for ten home!415293441-43.65,72.132 gy mohile’?91:92.94133-135 two campaign’®’, eight facility
V/CT®6:81849192123126,136 gnd five facility PITC studies®®8487111126 Home and campaign

interventions achieved a high proportion of individuals linked (95%, 95% CI = 87-98%) when
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paired with facilitated linkage to care strategies (for example lay-counsellor follow up to
encourage clinic visit); interventions without facilitated linkage achieved lower proportions of
HIV positive individuals visiting a clinic (26%, 95% CI = 18-36%) (Fig. 4). Mobile HTC
achieved 37% (95% CI = 24-51%) linkage; rates were highest in two intervention conducted in
South Africa, one which used incentivized monetary recruitment and another which used a call
centre to encourage linkage after HTC®*134 Linkage to care from facility VCT was 61% (95%
Cl =48-72%) and from PITC was 55% (95% CI = 39-71%) (Fig. 4). Time from HTC to linkage
to care ascertainment varied by study (ranging from 1 to 12 months); the method of
ascertainment (participant self-report or clinic record) also varied.

Four home HTC studies reported ART initiation among those eligible!##14355 Similar to
linkage to care, ART initiation was higher in home interventions with facilitated linkage (76%,
95% CI = 26-82%) compared with those without facilitated linkage (16%, 95% CI = 12-20%)
(Fig. 5). ART initiation rates after home HTC with facilitated linkage were similar to those
achieved through facility HTC. Initiation among those eligible was 64% (95% CI = 54-72%) in
facility VCT and 70% (95% CI = 61-78%) in facility PITC with three studies reporting
initiation rates for VCT®1126.130 and four for facility PITC®0818487.111 Se|f-testing showed an
ART initiation rate of 29% (95% CI = 17-45%), although this number is among all HIV-positive
individuals and is not restricted to those who are ART eligible since POC CD4 counts were not

conducted!! (Supplementary Figure S55).

One study reported retention in care at12 months after ART initiation for home HTC* and two
studies for both facility VCT and PITC reported retention — one at 6 months® and one at 12
months'®. Not surprisingly, linkage rates were higher in the 6 month compared with the 12

month retention study (Supplementary Figure S59). Retention was highest for home HTC,
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although the sample size was small (93%, 95% CI = 83-97%) (Fig. 5). Facility VCT achieved
53% (95% CI = 32—71%) retention, and PITC retention achieved 64% (95% CI = 32-90%).
Cost per person tested

The average cost per person tested (2012 US dollars) for community HTC was $27.38 for
mobile, $16.60 for index, $11.17 for campaign and $8.58 for home HTC8893.103.137-141
(Supplementary Table S2 and Figure S61). The cost per person tested was highest for stand-
alone VCT ($36.78)893142 whereas hospital and clinic HTC had similar costs ($12.56 and
$12.32, respectively)8!88.93.140.142-147 (g nnlementary Table S3 and Figure S62). Costs were
dependent on the country where the study was conducted, which costs were included (start-up or

ongoing only) and the intervention scale.

Discussion

Across modalities, community HTC successfully reached target groups (men, young adults and
first-time testers) with higher coverage than facility HTC. High uptake of community HTC
reflects population acceptability of testing outside of health-care facilities. Community HTC
identified HIV-positive individuals with higher CD4 counts who were likely to be earlier in their
disease course. Combined with the potential of community HTC with facilitated linkage to
achieve high linkage to treatment with similar retention rates as facility HTC, this suggests that
scaling up community interventions could reduce the morbidity, mortality and transmission
associated with late or non-initiation of ART. Although community interventions test a large
number of HIV-negative individuals, HTC can reduce risky sexual behaviour™ and provide a
means to link uninfected persons to primary prevention. This is particularly crucial for young
women, who have high HIV incidence and can benefit from PrEP?!, Preventing HIV infections

averts future treatment costs as well as morbidity. A recent modelling study found that ART
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scale-up should be combined with primary prevention such as PrEP to achieve maximum HIV
reduction'*8, High coverage of HTC can also reduce stigma around testing.

Each HTC modality reaches distinct sub-populations and a combination of strategies will
probably be necessary to achieve high ART coverage. Mobile and campaign HTC had high
uptake (97%), as individuals who present at a mobile van or during a campaign are probably
seeking out testing, but home HTC also achieved high uptake among people at home who were
offered testing (82%). Home HTC also attained high population coverage, probably because
offering testing door-to-door removes substantial barriers, including eliminating the need to
actively seek out HIV testing'#°. However, home HTC is less likely to reach men and young
adults. A recent home HTC intervention in Botswana reached 85% of women in the target
population compared with just 50% of men®®°. This may be because women are more likely to be
home at the times when the intervention is conducted.

Campaign HTC has the potential to attain high coverage in large catchment areas and
identify HIV-positive individuals at high CD4 counts (one-third of newly diagnosed HIV-
positive individuals had a CD4 count of less than350 cells uL™* compared with two-thirds or
more for facility HTC). The multidisease focus of campaigns may reduce stigma of HIV testing
interventions. Our results suggest that campaign HTC can be a successful strategy for countries
seeking to increase overall testing coverage in a short time frame.

Home HTC with self-testing reached the greatest proportion of young adults of all
modalities examined! and is a promising strategy to achieve high uptake!®*. Young adults (age
15 to 24 years) represent 39% of new infections in those over 15-years old?3, but have lower
access to HTC and HIV care and poorer clinical outcomes than other age groups®*. Home HTC

with self-testing had slightly lower coverage and reached fewer first-time testers than home HTC
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administered by counsellors. The World Health Organization recommends HIV self-testing as an
option for individuals who are unable or unwilling to receive counsellor-administered HTC.
However, supervision improves interpretation of results'>! and a reactive self-test should not be
considered a definitive diagnosis, as standard testing is needed to confirm results. More studies
evaluating linkage to care following a positive self-test are needed®.

Mobile HTC is the most effective strategy for reaching men, a target group in sub-
Saharan Africa. Men are more likely to be lost at each step of the HIV treatment cascade; they
are less likely to undergo testing, more likely to start ART at an advanced disease stage and more
likely to interrupt treatment — all of which leads to increased morbidity and mortality?2,
Qualitative studies highlight men’s preference to test outside of facilities®?, so scale up of
community interventions can meet this need. Future studies could investigate HTC at
predominantly male workplaces, nightclubs or bars.

HIV testing of sexual partners through active contact tracing is an efficient high yield
method that should be scaled up. HIV positivity was high (55%) and the intervention attained a
high coverage (41%). The HIV prevalence we report is similar to that found in the literature —
45-50% in cohabitating partners of HIVV-positive adults, most of whom are unaware of their
status*®. Interestingly, high coverage of males was achieved only through active contact tracing,
whereas passive tracing identified more women (Supplementary Figure S18).

Facilitated linkage strategies are a key component of successful community-based HTC.
Persons testing at an HIV facility generally have higher rates of linking to care and initiating
ART than those who test outside the health-care system. However, we report that high linkage
rates (comparable with, or higher than, facility HTC) can be achieved with community HTC

when individuals are followed-up to encourage linkage.
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Although scaling up community HTC with facilitated linkage is important, the benefits of
improving facility HTC coverage should not be overlooked. Consistent with previous studies,
our analysis finds opt-out facility PITC had much greater uptake than referring patients to
VCT®®. However, coverage of PITC in health facilities is low, demonstrating missed
opportunities to identify HIV-positive individuals and to link them to care. For example, a
Ugandan hospital reported only 50% of inpatients with HIV-related diagnoses were tested for
HIV before leaving the hospital®. PITC is an underused strategy in sub-Saharan Africa and
scaling up testing would provide a safety net for those who do not independently seek HTC®%112,
Because PITC identifies mainly symptomatic HIV-positive persons at low CD4 counts as well as
those with health-care access, it should be coupled with other modalities to maximize population
coverage.

Our review identified gaps where additional evidence is needed. A large proportion of
CD4 count and linkage data came from South Africa, with Uganda and Kenya also well
represented. South Africa has the lowest percentage of first-time testers, reflecting the successful
scale-up of HTC. There are fewer studies from other parts of sub-Saharan Africa, which may
limit how much the pooled estimates can be generalized. Also, few studies followed patients
longitudinally and measured linkage to care, ART initiation, retention and viral suppression. In
addition, although many studies evaluated home HTC, more data are needed for other
community modalities, including campaign and workplace.

Data were also limited for key populations. Despite having an HIV prevalence up to eight
times higher than the general population, interventions for key populations are scarce and scale
up is urgently needed!>153, Key population interventions can reduce the spread of HIV in the

general population®™*. Currently, numerous policy barriers exist that restrict the availability and
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access of HIV-related services for MSM and CSWs, including police harassment and criminal
laws®®. Only three HTC interventions were targeted to MSM and only one was targeted to
CSWs and PWIDs. Most key population HTC studies were from Nigeria, so data are needed
from other parts of sub-Saharan Africa. We report a high HIV positivity combined with a high
proportion of first-time testers in MSM and CSW groups, highlighting the need for service
expansion. We found a lower HIV prevalence in PWIDs compared with MSM and CSW groups,
reflecting sexual transmission as the main mode of HIV spread in sub-Saharan Africa. Successful
HTC programmes for key populations are community-based (particularly mobile), as many high-
risk groups are marginalized and do not have access to conventional health systems!?2,
Community-based HTC for MSM and PWIDs have been shown to have higher acceptance and
greater HIV yield than clinic referral for HTC!'®, In addition, self-testing is a potential strategy to
reach key populations, as it demonstrates high acceptability and is considered convenient and
private!®®.

Costs of community-based and facility-based HTC vary by modality, country, scale of
intervention, linkage strategy and costs included. Generally, community-based HTC and
integrated facility HTC costs were comparable. However, stand-alone HTC had the highest cost
per person tested indicating integrated HTC may be more cost-efficient than stand-alone services
(Supplementary Table S3).

The limitations of our analysis included the heterogeneity across studies, which may not
be accurately reflected in the pooled estimates. Differences in study design, geographical
location (country, urban or rural area) and intervention year added to the heterogeneity. To
address this, we used random effects meta-analysis and stratified on key variables (year <2005,

country and facilitated linkage). In addition, large numbers of HIV-positive individuals were lost
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to follow up in studies that reported linkage so we considered these persons unlinked in our
analyses. If individuals linked at another clinic, our estimates may be conservative'®”.
Furthermore, assessment of linkage to care differed by study (self-report or clinic records
review), as did time to linkage assessment, which varied from 1 to 12 months after HTC. In
addition, CD4 count at diagnosis and ART uptake among those with eligible CD4 counts could
only be assessed in community HTC interventions employing point-of-care CD4, as studies that
report CD4 only for those visiting a clinic would not provide accurate denominators. Only
studies reporting linkage to care among those eligible for ART were included in our main
analysis. Also, estimates of coverage vary in their precision because some studies conducted
population enumeration and others used census estimates of the catchment area. Finally,
proportion of first-time testers, men and young adults tested are crude measures of relative
uptake. For example, for home HTC, it is not possible to discern whether 40% of those tested
being men reflects a lower coverage of men, or a greater coverage of women, or a combination
of the two. Future studies reporting the number of men, first-time testers and young adults
offered testing compared with those accepting testing would increase the accuracy of these
measures. Our findings on uptake, HIV positivity and CD4 count at diagnosis are similar to a
previously published meta-analysis®.

This analysis characterizes linkage and populations reached by HTC modalities to inform
policymakers who are charged with addressing gaps in testing. Facility HTC, although
important, is unlikely to be sufficient to curb the HIV epidemic since many people in sub-
Saharan Africa do not have regular access to health care. Scaling a combination of community

HTC, mobile testing to reach men, self-testing to reach young adults and outreach to high-risk
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populations, as appropriate to the local epidemic setting, is crucial to achieve high knowledge of

serostatus and linkage to HIV treatment and prevention in sub-Saharan Africa.
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Figure 1. Pooled coverage and uptake of HIV testing and counselling modalities.
Coverage is defined as total number of people tested/total number of people in the target population. Uptake is defined as total number of people
tested/total number of people offered testing. Bars indicate 95% confidence intervals of random effects meta-analyses. n, sample size.
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Figure 2. Pooled percentage of men, young adults and first-time testers by HIV testing and counselling modality.
Bars indicate 95% confidence intervals of random effects meta-analyses. n, sample size.
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Figure 3. Pooled HIV positivity and proportion of newly diagnosed HIV positivity with CD4 count of 350 cells pL* or less by

HIV testing and counselling modality.
Bars indicate 95% confidence intervals of random effects meta-analyses. n, sample size.
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Figure 4. Linkage to care after community and facility HIV testing and counselling
Bars indicate 95% confidence intervals of random effects meta-analyses. n, sample size.
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Figure 5. Pooled percentage initiated ART between those eligible and retained in care among those who initiated ART.
Bars indicate 95% confidence intervals of random effects meta-analyses. n, sample size.
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Table 1. Summary of HIV testing and counselling coverage and tester demographics

Parameter Mobile Self-testing Key populations  Facility VCT Facility PITC
(home)

Coverage (accepted/ 70 58-79 37 33-42 76 49-95 41 26-57 15 9-21 18 8-31
target population)

Uptake (accepted/ 82 7687 a7 94-99 60 50-78 97 03-99 50 31-711 26 15-39 73 55-87
offered)

Young adult (age <25 49 4354 51 44-58 66 6567 31 12-54 46 30-53 38 24-54
or 30)

Men 40 30-42 50 47-54 44 42-48 41 37-46 41 23-61 41 38-44 42 30-46
First-time testers 58 4867 63 50-74 55 28-81 83 71-01 53 4066 55 48-62
CD4 =350 cells pl? 30 32-46 38 36-41 26 22-30 66 60-72 71 67-75
HIV positivity 10 8-12 11 8-13 8 5-11 6 4-10 55 49-61 16 9-26 18 13-23 20 17-24

Cl, confidence interval; PITC, provider-initiated testing counselling; VCT, voluntary counselling and testing
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Accompanying the manuscript:

Systematic review and meta-analysis of community and facility-based HIV testing to address linkage to care

gaps in sub-Saharan Africa

Monisha Sharma, Roger Ying, Gillian Tarr, and Ruanne Barnabas
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Background: HIV testing and counseling (HTC) is the critical first step for linking to lifesaving ART and
reducing further transmission. Despite high HIV burden in sub-Saharan Africa, less than 50% of HIV-positive
persons are aware of their status, with youth and men least likely to be tested. HTC scale-up is urgently needed
to reach the UNAIDS target of 90% of HIV-positive persons knowing their status. Community-based HTC
(testing outside of health facilities) has the potential to achieve widespread coverage, but whether community

testing modalities address gaps in population coverage has not been reviewed.

Methods: Following Cochrane Guidelines, we searched Pubmed, EMBASE, Cochrane Library, Global Health
Database, African Index Medicus, and conference abstracts using MeSH terms including "HIV
Infections/diagnosis" AND “testing/screening/diagnosis” published from 2000 to 2015. We identified and
screened 2,520 abstracts; 126 studies met eligibility criteria for inclusion. We characterized facility and
community (home, mobile, index, key populations, workplace and self-testing) testing modalities by population
reached, e.g. coverage, first-time testers, men, youth and high-risk groups, as well as HIVV-positivity, CD4 count

at diagnosis, linkage to care, ART initiation, retention in care, and cost per person tested when available.

Results: We found community HTC achieves high population coverage (70% for home (95% CI: 58-79%) and
76% for campaign (95% CI: 49-95%)) and identified HI\VV-positive persons at higher CD4 counts than facility
HTC. Approximately one-third of HIV-positive individuals diagnosed in community HTC had CD4<350
cells/uL compared to two-thirds in facility. Mobile reached the highest proportion of men (50%, 95% CI: 47-
54%). Home with self-testing reached the highest proportion of young adults (66%, 95% CI: 65-67%). HTC for
commercial sex workers and men who have sex with men yielded high HIV positivity combined with a high
proportion of first-time testers, indicating a need for service expansion. Community HTC with facilitated
linkage (e.g. counselor follow-up to encourage clinic visits) achieved high linkage to care, 95% (95% CI: 87-
98%) and ART initiation 75% (95% CI: 68-82%).

Conclusion: Each HTC modality reaches distinct populations and scaling up a combination of strategies is

critical to reducing the spread of HIV. Facilitated linkage to care is critical to the success of community HTC.
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Table S1: HTC definitions

Community HTC Definition Number studies identified

Home Door-to-door in a catchment area N=37

Mobile van/container in central area
Mobile of community N=17

HTC for persons potentially HIV
exposed by sexual partner or HTC for
family members of HIV-positive

Index partner/family member  persons N=5

Short (1-2 weeks) intensive HTC, often
Campaign multi-disease N=5

Targeted HTC to MSM, CSWs and

Key populations PWID N=5

Workplace Offered at a place of employment N=6

Facility HTC Definition Number studies identified
Facility VCT Client initiated voluntary HTC N=37

Facility provider initiated testing Provider initiated, routine, or
and counseling (PITC) systematic HTC N=21

PubMed Strategy
The Pubmed search strategy is divided into two parts (A and B) that were combined using “OR”.

Part A —2012-2014 publications — community and non-community based approaches to testing = 442 references

("HIV Infections/diagnosis"[Majr:NoExp] OR "Acquired Immunodeficiency Syndrome/diagnosis”[Majr] OR "HIV
Seropositivity/diagnosis“[Majr] OR "AIDS Serodiagnosis"[Majr] OR "HIV Infections/prevention and
control"[Majr:NoExp] OR "Acquired Immunodeficiency Syndrome/prevention and control”[Majr] OR "HIV
Seropositivity/prevention and control”[Majr]) AND "Africa South of the Sahara"[Mesh] AND ("mass screening”[mesh]
OR test OR tests OR testing OR screen* OR diagnosis OR diagnoses OR diagnostic* OR serodiagnos* OR
“counseling”’[mesh] OR “Sensitivity and Specificity”[mesh]) AND ("2012/01/01"[PDat] : "2014/12/31"[PDat])

AND

(“Health Care Evaluation Mechanisms”[mesh] OR “Empirical Research’[mesh] OR “clinical

trial” [publication type] OR “comparative study”’ [publication type] OR “evaluation studies”’ [publication type]
OR “meta-analysis” [publication type] OR “multicenter study” [publication type] OR “validation

studies” [publication type] OR “review”’[publication type])
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Part B — focused on non-community approaches (terms in green) 2000-2011 = 675 references

("HIV Infections/diagnosis”[Majr:NoExp] OR "Acquired Immunodeficiency Syndrome/diagnosis”[Majr] OR
"HIV Seropositivity/diagnosis”[Majr] OR "AIDS Serodiagnosis“[Majr] OR "HIV Infections/prevention and
control"[Majr:NoExp] OR "Acquired Immunodeficiency Syndrome/prevention and control”*[Majr] OR "HIV
Seropositivity/prevention and control”[Majr]) AND "Africa South of the Sahara"[Mesh] AND ("mass
screening”[mesh] OR test OR tests OR testing OR screen* OR diagnosis OR diagnoses OR diagnostic* OR
serodiagnos* OR “counseling”[mesh] OR “Sensitivity and Specificity”’[mesh]) AND (*2000/01/01"[PDat] :
"2011/12/31"[PDat])

AND

(“Health Care Evaluation Mechanisms ”[mesh] OR “Empirical Research”[mesh] OR “clinical

trial ”[publication type] OR “comparative study” [publication type] OR “evaluation studies”[publication type]
OR “meta-analysis ” [publication type] OR “multicenter study " [publication type] OR “validation

studies” [publication type] OR “review” [publication type])

AND

(“Health Facilities”’[mesh] OR “Health Personnel”’[mesh] OR “Prenatal Diagnosis”’[mesh] OR “Family
Planning Services”[mesh] OR “Prisons”’[mesh] OR Facility OR facilities OR provider OR providers OR
antenatal OR prenatal OR prison* OR jail OR jails OR voluntary OR VCT OR clinic OR clinics OR pharmacy
OR pharmacies OR “medical center” OR “medical centers” OR hospital OR hospitals OR “health center” OR
“health centers” OR office OR offices OR physician* OR nurse OR nurses OR pharmacist* OR doctor OR
doctors OR inpatient* OR outpatient™)

Supplementary PubMed search for unindexed (primarily 2014) references
Strategy: 348 references

((((test[ti] OR tests[ti] OR testing[ti] OR tested[ti] OR screen*[ti] OR counsel*[ti] OR prevent*[ti] OR
surveill*[ti] OR diagnos*[ti] OR service*[ti] OR program*[ti] OR campaign*[ti]) AND (test OR tests OR
testing OR tested OR screen® OR counsel*) AND (hiv OR “human immunodeficiency virus” OR "acquired
immunodeficiency” OR "acquired immune deficiency” OR aids[ti]) AND (africa OR african OR cameroon OR
chad OR congo OR guinea OR gabon OR burundi OR djibouti OR eritrea OR ethiopia OR kenya OR rwanda
OR somalia OR sudan OR tanzania OR uganda OR angola OR botswana OR lesotho OR malawi OR
mozambique OR namibia OR swaziland OR zambia OR zimbabwe OR benin OR “burkina faso” OR “cape
verde” OR “ivory coast” OR “cote d’ivoire” OR gambia OR ghana OR liberia OR mali OR mauritania OR
niger OR nigeria OR senegal OR “sierra leone” OR togo) AND (community OR home OR homes OR house
OR houses OR door OR mobile OR campaign* OR bar OR workplace OR business* OR church OR churches
OR worship* OR temple* OR active OR school OR schools OR highway* OR brothel* OR bathhouse* OR
festival* OR outreach OR van OR vans OR bicycle* OR tent OR tents OR Facility OR facilities OR provider
OR providers OR antenatal OR prenatal OR “family planning” OR prison* OR jail OR jails OR voluntary OR
VCT OR clinic OR clinics OR pharmacy OR pharmacies OR “medical center” OR “medical centers” OR
hospital OR hospitals OR “health center” OR “health centers” OR office OR offices OR physician* OR nurse
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OR nurses OR pharmacist* OR doctor OR doctors OR inpatient* OR outpatient*) AND ("2013”[PDat] :
"2014"[PDat])) NOT medline[sb]

Comparable Embase search strategies (excluding references found in PubMed)
Divided into two parts that were combined using “OR”
This yields 301 references that are not included among the indexed PubMed references.

Part A — 2012-2014 publications — community and non-community based approaches to testing.

(((Human immunodeficiency virus infection'/mj/dm_di,dm pc OR ‘Human immunodeficiency virus 1
infection’/mj/dm_di,dm_pc OR ‘Human immunodeficiency virus 2 infection’/mj/dm_di,dm pc OR ‘Acquired
immune deficiency syndrome’/mj/dm_di,dm_pc) AND (screening/exp OR counseling/exp/mj OR test OR tests
OR testing OR screen* OR diagnosis OR diagnoses OR diagnostic* OR serodiagnos*)) OR ‘HIV Test’/exp/mj)
AND “Africa south of the Sahara’/exp AND (‘Clinical Study /exp OR ‘methodology /exp OR ‘Controlled

Study /exp OR ‘Comparative Study’/exp OR ‘Feasibility Study’/de OR ‘Observational Study’/de OR ‘Pilot
Study’/de OR ‘Prevention Study’/de OR ‘Validation Study’/de OR ‘Health Care Quality Jexp OR ‘review /exp)
AND (2012:py OR 2013:py OR 2014:py) AND ([embase]/lim NOT [medline]/lim)

Part B — focused on non-community approaches 2000-2011

((("Human immunodeficiency virus infection'/mj/dm_di,dm_pc OR ‘Human immunodeficiency virus 1
infection’/mj/dm_di,dm_pc OR ‘Human immunodeficiency virus 2 infection’/mj/dm_di,dm_pc OR ‘Acquired
immune deficiency syndrome’/mj/dm_di,dm_pc) AND (screening/exp OR counseling/exp/mj OR test OR tests
OR testing OR screen* OR diagnosis OR diagnoses OR diagnostic* OR serodiagnos*)) OR ‘HIV Test’/exp/mj)
AND °“Africa south of the Sahara’/exp AND (‘Clinical Study Jexp OR ‘methodology Jexp OR ‘Controlled
Study ’/exp OR ‘Comparative Study Jexp OR ‘Feasibility Study’/de OR ‘Observational Study’/de OR ‘Pilot
Study’/de OR ‘Prevention Study’/de OR ‘Validation Study’/de OR ‘Health Care Quality /exp OR ‘review /exp)
AND (‘Health Care Facility’/exp OR ‘Health Care Personnel’/exp OR ‘Family Planning’/exp OR ‘Prenatal
Care’/exp OR ‘Prison’/exp OR Facility OR facilities OR provider OR providers OR antenatal OR prenatal OR
prison* OR jail OR jails OR voluntary OR VCT OR clinic OR clinics OR pharmacy OR pharmacies OR
“medical center” OR “medical centers” OR hospital OR hospitals OR “health center” OR “health center” OR
office OR offices OR physician* OR nurse OR nurses OR pharmacist* OR doctor OR doctors OR inpatient*
OR outpatient*) AND (2000:py OR 2001:py OR 2002:py OR 2003:py OR 2004:py OR 2005:py OR 2006:py
OR 2007:py OR 2008:py OR 2009:py OR 2010:py OR 2011:py) AND ([embase]/lim NOT [medline]/lim)

Additional search for published from 2014-2015 conducted on June 20" 2015

Search strateqy for key populations only: 28 references

africa south of the sahara[mh] AND (hiv infections/pc[mh] OR hiv infections/di[mh]) AND (mass
screening[mh] OR screen* OR test[tw] OR tests[tw] OR testing[tw] OR diagno*[tw] OR counseling[mh] OR
counsel*) AND (drug users[mh] OR injection drug* OR homosexual* OR homosexuality OR sex workers[mh]
OR sex worker* OR transgender* OR prostitut* OR "men who have sex with men™ OR vulnerable
populations[mh] OR vulnerable population* OR most at risk*) AND 2014:2015[dp]
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Part A —2015 publications — community and non-community based approaches to testing = 103 references

("HIV Infections/diagnosis”[Majr:NoExp] OR "Acquired Immunodeficiency Syndrome/diagnosis”[Majr] OR
"HIV Seropositivity/diagnosis”[Majr] OR "AIDS Serodiagnosis'[Majr] OR "HIV Infections/prevention and
control"[Majr:NoExp] OR "Acquired Immunodeficiency Syndrome/prevention and control”*[Majr] OR "HIV
Seropositivity/prevention and control”[Majr]) AND "Africa South of the Sahara"[Mesh] AND ("mass
screening”[mesh] OR test OR tests OR testing OR screen* OR diagnosis OR diagnoses OR diagnostic* OR
serodiagnos* OR “counseling”[mesh] OR “Sensitivity and Specificity”’[mesh]) AND (*2014/07/01"[PDat] :
"2015"[PDat])

Supplementary PubMed search for unindexed (primarily 2015) references
Strategy: 404 references

((((test[ti] OR tests[ti] OR testing[ti] OR tested[ti] OR screen*[ti] OR counsel*[ti] OR prevent*[ti] OR
surveill*[ti] OR diagnos*[ti] OR service*[ti] OR program*[ti] OR campaign*[ti]) AND (test OR tests OR
testing OR tested OR screen* OR counsel*) AND (hiv OR “human immunodeficiency virus” OR "acquired
immunodeficiency" OR "acquired immune deficiency” OR aids[ti]) AND (africa OR african OR cameroon OR
chad OR congo OR guinea OR gabon OR burundi OR djibouti OR eritrea OR ethiopia OR kenya OR rwanda
OR somalia OR sudan OR tanzania OR uganda OR angola OR botswana OR lesotho OR malawi OR
mozambique OR namibia OR swaziland OR zambia OR zimbabwe OR benin OR “burkina faso” OR “cape
verde” OR “ivory coast” OR “cote d’ivoire” OR gambia OR ghana OR liberia OR mali OR mauritania OR
niger OR nigeria OR senegal OR “sierra leone” OR togo) AND (community OR home OR homes OR house
OR houses OR door OR mobile OR campaign* OR bar OR workplace OR business* OR church OR churches
OR worship* OR temple* OR active OR school OR schools OR highway* OR brothel* OR bathhouse* OR
festival* OR outreach OR van OR vans OR bicycle* OR tent OR tents OR Facility OR facilities OR provider
OR providers OR antenatal OR prenatal OR “family planning” OR prison* OR jail OR jails OR voluntary OR
VCT OR clinic OR clinics OR pharmacy OR pharmacies OR “medical center” OR “medical centers” OR
hospital OR hospitals OR “health center” OR “health centers” OR office OR offices OR physician* OR nurse
OR nurses OR pharmacist* OR doctor OR doctors OR inpatient* OR outpatient*) AND ("2014/05/01”’[PDat] :
"2015"[PDat])) NOT medline[sb]

Comparable Embase search strategies (excluding references found in PubMed)
Divided into two parts that were combined using “OR”
This yields 119 references that are not included among the indexed PubMed references.

Part A — 2014-2015 publications — community and non-community based approaches to testing.

((("Human immunodeficiency virus infection'/mj/dm_di,dm_pc OR ‘Human immunodeficiency virus 1
infection’/mj/dm_di,dm_pc OR ‘Human immunodeficiency virus 2 infection’/mj/dm_di,dm pc OR ‘Acquired
immune deficiency syndrome’/mj/dm_di,dm_pc) AND (screening/exp OR counseling/exp/mj OR test OR tests
OR testing OR screen* OR diagnosis OR diagnoses OR diagnostic* OR serodiagnos*)) OR ‘HIV Test’/exp/mj)
AND “Africa south of the Sahara’/exp AND (‘Clinical Study’/exp OR ‘methodology Jexp OR ‘Controlled
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Study Jexp OR ‘Comparative Study’/exp OR ‘Feasibility Study ’/de OR ‘Observational Study’/de OR ‘Pilot

Study /de OR ‘Prevention Study ’/de OR ‘Validation Study’/de OR ‘Health Care Quality /exp OR ‘review /exp)
AND (2014:py OR 2015:py) AND ([embase]/lim NOT [medline]/lim)

Flow chart of review process: Figure S0.a

Screening:
2,520 abstracts

139 duplicate
references
\ 4
2,381 abstracts 1,871
reviewed abstracts excluded
384 papers excluded
510 papers 51 review papers
reviewed > 295 did not include relevant
outcome data or were not
community or facility HTC
38 not observational or
randomized trials
126 papers met

inclusion criteria
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Summary figures

Figure S0.b: Pooled coverage of HTC modalities.*

100%

90%

80%

70%

60%

50%

40%

Accepted/target population

30%

20%

10%

0%

*Bars indicate 95% confidence intervals of random effects meta-analyses.

Home Mobile Campaign
N=773,019 N=192,200 N=60,722
Community HTC

Index
N=520

Facility VCT Facility PITC
N=43,024 N=333,977
Facility HTC
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Figure SO.c: Pooled uptake of HTC modalities*

100%

90%

80%

70%

60%

50%

40%

Accepted/offered

30%

20%

10%

0%

Home Home (self-test) Mobile Campaign Workplace Index
N=750,655 N=16,958 N=2,063 N=59,470 N=31,840 N=424
Community HTC

Facility VCT Facility PITC
N=10,026 N=108,630

Facility HTC

*Bars indicate 95% confidence intervals of random effects meta-analyses.
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Figure S0.d: Pooled percentage men in HTC modalities*

100%

90%

80%

70%

60%

50%

Men/total tested

40%

30%

20%

10%

0%

Home Home (self-test) Mobile Campaign Index
N=643,300 N=9,974 N=158,076 N=56,694 N=107
Community HTC

Facility VCT Facility PITC
N=224,410 N=120,144
Facility HTC

*Bars indicate 95% confidence intervals of random effects meta-analyses.

Figure S0.e: Pooled percentage first time testers in HTC modalities®
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100%

90%

80%

70%

60%

50%

40%

First time testers/total tested

30%

20%

10%

0% A

Home
N=626,630

Mobile Campaign
N=147,584 N=53,786
Community HTC

Key populations
N=33,716

Facility VCT Facility PITC
N=88,676 N=74,130

Facility HTC

*Bars indicate 95% confidence intervals of random effects meta-analyses.

Figure SO.f: Pooled percentage young adult (<25 or 30 years of age) in HTC modalities*
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100%

90%

80%

70%

60%

50%

40%

Young adult/total tested

30%

20%

10%

0%

. 4
1 L
4 <
Home Home (self-test) Mobile Campaign Index Facility VCT Facility PITC
N=211,881 N=9,714 N=164,004 N=49,463 N=4,949 N=252,173 N=78,714
Community HTC Facility HTC

*Bars indicate 95% confidence intervals of random effects meta-analyses.

Figure S0.g: Pooled HIV positivity in HTC modalities*

47



70%

60%

50%

40%

HIV+ persons/total tested

30%

20%

10%

0%

L 2 }
Home Home (self-test) Mobile Campaign Index MSM CSWs PWIDS Facility VCT Facility PITC
N=696,650 N=9,711 N=225,207 N=80,221 N=241 N=12,216 N=1,888 N=24,667 N=258,562 N=126,667
Community HTC Facility HTC

*Bars indicate 95% confidence intervals of random effects meta-analyses. Index: Testing of sexual partners of
newly diagnosed HIV-positive index cases. PWIDS: Persons who inject drugs.
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Figure SO.h: Pooled proportion newly diagnosed HIV+ with CD4 count<350 cells/uL in HTC modalities*

100% -+
90%
80% -
70% -+ %
60% -

50% -
40% - {

30% - {

20%

HIV+ persons with CD4 <350/total HIV+ persons

10% -

0%
Home Mobile Campaign Facility VCT Facility PITC
N=2,951 N=1,496 N=493 N=12,492 N=4,221
Community HTC Facility HTC

*Bars indicate 95% confidence intervals of random effects meta-analyses.



Figure SO.i: Linkage to care after community and facility HTC*

100%

90%

80%

70%

60%

50%

40%

Linked to care/total HIV+ persons

30%

20%

10%

0%

Home & Campaign
{without facilitated linkage)
N=17,467

Home & Campaign
{with facilitated linkage)
N=999

Community HTC

Mobile
{without facilitated linkage)
N=2,845

Facility VCT Facility PITC

N=2,681 N=8,732
Facility HTC

*Linkage to care defined as visiting clinic to receive CD4 results, or enrolling in pre-ART care. Bars indicate
95% confidence intervals of random effects meta-analyses
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Figure S0.j: Pooled percentage initiated ART among those eligible by HTC modality*

100% -

90% -

80% -

70%

Initiated ART/Eligible

30% -

20% -

10% -

0%

60% -

50% -

40% -

Home

(without facilitated linkage)

N=278

Community HTC

Home

(with facilitated linkage)

N=169

Facility VCT

N=7,349

Facility HTC

Facility PITC

N=2,419

*Bars indicate 95% confidence intervals of random effects meta-analyses.
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Figure S0.k: Pooled percentage retained in care among those who initiated ART

100% -

90%

80%

70% -

60%

50% o

40%

Retained in care/initiated ART

30% -

20% -~

10%

0%

Home
N=94

Community HTC

Facility VCT
N=4,967

Facility HTC

Facility PITC
N=1,644

*Bars indicate 95% confidence intervals of random effects meta-analyses. Definition of retention in care varied

from 6 to 12 months.
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Coverage

Figure S1: Home HTC coverage

Study Events
Bigogo (Kenya) 9613
Genberg (Kenya) 32333
Gonzalez (Mozambigue) 722
Helleringer (Malawi) A70
Kimaiyo (Kenya) 80350
kranzer (Malawi) 1387
Medley (Kenya) 8385
Moleswarth (Malawi) 11172
Megin (Kenya) 1984
Mo'anga (Kenya) ag74
Parker (Swaziland) G452
Sekandi (Lganda) 408
Tumwebaze (LIganda) 1558

Tumwesigye (Llganda) 264966
van Rooyen (South Africa) 67

Wachira (Kenya) 148051
Michelo (famhbia) 2090
Shisana (South Africa) a840
Welz (South Africa) 12102

Random effects model

Heterogeneity: l-squared=100%, tau-squared=1.22, p=0.0001

Total

25000
42386
1124
852
95619
2303
15933
33500
3180
16383
11201
698
1941
323621
739
154463

2705
13518
27853

773019

FProportion

0.38
0.76
0.64
0.67
0.89
0.60
0.62
0.33
0.62
0.60
0.58
0.58
0.80
0.82
0.91
0.96

077
0.65
0.43

95%-Cl

[0.38; 0.39]
[0.76; 0.77]
[0.61; 0.67]
[0.64; 0.70]
[0.89; 0.89]
[0.58; 0.62]
[0.61; 0.63]
[0.33; 0.34]
[0.61; 0.64]
[0.60; 0.61]
[0.57; 0.59]
[0.55; 0.62]
[0.78; 0.82]
[0.82; 0.82]
[0.88; 0.93]
[0.96; 0.96]

[0.76; 0.79]
[0.65; 0.66]
[0.43; 0.44]

0.70 [0.58;0.79]
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Figure S2: Mobile HTC coverage

Study Events Total

Coates (Zimbabwe) 14464 45200
Coates (Tanzania) 10175 27500
Coates (South Africa) 13440 33600
Coates (South Africa) 35219 85900

Random effects model 192200

Heterogeneity: l-squared=93.7%, tau-squared=0.0347, pccﬂ.l::'ﬂﬂ'f

Figure S3: Campaign HTC: coverage

Study Events Total
Chami (Uganda) 4323 6844
Lugada (Kenya) 47173 53878
Random effects model 60722

<

Proportion 95%-Cl

0.32 [0.32; 0.32]
0.37 [0.26; 0.38]
0.40 [0.29; 0.41]
0.41 [0.41; 0.41]

0.37 [0.33; 0.42]

0.4

Heterogeneity: l-squared=100%, tav-squared=0.17, p=0.0001

0

—-i:}-

04

Proportion 95%-Cl

0.63 [0.62; 0.64]
0.88 [0.87;0.88]

0.76 [0.49; 0.95]
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Figure S4: Index HTC: Coverage

Study

Events Total

Proportion 95%-Cl

Lugada- home testing (Uganda) 2678 4798 0.56 [0.54; 0.57]
Lugada- clinic testing (Uganda) 260 2386 0.11 [0.10; 0.12]
Brown- passive (Malawi) 20 93 - 022 [014; 0.31]
Brown- contract (Malawi) 45 94 —'— 0.43 [0.37;0.58]
Brown- pravider (Malawi) 42 115 N 0.37 [0.28; 0.46]
Armbruster (Malawi) 127 218 - 0.58 [0.51; 0.65]
===
Random effects model 7704 -'—f:}_ 0.36 [0.16; 0.63]
Heterogeneity: I-squared=5959.5%, tau-squared=1.867, p=0.0001
| | | | | |
1] 02 04 06 08 1
Figure S5: Facility VCT: Coverage
Study Events Total Proportion 95%Cl
Bwambale (Llganda) 182 7a0 0.23 [0.20; 0.26]
Cawley (Tanzania) 2040 8008 0.25 [0.25; 0.26]
Fylkesnes (Zambia) 55 1102 0.05 [0.04; 0.06]
Isingo (Tanzania) 1645 15113 0.1 [0.10; 0.11]
MacFherson (Malawi) 230838 18021 0.13 [0.13; 0.14]
Random effects model 43024 *f} 0.15 [0.09; 0.21]
Heterogeneity: l-squared=593. 6%, tau—sqr.ra-red=l5l.ﬂ.l?3& p=0.0001
[ | T T | 1
] 02 04 06 08 1
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Figure S6: Facility PITC: coverage

Study Events Total . Proportion a5%-Cl
Dalal (South Africa) 79 G676 0.12 [0.09; 0.14]
Fetene (Ethiopia) 44 427 § 0.10 [0.08; 0.14]
kayigamba (Rwanda) 2648 2805 0.33 [0.30; 0.37]
kKharsany (South Africa) 2439 8380 0.29 [0.28; 0.30]
Topp (Zambia) 31197 32326849 ; 010 [010; 0.10]
Random effects model 333977 {F- 0.18 [0.08; 0.31]

Heterogeneity: l-squared=93. 8%, ra:.r-squa-red=ﬂ.'r'rﬁ,ip*=€ﬂ.ﬂﬂﬂ'r
[ | | I I |

0 02 04 06 08 1




Uptake: Figure S7: Home HTC Uptake

Study

2005 and later

Events Total

Proportion 95%-Cl

Angotti (Malawi) 2748 2976 0.92 [0.91;0.93]
Barnabas (South Africa) 1272 1284 : 0.99 [0.98; 1.00]
Barnabas (Uganda) 2121 2247 3 0.94 [0.93; 0.95]
Bigogo (Kenya) 9613 12149 : 0.79 [0.78; 0.80]
Cherutich (Kenya) 15853 19840 0.80 [0.79;0.80]
Chirawu (Zimbabwe) 1368 5052 0.27 [0.26; 0.28]
Dalal (Kenya) 11130 13777 X 0.81 [0.80; 0.81]
Dalal (Kenya) 8836 10673 0.83 [0.82;0.84]
Doherty (South Africa) 1392 2025 0.69 [0.67;0.71]
Fylkesnes (Zambia) 450 721 0.62 [0.59; 0.66]
Genberg (Kenya) 32333 34509 0.94 [0.93;0.94]
Gonzalez (Mozambique) 722 850 0.85 [0.82; 0.87]
Helleringer (Malawi) 570 751 0.76 [0.73;0.79]
Hensen (Zambia) 1499 2828 0.53 [0.51; 0.55]
Kimaiyo (Kenya) 85350 95619 0.89 [0.89;0.89]
Kranzer (Malawi) 1387 2129 0.65 [0.63; 0.67]
Maheswaran (South Africa) 1585 1726 0.92 [0.90; 0.93]
Medley (Kenya) 9895 12035 0.82 [0.82;0.83]
Molesworth (Malawi) 11172 16894 0.66 [0.65; 0.67]
Naik (South Africa) 5086 6757 0.75 [0.74, 0.76]
Negin (Kenya) 1984 3180 0.62 [0.61; 0.64]
Ng'ang'a (Kenya) 9874 13720 0.72 [0.71;0.73]
Nyigo (Tanzania) 714 720 0.99 [0.98; 1.00]
Parker (Swaziland) 6452 7484 7 0.86 [0.85; 0.87]
Sekandi (Uganda) 408 588 0.69 [0.65;0.73]
Shapiro (South Africa) 521 932 0.56 [0.53;0.59]
Tumwebaze (Uganda) 1558 1587 0.98 [0.97;0.99]

Tumwesigye (Uganda)
Uwimana (South Africa
van Rooyen (South Africa)

264966 282857

634 684
671 722

0.94 [0.94;0.94]
0.93 [0.90; 0.95]
0.93 [0.91; 0.95]

Wachira (Kenya) 148051 152955 0.97 [0.97, 0.97]
Random effects model 710271 < 0.85 [0.80; 0.89]
Fylkesnes (Zambia) 231 1343 0.17 [0.15;0.19]
Michelo (Zambia) 2090 2205 0.95 [0.94; 0.96]
Mutale (Zambia) 1208 5012 0.24 [0.23;0.25]
Shisana (South Africa) 8840 9963 : 0.89 [0.88;0.89]
Welz (South Africa) 12102 20783 3 0.58 [0.58;0.59]
Wolff (Uganda) 396 1078 : 0.37 [0.34;0.40]
Random effects model 40384 ——c=E T 0.58 [0.33; 0.80]
Random effects model 750655 <1> 0.82 [0.76; 0.87]

Heterogeneity: I-squared=100%, tau-squared=1.291, p<0.0001 )
| | | | | |

0 02 04 06 08 1




Figure S8: Home HTC with self-testing: Uptake

Study Events Total Proportion a5%-Cl
Choko (Malawi) 260 298 —+ 0.87 [0.83; 0.91]
MacPherson (Malawi) 5281 8194 0.64 [0.63; 0.65]
MacPherson (Malawi) 4433 8466 ; 0.562 [0.51; 0.53]
Random effects model 16958 -=::_’::=~ 0.69 [0.59; 0.78]

Hetercgeneity: -squared=39 4%, tau-squared=0.1621, p=0.0001
[ I I I I |

o 02 04 06 08 1

Figure S9: Mobile HTC: Uptake

Study Events Total Proportion 95%-Cl
Maheswaran (South Africa) 1013 1048 . 0.97 [0.95;0.98]
Wan Rooyen (South Africa) 624 B30 0.99 [0.98;1.00]
Wan Roayen (South Africa) 364 385 0.95 [0.92;0.97]
Random effects model 2063 {} 0.97 [0.94;0.99]

Heterogeneity: -squared=30%, tau-squared=0.0141, p=0.0001 :
[ I I I I |

o0 02 04 06 08 1




Figure S10: Index HTC: Uptake

Study Events Total Proportion Q5%-Cl
Lugada- home testing (Uganda) 2678 3009 0.858 [0.88; 0.90]
' i
Brown- passive (Malawi) 20 82 — i 0.24 [0.16; 0.35]
Brown- contract (Malawi) 45 88§ —mm 0.51 [0.40; 0.62]
Brown- provider (Malawi) 42 82 —'— 0.51 [0.40; 0.62]
Armbruster (Malawi) 127 T2 — 074 [0.67; 0.80]
— =
Random effects model 3433 -=:—_:;==- 0.61 [0.31; 0.84]

Heterogeneity: l-squared=98.6%, lau-squared=1.883, p=0.0001 :
[ T I 1 T 1

o0 02 04 068 08 1

Figure S11: Campaign HTC: Uptake

Study Events Total . Proportion 95%-Cl
Chami (Uganda) 4323 4398 ' 0.892 [0.98;0.949]
Granich (Kenya) 5198 5198 . 1.00 [1.00; 1.00]
Labhardt (Lesotho) 1207 1392 0.87 [0.85; 0.88]
Labhardt (Lesotho) 1082 1171 . 0.92 [0.91; 0.94]
Lugada (Kenya) 47173 47311 1.00 [1.00; 1.00]
Random effects model 59470 i} 0.97 [0.93; 0.99]

Heterogeneity: l-sguared=99.6%, tauv-squared=0.0432, p=0.0001 :
| I | | I |

0 02 04 0656 03 1
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Figure S12: Workplace HTC: Uptake*

Study Events Total

Corbett (Zimbabwe) 1957 3950

Wan der Borght (5 countries in SSA) 6335 27543

Bemelmans (Malawi) 120 347 —+
Random effects model 31840 -=:i:“::=—

Heterogeneity: squared=99 8%, tau-squared=0.6598, p=0.0001

Proportion 95%-Cl
0.50 [0.48; 0.51]
0.23 [0.23, 0.24]
0.35 [0.30; 0.40]

0.35 [0.18: 0.57]

| T | T
0 02 04 06

| 1
oea 1

*Workplace HTC uptake and coverage are interchangeable as all workers were offered HTC.

Figure S13: Facility VCT: Uptake after referral to VCT

Study Events Toial

Bassett (South Africa) 137 435 —'—
Dalal (South Africa) 42 134 : =
Isingo (Tanzania) 1645 9457 :
Random effects model 10026 ===

Heterogeneity: -sguared=26.6%, tau-squared=0.052§, ipc’uﬂ.ﬂﬂﬂ'r

Proportion 95%-Cl
0.31 [0.27; 0.36]
0.37 [0.24; 0.40]
017 [017F; 0.18]

0.26 [0.15;0.39]

| | | |
0 02 04 05
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Figure S14 Facility: Uptake after Facility PITC

Study Events

Abdurahman (Ethiopia) 362
Bassett (South Africa) 1414

Dalal (South Africa) 74
Fetene (Ethiopia) 44
Kharsany (South Africa) 2439
LaCourse (Malawi) 1228
Lean (South Africa) 1725
Moodely (South Africa) 116
Topp (£ambia) 31187
Wanyenze (Liganda) 506449
Waxman (Kenya) 13349

Random effects model

Heterogeneity: -sguared=100%, fau-squared=0.366&, p<0.0001

Total

520
2912
143
102
5548
1268
3106
157
41861
51642
1371

108630

Proportion a5%-Cl

0.70 [0.65; 0.74]
0.49 [0.47; 0.50]
0.55 [0.47; 0.64]
0.43 [0.33; 0.53]
0.44 [0.43; 0.45]
0.97 [0.96; 0.98]
0.56 [0.54; 0.57]
0.74 [0.66; 0.81]
0.75 [0.74; 0.75]
0.98 [0.98; 0.98]
0.98 [0.97;0.9]

0.73 [0.55; 0.87]
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Men

Figure S15: Home HTC: Percentage males tested

Study Events  Total Proportion 95%-Cl
Barnabas (South Africa) 479 1272 . 0.33 [0.35; 0.40]
Barnabas (Lganda) Q45 2121 0.45 [0.42; 0.47]
Bigogo (Kenya) 4134 9613 | 0.43 [0.42; 0.44]
Cherutich (Kenya) G757 15853 0.43 [0.42; 0.43]
Chirawu (Zimbabwe) 520 1368 0.38 [0.35; 0.41]
Dalal (Kenya) 4452 11130 . 0.40 [0.39; 0.41]
Dalal (Kenya) 4065  BB36 i 0.46 [0.45; 0.47]
Doherty (South Africa) 223 1392 016 [0.14; 0.18]
Fylkesnes (Zambia) 203 450 —'— 0.45 [0.40; 0.50]
Gonzalez (Mozambigue) 356 722 0.49 [0.46; 0.53]
Helleringer (Malawi) 2hd4 570 . 0.45 [0.40; 0.48]
Kimaiya (Kenya) 30628 85350 i 0.47 [0.46; 0.47]
Maheswaran (Saouth Africa) 490 1585 0.31 [0.29; 0.33]
Menzies (Uganda) 24283 49470 0.49 [0.49; 0.50]
Mulogo (Uganda 156 484 = 0.32 [0.27;0.36]
Mutale (Zambia) 495 1208 . 0.41 [0.38; 0.44]
Maik (South Africa) 1427 5086 i 0.28 [0.27;0.29]
Megin (Kenya) 853 1984 ' 043 [0.41; 0.45]
Mgang'a (Kenya) 4106 9874 0.42 [0.41; 0.43]
Myigo (Tanzania) 337 714 047 [0.43; 0.51]
Parker (3waziland) 2516 6452 . 0.39 [0.38; 0.40]
Sekandi (Uganda) 132 408 B 0.32 [0.28; 0.37]
Tumwebaze (Liganda) 724 1558 0.46 [0.44;0.449]
Tumwesigye (Llganda) 124534 264966 047 [0.47; 0.47]
van Rooyen (South Africa) 222 671 0.33 [0.30; 0.37]
Wachira (Kenya) G5276 148051 : 0.44 [0.44; 0.44]
Welz (South Africa) 4962 12102 . 0.41 [0.40; 0.42]
Random effects model 643300 *} 0.40 [0.39; 0.42]

Heterogeneity: -squared=99.1%, tau-squared=0 0056, p=0.0001
[ | | I I 1

60 02 04 06 08 1




Figure S16: Home HTC with self-testing: Percentage males tested

Study Events Total Proportion 95%-Cl
Choko (Malawi) 136 280 —'— 0.52 [0.46; 0.59]
MacPhersaon (Malawi) 2324 5281 0.44 [0.43; 0.45]
MacPhersan (Malawi) 1862 4433 042 [0.41;043]
Random effects model 974 '{'} 0.44 [0.42; 0.48]

Heterogeneity: l-squared=84.1%, tau-squared=0.0083, p=ﬂ.li]ﬂ'rS
[ | | I | 1

0 02 04 06 08 1




Figure S17: Mobile HTC:
Study

Bassett (South Africa)
Bassett (South Africa)
Coates (Zimbabwe)
Grabbe (Kenya)
Grabbe (Kenya)
Grabbe (Kenya)
Kranzer (South Africa)
Kranzer (South Africa)
Mabuto (South Africa)
Mabuto (South Africa)

Percentage males tested

Events

2163
1317
5943
11144
6563
5634
491
458
20197
13113

Maheswaran (South Africa) 412

Meehan (South Africa)
Morin (Zimbabwe)

Marin (Zimbabwe)

Farker (Swaziland)
Sweat (Tanzania)

Sweat (Zimbabwe)

Yan Rooyen (South Africa)
Yan Rooyen (South Africa)
van Schaik (South Africa)

Random effects model

261
511
130
858
1358
2827
381
175
1285

Total

4703
2802
14464
20599
17227
8713
936
a7y
38840
31934
1013
511
867
232
2043
2341
5437
624
364
2499

158076
Heterogeneity: l-squared=593.3%, tau-squared=0.0131, p=0.0001

¢

Proportion

0.46
0.47
0.48
0.54
0.38
0.58
0.52
0.56
0.52
0.41
0.41
0.51
0.59
0.56
0.42
0.58
0.52
0.61
0.48
0.51

95%-Cl

[0.45; 0.47]
[0.45; 0.49]
[0.47;0.49]
[0.53; 0.55]
[0.37; 0.39]
[0.57; 0.59]
[0.49; 0.56]
[0.52; 0.59]
[0.52; 0.52]
[0.40; 0.42]
[0.38; 0.44]
[0.47; 0.55]
[0.56; 0.62]
[0.49; 0.63]
[0.40; 0.44]
[0.56; 0.60]
[0.51; 0.53]
[0.57; 0.65]
[0.43; 0.53]
[0.49; 0.53]

0.50 [0.47; 0.54]

64



Figure S18: Index HTC: Percentage men tested

Study Events Total Proportion Q5%-Cl

Lugada- home testing (Uganda) 1125 2678 . 0.42 [0.40; 0.44]

Lugada- clinic testing (L'ganda) 111 260 . B 043 [0.37; 048]

Menzies -home testing (Uganda) 868 2011 0.48 [0.46; 0.50]
<

Brown- passive (Malawi) 3 20 —— 0.15 [0.03; 0.38]

Brown- contract (Malawi) 23 45 ——'— 0.51 [0.36; 0.66]

Brown- provider (Malawi) 21 42 — i 0.50 [0.34; 0.66]
i.

Random effects model 5056 {} 0.45 [0.40; 0.49]

Heterogeneity: l-sguared=80%, tau-squared=0.0288, p=0.0001 :
[ I I | | I

o 02 04 06 08 1

Figure S19: Campaign HTC: percentage men tested

Study Events Total Propaortion 95%-Cl
Chami (Uganda) 1989 4323 . 0.46 [0.45; 048]
Granich (Kenya) 2079 51493 0.40 [0.29; 0.41]
Lugada (Kenya) 18162 47173 0.28 [0.28;0.39]
Random effects model 6694 {j} 0.41 [0.37; 0.46]

Heterogeneity: l-squared=57.9%, tsu-squared=0.0225, pﬁﬂ.ﬂlﬂﬂf
[ | | I I |

0 02 04 06 08 1




Figure S20: Workplace HTC with self-testing (healthcare workers): Percentage men tested

Study Events Total
Kalibaba (Kenya) ¥h 263
Fant Pai (South Africa) A4 251
Random effects model 514

Heterogeneity: l-squared=70%, tau-squared=0.0493, \p=0.0679

<=

|
0

|
0.2

T
0.4

|
0.6

|
0.8

Proportion 95%-Cl

0.29 [0.23; 0.34]
0.22 [0.17; 0.27]

0.25 [0.19: 0.32]

66



Figure S21: Facility: Percentage of males tested

Study Events Total Proportion 95%Cl
Akhigbe (Migeria) 271 14490 0.18 [0.16; 0.20]
Appiah (Ghana) 42 a5 _ 0.44 [0.34; 0.55]
Arendt (Kenya) 71 304 -+ 023 [0.19; 0.29]
Bassett (South Africa) 63 137 *—'— 0.46 [0.37; 0.55]
Bassett (South Africa) 969 2254 0.43 [0.41; 0.45]
Bassett (South Africa) 817 1899 : 0.43 [0.471; 0.45]
Cawley (Tanzania) 311 2040 . 0.40 [0.38; 0.42]
Chirawu (Zimbabwe) 740 3585 0.21 [0.19; 0.22]
Creek (Botswana) 0661 117234 0.43 [0.43; 0.43]
Fiscus (Malawi) 951 1450 0.66 [0.63; 0.68]
Grabbe (Kenya) BT07 14634 0.59 [0.59; 0.60]
Isingao (Tanzania) 51 1645 . 046 [0.43; 0.48]
Mabuto (South Africa) 8367 18597 _ 0.45 [0.44; 0.46]
Mabuto (South Africa) 12372 28937 0.43 [0.42; 0.43]
Meehan (South Africa) 148 h52 027 [0.23;031]
Menzies (Uganda) 4923 9604 0.51 [0.50; 0.52]
Mulogo (Llganda) 138 499 0.23 [0.24; 0.32]
Mwangi (Kenya) 2058 T222 0.42 [0.41;0.43]
Sweat (Tanzania) 3086 74 0.53 [0.49; 0.57]
Sweat (Zimbabwe) 325 602 0.54 [0.50; 0.58]
Topp (Zambia) 2862 9730 : 0.40 [0.39; 0.41]
van Schaik (South Africa) 264 B57 . 0.40 [0.36; 0.44]
van Schaik (South Africa) 263 BG4 : 0.40 [0.36; 0.43]
Random effects model 224410 {fi} 0.41 [0.38; 0.44]

Heterogeneity: l-squared=93.4%, tau-squared=0.023E, pﬁﬂ.ﬂﬂﬂif
| | | | | |

¢ 02 04 06 08 1




Figure S22: Provider initiated HTC: Percentage men tested

Study Events  Total Proportion 95%-Cl
Abdurahman (Ethiopia) 183 362 -+ 053 [0.48; 0.59]
Bassett (South Africa) R3Z2 1414 0.38 [0.35; 0.40]
Bondo (South Africa) 538 941 i 0.57 [0.54; 0.60]
Kayigamba (Rwanda) 121 268 —'— 0.45 [0.39; 0.51]
Kiene (Uganda) 118 245 —'— 0.49 [0.42; 0.55]
LaCourse (Malawi) 625 1223 0.51 [0.48; 0.54]
Leon (South Africa) 640 1725 0.37 [0.35; 0.349]
Menzies (Llganda) 8380 222a7 0.38 [0.37,0.38]
O’Laughlin (Uganda) 2308 4207 0.55 [0.53, 0.56]
Silvestri (Zambia) 129 Ga 0.19 [0.16; 0.22]
Topp (Zambia) 13727 31197 : 0.44 [0.43; 0.45]
Yan Rie (South Africa) 1511 4940 0.31 [0.29;0.32]
Wanyenze (Uganda) 19753 50649 . 0.39 [0.39;0.39]
Random effects model 120144 {'}‘* 0.42 [0.39; 0.46]

Heterogeneity: l-squared=93%, tau-squared=0.0135, pﬁﬂ.ﬂﬂlﬂ'i‘
[ | | [ | |

0 02 04 06 08 1
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First time testers: Figure S23: Home HTC: First time testers

Study Events
Cherutich (Kenya) 9835
Dalal (Kenya) 7802
Dalal (Kenya) 5125
Kimaiyo (Kenya) 54103
MNg'ang'a (Kenya) 2770
Wachira (Kenya) 9G352
Bigogo (Kenya) G345
Helleringer (Malawi) 434
Barnabas (South Africa) 336
Doherty (South Africa) 640
Maheswaran (South Africa) 885
Maik (South Africa) 2912

van Rooyen (South Africa) 214

Parker (Swaziland) 2184
Myigo (Tanzania) Y]
Barnabas (UJganda) a7
Menzies (Liganda) 44523
Sekandi (Liganda) 172
Tumwebaze (Uganda) 453

Tumwesigye (Uganda) 238469

Fylkesnes (Zambia) 306
Mutale (Zambia) a54

Random effects model

Heterogeneity: l-squared=100%, tau-squared=0.8712, p=0.0001

Total

16853
11130
8836
85350
9874
143051
9613

570

1272
1392
1585
5086

671

G452

714

211
49470
408
1558
264966

450
1208

626630

e

T
0.6

Proportion

0.63
0.71
0.58
0.63
0.28
0.65
0.66

0.76

0.30
0.46
0.56
0.57
0.32

0.34

0.53

0.47
0.90
042
029
0.90

0.68
0.79

95%-Cl

[0.52;
[0.70;
[0.57;
[0.63;
[0.27;
[0.55;
[0.55;

[0.72,

[0.28;
[0.43;
[0.53;
[0.56;
[0.28;

[0.33;

[0.49;

[0.45;
[0.90;
[0.37;
[0.27;
[0.90;

[0.53;
[0.77:

0.63]
0.72)
0.59]
0.64]
0.29)
0.65]
0.67]

0.80]

0.33]
0.49]
0.58)
0.59]
0.36)

0.35]

0.57]

0.49]
0.90]
0.47]
0.31)
0.90]

0.72)
0.81)

0.58 [0.48; 0.67]



Figure S24: Mobile: First time testers

Study Events
Grabbe (Kenya) 18683
Grabbe (Kenya) 14677
Grabbe (Kenya) 2470
Ahmed (Migeria) T2
Bassett (South Africa) 1270
Kranzer (South Africa) 310
Kranzer (South Africa) 243
Mabuto (South Africa) 13882
Mabuto (South Africa) 19510
Maheswaran (South Africa) 626
Mglazi (South Africa) 2244
Maglazi (South Africa) 2099

Yan Rooyen (South Africa) 319
Van Rooyen (South Africa) 276

Parker (Swaziland) G613
Morin (Zimbabwe) T22
Marin (Zimbabwe) 186

Random effects model

Heterogeneity: -squared=93. 9%, tsu-squared=1.265, p=0.0001

Total

20599
17227
9713

8854

4703
936
87y

283840
31984

1013

723

4985
624
264

2043

867

232

147584

&

|
06

0.8

Proportion

0.91
0.85
0.87

0.87

0.27
0.33
0.28
0.36
0.61
0.62
0.60
0.42
0.51
0.76

0.30

0.83
0.80

a5%-Cl’

[0.90;
[0.85,
[0.87,

[0.86;

[0.25;
[0.30;
[0.25;
[0.36;
[0.60;
[0.58;
[0.58;
[0.41;
[0.47:
[0.71;

[0.28;

[0.81;
[0.74;

0.91]
0.B86]
0.88]

0.58]

0.28]
0.36]
0.31]
0.36]
0.62]
0.65]
0.62]
0.43)
0.55]
0.50]

0.32]

0.86]
0.85]

0.63 [0.50; 0.74]



Figure S25: Campaign: First time testers

Study Events
Zhami (Uganda) 1643
Labhardt (Lesotho) h36
Labhardt (Lesotho) G609

Lugada (Kenya)

Random effects model

Total

4323
1207
1083

37738 47173

53786
Heterogeneity: l-squared=99.59%, tau-squared=0.32, p=0.0001

—-f__:i—_—_—:-—

Proportion

0 02

Figure S26: Key populations: First time testers

Study

Adebajo, referral to facility HTC (Migeria)

Adebajo, referral to mobile HTC (Migeria)

Events Total

1542 1988
12425 14726

Adebajo, offered immediate HTC (Migeria) 14040 14595

Charurat (Migeria)
Mine (Botswana)

Mine (Botswana)

Random effects model

Heterogeneity: l-squared=5959.7%, fau-squared=

393 706
208 454
900 947

33716

0.7513, p=0.0001

Proportion

04 06 08
T T T I:
02 04 06 08

0.38 [0.37; 0.39]
0.44 [0.42;0.47]
0.56 [0.53; 0.59]
0.80 [0.80; 0.80]

0.55 [0.28; 0.81]

95%-Cl

0.78 [0.76, 0.79]
0.84 [0.84; 0.85]
0.94 [0.94; 0.95]

0.56 [0.52;0.59]
0.66 [0.61;0.70]

0.95 [0.93; 0.96]

0.83 [0.71; 0.91]

95%-Cl
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Figure S27: Facility VCT: First time testers

Study Evenis Total Proportion 05%-Cl

Mwangi (Kenya) 4797 T222 0.66 [0.65; 0.68]

Grabbe (Kenya) 8415 14634 0.58 [057T, 053]

Ahmed (Migeria) 4135 5733 072 [0.70;073]
; G

Bassett (South Africa) 609 2254 0.27 [0.25;0.29]

Mabuto (South Africa) 6760 18597 § 0.36 [0.36; 0.37]

Mabuto (South Africa) 8079 28937 ; 0.28 [0.27,0.28]

T

Isingao (Tanzania) 1234 1645 075 [0.73, 0.77]
’ &

Menzies (Uganda) 6227 9604 0.65 [0.64, 0.66]
P

Random effects model BB6TE ~=—1‘:} 0.53 [0.40; 0.66]

Heterogensity: -squared=99.9%, tsu-squared=0.6201, p=0.0001:
[ I I T I 1

o 02 04 06 08 1




Figure S28: Facility PITC: First time testers

Study Events Total . Proportion 95%-Cl
Kayigamba (Rwanda) A1 268 = 019 [015 0.24]
Kiene (Llganda) 102 245 - 0.42 [0.35;0.48]
Menzies (Liganda) 1TG74 22287 079 [0.79;0.80]
Wanyenze (Uganda) 39037 506449 0.¥7 [0.77, 0.77]
Silvestri (Zambia) 33 681 i 0.49 [0.45; 053]
Random effects model 74130 f::fl} 0.55 [0.48; 0.62]

Hetercgeneity: -squared=593. 5%, tsu-squared=0.0257, p=0.0001
[ I I I I 1

0 02 04 06 08 1

Young adults (age <25 or <30 years)

Figure S29: Home HTC: Percentage young adults

Study Events Total Proportion 095%-Cl
Bigogo (Kenya) 5479 9613 0.57 [0.56; 0.58]
Cherutich (Kenya) 6300 15853 i 0.40 [0.39; 0.41]
Chirawu (Zimbabwe) 684 1368 ' 0.50 [0.47; 0.53]
Fylkesnes (Zambia) 180 450 —'— 0.40 [0.35 0.45]
Gonzalez (Mozambigue) 234 722 0.32 [0.29; 0.36]
Helleringer (Malawi) 487 570 0.85 [0.82; 0.88]
Maheswaran (South Africa) 437 1585 0.28 [0.25; 0.30]
Michelo (Zambia) 1099 2090 ' 0.53 [0.50; 0.55]
Mutale (Zambia) 604 1208 0.50 [0.47; 053]
Maik (South Africa) 1494 5086 0.29 [0.28; 0.31]
Megin (Kenya) 1052 1984 . 0.53 [0.51; 0.55]
Maganga (Kenya) 6005 9874 i 0.6 [0.60; 0.62]
Sekandi (Uganda) 350 408 0.86 [0.82; 0.89]
Shapiro (South Africa) 198 521 0.38 [0.34; 0.42]
Wachira (Kenya) G1338 148051 0.41 [0.41; 0.42]
Welz (South Africa) 7382 12102 0.671 [0.60; 0.62]
Wolff (Uganda) 78 306 0.20 [0.16; 0.24]
Random effects model 211881 “-i} 0.49 [0.43; 0.54]

Heterogeneity: l-squared=595.7%, tau-squared=0.0521, p=0.0004
[ T I T I 1

o0 02 04 06 08 A1




Figure S30: Home with self-testing: Percentage young adult

Study Events Total Proportion 95%-Cl
MacFPherson (Malawi) 3470 5281 : 0.66 [0.64; 0.67]
MacPherson (Malawi) 2945 4433 0.66 [0.65;0.68]
Random effects model 9714 ':' 0.66 [0.65; 0.67]

Heterogeneity: I-squared=0%, tau-squared=0, p=0.4515 :
[ I I | I |

0 02 04 06 08 1

Figure S31: Index HTC: Percentage young adults

Study Events Total Proportion 95%-Cl
Lugada- home testing (Uganda) 476 2678 . 0.18 [0.16;0.19]
Lugada- clinic testing (Uganda) 32 260 B 012 [0.09;017]
Menzies -home testing (Uganda) 409 2011 0.20 [0.19;022]
Random effects model 4949 {'} 0.18 [0.15; 0.21]

Heterogeneity: l-squared=83.2%, tau-squared=0.0243, p=ﬂ.ﬂb2£
[ I I I I 1

o 02 04 06 08 1

Figure S32: Campaign HTC: Percentage young adults

Study Events Total Proportion 95%-Cl
Labhardt (Lesothao) 244 1207 0.20 [0.18; 0.23]
Labhardt (Lesatha) 262 1083 i 024 [0.22 0.27]
Lugada (Kenya) 23587 47173 ; 0.50 [0.50; 0.50]
Random effects model 49463 -=:Z:I:=- 0.31 [0.12; 0.54]

Heterogeneity: l-sguared=95.7%, tau-squared=0.174, pct':ﬂ.ﬂﬂﬂ'l'
[ I I I I |

0 02z 04 08 08 1




Figure S33: Mobile HTC: Percentage young adult

Study Events Total Proportion
Ahmed (Migeria) 4427 8854 ] 0.50
Bassett (South Africa) 3527 4703 0.75
Bassett (South Africa) 1597 2802 0.57
Coates (Zimbabwe) 10100 14464 0.70
Grabbe (Kenya) Be78 20599 0.43
Grabbe (Kenya) ag20 17227 ; 0.51
Grabbe (Kenya) 4381 9713 0.45
Mabuto (South Africa) 10098 38840 i 0.26
Mabuto (South Africa) 11514 31984 0.36
Maheswaran (South Africa) 537 1013 _ 0.53
Meehan (South Africa) 158 511 0.31
Morin (Zimbabwe) 593 ag7 0.68
Morin (Zimbabwe) 134 232 —— 0.58
Mglazi (South Africa) 1188 3723 0.32
Mglazi (South Africa)) 2335 4885 _ 0.47
Yan Rooyen (South Africa) 331 G624 : 0.53
Yan Rooyen (South Africa) 255 364 - 0.70
van Schaik (South Africa) 1234 2489 : 0.449
Random effects model 164004 {:} 0.51

Heterogeneity: I-squared=99.9%, tsu-squared=0.09&3, p=0 0001
[ I I I I 1

o 02 04 06 08 1

95%-Cl '

[0.49; 0.57]
[0.74; 0.76]
[0.55; 0.59]
[0.69; 0.71]
[0.42; 0.44]
[0.50; 0.52]
[0.44; 0.46]
[0.26; 0.26]
[0.35; 0.37]
[0.50; 0.56]
[0.27; 0.35]
[0.65; 0.71]
[0.57; 0.64]
[0.30; 0.33]
[0.45; 0.48]
[0.49; 0.57]
[0.65; 0.75]
[0.47; 0.57]

[0.44; 0.58]
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Figure S34: Facility VCT: Percentage young adults

Study Events  Total Proportion 95%-Cl
Ahmed (Migeria) 2892 5783 . 0.50 [0.49;0.51]
Arthur (Kenya) G641 1688 § 0.38 [0.36; 0.40]
Bassett (South Africa) 1578 2254 0.70 [0.68;0.72]
Basszett (South Africa) 855 1899 0.45 [0.43; 0.47]
Bwambale (LUganda) 94 182 —'— 0.52 [0.44; 0.59]
Cawley (Tanzania) 702 2040 0.34 [0.32;037]
Chirawu (Zimbabwe) 756 3585 i 0.21 [0.20;0.22]
Creek (Botswana) 62134 117234 0.53 [0.53; 0.53]
Fiscus (Malawi) 1088 1450 0.75 [0.73; 0.77]
Grabbe (Kenya) 6161 14634 . 0.42 [0.41;0.43]
Gresenguet (Central African Republicy 1360 5686 0.24 [0.23;0.25]
Hood (Botswana) 16739 26653 : 0.63 [0.62; 0.63]
Isingo (Tanzania) 533 1645 0.32 [0.30;0.35]
Mabuto (South Africa) 4375 18597 0.24 [0.23;0.24]
Mabuto (South Africa) 7801 28937 0.26 [0.25; 0.26]
Meehan (South Africa) 228 552 . 0.41 [0.37; 0.46]
Menzies (Uganda) 2671 9604 i 0.28 [0.27,0.29]
Mulogo (Uganda) 250 4949 = 0.50 [0.46; 0.55]
Mwanagi (Kenya) 3021 T222 042 [0.41;043]
Mglazi (South Africa) 473 708 0.67 [0.63;0.70]
van Schaik (South Africa) 433 657 074 [070;077]
van Schaik (South Africa) 385 G54 0.59 [0.56; 0.63]
Random effects model 262173 {:} 0.46 [0.39; 0.53]

Heterogeneity: l-squared=95.9%, tar-squared=0.1078, p=0.0001 !
[ I I I I 1

o 02 04 06 08 A1




Figure S35: Facility PITC: young adults

Study Events Total Proportion 95%-Cl
Abdurahman (Ethiopia) 122 362 —H 0.34 [0.29; 0.39]
Bondo (South Africa) 307 944 : 0.33 [0.30; 0.36]
Kayigamba (Rwanda) 91 268 - 0.34 [0.28 0.40]
Menzies (Uganda) TR0 22287 0.26 [0.25; 0.26]
O’Laughlin {Uganda) 2124 4207 : 0.50 [0.49; 052]
Wanyenze (LUiganda) 27887 50649 0.55 [0.55 0.55]
Random effects model 78714 -=::"_:::=— 0.38 [0.24; 0.54]

Heterogeneity: l-squared=959.9%, tau-squared=0. 1474, p{ﬂéﬂﬂﬂf
[ I | I | I

0 02 04 06 08 1

HIV positivity



Figure S36: Home HTC: HIV positivity compared to overall HIV prevalence by country

Study Events Total Proportion 95%-Cl
Cherutich (Kenya) 1103 15853 | 0.07 [0.07; 0.07]
Dalal (Kenya) 1892 11130 | 017 [0.16;0.18]
Dalal (Kenya) 1308 8836 | 015 [0.14; 0.16]
Genberg (Kenya) 3482 32333 011 [0.10; 0.11]
Kimaiyo (Kenya) 2193 85350 HIV prevalence: 6.1% 0.0 [0.02;0.03]
Medley (Kenya) 1087 9895 | 011 [0.10; 0.12]
Ng'ang'a (Kenya) 361 o874 [0} 0.04 [0.03; 0.04]
Wachira (Kenya) 11711 148051 | 0.08 [0.08; 0.08]
Bigogo (Kenya) 673 9613 0.07 [0.06; 0.08]
@
Helleringer (Malawi) 4 570 [ 0.08 [0.06;0.11]
Moleswarth (Malawi) 839 11172 || HIV prevalence: 11.4% .08 [0.07; 0.08]
¥
Gonzalez (Mozambique) 271 722 0.38 [0.34; 0.41]
&

HIV prevalence: 11.1%

Barnabas (South Africa) 403 1272 0.32 [0.29; 0.34]
Doherty (South Africa) 84 1392 [ 0.06 [0.05; 0.07]
Maheswaran (South Africa) 288 1885 0.18 [0.16; 0.20]
Maik (South Africa) 4533 5086 | 0.09 [0.09; 0.10]
Shapiro (South Africa) 76 521 HIV prevalence: 18.8%  0.15 [0.12;0.18]
Uwimana (South Africa 44 634 0.07 [0.05; 0.09]
van Rooyen (South Africa) 201 671 0.30 [0.27, 0.34]
Welz (South Africa) 2662 12102 0.22 [0.21,0.23]
Parker {(Swaziland) 243 6452 0.04 [0.03; 0.04]
}
HIV prevalence: 27.4%

Myigo (Tanzania) 56 714 55 0.028 [0.06;0.10]

{} HIV prevalence: 5.4%

Barnabas (Uganda) 232 2121 ; 011 [0.10; 0.12]

Menzies (Uganda) 2502 49470 0.05 [0.05; 0.05]
Mulogo (Uganda 30 391 0.08 [0.05; 0.11]
Sekandi (Uganda) 30 408 HIV prevalence: 7.2% 0.07 [0.05; 0.10]
Tumwebaze (Liganda) 152 1558 t 0.10 [0.08; 0.11]
Tumwesigye (Uganda) 11359 264966 0.04 [0.04; 0.04]
0
Fylkesnes (Zambia) 41 450 0.09 [0.07;012]
Wichelo (Zambia) 285 2090 | 0.14 [0.12; 0.15]

HIV prevalence: 13%

Chirawu (Zimbabwe) 260 1388 | 0.19 [0.17; 0.21]

HIV prevalence: 15.7%

Random effects model 696650 ’{} 0.10 [0.08;0.12]
Heterogeneity: l-squared=53.8%, rau—squared=0.464?,ip<0. 0001
[ T

T T T 1
0 02 04 06 08 1



Figure S37: Home HTC with self-testing: HIV positivity compared to country-level HIV prevalence

Study Events Total

MacPherson (Malawi) 490 5278 : HIV prevalence: 11.4%
MacPherson (Malawi) 278 4433

Random effects model 9711 &
Heterogeneity: l-squared=96.6%, tau-squared=0.0873, p=0.0001

Proportion 95%-Cl

0.09 [0.09; 0.10]
0.06 [0.06; 0.07]

0.08 [0.05; 0.11]

| | | | |
0 02 04 06 03

80



Figure S38: Mobile HTC: HIV positivity compared to overall HIV prevalence by country

Study Events Total Proportion 95%-Cl
Grabbe (Kenya) 1689 20599 0.08 [0.08;0.09]
Grabbe (Kenya) 030 17227 [Iii  HIVprevalence:6.1% 0.05 [0.05; 0.06]
Grabbe (Kenya) 1641 9713 i 0.17 [0.16;0.18]
Random effects mod 417 53¢ Q 009 0050171
Bassett (South Africa) 280 2802 : 0.10 [0.09; 0.11]
Coates (South Africa) 4207 13440 H 0.31 [0.31;0.32]
Coates (South Africa) 4332 35219 / 0.12 [0.12;0.13]
Bassett (South Africa) 456 4703 0.10 [0.09; 0.11]
Kranzer (South Africa) 102 936 s 0.11 [0.09;0.13]
Kranzer (South Africa) 44 877 HIV prevalence: 18.8% 0.05 [0.04; 0.07]
Mabuto (South Africa) 3729 38840 . 0.10 [0.09; 0.10]
Mabuto (South Africa) 2303 31984 [ 0.07 [0.07;0.07]
Maheswaran (South Africa) 166 1013 § 0.16 [0.14;0.19]
Nglazi (South Africa) 617 3723 H + 0.17 [0.15;0.18]
Nglazi (South Africa) 277 4985 0.06 [0.05; 0.06]
Van Rooyen (South Africa) 87 624 | 0.14 [0.11;0.17]
Van Rooyen (South Africa) 60 364 0.16 [0.13;0.21]
van Schaik (South Africa) 147 2499 0.06 [0.05;0.07]
Random effects model 1420089 Q 0.11 [0.08; 0.15]
Swazil ¢ HIV prevalence: 27.4%
Parker (Swaziland) 96 2043 0.05 [0.04; 0.06]
Random effects model 04 ¢- 0.05 [0.04: 0.061
HIV prevalence: 5.4%
Coates (Tanzania) 621 10175 0.06 [0.06;0.07]
Sweat (Tanzania) 86 2341 0.04 [0.03;0.05]
Randome ™ : 12516 {>§ 0.05 [0.03: 0.08]
HIV prevalence: 15.7%
Coates (Zimbabwe) 1895 14464 0.13 [0.13; 0.14]
Sweat (Zimbabwe) 693 5437 0.13 [0.12; 0.14]
Morin (Zimbabwe) 267 867 i 0.31 [0.28; 0.34]
Morin (Zimbabwe) 54 232 | @& 0.23 [0.18;0.29]
Random effects model 21000 <@ .19 [0.13; 0.26]
Random effects model 225107 <> 0.11 [0.08; 0.13]

Heterogeneity: I-squared=99.7%, tau-squaned=0.3976,§p<0. 0001
[ | T T | 1

0 02 04 06 08 1




Figure S39: Campaign: HIV positivity compared to overall HIV prevalence by country

Study
Hood (Botswana)
Granich (Kenya)

Lugada (Kenya)

Labhardt (Lesotho)
Labhardt (Lesotho)

Chami (Uganda)

Random effects model

Events Total

2493 21237

329 5198
1964 47173

75 1207
39 1083

269 4323

80221

?

&

Proportion 95%-Cl

HIV prevalence: 22.8%

HIV prevalence: 6.1%

HIV prevalence: 22.8%

HIV prevalence: 7.2%

Heterogeneity: I-squared=99.6%, tau-squared=é.4408, p<=0.0001

—

02 04 06 08 1

0.12 [0.11;0.12]

0.06 [0.06;0.07]
0.04 [0.04;0.04]

0.06 [0.05;0.08]
0.04 [0.03; 0.05]

0.06 [0.06;0.07]

0.06 [0.04;0.10]
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Figure S40: Workplace: HIV positivity

Study Events Total

Corbett (Zimbabwe) 387 1957

Yan der Borght (5 countries in 3354) 218 6335

Bemelmans (Malawi) 91 144 -t
Random effects model 8436 =T

Heterogeneity: -squared=93. 7%, tau-squared=2. 345, p=0.0001

Proportion

0.20
0.03
0.63

0.20

| | | | |
0 02 04 06 08

95%-Cl
[0.18; 0.22]
[0.03; 0.04]
[0.55; 0.71]

[0.04; 0.58]
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Figure S41: Key populations: HIV positivity

Study Events

Adebajo, referral to facility HTC (Migeria) 157
Adebajo, referral to mobile HTC (Migeria) 308
Adebajo, offered immediate HTC (Migeria) LT

Charurat (Migeria) 186
Mine (Botswana) 430
Mulonga (DRC) R3T
Adebajo, referral to facility HTC (Migeria) 20

Adebajo, referral to mobile HTC (Migeria) 172
Adebajo, offered immediate HTC (Migeria) 1282

Ahmed, brothel based (Migeria) 503
Ahmed, non-brothel based (Migeria) 164
Mine (Botswana) 35

Random effects model

Total

s07
2763
3012
393
875
4366

1149
11908
11610

997
593
203

38771

Heterogeneity: squared=99. 7%, fau-squared=1.178, p=0.0001

Proportion

0.19
0.11
0.19
0.47
0.55
012
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0.0
011

0.50
0.23
012

95%-Cl

[0.17;
[0.10;
[0.18;
[0.42;
[0.51;
[0.11:

[0.01;
[0.01;
[0.10;

[0.47
[0.24;
[0.08;

0.22]
0.12]
0.20]
0.52]
0.58]
0.13)

0.03]
0.02]
0.12]

0.54]
0.31]
0.16]

0.16 [0.09; 0.26]
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Figure S42: Index: HIV positivity

Study Events Total

Lugada- home testing (Llganda) 189 2678 :
Lugada- clinic testing {Uganda) 45 260 =
Menzies -home testing (L'ganda) 121 2011 ;

e
Brown- passive (Malawi) 12 20 —_—t
Brown- contract (Malawi) 21 45 —
Brown- provider (Malawi) 21 42 § B
Armbruster (Malawi) 79 134 -t
' =
Random effects model 5190 ﬁ:?-

Heterogeneity: l-squared=98.6%, tau-squared=1.544, p=0.0001

| | | | |
] 02 04 06 08

Proportion

0.07
0.17
0.08

0.60
0.47
0.50
0.5a

0.28

95%-Cl

[0.06; 0.08]
[0.13; 0.22]
[0.05; 0.07]

[0.36; 0.81]
[0.32; 0.62]
[0.34; 0.66]
[0.50; 0.67]

[0.13; 0.50]
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Figure S43: Facility VCT: HIV positivity compared to overall HIV prevalence by country

Study Events  Total Proportion a5%-Cl
HIV prevalence: 22.8%
Creek (Botswana) 43377 117234 0.37 [0.37;0.37]
Hood (Botswana) 3743 26653 | 0.14 [0.14;0.14]
—

HIV prevalence: 4.3%

Gresenguet (Central African Republic) 1041 5686 0.18 [0.17,0.19]

HIV prevalence: 3%

Kouassi-WBengue (Cote dlvoire) 30 278 0.11 [0.07;0.15]

HIV prevalence: 1.4%

Appiah (Ghana) 35 95 - 0.37 [0.27;0.47)

HIV prevalence: 6.1%

Arendt (Kenya) 107 304 = 0.35 [0.30; 0.41]

Arthur (Kenya) 317 1688 ‘ 0.19 [0.17;0.21]

Mwangi (Kenya) 411 7222 0.06 [0.05; 0.06]

Grabbe (Kenya) 2065 14634 | 0.14 [0.14;0.15]
T

HIV prevalence: 22.8%
Kikaya (Lesotha) 72 1905 0.04 [0.03;0.05]

HIV prevalence: 11.4%

Fiscus (Malawi) 600 1450 0.42 [0.39; 0.45]
MacPherson (Malawi) 444 2398 & 0.19 [0.17,0.20]

HIV prevalence: 3.4%
Akhigbe (Nigeria) 40 1490 0.03 [0.02;0.04]

HIV prevalence: 18.8%

Bassett (South Africa) 102 137 = 0.74 [0.66;0.82)
Bassett (South Africa) 807 2254 0.36 [0.34;0.28]
Bassett (South Africa) 665 1899 0.35 [0.33;0.37)
Dalal (South Africa) 9 492 0.21 [0.10;0.37)
Govinder (South Africa) 1062 4793 : 0.22 [0.21;0.23)
Lean (South Africa) 604 2821 : 0.21 [0.20;0.23)
Mabuto (South Africa) 2101 18597 011 [0.11;0.12)
Mabuto (South Africa) 2894 28937 0.10 [0.10;0.10)
Nglazi (South Africa) 72 708 010 [0.08;0.13]
van Schaik (South Africa) 118 657 0.18 [0.15;0.21]
van Schaik (South Africa) 185 664 | 0.23 [0.20;0.27)
g

HIV prevalence: 5.4%
Isinge (Tanzania) 148 1645 0.09 [0.0€;0.10]
Sweat (Tanzania) 40 579 0.07 [0.05: 0.09]

HIV prevalence: 7.2%

Menzies (Uganda) 1839 9604 019 [0.18;0.20]

HIV prevalence: 15.7%

Chirawu (Zimbabwe) 1180 3585 0.33 [0.31;0.34]

Sweat (Zimbabwe) 132 602 0.22 [0.19;0.25]
o

Random effects model 258562 ; 0.18 [0.14;0.23]

Heterogeneity: I-squared=99.8%, tau-squared=0.6934, p=<0.0001
T T T T T 1

0 02 04 056 08 1




Figure S44: Facility PITC: HIV positivity compared to overall HIV prevalence by country

Study Events
Fetene (Ethiopia) 14
Waxman (Kenya) 312
Kikaya (Lesotho) 374
Kikaya (Lesotho) 72
LaCourse (Malawi) 227

Bassett (South Africa) 463

Bondo (South Africa) 113
Dalal (South Africa) 19
Kharsany (South Africa) 1386
Leon (South Africa) 328

Moodely (South Africa) 45
Van Rie (South Africa) 1042

Kiene (Uganda) 32

Menzies (Uganda) 6108
O’Laughlin (Uganda) 188

Wanyenze (Uganda) 12662

Silvestri (Zambia) 76
Topp (Zambia) 6551

Random effects model

Heterogeneity: I-squared=99.4%, tau-squared=0.175, ‘:><0. 0001

T T T T T
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1414 0.33
941 H 0.12

79 —. 0.24
2439 0.57
1725 0.19

116 = 0.39
s040 [ 0.21
{1R64 c:;:::, n o7
245 + HIV prevalence: 7.2% 013
22482 i 0.27
4207 0.04
50649 | 0.25
681 HIV prevalence: 13% 0.11
31197 h 0.21
. . 3: 1
126667 <

95%-Cl

[0.19; 0.48]

[0.21; 0.26]

[0.33; 0.39)
[0.03; 0.05]

[0.16; 0.21]

[0.30; 0.35]
[0.10; 0.14]
[0.15; 0.35]
[0.55; 0.59]
[0.17;0.21]
[0.30; 0.48]
[0.20; 0.22)

[0.09; 0.18]
[0.27; 0.28]
[0.04; 0.05]
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[0.09;0.14]
[0.21;0.21]

0.20 [0.17;0.24]
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Figure S45: Home: CD4<350 cells/uL

Study Events Total . Proportion 95%-Cl
Barnabas (South Africa) A 242 + 0.32 [0.26;0.39]
Barnabas (Uganda) 48 232 - 0.21 [0.16; 0.26]
DCalal (Kenya) 241 610 . 0.40 [0.36; 0.44]
Dalal (Kenya) 215 504 0.43 [0.38; 0.47]
Mg'anga (Kenya) 100 244 = 041 [0.35; 0.47]
Parker (Swaziland) 19 46 —'— 041 [0.27; 0.57]
Shapiro (South Africa) 34 76 ——'— 0.45 [0.33; 0.57]
Tumwesigye (Uganda) 430 796 0.54 [0.50; 0.58]
van Rooyen (South Africa) 66 201 —'—'- 0.33 [0.26; 0.40]
Random effects model 2951 < 0.39 [0.32; 0.46]

Heterogeneity: l-squared=93%, tau-squared=0.0435, p=0.0001
[ I I I I I

0 02 04 06 08 A1

Figure S46: Mobile: CD4<350 cells/uL

Study Events Total . Proportion 95%-Cl
Bassett (South Africa) 169 456 —'— 0.37 [0.33,0.42]
Kranzer (South Africa) 41 102 —'— 040 [0.31; 0.50]
Kranzer (South Africa) 17 44 —'— 0.39 [0.24; 0.55]
Mglazi (South Africa) 254 617 ; 041 [0.37; 0.457]
Mglazi (South Africa) 95 277 = 0.34 [0.29; 0.40]
Random effects model 1486 {'} 0.38 [0.36;0.41]

Heterogeneity: I-squared=10%, tau-squared=0.0004, p=ﬂ.lﬁ495
[ I I I I 1

0 02 04 06 08 1

Figure S47: Campaign: CD4<350 cells/uL

Study Events Total Proportion 95%-Cl
Chami (Uganda) 35 125 —i- 0.28 [0.20;0.37]
Granich (Kenya) 64 255 —_ 0.25 [0.20; 0.31]
Lugada (Kenya) 28 113 —'— 0.25 [017; 0.34]
Random effects model 493 {'}' 0.26 [0.22; 0.30]

Heterogeneity: I-squared=0%, tau-squared=0, p=ﬂ.Slf-‘:GS
[ I I I I |

0 02 04 0B 08 1




Figure S48: Facility VCT: CD4<350 cells/uL

Study Events Total . Proportion 95%-Cl
Agaba (Migeria) 625 TG4 0.82 [0.79; 0.34]
Bassett (South Africa) 434 807 0.60 [0.57;0.63]
Clouse (South Africa) 757 1106 . 0.68 [0.66;071]
Govinder (South Africa) 166 348 —+ 047 [0.42; 053]
Haskew (Kenya) h26 788 : 0.67 [0.63;070]
Kikaya (Lesaothao) 40 45 — 0.89 [0.76; 0.96]
Topp (Zambia) 457 8506 _ 0.64 [0.63; 0.65]
van Schaik (South Africa) 40 [ —'— 0.52 [0.40;0.63]
van Schaik (South Africa) 34 50 — . 0.68 [0.53; 0.80]
Random effects model 12492 {f} 0.66 [0.60;0.72]

Heterogeneity: I-squared=595.9%, fau-squared=0.023, p=0.0001
[ | [ I [ I

o 02 04 06 08 A1

Figure S49: Facility PITC: CD4<350 cells/uL

Study Events Total . Proportion 95%-Cl
Bassett (South Africa) 103 137 + 0.75 [0.67;0.82]
Clouse (South Africa) 17 1075 . 0.67 [0.64; 0.70]
Kikaya (Lesaotha) 44 49 — 0.90 [0.78; 0.97]
Topp (Zambia) 1413 1993 : 071 [0.69;073]
Van Rie (South Africa) 632 962 : 0.66 [0.63; 0.69]
Random effects model 4221 {':P 0.71 [0.67; 0.75]

Heterogeneity: -squared=84. 2%, tau-squared=0.0077, p=0.0001
[ T I I I 1

o 02 04 06 08 A1




Linkage to care

Figure S50: Home and campaign HTC: Linkage to care

Study Events Total Proportion 95%-Cl
Bigogo (Kenya) 219 G698 0.31 [0.28;0.35]
Dalal (Kenya) 260 1066 024 [0.22,027]
Dalal (Kenya) 194 773 0.25 [0.22;0.28]
Genberg (Kenya) 243 1704 014 [0.13;0.16]
Labhardt (Lesothao)® 19 75 — 0.25 [0.16; 0.37]
Labhardt (Lesotha)® 10 38 —— 0.26 [0.13;0.42]
Medley (Kenya) 312 1087 0.29 [0.26;0.31]
Maik (South Africa) 273 438 —'— 0.62 [0.58; 0.67]
Parker (Swaziland) G0 228 - 0.26 [0.21;0.33]
Tumwesigye (Uganda) 1464 11359 013 [0.12;0.14]
<= ’
Barnabas (South Africa) 242 245 0.99 [0.96;1.00]
Barnabas (Uganda) 134 136 ; —+ 0.99 [0.95;1.00]
Granich (Kenya)® 266 329 —+ 0.81 [0.76; 0.85]
Tumwebaze (Uganda) 133 152 : — 088 [0.81;082]
van Rooyen (South Africa) 132 137 —+ 0.96 [0.92;0.99]
<y
Random effects model 18466 ~—-i:::~=~ 0.54 [0.40; 0.66]

Heterogeneity: l-squared=39.2%, tau-squared=1.01 5, p=0.0004
[ I I I I |

o 02 04 06 08 A1

Studies with asterisk* denote Campaign HTC, all other studies are home HTC.



Figure S51: Mobile HTC: Linkage to care

Study Events Total Proportion 95%-Cl '
Bassett (South Africa) 46 456 010 [0.07;0.13]
Bassett (South Africa) G4 280 - 0.23 [0.18; 0.28]
Govindasamy (South Africa) 142 294 P o—— 048 [042; 0.54]
Kranzer (South Africa) 26 41 —_— 0.62 [0.47, 0.78]
Larson (South Africa) 5% 197 —'— 0.29 [0.23 0.36]
Larsan (South Africa) 117 311 - 0.38 [0.3Z2; 0.43]
Parker (Swaziland) 75 170 ‘—'— 044 [0.37; 0.52]
van £yla (South Africa) 563 1096 0.51 [0.48; 0.54]
Random effects model 2845 {} 0.37 [0.24; 0.51]

Heterogeneity: l-squared=398%, tau-squared=0.1548, pﬁﬂ.ﬂ'ﬂﬂ'i‘
[ I I I I 1

0 02 04 05 08 M

Figure S52: Facility VCT: Linkage to care*

Study Events Total Proportion 95%-Cl
Appiah (Ghana) 35 35 — 1.00 [0.90;1.00]
Bassett (South Africa) A8 102 B 0.57 [0.47; 0.67)
Bassett (South Africa) 580 807 ; 0.72 [0.69;0.75]
Bassett (South Africa) 440 @65 0.66 [0.62;0.70]
Dalal (South Africa) 1 7 = 0.14 [0.00; 0.58]
Kikaya (Lesotha) 48 72 —-—'— 0.68 [0.56;0.79]
Larson (South Africa) 122 388 || 0.31 [0.27, 0.36]
Leon (South Africa) 396 G604 0.66 [0.62;0.69]
Random effects model 2681 == 0.61 [0.48;0.72]

Heterogeneity: -squared=596.3%, fau-squared=0.4131, p=0.0001
[ I | | I 1

0 02 04 06 08 1

*Defined as returning to the clinic to receive CD4 results, or enrolling in pre-ART care.



Figure S53: Facility PITC: Linkage to care*

Study Events Total . Proportion 95%-Cl

Bassett (South Africa) 137 463 :
Kiene (Uganda) 24 32 —

Leon (South Africa) 228 326 -
Topp (£Zambia) 2515 6572 :
Waxman (Kenya) a70 13349

Random effects model 8732 —_—

Heterogeneity: l-squared=95. 2%, tau-squared=0.1324, p:ﬂ.ﬂﬂﬂi‘f
[ I I I I |

o 02 04 0B 08 1

*Defined as returning to the clinic to receive CD4 results, or enrolling in pre-ART care.

0.30 [0.25; 0.34]
0.75 [0.57,0.89]
0.70 [0.65; 0.75]
0.38 [0.37;0.39]
0.65 [0.62; 0.68]

0.55 [0.39; 0.71]
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Initiated ART

Figure S54: Home HTC: ART initiation among those eligible (only included those studies with POC CD4 to
determine eligibility for ART

Study Events Total Proportion 5%l
Dalal (Kenya) 20 144 : 014 [0.09; 0.21]
Dalal (Kenya) 23 134 I B : 017 [0.11; 0.25]
& :
Barnabas (South Africa) 4 78 —'— 0.69 [0.58; 0.79]
Barnabas (Liganda) 40 43 — 0.83 [0.70; 093]
Tumwebaze (Uganda) 22 28 —'— 0.79 [0.59;0.92]
van Roayen (South Africa) 12 15 —-—'— 0.80 [0.5Z2; 0.96]
S -
Random effects model 447 —=:::::=— 0.56 [0.26;0.82]

Heterogeneity: l-squared=5&.3%, tau-squared=2.498, p=0.0001 '
[ I I I I 1

o0 02 04 06 08 1

Figure S55: Home HTC with self-testing: ART initiation among all HIV positives

Study Events Total Proportion 95%-Cl
MacPherson (Malawi) 181 480 i 0.37 [0.33; 0.41]
MacPherson (Malawi) 63 278 —'—i 0.23 [0.18; 0.28]
Random effects model 768 -=:'-Cf:Z==~ 0.29 [0.17; 0.45]

Heterogeneity: l-squared=593. 5%, taLr—Equared=ﬂ.2252,ipdﬂ.0001
[ I | I | 1

60 02 04 06 08 1




Figure S56: Facility VCT: ART initiation among those eligible

Study Events Total

Clouse (South Africa) 444 THY

Kikaya (Lesotho) 44 72
Topp (Zambia) 4523 6520
Random effects model 7349

Heterogeneity: l-sguared=54. 4%, fau-squared=0.0227, p=0.0001

Proportion 05%.-Cl
0.59 [0.55; 0.62]
0.61 [0.49;072]
0.69 [0.68, 0.70]

0.64 [0.54;0.72]

| |
06 028

Figure S57: Facility PITC: ART initiation among those eligible

Study Events Total
Clouse (South Africa) 457 TI7
Kiene (Llganda) 3 3
Kikaya (Lesotho) 44 44
Topp (Zambia) 1187 1655
Random effects model 2419

Heterogeneity: -squared=86.5%, tau-squared=0. 0858, p=0.0001

06 08

Proportion 95%-Cl

0.64 [0.60; 0.67]
1.00 [0.29; 1.00]
1.00 [0.92; 1.00]
0.72 [0.69; 0.74]

0.70 [0.61; 0.78]
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Retained in care

Figure S58: Facility VCT: Retained in care (6-12 months)

Study Events Total

Clouse (South Africa) 185 444 =

Topp (Zambia) 2380 4523 '
Random effects model 4967 — e

Heterogeneity: -squared=58. 7%, tau-squared=0.0873, p=0.0041

0 02 04 06 08 1
Figure S59: Facility PITC: Retained in care (6-12 months)
Study Events Total
Clouse (South Africa) 218 457 -
Topp (Zambia) 833 1187
Random effects model 1644 —-———_—__}F

Heterogeneity: l-squared=93.3%, tau-squared=0.2125, p=0.0001

| | | | |
0 02 04 06 08

Figure S60: Home: Retained in care 12 months (viral suppression among those who initiated)

Study Events Total

Barnabas (South Africa) 52 54 —
Barnabas (Uganda) 36 40 — B
Random effects model 94 {i}

Heterogeneity: l-squared=29.2%, tau-squared=0.1642, p=0.2347

| | | | |
0 02 04 06 08

Proportion 95%-Cl

0.42 [0.37; 0.48]
0.64 [0.62;0.65]

0.53 [0.32; 0.74]

Proportion 95%-Cl

0.48 [0.43; 0.52]
0.79 [0.76; 0.81]

0.64 [0.32; 0.90]

Proportion 95%-Cl

0.96 [0.87;1.00]
0.90 [0.76; 0.97]

0.93 [0.83;0.97]
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1.

Dalal W. Home-Based HIV Testing and Counseling in Rural and Urban Kenyan Communities. 2013.
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Table S2: Community HTC costs per person tested

CURRENCY COST/
PUB COSTING COST PERSON NUMBER
AUTHOR COUNTRY REGION YEAR (USD) TIME APPROACH TYPE TYPE TESTED TESTED
2012 USD
sporadic
(counselors
Terris-Prestholt Uganda ~ \osaka (tura), 16 - 5q0g 2001 4 years Step down economic  visited $41.24 4,425
RAUSTICS community every
2 wks)
Tumwesigye Uganda Bushenyi District 2007 2005 6 months Bottom up economic home based $11.01 264953
gy 9 y (programmatic) )
$29.30 (HIV
Bassett SOl.Jth Urban 2014 2012 24 months  Top down (economic) financial mobile van neg) $31.30 A
Africa years
(HIV pos)
Grabbe Kenya ﬁg}g:nces n 2009 2007 12 months Bottom up economic mobile van $25.79 9,713
6 provinces in . mobile
Grabbe Kenya Kenya 2009 2007 12 months ~ Bottom up economic o oier $21.80 17,227
Kahn Kenya Westemn Province 2011 2008 12 months Bottom up (incredients economic mobile (tents) $11.19 47,133
(rural) based)
; 6-12 Bottom up . household
Menzies Uganda 2009 2007 months (microcosting) economic P - $16.60 2,011
. 6-12 Bottom up .
Menzies Uganda 2009 2007 months (microcosting) economic home based $9.93 49,470
Mulogo Uganda rural (Mbarara) 2013 2008 5 months Eg;tgc:r)‘ up (ingredients o onomic  home based $7.20 494
Grabbe Kenya ﬁg;%inces I 2009 2007 12 months  Bottom up economic  Community $11.16 47,539
South KwaZulu-Natal Bottom up (economic :
McConnel Africa (urban) 2005 2003 12 months costs) economic church $87.79 662
i Bottom up : .
Negin Kenya rural (Nyanza) 2009 2008 3 months e i) financial  home based $9.99 1984
. . Bottom up . :
Helleringer Malawi 2013 2007 9 months (microcosting) financial home based $14.65 1183
g rural (Shiselweni Bottom up (ingredients . ;
Parker Swaziland region) 2015 2012 12 months based) financial home based $11.00 7026
. rural (Shiselweni Bottom up (ingredients . . .
Parker Swaziland region) 2015 2012 12 months based) financial  mobile van $24.00 2034
Labhardt Lesotho  rural 2014 2011 Eiom up (HEEENE Gy OIS S $13.48 1,433
based) (campaign)
Labhardt Lesotho  rural 2014 2011 Bottom up (ingredients i) MObile van $11.06 1764
based) (campaign)
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Table S3: Facility-based HTC: Cost per person tested

Currenc Costin Cost per Number
Author Country Region Pub year ¥ . g Approach cost type Type person tested
(USD) time tested
2012 USD
. L urban/ . . Facility
Aliyu Nigeria . 2012 2010 12 months Top down financial . $21.13 24,124
rural mix (tertiary)
. L urban/ ' . Facility
Aliyu Nigeria rural mix 2012 2010 12 months Top down financial (2ndary) $7.22
Aliyu Nigeria Urban 2012 2010 12 months Top down financial Facility $6.64
Aliyu Nigeria Rural 2012 2010 12 months Top down financial Facility $11.05
Hospital,
B .
Bassett S. Africa Urban 2007 2005 24 months o'Ftom up‘ financial outpatient oD s 1,414
(microcosting) $13.90 (pos)
dept
-12 B
Menzies  Uganda 2009 2007 6 otomup . onomic  hospital $14.00 23,238
months (microcosting)
Obure Kenya urban/. 2012 2009 12 months bo'Ftom up. economic hospital $13.41 193
rural mix (microcosting)
Obure swaziland U2 501 2009 12 months  DOWOMUP o omic  Hospital  $21.85 1200
rural mix (microcosting)
Forsythe  Kenya urban/ 55 1999 e e s $18.32 1,020
rural mix (microcosting) center
comm
Obure Kenya urban/. 2012 2009 12 months bo'Ftom up. economic health $5.71 73
rural mix (microcosting) center
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Table S3 cont’d: Facility-based HTC: Cost per person tested

Author Country Region Pub Currency  costingtime Approach cost type Type Cost Number
year /person tested
tested 2012
usD
Hausler South Africa Cape town 2006 2003 12 months Bottom up economic  comm health $14.90
(ingredients based) center
Hausler South Africa Cape town 2006 2003 12 months Bottom up economic  Primary care $18.21
(ingredients based) clinic
Hausler South Africa Cape town 2006 2003 12 months Bottom up economic STl clinic $11.59
(ingredients based)
Obure Swaziland urban/ rural 2012 2009 12 months bottom up economic Health center S$11.21 523
mix (microcosting)
Thielman  Tanzania Moshi 2006 2003 12 months bottom up economic  comm health $8.70 966
(urban) (ingredients based) center
Mulogo Uganda rural 2013 2008 5 months bottom up economic  Health center $5.62 500
(Mbarara) (ingredients based)
Grabbe Kenya 6 provinces 2010 2007 12 months Bottom up economic  Stand alone $33.85 14,634
in Kenya
Menzies Uganda 2009 2007 6-12 months Bottom up economic  Stand alone $23.08 9604
(microcosting)
Sweat Kenya Nairobi 2000 1998 12 months bottom up economic  Stand alone $54.58 716
Sweat Tanzania Dar es 2000 1998 12 months bottom up economic  Stand alone $35.62 601
Salaam
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Figure S61: Community HTC costs

Bassett (S Africa) mobile van

Grabbe (Kenya) mobile van Mobile:
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Figure S62: Facility HTC costs

Hospital
|
Aliyu (Nigeria, Rural) 1. - | 11.05
Aliyu (Nigeria, Secondary) Hospital: > 722
Aliyu (Nigeria, Tertiary) $1 2.56 |- 2113
Aliyu (Nigeria, Urban) - ! 6.64
Bassett (S Africa, Hospital) - 1022
Forsythe (Kenya, Facility) -,0- 18.32
Menzies (Uganda, Hospital) *| 14.00
Mulogo (Uganda, Facility) - : 562
Obure (Kenya, Hospital) -0-: 13.41
Obure (Swaziland, Hospital) | 2185
Thielman (Tanzania, Facility) - : 8 70
Subtotal (l-squared = 97.0%, p = 0.000) <! 12.56
Stand alone i
Crabbe (Kenya, Stand alone) - Stand alone/ L. 3385
enzies (Uganda, Stand alone . . | - |
Sweat (Kenya, Stand alone) fixed: $36-78 : <+ 5458
Sweat (Tanzania, Stand alone) ! - 6
Subtotal (I-sauared = 99.4%, p = 0.000) | == | 36.78
|
Health center !
Hausler (S Africa, Primary care clinic) ini -:0- 1821
Hausler (S Africa, STl clinic) Clinic/CHC - : 11.59
Hausler (S Africa, comm health center) $1 2.32 - 1490
Obure (Kenya, comm health center) - : 571
Obure (Swaziland, Health center) - : 11.21
Subtotal (I-squared = 95.4%, p = 0.000) <> E
I
Overall (I-squared = 99.3%, p =0.000) ¢ 17.35
NOTE: Weights are from random effects analysis ! , |
20 40

Additional information:

Authors contacted:

We contacted three authors for additional outcome information. One responded by sending the
requested tester demographics. One responded to say he did not have the data and the third did

not reply. We obtained CD4 count data was available by country from Barnabas as we had

access to raw data from the Linkages study.

Cost conversion example:

Costs were converted from US dollars to local currency units and then inflated using the ratio of

the GDP deflators. Source for currency conversions and GDP deflators was the World Bank

Indicators: http://data.worldbank.org/indicator/PA.NUS.FCRF?page=1
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For example, for a cost per person tested of $8.82 in 2007 USD from a Kenyan study, we used
the 2011 exchange rate (67.32) to convert to local currency, then multiplied by the ratio of the
2012/2007 Kenyan GDP deflators (123.6/77.8) to account for inflation, then converted to 2012
USD using the currency conversion (84.53):

(8.82*67.32/(123.6/77.8))/84.53=11.16
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CHAPTER 3: Modeling the cost-effectiveness of home-based HIV testing and education
(HOPE) for pregnant women and their male partners in Nyanza Province, Kenya
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Abstract

Introduction: Women in sub-Saharan Africa face a two-fold higher risk of HIV acquisition
during pregnancy and post-partum and the vast majority do not know the HIV status of their
male partner. Home-based couples HIV testing for pregnant women can reduce HIV
transmission to women and infants while increasing antiretroviral therapy (ART) coverage in
men. However, the cost-effectiveness of this program has not been evaluated.

Methods: We modeled the health and economic impact of implementing a home-based partner
education and HIV testing (HOPE) intervention for pregnant women and their male partners in a
region of Western Kenya (Nyanza Province). We utilized data from the HOPE randomized
clinical trial conducted in Kisumu, Kenya to parameterize a mathematical model of HIV
transmission. We conducted an in-country micro-costing of the HOPE intervention (payer
perspective) to estimate program costs and a scenario of task-shifting to community health
workers.

Results: The incremental cost of adding the HOPE intervention to standard antenatal care was
$31-37 and $14-16 USD per couple tested with program and task-shifting costs, respectively. At
60% coverage of male partners, HOPE was projected to avert 6,987 HIV infections and 2,603
deaths in Nyanza province over 10 years with an incremental cost-effectiveness ratio (ICER) of
$886 and $615 per DALY averted for the program and task-shifting scenario, respectively.
ICERs were robust to changes in intervention coverage, effectiveness, and ART initiation and
dropout rates.

Conclusions: The HOPE intervention can moderately decrease HIV-associated morbidity and
mortality by increasing ART coverage in male partners of pregnant women. ICERs fall below

Kenya’s per capita gross domestic product ($1,358) and are therefore considered cost-effective.
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Task-shifting to community health workers can increase intervention affordability and

feasibility.

Keywords: HIV counseling and testing, sub-Saharan Africa, cost-effectiveness, males, pregnant,

PMTCT
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Introduction

HIV is one of the most serious health and economic challenges facing sub-Saharan Africa
(SSA) where over 70% of the world’s new HIV infections occur.! Pregnant and post-partum
women in SSA have particularly high rates of HIVV-acquisition; cohort studies report HIV
incidences ranging from 2.3 to 7.6 per 100 person-years during pregnancy and post-partum,??®
more than two fold higher than in non-pregnant women.® This increased risk persists after
adjustment for sexual behavior, suggesting that biological factors including hormonal or
immunological changes during pregnancy may play a role in heightening susceptibility.® With
fertility rates around 5 children per woman in SSA, this can translate into 10 or more years of
increased risk. HIVV-infected women in East Africa also face more than 7-fold higher risk of
maternal mortality compared to uninfected pregnant women’ and approximately 17% of HIV-
infected mothers in SSA transmit HIV to their infants.®

While pregnant women have high rates of HIV testing coverage in SSA largely due to
antenatal testing, they are less likely to know the HIV status of their male partners. For example,
in Kenya during 2013, 88% of pregnant women were tested for HIV, while only 4.5% of their
male partners underwent testing in the prior 12 months.®® This is a significant problem in
generalized epidemic settings, since persons are most likely to become infected in stable
partnerships. A modeling analysis using sexual behavior survey data from 18 countries in SSA
suggests that HIV transmission within couples is largely transmitted from men to women, and
men are more likely than women to become infected by someone other than their main partner,
both of which indicate that interventions to reduce HIV in women will likely need to target men

as well .10
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As facility-based HIV testing and counseling (HTC) has not achieved high testing
coverage in male partners of pregnant women in SSA, novel testing interventions are needed.1?
Community-based HTC is a promising alternative that achieves high uptake and identifies
asymptomatic HIV-positive individuals at higher CD4 counts than facility HTC.*** One form
of community HTC, home-based HIV couples counseling for pregnant women and their male
partners, can attain high HIV testing coverage in both pregnant women and their partners.
Couples HIV testing and disclosure has been shown to increase women’s adherence to both
antiretroviral therapy (ART) and prevention of mother to child transmission (PMTCT) regimens,
including Option B+ (lifelong ART for HIV-infected pregnant women).®17 Increasing HIV
testing in males reduces transmission to their female partners, while also averting morbidity and
mortality in men associated with late ART initiation. Men are less likely than women to undergo
HIV testing, less likely to start ART, and more likely to seek care at more advanced disease
stages, interrupt treatment, and die on ART.*® Antenatal clinic attendance is high (95.4% of
pregnant women in Kenya, 2012), indicating the potential to achieve high coverage of male
partners.'® However, home-based couples counseling for pregnant women is resource intensive
and its cost-effectiveness (i.e. value for money) has not been well evaluated. We used a
mathematical model to assess the cost-effectiveness of providing home-based partner education
and HIV testing (HOPE) to couples as a part of routine antenatal care in Western Kenya. Primary
cost and effectiveness data were collected from the HOPE study, a randomized controlled trial
conducted in Kisumu, Kenya in which couples either received the HOPE intervention (HOPE
arm) or written invitations for male partners to attend clinic (INVITE arm). In addition to HIV
education and testing, couples in the HOPE arm received information on facility delivery,

exclusive breastfeeding, family planning, and voluntary medical male circumcision. In this
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analysis, we project the health and economic impact of implementing the HOPE intervention in
Nyanza Province, a region in Western Kenya with high HIV prevalence (15.1%). From an
implementation science perspective, we sought to translate the HOPE clinical trial results into
projections of HIV burden averted and costs incurred under realistic program scale-up. Our
analysis can be useful to policy makers charged with implementing evidence-based HIV

interventions that maximize health benefits within a fixed budget.

Methods
Home-based partner education and testing (HOPE) Intervention:

Costs and effectiveness data were obtained from the HOPE intervention, a randomized
controlled trial conducted from September 2013 to June 2015 in Kisumu, Kenya. Study design
and outcomes are described in detail in this supplement.?® Briefly, 601 pregnant women in stable
partnerships were enrolled when they presented for antenatal care at Kisumu County Hospital
and randomized to HOPE (intervention) or INVITE (control) arm. Couples in the intervention
arm received a home visit where study staff (health advisors) screened male partners and offered
couples HIV counseling and testing. Health advisors also administered a standardized health
education intervention on the importance of facility delivery, exclusive breastfeeding, family
planning, and methods to prevent HIV transmission. Women in the INVITE arm were asked via
written invitation to bring their partners to the clinic for couple HIV testing. The study compared
uptake of male partner HIV testing, condom use, facility delivery, exclusive breastfeeding, HIV
transmission to infants and mothers, and contraceptive use in the two arms. Outcomes were
assessed at six weeks and again at six months after delivery. The HOPE intervention was found

to increase male partner testing by more than two-fold (RR 2.1, 95% CI: 1.81-2.42) and
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identified more HIV serodiscordant couples (13%) compared to the INVITE arm (4%). The
HOPE intervention was not associated with an increase in intimate partner violence or other

adverse events.

Mathematical model:

We adapted a previously published dynamic HIV transmission model to include
pregnancy states.?! The model was parameterized with epidemiologic data from Nyanza
Province and calibrated to fit HIV incidence and prevalence from that region. The model
simulates the natural history of HIV/AIDS using 3 month time steps. Men and women are
stratified by 5-year age group (0-59 years), sexual activity (low, medium, and high),
circumcision status, viral load (six stages), and CD4 count (six stages). Sexual behavior is
assumed to change over time as individuals age. Susceptible individuals can acquire HIV and
transition to acute infection. CD4 count declines over time based on clinical estimates from a
prospective cohort.?! Persons on ART have a 96% reduction in transmission risk.?? Disability
weights are assigned to each HIV state.? In addition to background mortality, HIV-positive
individuals face a disease-specific mortality that varies by age and CD4 count.?* Persons on ART
are assumed to have the same mortality rates as those who are uninfected.?® Dropout of ART
occurs yearly and individuals are assumed to return to the CD4 count and viral load status they
had prior to initiating ART. The model estimates the force of HIV infection as a function of
sexual mixing (by age and sexual activity), proportion of HIV infected individuals, circumcision,
and HIV transmission probability. HIVV-positive women who are not on ART have a probability
of transmitting HIV to their infants. Changes in the population over time are estimated using a

system of ordinary differential equations (ODES) that are solved in MATLAB version 2015a
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using 4th-order Runge-Kutta methods.?® Before projecting the impact of the HOPE intervention,
the model was calibrated to reflect the age-specific and overall HIV prevalence from Nyanza
province and CD4 distribution and ART coverage from Kenya. Additional details about the

model, parameters, and calibration results are available in the Supplemental Appendix.

Status quo and intervention scenarios:

For the status quo (no intervention) scenario, we modeled the impact of continued facility
HIV testing and ART expansion at current scale-up rates.?” In the intervention scenario, HOPE is
added to the status quo scenario with 60% coverage of male partners of pregnant women, based
on coverage from the trial. However, as coverage could either be higher or lower if implemented
as a government program, we conducted sensitivity analyses varying coverage from 40-80%. We
assumed that the HOPE intervention increased ART initiation rate for HIV-positive male

partners by 2.1 fold (the increase in male partner HIV testing found in the clinical trial).

Micro-costing:

A detailed micro-costing was conducted following established guidelines for costing HIV
interventions.?®2° Primary cost data were collected from budgets, expense reports staff and local
expert interviews. Costs were divided into mutually exclusive categories of: personnel,
transportation, equipment, supplies, buildings and overhead, start up, and phones and data
monitoring. Time and motion studies were conducted over three weeks (June 10-30" 2014) to
record staff time spent on intervention activities (e.g. conducting HTC, tracing male partners,
traveling to couples’ homes). Research time (administering informed consent, reimbursements,

etc.) and other research cost were removed from the programmatic costs. The time and motion
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studies and interviews with staff were used to inform efficiency assumptions about the mean
number of couples that could be tested per day. Capital costs, software development, and start-up
cost (staff hiring, training, and community mobilization) were annualized assuming a 5-year
useful life expectancy discounted annually at 3%. Costs were inflated to 2014 US dollars (USD)
using the Kenya consumer price index. Total program costs were divided by the number of
couples tested by HIV status under each scenario to determine the cost per person tested. Other
costs including facility HIV testing, ART, and HIV/AIDS related hospitalizations were estimated

from the literature;*-32 additional information is available in the Supplementary Appendix.

Cost-effectiveness analysis:

We calculated the incremental cost-effectiveness ratio (ICER) of adding the HOPE
intervention to standard antenatal care for DALY's averted over 10 years. The ICER is measured
as the additional cost divided by the additional health benefit of the intervention strategy
compared to the next less costly strategy (the status quo). Consistent with health economic
conventions, we considered the intervention to be very cost-effective if the ICER is less than
Kenya’s 2014 GDP per capita (1,358 USD).>® We employed a 10-year time horizon as is

common in cost-effectiveness analyses of HIV prevention.34%

Sensitivity analyses:
To explore the impact of key assumptions on our findings, we conducted sensitivity
analyses varying coverage, costs, intervention effectiveness, projected ART expansion, and task

shifting from health advisors to community health workers. We also evaluated a scenario in
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which the HOPE intervention increased adherence to Option B+ as studies found couples HIV

testing and disclosure increases women’s adherence.’®

Results
Micro-costing:

Costs were estimated for two scenarios: 1) a higher cost program model, reflecting the
staff cadre of the research study—nurses enrolling pregnant women into the intervention, highly
trained health advisors administering the intervention, and higher cost supplies including
research compatible mobile phones, and 2) a lower cost task shifting model in which nurses and
health advisors are replaced with community health workers, the field coordinator is replaced
with a community health worker manager, the data manager is reduced to a half-time position,
and lower cost supplies are used (Figure 1). Results of the time and motion observations showed
that the HOPE educational component and couples HIV testing and counseling together take
approximately 1 hour per couple (15-30 minutes longer for couples with discordant HIV-status
who require additional counseling). After accounting for travel time to participant’s home,
follow-ups, paperwork, and other staff responsibilities, we estimated that health advisors could
test 3 couples per day. Staff were assumed to work 7 hours per day for 215 days per year (after
accounting for holidays, vacation, and sick time). Supply costs per person tested included gloves,
HIV screening test kit, and alcohol swabs. Additional supplies for HIV-positive persons included
confirmatory test, and tie breaker test (assumed to be used in 5% of all HIV-positive cases).
Supply wastage was assumed to be 5%. Transport costs included motorcycles used to travel to
participants homes to conduct the intervention. Economic costs were estimated for donated
goods, including hospital space. Incremental costs per couple tested were estimated separately

for HIV-positive and HIV-negative persons as the former required more staff time for counseling
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and additional diagnostics supplies. Costs per couple tested ranged from $31-37 for the program
model and $14-16 for the task shifting model. Staff salaries represented the bulk of the costs (65-

70%) (Table 1).

Model estimated health and economic impact of the HOPE intervention

In the base-case scenario, assuming the HOPE intervention increased male partner ART
initiation by 2.1 fold and achieved 60% coverage of male partners, the model estimated that
6,987 incident HIV infections and 2,603 deaths would be averted over a 10 year time horizon
(Table 2). Discounted incremental costs of adding the HOPE intervention to standard of care
(ART expansion) were $14.3 million USD over 10 years with program model costs and $9.9
million USD with the task-shifting model. The ICER for adding HOPE to standard of care was
$886 and $615 USD per DALY averted for the program and task-shifting model respectively.
ICERs were similar with changing intervention coverage (40-80%), although health benefits
varied, as expected. At 40% coverage of male partners, HIV infections and deaths averted were
reduced to 4,659 and 1,734 respectively while 80% coverage was estimated to avert 9,134 HIV
infections and 3,594 deaths. Lower intervention linkage to ART increased the ICER to $1,076
and $730 for the program and task-shifting model respectively, although ICERs were still below
the threshold of Kenya’s GDP per capita. Lower intervention linkage to ART at 60% coverage
achieved greater reductions in HIV infections and deaths than higher intervention ART linkage
at lower (40%) coverage. Similarly, higher HOPE coverage (80%) averted more HIV infections
and deaths compared to 60% coverage with higher ART linkage. The ICERs were robust to
changes in ART dropout although intervention health benefits were lower at increased dropout

rates. Since ART expansion in the next 10 years is uncertain, we assessed a scenario in which
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ART was rolled out at a lower rate (lower baseline ART initiation); this decreased intervention
health benefits and resulted in higher ICERs—although they remained below the threshold of
Kenya’s GDP per capita. We also assessed a scenario in which undergoing couples HIV testing
through the HOPE intervention increased women'’s initiation of Option B+. Results showed that
increasing Option B+ initiation by just 5% yielded the highest benefits and lowest ICERs of all
strategies at 60% coverage; ICERs were $749 and $533 for the program and task shifting model
respectively. Overall, the HOPE intervention was projected to achieve 8% population coverage
per year, as 14% of women are pregnant annually and 60% of couples would receive the HOPE
intervention.

Figure 1 displays tornado diagrams of the sensitivity of ICERs for the program (1a) and
task-shifting cost model (1b) to changes in the cost of HOPE, ART, and HIV/AIDs related
hospitalization. ICERs for both cost models were most sensitive to HOPE intervention costs,
with the ICER exceeding the GDP for the program model at twice the intervention costs. ICERS
were less sensitive to ART costs, with higher ART costs resulted in less attractive (higher)
ICERs while lower ART costs resulted in lower ICERs. The ICERs were least sensitive to

hospitalization costs, which were inversely related to ICERs.

Discussion

Women in Kenya attend antenatal care at rates over 90% and the vast majority are tested
for HIV.® However, they continue to experience disproportionately high HIV incidence,
partially due to the lack of HIV testing and linkage for their male partners.® Scaling up the HOPE
intervention in Nyanza Province, Kenya can cost-effectively reduce HIV infections in pregnant

women and their partners while averting morbidity and mortality associated with late initiation
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of ART in both sexes. Since men present to healthcare facilities at later HIV stages, have lower
ART linkage and poorer clinical outcomes, they are more likely to transmit HIV to their female
partners.®® Additionally, morbidity and mortality in men has a negative economic impact on
women and their children. The HOPE intervention can identify HIV-positive men earlier in the
course of their illness and link them to care before they infect their pregnant partners.

The projected health benefits of the HOPE intervention varied depending on the coverage
achieved, the intervention’s ability to link male partners to ART, and the baseline levels of ART
initiation and dropout. However, the ICERs were robust to changes in these parameters and
remained very cost-effective (Table 2). ICERs were most sensitive to increases in intervention
costs, with the program model exceeding the cost-effectiveness threshold of Kenya’s GDP per
capita at double intervention costs (Figure 1). However, the detailed micro-costing completed as
part of the analysis increases our confidence in the estimated costs. Further, the task-shifting
model remained cost-effective despite increased intervention costs. In addition, if the HOPE
intervention increases women’s adherence to ART, as found in prior studies, the health benefits
increase substantially and the ICERs become more attractive.®

Scaling up the HOPE intervention will likely be more affordable if implemented under a
task-shifting model as staff salaries account for the majority of program costs. Training
community health workers to conduct health interventions is an increasingly utilized strategy in
sub-Saharan Africa; community health workers can fill in service gaps caused by the shortage of
healthcare professionals and deliver health care to rural areas more efficiently.®’ Integrating
health interventions is another way to reduce program costs. For example, community health
workers can deliver the HOPE intervention along with diabetes and hypertension screening.

Integrating services can also reduce the stigma associated with an HIV testing intervention.®
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Additionally, a tiered program can be implemented where women are given a few weeks to bring
their partner into the clinic for testing. Those who do not present to the clinic can be followed up
at home. Further, a risk score could be developed to identify male partners that are less likely to
come to the clinic so they can be traced at home. Such a score has been developed for HIV
intimate partner notification in Malawi and has been shown to have good sensitivity and
specificity. 3 Additionally, the HOPE intervention can be utilized to identify serodiscordant
couples to target PrEP, further integrating HIV services and decreasing costs. Finally, the HOPE
intervention can be implemented within the context of home or mobile HTC for the general
population. Although HOPE is cost-effective, it has a limited population-level impact on HIV
burden as it is targeted to a specific portion of the population. Overall, it is projected to reach 8%
population coverage annually and reduce approximately 2.5% of HIV infections in Nyanza over
10 years. Therefore it should be combined with community-based HIV interventions which have
been found to be cost-effective in other settings.®

The strengths of our analysis include obtaining primary cost and effectiveness data from
a randomized controlled trial in Nyanza, Kenya. Our results should be interpreted within the
context of our limitations. We assume male partners testing HIV-positive through the HOPE
intervention have the same rate of linkage to ART as facility testing. Community-based testing
can result in lower linkage rates since is conducted outside of the healthcare system.* If
implemented, the HOPE intervention should be monitored for linkage and community health
workers may need to conduct follow-up visits to encourage reluctant partners to link to care.
However, if the HOPE intervention increases adherence to ART and PMTCT, health benefits
could be greater than projected. The effectiveness estimates were obtained from a randomized

controlled trial that utilized highly trained and closely monitored health advisors. If the HOPE
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intervention is scaled up through a government program, effectiveness may decrease if
counselors were less able to persuade reluctant male partners to undergo testing, or were less
efficient in delivering the intervention. However, we explored a scenario of lower linkage and
still found the intervention to be cost-effective. Additionally, implementing standardized training
and monitoring for community health workers would be essential to maintaining intervention
fidelity. Currently community health workers in Kenya are currently not trained to conduct HIV
testing and counseling. Therefore efficiency may be lower than expected during the first few
years of the intervention as community health workers solidify their HIV testing skills. Indeed,
the translation of a clinical trial to real world implementation poses significant challenges and the
HOPE intervention would be most successful if it is integrated into other health interventions and
employs community health workers instead of higher cadre staff.

In conclusion, we find the HOPE intervention to be a cost-effective method to reduce
HIV disease burden in Nyanza, Kenya. Our results are similar to previous analyses that have
found community-based HIV counseling and testing in sub-Saharan Africa to be cost-
effective.®>* Although absolute costs will vary, our results are likely generalizable to other

regions of sub-Saharan Africa with a similar HIV epidemic profile.
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Table 1: Unit costs for the HOPE intervention per couple tested (2014 USD).

Program model

Task shifting model

(per couple tested)

concordant HIV-  concordant HIV+  Discordant | concordant HIV-  concordant HIV+  Discordant
Personnel 22.90 22.90 25.45 9.27 9.27 10.30
Transportation 2.16 2.16 2.40 2.16 2.16 2.40
Equipment 0.17 0.17 0.18 0.17 0.17 0.19
Supplies 3.63 7.65 6.27 0.53 0.89 0.79
Buildings & overhead 0.96 0.96 1.07 0.96 0.96 1.07
Startup 0.44 0.44 0.49 0.27 0.27 0.30
Data capture and use 0.52 0.52 0.57 0.44 0.44 0.49
TOTAL 30.78 34.80 36.43 13.81 14.17 15.55

The task shifting model replaces professional counselors with community health workers (CHWSs), lower cost mobile phones.
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Table 2: Health and economic impact of the HOPE intervention under base-case assumptions and sensitivity analyses

Current ART scale up HOPE intervention§
Lower Higher 30% lower = 30% higher 50% 50% Lower 5%
Base-case intervention intervention intervention = intervention lower higher baseline increased
coverage coverage linkage to linkage to ART ART ART uptake of
(40%) (80%) ART ART dropout dropout initiation ~ Option B+
Total HIV infections 301,870
Total deaths¥ 275,469
Total DALYs 2,514,475
HIV infections averted* - 6,987 4,659 9,314 5,480 8,289 7,293 6,385 6,398 8,445
Deaths averted* - 2,603 1,734 3,474 2,040 3,090 2,614 2,539 2,502 3,304
DALYs averted - 16,192 10,788 21,601 12,651 19,270 16,282 15,769 15,268 20,419
Incremental costs
program model -- 14.3 9.6 19.1 13.6 15 145 141 13.9 15.3
(millions)
Incremental costs task
shifting model - 9.9 6.6 13.3 9.2 10.6 10.0 9.7 9.5 10.9
(millions)
ICER program model $240 $386 $386 3385 $1,076 $778 3888 3892 $911 $749
($/DALY averted) ’
ICER task shifting
model $240 $615 $614 $614 $730 $549 $616 $616 $621 $533
($/DALY averted)

8ICER: incremental cost-effectiveness ratio; DALY disability-adjusted life year. Costs and infections are over 10 year time horizon. Incremental
costs and DALY'S associated with each strategy are discounted. HOPE intervention is added to current ART expansion. Percent coverage refers to
coverage of male partners of pregnant women. Costs are in 2014 USD.

¥All deaths, not only those related to HIV/AIDS.

*Discounted health benefits
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Figure 1: Tornado diagram of ICERs with varying costs*

a)

Sensitivity of ICER--Program model

HOPE intervention costs (50% lower to 2x higher)

ART costs (50% lower to 2x higher)

HIV/AIDS hospitalization costs (50% lower to 2x
higher)

$400 $600 $800  $1,000 $1,200 $1,400 $1,600

Cost per DALY averted

b)

Sensitivity of ICER--Task-shifting model

HOPE intervention costs (50% lower to 2x higher) |

ART costs (50% lower to 2x higher)

HIV/AIDS hospitalization costs (50% lower to 2x
higher)

$400 $600 $800 $1,000 $1,200 $1,400 $1,600
Cost per DALY averted

*Red line represents Kenya’s GDP per capita, the threshold utilized for cost-effectiveness.
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I. Technical Specifications

Model Overview:

The mathematical model simulates heterosexual HIV transmission and is parameterized
to Kenya. The model reproduces population-level dynamics and stratifies the population by age,
gender, and sexual risk. The model begins with an entirely HIV-negative population at time t =
0 with a size and distribution reflecting Nyanza in 1979. The population dynamics are governed
by a system of ordinary differential equations (ODES) that are solved in MATLAB 2014a’. The
model iterates in three-month intervals. The natural history of HIV infection is modeled in stages
defined by CD4 count and viral load as shown in Figure S1. When a person becomes HIV-
infected, s/he enters the acute stage characterized by a short duration and high probability of HIV
transmission. The person then progresses through stages of CD4 count and viral load. Pregnancy
was incorporated into the model by the addition of health states for pregnancy stratified by CD4
count and viral load. Women transition into pregnancy states at a fertility rate determined by
their age and CD4 count status (if HIV-positive). New births enter the population as a function of
the fertility rate. Women have a 40% higher HIV susceptibility compared to men based on the

UNAIDS Spectrum model will uses a ratio of female-to-male incidence of 1.4.2
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Figure S1. Model transition diagram. A diagram of the natural history of HIV infection. All
movement is in one direction except for enroliment in and dropout from interventions from ART.
I1. Interventions

ART Treatment Enrollment:

ART treatment is assumed to reduce the likelihood of HIV transmission by 96% and
persons on ART are expected to have the same life expectancy as HIV-negative persons of
similar age and sex, and thus, are assumed not to be subject to HIV-associated mortality . The
annual drop-out rate is 6%, which is equally likely for all individuals regardless of their HIV
state prior to treatment. Individuals who drop out of ART return to the infected stages at the

same proportion with which they enrolled. This model includes a background level of
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circumcision of 66% as observed in Nyanza. We assume a 60% lower risk of acquiring HIV

based on prior studies. 810

I11. Cost Parameters

Cost estimates:

Costs were collected onsite in June 2014 in Kisumu, Kenya from the HOPE study, a randomized
control trial of home testing of male partners of pregnant women. Time and motion observation
of the HOPE intervention was conducted to determine staff time and resource utilization per
home visit and also to facilitate removal of research time and costs for the operational cost
estimate. We observed that the HOPE educational component and couples HIV testing and
counseling take approximately 1 hour per couple (slightly longer for couples with discordant
HIV-status who require additional counseling). After accounting for travel time to participant’s
home, follow-ups, paperwork, and other staff responsibilities, we estimated that a community
care worker could test 3 couples per day. We assumed a program of 20 community care workers
and 4 supervisory nurses. Staff were assumed to work 7 hours per day, 215 days per year after
accounting for national holidays, sick days, and paid vacations. Total program costs were divided
by the number of persons tested by HIV status under each scenario to determine the cost per
person tested. Supply costs per person tested included gloves, HIV screening test Kit, lancet,
cotton balls, and alcohol swabs. Additional supplies for HIVV+ persons tested included

confirmatory test, and tie breaker test (assumed to be used in 5% of all HIV+ cases).

Costs of a facility-based HIV test was obtained from a costing exercise conducted in
Kenya and inflated to 2014 USD (Obure).!* ART costs were estimated by using a multi-country

analysis of treatment costs in five countries in sub-Saharan Africa.'? Since costs for Kenya were
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not evaluated, we generated a linear regression to describe the relationship between each
country’s GDP per capita and ART costs (R2=98%) (shown below). We then put the GDP per
capita into the equation described below to estimate yearly ART costs: 150.47 +

0.0586*1,167.50 = $218.96 per year.

Source | SS df MS Number of obs = 5
————————————— e F( 1, 3) = 233.51
Model | 132256.083 1 132256.083 Prob > F = 0.0006
Residual | 1699.117 3 566.372334 R-squared = 0.9873
———————————— e Adj R-squared = 0.9831
Total | 133955.2 4 33488.8 Root MSE = 23.799

cost | Coef. Std. Err. t P>t [95% Conf. Interval]
_____________ o
GDP | .058662 .0038388 15.28 0.001 .0464451 .0708789

cons | 150.4761 13.4603 11.18 0.002 107.6394 193.3128

We estimated the HIV-related hospitalization costs using primary cost data from South Africa
(Meyer-Rath)*? and adjusting it by multiplying by the ratio of ART costs in Kenya/South Africa

from the model above.

IV. Epidemiological Parameters

Table S1. Initial population size. Nyanza total population 1979 size scaled with Kenya national
data for age and sex distribution.

Age Cohort Initial Population Size Reference
Male Female

0-4 293,191 287,674

5-9 221,895 218,405

10-14 184,334 182,359

15-19 149,528 151,279 Kenya Bureau

20-24 114,647 120,244 of Statistics

25-29 89,629 95,951 UN populat;on

30-39 68,154 72,704 1415

3539 54,083 57,338 data ™

40 - 44 45,403 47,338

45 - 49 37,906 38,974

50 - 54 30,905 31,547

55-59 25,188 25,279

TOTAL 1,329,093 1,314,863
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Table S2. Total population size. Nyanza total population over time for model calibration

Year Total population size

1979 2,643,956 Kenya Bureau of
1989 3,507,162  Statistics'*

2009 4,392,196

Table S3. Sexual risk distribution by age and sex. Values are calibrated to fit age-specific HIV
incidence and prevalence data.

Age Male Risk Distribution Female Risk Distribution Reference
Cohort
Low- Moderate High- Low- Moderate High-
Risk -Risk Risk Risk -Risk Risk
0-4 0.999 0.0005 0.0005 0.998 0.001 0.001
5-9 0.999 0.0005 0.0005 0.998 0.001 0.001
10-14 0.98 0.015 0.005 0.975 0.015 0.01
15-19 0.80 0.17 0.03 0.80 0.17 0.03
20-24 0.78 0.20 0.02 0.62 0.31 0.05
25-29 0.65 0.29 0.06 0.60 0.35 0.05 Calibrated
30-34 0.66 0.28 0.05 0.65 0.30 0.05 to fit data
35-39 0.68 0.27 0.05 0.65 0.30 0.05
40-44 0.75 0.20 0.05 0.78 0.17 0.05
45-49 0.78 0.17 0.05 0.80 0.16 0.04
50-54 0.88 0.08 0.04 0.85 0.13 0.02
55-59 0.96 0.035 0.005 0.95 0.045 0.005
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Table S4. Annual number of sexual partnerships by age, gender, and sexual risk. VValues are
based on a previous study and calibrated to fit age-specific HIV incidence and prevalence data.

égﬁort Male Partnerships per Year I\:((z?fle Partnerships per Reference
Low- Moderate- High-  Low- Moderate- High-
Risk Risk Risk Risk Risk Risk
0-4 0.00006 0.00006 0.00006 0.00006 0.00012 0.00012
5-9 0.0006 0.006 0.06  0.0007 0.007 0.12
10-14 0.006 0.06 0.6  0.006 0.06 0.9
15-19 0.1 1.8 41.0 0.1 0.6 32.2
20-24 0.3 2.3 41.0 0.4 3.5 61.4  Adapted
25-29 0.6 4.7 52.7 0.4 2.9 58.5 from
30-34 0.6 5.3 52.7 0.4 4.1 59.7 Barnabas
35 -39 0.5 41 527 0.4 35 544 cetal®
40 — 44 0.5 2.3 46.8 0.3 2.9 49.7
45— 49 0.5 2.3 43.9 0.3 2.9 43.9
50 -54 0.5 2.9 46.8 0.3 2.3 30.4
55-59 0.4 1.8 35.1 0.1 0.3 5.9

Table S5. Background mortality. Values for age 5-59 years are Kenya’s age-specific mortality
in 1990, prior to the generalized HIV epidemic. Values for under 5 mortality are 2012 mortality
estimates adjusted for the contribution of HIV/AIDS to mortality using UNAIDS World
Mortality Report™®.

Age Background

Cohort Mortality Reference
Male Female

0-4 0.01502 0.01304 UNICEF ¥

5-9 0.00405 0.00345

10-14 0.00216 0.00195

15-19 0.00295 0.00245

20-24 0.00457 0.00338

25-29 0.00511 0.00395

30-34 0.00551 0.00428 WHO 18

35-39 0.00610 0.00475

40 - 44 0.00709 0.00573

45 - 49 0.00842 0.00680

50 - 54 0.01176 0.00874

55 -59 0.01575 0.01157
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Table S6. Fertility rate by age and HIV status. Females on ART are assumed to have equal
fertility to HIV-negative females. Source: DHS 2008 Kenya rural estimates. °

égﬁlort Fertility Rate (per year) Reference
Uninfecte Acut >350 200-350 <200
d RR=1 RR=0.5 RR=04 RR=0.4
RR=1 9 2 2
0-4 0 0 0 0 0
5-9 0 0 0 0 0
10-14 0 0 0 0 0
15-19 0.108 0.064 0.046 0.108 0.064
20-24 0.289 0.171 0.122 0.289 0.171 Anderson et
25-29 0.262 0.155 0.110 0.262 0.155 al. Ross et
30-34 0.209 0.123 0.088 0.209 0.123 all’zo*“
35-39 0.141 0.083 0.059 0.141 0.083 '
40 - 44 0.061 0.036 0.025 0.061 0.036
45 - 49 0.013 0.008 0.006 0.013  0.008
50 - 54 0 0 0 0 0
55-59 0 0 0 0 0

Table S7. HIV-associated mortality. Values are estimates are from observational studies of
untreated HIV-positive persons.

égﬁlort HIV Mortality Reference
Acut CD4>35 CD4200 CD4<20
e 0 to 350 0
0-4 047 047 0.47 0.47 Newell et al. 22
5-49 0.01 0.05 0.08 0.27 Badri et al. 23
50 - 59 0.02 0.10 0.16 0.54 Adler et al. %
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Table S8. Probability of HIV transmission by viral load.

Baseline
Transmission | Increase in transmission probability by HIV stage Reference
Probability
VL 1,000- VL 10,000-
<
Acute  VL<1,000 10,000 50,000 VL>50,000 ART
0.00053 26 1 5.8 6.9 11.9 004 | Quinnetal, Boily
et al. 2526

Table S9. The duration of time in each CD4 and viral load stage by sex (Ying et al. 2")

CD4 Transition Acute CD4>500 500-350 350-200

Time for Males (years) 0.25 1.71 1.05 471

Time for Females (years) 0.25 1.94 1.35 6.71

Viral Load Transition Acute VL<1,000 1,000-10,000 10,000-50,000
Time for Males (years) 0.25 3.44 1.45 3.04

Time for Females (years) 0.25 3.06 2.27 5.45

Table S10. Proportion of births from HIV-positive females that result in mother-to-child
transmission

Year MTCT rate Reference
Overall 0.151 Sirgeno et al. 28
Without 29
PMTCT 0.25 Connor et al
With PMTCT 0.05 Thomas et al*°

Table S11. Coverage treatment for prevention of mother to child transmission (PMTCT)*

Kenya estimate
Year PMTCT coverage Reference

2012 0.901 Slfﬁ\r;g;f\ms Indicator
*Among women who were tested at the clinic or aware of HIV infection
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Table S12. Proportion of pregnant women attending antenatal care during last pregnancy

Nyanza estimates

Year ANC coverage Reference

2012 0.968 Kenyag,lAIDS Indicator
Survey

Table S13. The number of coital acts per partnership by gender and sexual risk group.
Values are calibrated to fit age-specific HIV incidence and prevalence data.

Gender  Coital Acts per Partnership Reference
. Moderate- High-
Low-Risk " pick Risk
Male 99 33 3.3 Calibrated
Female 77 22 3.3 to fit data

Table S14. Sexual mixing by age and sexual risk group. The mixing parameter varies from
random (e = 1) to assortative (e = 0), calibrated to fit age-specific HIV incidence and
prevalence data.

Year Force of Infection Mixing Reference
€, (age) €, (sexual risk)

Before 1998 0.7 0.7 .

2003 0.5 0.5 t%a;:f;?fad

After 2010 0.1 0.1

Table S15. HIV prevalence for model calibration

Kenya national data Reference

Year Prevalence

1995 0.105

3883 8-8% Kenya AIDS
2008 0.063 Isndlcatoarl,sz
2010  0.062 urveys
2012 0.056

Nyanza data

Year Prevalence
o e
2008 0.139 ISndlcatogmz
2012 0.151 urveys
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Table S16. Age-specific HIV prevalence: Nyanza estimates*

Age 2012 HIV prevalence Reference

Male Female
15-19 0.028 0.026
20-24 0.041 0.107
25-29 0.136 0.184

30-34 0.209 0.154 Kenya AIDS
35-39 0.158 0.287 Indicator
40 - 44 0.256 0.247 Survey 3t

45-49 0.281 0.250
50-54 0.212 0.238
55-59 0.117 0.119

*Estimates were calculated by using Kenya national prevalence data scaled up to reflect the
overall HIV prevalence of Nyanza.

Table S17. Utility weights for estimating disability-adjusted life-years averted

Health State DALY
Weight
Salomon
etal. 33
HIV-negative 0
HIV-positive CD4>350 0.053
HIV-positive CD4 200-
350 0.221
HIV-positive CD4<200 0.547
HIV-positive on ART 0.053
Dead 1

Table S18. Coverage of adult voluntary medical male circumcision:

Nyanza estimates Reference
Male circumcision

Year
coverage

Kenya AIDS Indicator

2012 0.66 Survey™
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Table S19. Proportion of HIV-positive persons receiving ART

Kenya estimates Reference
Year ART

coverage
2006 0.10
2007 0.14 World Bank
2008 0.19 Pz\_/eltzpmﬁnt
2009 0.27 [RIC L
2010 0.33
2011 0.41
2012 0.46
2013 0.49
2014 0.55

V. Calibration results

The following figures display model outputs and primary data from Kenya and Nyanza listed in
the tables in the previous section of this supplemental appendix.
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HIV prevalence over time
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Age-specific HIV prevalence

Females:

Female age-specific prevalence2012

0.3

*

025

027t

015

Prevalence

—¥— Model

017
¥  Nyanza Data

0.05

0 . ; 1 ; : A .
15-19 20-24 25-29 30-34 3539 40-44 4549 50-54 55-59
Age Group

Males:
Male age-specific prevalence2012
0.3 T T v T T . "
*
0.25 : .
02}
[}
(&)
c
AL k
@ 0.15
8
o *
01Ff
—¥— Model
0.05 *  Nyanza Data 1
A
3

0 i i i :
15-19 20-24 25-29 30-34 35-39 40-44 4549 50-54 55-59
Age Group

139



CD4 Distribution over time
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Primary data on ART coverage reduced by 15% assuming not all persons are virally suppressed.
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V1. Additional Results

Cost-effectiveness of the HOPE intervention at lower efficacy (i.e. just 30% increase in

likelihood of linking to ART)*

Current HOPE
ART scale intervention with
up 30% increased
probability of
ART linkage
HIV infections averted -- 1,213
DALYs averted - 5,410
Incremental costs study model
S - 12.2
(millions)
Incremental costs task shifting
L 6.0
model (millions)
ICER program model
($/DALY averted) 20 2L
ICER task shifting model
($/DALY averted) $240 $1,105

*Costs and health benefits discounted at 3% annually.
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Abstract

Background: Assisted partner services (aPS) or provider notification for sexual partners of
persons diagnosed HIV-positive can increase HIV testing and linkage to care in sub-Saharan
Africa. Additionally, aPS is a high yield strategy to identify persons with HIV. However, aPS is
resource intensive and its cost-effectiveness is not well-evaluated.

Methods: Using primary cost and effectiveness data from a randomized clinical trial of aPS in
Kenya, we parameterized an individual-based, stochastic, dynamic mathematical model of HIV
transmission. The model incorporates partner concurrency, migration, coinfection with sexually
transmitted infections, household structure, and health seeking behavior. We simulated 200
cohorts of 500,000 individuals and calculated the incremental cost-effectiveness of scaling up
aPS in a region of western Kenya (formerly Nyanza Province) under different thresholds of ART
initiation (CD4<350, CD4<500, and all HIV+ persons), with CD4<500 as the base-case.
Findings: Over a 10 year time horizon, adding aPS to standard of care in western Kenya is
projected achieve 12% population coverage and reduce HIV infections by 2.8% and HIV-related
deaths by 1.5%. The incremental cost-effectiveness ratio (ICER) of implementing aPS is $1,703
USD (range $1,198-2,887) per disability-adjusted life year (DALY averted. Task-shifting
intervention activities from healthcare professionals to community health workers decreases the
ICER to $1,302 (range $955-2,789) per DALY averted. The task-shifting scenario falls below
Kenya’s per capita gross domestic product (GDP) and is therefore considered very cost-effective
while the full program cost scenario is considered cost-effective under the higher threshold of 3-
times Kenya’s per capita GDP. Intervention cost-effectiveness and HIV-related deaths averted

among aPS partners increased with expanded ART initiation criteria.
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Interpretation: APS is a cost-effective strategy to reduce HIV associated morbidity in western
Kenya and other similar settings. Task-shifting to community health workers will likely be

necessary to increase program affordability.

147



Introduction

Over 70% of HIV-positive persons live in Sub-Saharan Africa (SSA), a region
disproportionately affected by the epidemic. In 2013, there were 1.5 million new HIV infections
and 1.1 million AIDs-related deaths in SSA.! Despite high burden, only 50% of HIV-positive
individuals are aware of their status.?® Knowledge of one’s serostatus is vital for accessing
lifesaving antiretroviral therapy (ART) and preventing onward transmission. A substantial
proportion of HIV transmission is estimated to occur from individuals who are unaware that they
are infected.* HIV-positive individuals in SSA are generally identified through facility-based
HIV testing. However testing coverage is low in SSA and will likely be insufficient to curb the
epidemic.® Barriers to facility testing include distance from clinic, long wait times, costs, and
concerns about confidentiality.5’ In addition, HIV-positive individuals often present for care
when they are symptomatic, late in the course of their illness.®

To address HIV burden, UNAIDS has created ambitious 90-90-90 targets—90% of HIV-
positive persons knowing their status, 90% of HIV-positive persons who are aware of their status
on ART, and 90% of persons on ART virally suppressed.® Identifying and evaluating innovating
HIV testing interventions can assist in reaching these targets. One promising strategy is partner
notification services.'® Partner services (PS), refers to efforts to identify sex partners of persons
diagnosed with a sexually transmitted disease, notify them of their potential exposure, provide
counseling, testing, and referral to treatment and prevention. Types of partner services include:
1) passive referral—the newly diagnosed individual (index case) is asked to notify their sexual
partners of potential exposure and encourage them to seek HIV testing, 2) provider notification
or assisted partner services (aPS)— healthcare providers contact sexual partners directly and

provide counseling and testing, and 3) contract referral—the index patient is given a certain
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amount of time to contact their partners, after which the healthcare provider conducts
notification.!! Partner services are widely implemented in high income countries and growing
evidence from sub-Saharan Africa shows PS is feasible and acceptable.? APS was recently
scaled up by the Ministry of Health in Cameroon and achieved 66% coverage of reported sexual
partners. HIV positivity in sexual partners was high (50%) and 86% of those found positive were
enrolled in care.!? Index cases were identified through facility testing and given a choice of
passive, provider, or contract referral, but the majority index cases chose provider referral. Most
sexual partners preferred to test outside the healthcare facility, highlighting the importance of
having community-based testing options. A recent PS randomized control trial with three arms in
Malawi attained 51% coverage of partners in both the provider and contract referral arms
compared to only 24% in the passive referral arm; overall 64% of partners tested HIV-positive
and most had high CD4 counts (median 344 cells/uL) including one acutely infected partner.t®
The high HIV positivity found through APS interventions are similar to those reported in the
literature of 45-50% prevalence in cohabitating partners of HIV-positive adults, the vast majority
of whom are unaware of their status.!* In addition, the high CD4 counts of HIV-positive partners
reflect the ability of PS to reach individuals early in earlier in their course of infection, which can
allow a shorter time to linkage to care. Early ART initiation improves patient survival, preserves
the immune system, and delays HIV progression.’>Additionally, ART averts future infections by
reducing HIV transmission from virally suppressed individuals by up to 96%.%7 PS can also be
used as a prevention tool to target Pre-Exposure Prophylaxis (PrEP) to HIV-negative persons in a
serodiscordant partnership who are at high risk of acquiring HIV.!8 In light of the recently

released WHO guidelines which recommend immediate treatment for individuals diagnosed with
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HIV and PrEP for those at substantial risk of infection, HIV testing interventions that identify
persons in need of both treatment and prevention will likely be needed.®

Although aPS has been shown to be effective in sub-Saharan Africa, its cost-
effectiveness is not well evaluated. Implementing aPS requires significant economic investment
so determining its efficiency is crucial, particularly in settings with limited resources. We utilize
mathematical modeling to assess the cost-effectiveness of implementing assisted provider
notification for sexual partners of newly diagnosed index cases in Kenya. Primary cost and
effectiveness data were collected from the aPS study, a cluster randomized controlled trial
conducted in Kenya in which communities were randomized to either provider notification
(intervention arm) or passive referral (standard of care) followed by aPS after a 6-week delay
(delayed arm). In this analysis, we project the health and economic impact of implementing aPS
throughout the former Nyanza province, a region of Western Kenya with high HIV prevalence
(15.1%).2° Our analysis can be useful to policy makers in SSA charged with deciding which HIV

interventions to implement to maximize health benefits within a fixed budget.

Methods

Assisted Partner Services (aPS) intervention

The aPS study was a large-scale cluster randomized clinical trial conducted in 18
communities across Kenya (9 intervention and 9 control (delayed intervention) sites) from May
2013-May 2015.2 Study staff were based in health care facilities in each community and
provided HIV testing and counseling to individuals presenting at the facility through both
voluntary counseling and testing (VCT) and provider initiated testing and counseling (PITC).

Sixty individuals testing HIV-positive per community (index cases) were enrolled into the trial

150



(inclusion criteria: >18 years, positive HIV test at study site, willing to disclose sexual partners,
and never enrolled for HIV care; exclusion criteria: pregnancy or high risk of intimate partner
violence). Index cases provided names and contact information for all sexual partners in the past
3 years. At intervention sites, study staff immediately contacted sexual partners to notify them of
exposure, offer HIV testing, and encourage linkage to care for those found HIV-positive. At
control sites, passive partner referral was conducted according to national guidelines and assisted
partner notification was performed after a 6 week delay. The study approached 1,776 index
partners, of whom enrolled 1,119 enrolled (63% acceptance rate) and listed 1,872 sexual
partners. Overall 69% of the sexual partners were located and enrolled (620 in the intervention
arm and 672 in the control arm). Partner enrollment rates were slightly higher in Nyanza
province, 72% (258/339) the immediate arm. The intervention was found to be effective; HIV
testing in sexual partner during the 6 weeks following index partner diagnosis was higher in the
intervention compared to delayed arm (41% vs. 9%). The majority of sexual partners chose to
test outside healthcare facilities HIV testing (most often at their homes). Study staff also

facilitated couples HIV testing and counseling and disclosure when appropriate.

Mathematical model:

We adapted a previously published individual-based dynamic HIV transmission model to
epidemiologic, clinical, and economic data from Nyanza, Kenya.?? (Figure 1) Full model
specifications have been published previously, and model details are available in the
Supplemental Appendix.?? Briefly, the model simulates the natural history of HIV/AIDS using
monthly transitions probabilities and incorporating stochastic variability. For HIV-positive
persons, CD4 count declines over time based on clinical estimates. Men and women are

characterized by age (18 years and older), sexual activity (low, medium, and high), circumcision
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status, condom use, herpes simplex virus (HSV) infection status and CD4 count (if HIV-
positive). Individuals can form partnerships with an adult of the opposite sex (with a tendency
for the male partner to be slightly older than the female). Persons can form either long-term or
short-term partnerships, and can have up to two concurrent partnerships (with only one being
long-term). The model accounts for migration patterns by allowing a proportion of individuals to
be absent from the community for 3 months each year, during which time they can form external
partnerships (i.e. outside of the community). Community residents can also form external short-
term partnerships. Nyanza-specific demographics, household structure, migration patterns, HIV
prevalence, sexual behavior, and condom use by relationship type and HIV-status were obtained
by analyzing the UNAIDS Kenya AIDs Indicator Survey (KAIS) 2012 dataset.>® The model was
calibrated to age-specific and overall HIV prevalence in Nyanza. Model data and calibration
results are available in the Supplemental Appendix.

The model estimates the force of HIV infection as a function of sex, condom use, HSV
infection, CD4 count and ART status of partner, and male circumcision status. Disability weights
are assigned to each HIV state.?* In addition to background mortality (estimated from Kenya
mortality rates prior to the HIV-epidemic), HIV-positive individuals face a disease-specific
mortality that varies by age and CD4 count. Persons on ART are assumed to have the same
mortality rates as those who are uninfected.?® The model simulates HIV testing, clinic visits, and
ART initiation. Dropout of ART occurs yearly and individuals are assumed to return to the CD4
count and viral load status they had prior to initiating ART. We simulated a community of
231,850 households with a mean population of 500,000 adults. We ran the model 200 times and
summarized results over 10 years and use the 5™ and 95" percentile outcomes to represent 90%

stochastic model variability.

152



Status quo and intervention scenarios:

For the status quo (no intervention), scenario, we modeled the impact of current rates of
facility HIV testing and ART initiation.? Individuals have a monthly probability of undergoing
HIV testing and counseling that depends on their sex, HIV status, and CD4 count (if infected).
For HIV-negative individuals, repeat testing can occur as early as one year after initial test, with
the same testing probability. Individuals testing HIV-positive have a monthly probability of
linking to care and subsequently initiating ART which depends on their CD4 count. Health-care
seeking behavior (including probabilities of undergoing an HIV test and linking to ART) were
estimated using KAIS 2012 data for Nyanza.?® Additional assumptions are detailed in the
Supplemental Appendix.

In the intervention scenario, newly diagnosed HIV-positive index cases have a
probability of consenting to aPS and providing names of sexual partners that is based on the RCT
(71%). Similarly, sexual partners of index cases have a sex-dependent probability of being
located and consenting to the intervention based on the aPS trial (68% and 57% for women and
men respectively who are not aware of their HIV-status 6% for all persons aware of their HIV-
positive status). Only partner who are present in the community (i.e. not currently migrating) and
not currently on ART can consent to aPS, although the intervention can re-test unlinked HIV-
positive individuals. Additionally, we assumed that individuals testing HIV-positive through aPS
would link to ART at the same CD4-dependent background rate as those testing at the facility, as

was found in the aPS trial.
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Micro-costing:

A detailed micro-costing was conducted following established guidelines for costing HIV
interventions in three aPS study clinics in Nyanza, Kenya.?"?® Primary cost data were collected
from budgets, expense reports staff, expert interviews, and travel logs. Costs were divided into
mutually exclusive categories of: personnel, transportation, equipment, supplies, buildings and
overhead, start-up, and phones and data monitoring. Time and motion studies were conducted
over three weeks (June 10-30" 2014) to record staff time spent on intervention activities (e.g.
tracing sexual partners, traveling to partners’ homes, conducting HIV testing). Research time
(administering informed consent, reimbursements, etc.) and other research costs were removed
from the programmatic costs. The time and motion observations and interviews with staff were
used to inform efficiency assumptions about the average number of partners that can be tested
per day. Capital costs (e.g. motorcycles, office furniture), software development, and start-up
cost (e.g. staff hiring, training, and community mobilization) were annualized assuming a 5-year
useful life expectancy and discounted annually at 3%. Costs were inflated to 2014 US dollars
using the Kenya consumer price index.?® Supply costs per person tested included gloves, HIV
screening test kit, and alcohol swabs.?® Additional supplies for HIV-positive persons included
confirmatory test, and tie breaker test (assumed to be used in 5% of all HIV-positive cases).
Supply wastage was assumed to be 5%. Transport costs included motorcycles fuel as well as
public transportation. Economic costs were estimated for donated goods, including hospital
space.

Costs were estimated for two scenarios: 1) a higher cost program model, similar to the
staff structure of the research study— with health advisors conducting aPS, a highly trained

project supervisor, and research compatible mobile phones, and 2) a lower cost task-shifting
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model in which health advisors are replaced with community health workers, the project
supervisor is replaced with a community health worker manager, the data manager is reduced to
a half-time position, and the program tests partners with 25% lower efficiency. Total program
costs were divided by the number of partners tested by HIV status under each scenario to
determine the cost per person tested. Costs per partner tested was estimated separately for HIV-
positive and HIV-negative persons as the former required more staff time for counseling and
additional diagnostics supplies. Other costs including HIV testing, ART, and HIV/AIDS related
hospitalizations were estimated from the literature;3-3? additional information is available in the
Supplementary Appendix. All other healthcare-related costs were adapted from the literature

(Table 1).313

Cost-effectiveness analysis:

We calculated the incremental cost-effectiveness ratio (ICER) of adding the aPS
intervention to standard antenatal care per disability adjusted life year (DALY averted over a
10-year time horizon. The ICER is measured as the additional cost divided by the additional
health benefit of the intervention strategy compared to the next less costly strategy (in this case,
the status quo). Consistent with health economic conventions, we considered an intervention to
be very cost-effective if the ICER was less than Kenya’s 2014 GDP per capita (1,358 USD) and

cost-effective if the ICER was less than 3-times Kenya’s per capita GDP.3*

Sensitivity analyses
As HIV treatment initiation guidelines are a moving target—Kenya has recently

expanded ART eligibility all HIV-positive persons, which is not yet fully implemented—we
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assessed the health and economic impact of aPS under different ART initiation thresholds: <350
cells/uL, <500 cells/uL, and universal ART initiation. In addition, we evaluate two scenarios of
intervention costs. We considered the ART initiation threshold of CD4<500 cells/uL to be the

base case, as the guidelines have just recently expanded to all HIV-positive persons.

Results
Micro-costing:

The time and motion observations showed that the aPS intervention takes approximately
40 minutes once a partner is successfully traced. After accounting for time needed for index case
screening, partner tracing (including phone calls with partners to set meeting time, travel time to
partners’ home), unsuccessful tracings, paperwork, and other staff responsibilities, we estimated
that health advisors could test approximately 2 partners per day with 25% lower efficiency for
community health workers. Staff were estimated to work 7 hours per day for 215 days per year
(after accounting for holidays, vacation, and sick time). Costs per partner tested ranged from
$48-55 for the program model and $27-32 for the task-shifting model. Staff salaries represented

the bulk of the costs (65-70%) (Table 2).

Model estimated health and economic impact of aPS

The aPS intervention was estimated to achieve 12% population coverage over a 10 year
time horizon with an HIV-positivity of 24% in sexual partners tested. Under the base-case
scenario (ART initiation at CD4<500 cells/uL), aPS was estimated to avert 2.8% of HIV
infections and 1.5% of HIV-related deaths, and 0.8% of DALY's compared to status-quo

(standard of care) (Table 3). Intervention health impact for the total population and HIV
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infections averted in aPS partners remained stable under all three ART initiation criteria.
However, HIV-related deaths averted in aPS partners increased with expanding ART initiation
criteria. With the base-case ART initiation of CD4<500 cells/uL, 6.7% deaths were averted
among APS partners. Assuming universal ART initiation, HIV-related deaths averted among aPS
increased to 7.6% deaths averted while lower CD4 initiation of 350 cells/uL was associated with
5.5% deaths averted.

Similar to HIV-related deaths, aPS cost-effectiveness increased with expanding ART
initation criteria, as did the percentage of ICERs that fell under the threshold of Kenya’s per
capita GDP. In the base-case scenario, the incremental cost-effectiveness ratio of implementing
aPS was $1,703 per DALY averted (90% model variability $1,119-2,887) using higher cost
program scenario and $1,302 per DALY averted (90% model variability $955-2,789) under the
task-shifting scenario. The ICER associated with the task-shifting scenario fell below Kenya’s
per capita GDP ($1,358) and were therefore considered very cost-effective while the ICER for
the full program costs was only cost-effective under the expanded criteria of 3-times Kenya’s per
capita GDP. With task-shifting costs, 54% of model simulations fell below Kenya’s per capita
GDP, and 100% fell below 3-times the GDP. Using full program costs, 22% and 100% of model
simulations fell below Kenya’s per capita GDP and 3-times GDP, respectively. Figure 2
displays the model estimated health benefits and costs associate with the three health outcomes
assessed (DALYs, HIV infections, and HIV-related deaths averted). Health benefits varied by

model run as a result of stochastic variability, but all runs projected positive health gains.

Discussion
APS can cost-effectively reduce HIV-related morbidity and mortality in western Kenya

by reaching HIV positive persons earlier in the course of their disease, before they would have
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presented at a facility for HIV testing. In SSA, where the primary driver of the HIVV-epidemic is
heterosexual transmission and 50% of HIV-positive persons do not know they are infected, aPS
IS a promising strategy to fill in testing gaps. The high HIV positivity found in the modeled
results as well as several clinical trials demonstrates that aPS is an efficient and high yield
method to target resources towards those at highest risk of HIV infection. Although aPS is only
projected to achieve 12% population coverage over 10 years, the intervention has a considerable
impact on HIV burden (reducing infections by 2.8% in the base-case scenario). In contrast,
passive notification (standard of care) has had low success in SSA, with few partners coming to
the clinic for HIV testing. The 7% projected deaths averted in aPS partners indicate that the
intervention reaches persons who may otherwise have not accessed care. Intervention impact
among aPS partners is projected to increase with expanding ART eligibility thresholds; this can
be partially attributed to the high CD4 counts of partners identified who would not be eligible for
ART at lower thresholds.

We conservatively assumed that aPS would only provide benefits to sexual partners who
are newly diagnosed HIV-positive through the intervention and would not impact HIV-negative
or unlinked HIV-positive partners. Therefore the largest projected intervention impact was on
HIV-related deaths in aPS partners. However, aPS likely reduces transmission by notifying HIV-
negative persons that they are at high-risk of HIV acquisition and facilitating couples HIV-
testing and disclosure. Indeed, the aPS clinical trial did conduct couples testing of the index case
with their sexual partner when appropriate. Couples testing has been shown to increase
adherence to ART and decrease high risk sexual behavior.®® Couples testing for HIV-positive
pregnant women has been found to increase adherence to both ART and prevention of mother to

child transmission (PMTCT) regimens which reduce HIV incidence to their infants.3-3°
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Additionally, aPS can be a useful vehicle to provide PrEP to HIV-negative persons in
serodiscordant partnerships. PrEP demonstration projects in Kenya and Uganda found high
adherence in HIV-negative partners given short-term PrEP (for use before their HIV-positive
partner initiated ART and for 6 months afterwards to allow for viral suppression).*° Finally,
unlinked HIV-positive person may be motivated to link to care after aPS. As more data becomes
available on additional benefits from aPS, this analysis should be revisited.

Scaling up the aPS intervention would likely be more affordable under a task-shifting
model that uses community health workers to conduct HIV testing and counseling; this is also a
more realistic scenario in SSA given the shortage of healthcare professionals.*! Further,
conducting aPS within the context of antenatal care and community-based strategies (e.g. home,
campaign, and mobile testing), in addition to clinic VCT would increase intervention coverage
and efficiency. APS can be used in these settings to facilitate couples testing and disclosure.
Implementing a tiered approach in which HIV-positive index cases are first encouraged to bring
their partners in for testing (contract referral) and then staff actively trace only those partners
who have not been located, can also increase efficiency. Studies of aPS in Cameroon and Malawi
have found that contract referral is as effective as provider notification in locating and testing
sexual partners, likely because index cases are given a certain amount of time to contact partners
and provider referral is implemental for those who are not successful.*2*® Additionally, index
case involvement in contacting sexual partners can improve successful tracing and testing.
Community-based HTC interventions often result in lower linkage to HIV care since is
conducted outside of the healthcare system.® If implemented, aPS should be monitored for
linkage and staff may need to conduct follow up visits to encourage partners to access care.

Finally, although aPS is effective, its population impact is not sufficient to curb the HIV
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epidemic. Therefore it should be scaled up alongside a combination of community-based
prevention strategies including home, campaign and mobile HIV testing, PrEP rollout, and
promotion of voluntary medical male circumcision. This package of strategies will likely vary by
setting.

The strengths of this analysis include the use of an individual-based model parameterized
to sexual and health seeking behavior (HIV testing and ART initiation by CD4 count) from a
representative survey in western Kenya. The model incorporates concurrency, migration, HSV
coinfection, household structure, and health seeking behaviors that vary by sex and CD4 count.
We simulate the health and economic impact of aPS based on primary cost and effectiveness
data from a clinical trial conducted in the same region of Kenya. However, as with all model-
based analyses, our results are subject to certain limitations. Data on age-specific HIV incidence
in Nyanza, Kenya were not available so we calibrated the model to plausible ranges adapted
from other settings in SSA. Intervention effectiveness was obtained from a randomized clinical
trial that utilized well-trained health advisors to conduct HIV testing and may not fully translate
to real world scale up. To account for this, we utilized time and motion studies to estimate
realistic testing volume and reduced efficiency under the task shifting scenario. The modeling
analysis does not account for parameter uncertainty; however, we do incorporate stochastic
variability and report the results with 90% ranges of model outputs. Since conducting an aPS
randomized clinical trial for a sufficiently long time frame to collect clinical endpoints is not
feasible, mathematical modeling is the best available option to synthesize epidemiologic and
economic data and project the long-term health and economic benefits of implementing aPS over

a 10 year time horizon.
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Our results are likely generalizable to other settings in SSA. Although we focused on a
high HIV prevalence region of Kenya (15.1%), aPS studies have found consistently high HIV
positivity (50-60%) in sexual partners regardless of background HIV prevalence.!2 This is
likely because sexual partners of HIV-positive persons have high exposure to the virus or may
have been the source of infection. Additionally, since aPS is event-driven, cost-effectiveness
should remain fairly stable, as areas with low HIV prevalence will have fewer newly diagnosed
index cases that require contact tracing, thus fewer HIV-positive partners will be tested but costs
will also be lower. APS may be even more cost-effective in settings where general population
testing (through facility or community-based interventions) is not implemented due to low HIV
prevalence. Indeed, aPS is an efficient strategy used in many developed countries with low HIV
prevalence. Further, acceptability and uptake of aPS is high and shown to be similar across
settings. The three largest aPS trials conducted in Malawi, Cameroon, and Kenya (the current
study) report uptake rates ranging from 51% to 63%.21321 Further we evaluate aPS under three
different ART initiation criteria so results can likely generalize to countries with different or
changing ART guidelines. Overall, we find that aPS is a cost-effective strategy for reducing HIV

burden. Results of this analysis can inform policy makers in sub-Saharan Africa.
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Table 1: Unit costs for the APS intervention per couple tested (2014 USD)*

Program model Task shifting model
HIV-negative HIV-positive | HIV-negative HIV-positive

Personnel 28.91 31.25 15.31 16.64
Transportation 2.57 2.78 3.43 3.72
Equipment 0.23 0.25 0.31 0.34
Supplies 2.02 4.42 2.13 4.54
Buildings & overhead 1.51 1.63 2.02 2.19
Startup 0.78 0.84 0.61 0.66
Phones and data monitoring 0.58 0.63 0.66 0.72
TOTAL

36.61 41.81 24.46 28.81
(per partner tested)

*The task shifting intervention replaces professional counseling with community health workers (CHWSs), and has

lower cost mobile phones, and 25% lower efficiency.
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Table 2: HIV-related healthcare costs (2014 USD)

Health care provision Unit cost
HIV testing (cost per diagnostic test) 14.60
Pre-antiretroviral therapy care (per-person year) 106
Initiation of antiretroviral therapy (cost per initiation)

Patients in pre-antiretroviral therapy care 37

Patients not in pre-antiretroviral therapy care 50
Antiretroviral drug provision (per person-year) 219
Health-care use for HIV-positive people not linked to care (per person-year)

CD4 count >350 cells/uL, not in HIV care 4

CD4 count >200-350 cells/uL, not in HIV care 13

CD4 count <200 cells/pL, not in HIV care 48

End-of-life care (per death) 38

Supply-chain management and programmatic support

Supply-chain management

Programmatic supportf

20% mark-up on
all ART costs
50% mark-up on
all non-ART costs

Costs from Zambia (Eaton et al) were adapted to Kenya using the ratio of two country's gross

domestic product per capita and inflated from Kenyan Schillings to 2014 US dollars. ART costs

were adapted from the MATCH study.

+The mark-up for programmatic support applies to non-intervention costs only.
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Table 3: Health and economic impact of the aPS intervention*

under Kenya's per capita GDP

CD4<350 CD4<500 CD4 all
Ze;gent of population receiving 11.9% 11.7% 11.2%
Health impacts (total
population)
. . 2.8% 2.8% 2.7%
HIV infections averted (1.3-4.3%) (1.4-4.2%) (1.0-4.1)
1.5% 1.5% 1.5%
HIV-related deaths averted (0.7-2.1) (0.9-2.2%) (1-2.3%)
0.8% 0.7% 0.8%
DALYs averted (0.3-1.20%) (0.4-1.9(:%) (0.2-1?3)
Health impacts (among aPS partners only)
0 0 0,
HIV infections averted L7% 1.7% 1.7%
-1.U-o.1/70 -1.U-070 -1.U-4./70
(-1.0-3.7%) (-1.0-5%) (-1.0-4.7%)
0 0 0,
HIV-related deaths averted >-5% 6.7% 7.6%
.4-(.070 .0-0.970 A=9.970
(3.4-7.6%) (4.6-8.9%) (5.7-9.9%)
DALYs averted 3.0% 3.8% 4.5%
(1.8-4.4%) (2.2-5.3%) (3.1-5.8%)
Cost-effectiveness
ICER program model $1.734 $1,703 iiigg
($/DALY averted) ($1,291-3,326)  ($1,198-2,887) (4 4,177)-
Percenlt of program ICERS under 15% 9904 3504
Kenya's per capita GDP
ICER task shifting model $1,350 $1,302 $1,156
($/DALY averted) ($1,003-2,605) ($955-2,789) ($762-2,050)
Percent of task-shifting ICERS 49% 54% 64%

*Values in parentheses represent 90% model variability. Costs and DALY's are discounted at
3% annually. Results shown for 3 different ART initiation thresholds: <350 cells/uL, <500

cells/uL, and all HIV-positive persons.

167



Per-month probabilities
HIV disease progression
0,50 0-0130

0351500 0-0287

02%_350 0.0233

O, 0-0356

HIV testing (age- and sex-specific)
0.023-0.052
0.023-0.052
0.023-0.052
Pepo  0.025-0.053
ART initiation

€ 0.0191

>500

€561.500 0-0251

€,01.350 0-0642
<00 0-0693
ART dropout

W 0.0083 in first year
0.0042 in later years

P.s00
P3s1-500

p201-350

€
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Note. HIV infection, HIV testing by uninfected individuals, natural mortality and mortality on ART are not shown.
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Supplemental Appendix

Accompanying the manuscript:

Cost-effectiveness of implementing active partner notification for HIV in Kenya: A mathematical
modeling analysis

Monisha Sharma, Jennifer Smith, Carey Farquhar, Roger Ying, Peter Cherutich, Beatrice Wamuti, David
Bukusi, Matthew Golden, Felix Abuna, Peter Maingi, and Ruanne Barnabas
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1. Model definition

1.1 Overview

We adapted an individual-based microsimulation model of adults (ages 18 and over) to reflect the
former Nyanza Province of Kenya. The aim of the analysis was to evaluate the health impact and cost-
effectiveness of implementing assisted partner notification services (aPS) compared to a ‘status quo’
scenario with ongoing current levels of facility-based HIV testing and ART uptake (SQ; Box 1). The
analysis was conducted with three ART eligibility criteria: 1) <350 CD4 cells/mm?, 2) <500 CD4 cells/mm3
and 3) all HIV-positive (universal ART initiation). The model is run with a one-month time step from a
standing start at year 2012 for 13 years (the first 3 years are considered a burn-in period. Costs and
effectiveness estimates are taken from the aPS randomized clinical trial conducted in Kenya. The model
is coded in MATLAB (v2015b, The MathWorks, Natick, Massachusetts) and run for ten years with one-

month timesteps.

Box S1. Analysis summary.

Scenario one (baseline, SQ): Background HIV treatment cascade only, encompassing existing facility-
based testing.

Scenario two (home HTC): Assisted partner notification services (aPS) plus background treatment
cascade.

Both scenarios repeated for ART eligibility at CD4<350, <500 and all HIV-positive with CD4 <500 being
the base-case scenario.
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1.2 Population and behavior

The model simulates all adults in the community irrespective of eligibility. Individuals are grouped into
households with cohabiting and non-cohabiting couples explicitly defined. Household size is randomly

allocated according to the distribution observed in KAIS (Figure S1).

Figure S1. KAIS data for Nyanza.

Adults per household (Nyanza)

0, -
50% 44.6%
40% -

30.5%
30% -
20%
13.5%
10% - 6.8%
22%  12%  04% 06% 0.3%
0% T T T T T T T T 1
1 2 3 4 5 6 7 8 9 +
Number of adults in household

The model replicates the sex and age distribution of the community recorded in KAIS 2012 (Table S1)
stratified according to position in the household: household head, cohabiting partner of household head
or other members of the household. First, each household is assigned a household head, 76.3% of
whom are assumed to be male (KAIS 2012). Each household head is randomly assigned an age category
from the observed distribution and their specific age is generated from a uniform distribution across the

whole category.
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Table S1. Distribution of age and sex (KAIS 2012 Nyanza data).

Age group Men Women Men Women
(years) N=662 N=947 N=463 N=318
18-19 0.09 0.06 0.00 0.02
20-24 0.15 0.21 0.08 0.11
25-29 0.14 0.18 0.12 0.15
30-34 0.13 0.11 0.16 0.11
35-39 0.10 0.11 0.13 0.13
40-44 0.08 0.08 0.10 0.11
45-49 0.08 0.08 0.11 0.13
50-54 0.10 0.07 0.13 0.10
55-59 0.06 0.05 0.09 0.08
60-64 0.05 0.05 0.08 0.08

Table S2. Age difference between household heads and their cohabiting partners or other household
members (KAIS 2012 Nyanza data).

Age difference (years)

Household head is

Same age Household head is older
younger
(-11)-(-49) | (-10)-(-1) 0 1-10 \ 11-20 \ 21-30 \ 31-40 \ 41-50 \ 51-60 \ 61-80
Cohabiting partners (proportion) (N=378)
\ 0.0046 | 0.088 \ 0.035 \ 0.65 \ 0.17 \ 0.048 \0.0063 \ 0.0014\ 0 \ 0

Other household members (proportion) (N=471)

0.0044 | 0.0093 \ 0.0032 \ 0.064 \ 0.1326 \ 0.377 \0.3195\ 0.09 \0.045\ 0

KAIS does not have data for age difference for between head of household and other members over 50, so we

linearly interpolated assuming 0 age difference for age 61-80 years.

Overall, 84.7% of household respondents in Nyanza were in a union. Of these, 83.12% are cohabitating

(total 70.4% cohabitating). Of head of households, 78.9% were in a union and of these 74.2% were

cohabitating (total 58.5% cohabitating). The remaining individuals in each household are modeled as

other household members. The ages of cohabiting partners and other household members are

randomly assigned from a discrete distribution relative to the age of the household head (Table S2).

Migration, partnerships, coital frequency and condom use
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The model simulates heterosexual HIV transmission only, and sexual partnerships can be formed
between any two adults of the opposite sex with a preference for the male partner to be slightly older
than the female (modal age difference = 0-4). Stable, or long-term, partnerships are assumed to have a
mean duration of 12 years and can only be formed within the modelled community (either within the
same household or with an adult in a different household). New long-term partnerships are formed
dynamically by matching the number of stable partnerships within the community to KAIS partnership
data (Figure S2). Short-term partnerships have a mean duration of three months and are preferentially
formed with other adults within the community. Short-term partnership formation is demand-driven by
either men or women (usually men who report higher numbers of partners, Table S4). If no adults are
available within the community, short-term partners outside the community may be sought. These
external adults are not explicitly modelled but have a probability of HIV infection based on the age and
sex distribution of HIV prevalence within the study community (Table S3).

Individuals may have a maximum of two concurrent partners at any time, only one of which may be
long-term. The monthly probability of an existing partnership dissolving is calculated from the mean
partnership duration using a negative exponential distribution. We assume that there is a minimum two-
month lag period between cessation of a partnership and formation of the next of the same type.
Migrant workers are considered to be present in the community for nine months in every twelve where
they form partnerships and contribute to transmission within the community (Table S4). For the
remainder of the time they do not engage in sex acts with any long-term partner within the simulated
community, but both they and any long-term partner are subject to an elevated risk of short-term
partnership formation. Short-term partners who are external to the community are not explicitly
modeled but are assumed to share the same age- and sex-specific HIV prevalence as that observed in

KAIS 2012 (Table S3).
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Table S3. HIV Prevalence estimates from Nyanza (KAIS 2012 data)

Age HIV prevalence

Male Female
18-19 0.0222 0.0659
20—-24 0.0293 0.1414
25-34 0.2201 0.2309
35-44 0.2458 0.2309
45-54 0.1895 0.1771
55-64 0.1203 0.0478
65-74 0.0511 0.001
75-84 0.0165 0.00
85+ 0.00 0.00

Due to lack of data for ages greater than 65, we linearly interpolated age 55-64 data assuming zero
prevalence at 85+.

Table S4. Migration: Proportion of persons who have stayed away from home for at least one month
in the last 12 months (KAIS 2012 Nyanza data)

Away from residence
for at least one month

Men 0.29

Women 0.14

Figure S2. Distribution of partner numbers at model initiation.

We fit a quadratic equation of the form y = ax? + bx + c to the proportion of men reporting more
than one partner (where x is age and y is the proportion of the age group with more than one partner):
a=-1.0x10"*, b=9.9x102 and ¢=4.3x1073. Point estimates were taken at the mid-point of each age
category. The proportion of women with more than one partner and the proportion of both sexes with
only one partner were obtained from KAIS and not transformed. The point estimates for zero and >1
partners for each age group were subtracted from one to estimate the proportion of individuals with
one partner (Figure S2). Men in a within-household relationship are constrained to have at least one

partner.
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Table S5. Age- and sex-specific distributions of the number of partners in the last 12 months (KAIS

2012).
Age group (years)

15- 20-  25- 30- 35- 40- 45- 50-  55- 60- 65-  70- 75- 80- 285
Proportion with no partners
M 066 019 0.1 008 0.07 0.09 011 0.03 0.09 035 044 052 0.61 1
F 058 0.16 0.1 0.1 0.14 0.27 0.28 034 056 058 043 0.29 0.14 0 0
Proportion with more than one partner
M 015 0.18 0.20 0.22 0.23 0.24 0.25 0.25 0.22 011 0
F 002 005 0.02 0.02 002 0.02 0.02 0.07 0.02 0 0

M: male, F: female. KAIS 2012 Nyanza data. Primary data was only available up to age category 60-64 so we

linearly interpolated at older ages assuming no individuals had no partners after age 80. We also assumed no

concurrency after age 65 years.

Coital frequency with stable partners can vary month-to-month with a range based on the distribution

of data from the South African sites of the Partners in Prevention HSV/HIV Transmission Study:

http://depts.washington.edu/uwicrc/research/studies/pip transmission.html. We assume that coital

frequency in Kenya is similar to that observed in the South Africa data. Individuals are randomly

allocated into quartiles at the start of the simulation and the number of sex acts each month is sampled

randomly from within that category under a uniform distribution (Table S5). All individuals are evaluated

in a random order that is re-randomised every time-step, and the coital frequency used that month is

the number assigned to whichever partner is evaluated first. We assume all short-term partnerships

involve three sex acts per month, also based on the Partners HSV/HIV data and following the

assumption made by Hallett et al.! We assume that one-quarter of women and men aged more than 65

years are sexually active with a maximum of two sex acts per month. All numbers are rounded to the

nearest integer.
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Table S6. Coital frequency for long-term partnership (from serodiscordant couples in HSV2/HIV data).

Men Women

= a1 Q2 a3 Q4 a1 Q2 CEReY!

<25 13 36 68 814 | 03 35 510 1028
25-30 | 03 37 712 1220 | 03 35 58 816
35-44 | 03 36 612 1215 | 02 24 48 829
4554 | 01 1-2 23 3-8 0-2 23 34 49
55-64 | 12 23 3-4 45 1-2 23 3 3

65+ 0 0 0 0-2 0 0 0 0-2

Table S7. Proportion of individuals who used a condom at last sex by HIV and relationship status.

In a long-term relationship Not in a long-term relationship

(married or living with partner) (single, divorced or widowed)
HIV-negative 0.092 0.333
HIV-positive 0.416 0.559

KAIS 2012: Condom use data are national because of small numbers in Nyanza-specific estimates.

We assume a ‘take’ pattern of condom use, where individuals either use condoms consistently or not at
all. We replicate this joint distribution at model initialization (Table S6) and individuals are reassigned

when they test HIV-positive, form or dissolve a long-term partnership.

Population turnover

The number of new 18 year olds entering the population was estimated using the crude birth rate from
18 prior (in 1998): 37.5/per 1,000 persons per year (Kenya DHS).2 This gave a mean rate of 0.003125 per
adult per month; new adults entered the population using Poisson random generation. Background
(non-HIV) mortality rates for men and women are the result of fitting an exponential function (y =
aeP¥) to Kenya’s age-specific mortality in 1990, prior to the generalized HIV epidemic,? similar to
analysis performed for South Africa by Hallett et al.X* Parameters are («=0.0006, B=0.0643) for men and
(a =0.0005, B =0.066) for women (where y is the mortality rate and x is age). Survival probabilities for

each member in a partnership are modeled independently.
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1.3 HIV infection & transmission

Biological parameters

The baseline transmission probability per sex act, B, is set at 0.1%>, and different HIV-related cofactors
are applied according to each individual’s attributes and behavior. Condom use and male circumcision
reduce HIV transmission by 78% and 65% per sex act, respectively.>® Coinfections representing HSV2
and other STIs are assumed to increase HIV acquisition by a factor of 3.4 for women and 2.8 for men’
and transmission by a factor of two (HSV2 is associated with an 0.18 increase in log VL8 which equates to
approximately 50% increase in infectiousness using °). STls are initially distributed by age and sex
according to the observed HSV2 prevalence in sub-Saharan Africa and all individuals are subject to an STI

incidence rate, which is evaluated every six months (Table S8).

Table S8. Age-specific STI prevalence and incidence.**°

Prevalence (%) Incidence (per 100py)
Age (years)
Men Women Men Women
15-19 9.4 20.7 1.83 3.39
20-24 18.5 34.8 1.68 2.25
25-29 27.0 44.7 1.56 1.50
30-34 34.8 52.0 1.44 1.01
35-39 42.0 56.0 1.32 0.66
40-44 48.6 58.4 1.20 0.43
245 53.3 59.3 1.08 0.28

HIV natural history

Once infected with HIV, individuals progress to one of four CD4 cell categories with the probabilities
given in Table S9. The CD4 count then progresses through each subsequent category until death. The
mean years spent in each CD4 cell count category were derived from Lodi et al 2011 and a pooled-
analysis of African observational cohort studies!? by Cori et al. (2014).23 For individuals with CD4 cell
counts below 200, the mean years in the category can be interpreted as mean survival time. The
infectiousness rate ratio is given relative to an individual with CD4 cell count above 350 (in Donnell et
al., there is no substantial difference between transmission of those with CD4 cell counts 350-500 or
500+ so these categories were combined here). The baseline CD4 count distribution for HIV+ persons is

taken from KAIS 2012 (Table S10)
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Table S9. Progression, relative infectivity and duration of CD4 categories.

Probability of immediate

Infectiousness

Mean years in

Monthly probability

progression on infection* rate ratio category of progression
CD4 cell count if not treated
500+ 0.58 1 6.37 0.0130
350-500 0.23 1 2.86 0.0287
200-350 0.16 1.59 3.54 0.0233
<200 0.03 4.99 2.30 0.0356
OnART /A N/A 008 e seomfected uninfected

*Fitted to data in Lodi et al. (2011) by Cori et al. (2014).1%13

Table S10: CD4 distribution at baseline (excluding those on ART) KAIS 2012, Nyanza

CD4 Proportion

<200 0.1132
200-350 0.2963
350-500 0.2258

>500 0.3647

Male circumcision

As male circumcision coverage is rapidly expanding in Kenya, we estimated an increase in coverage from

the 2012 KAIS estimates to 75% (Table $S10). We assumed this coverage to be constant over the

intervention time period.

Table S11: Coverage of adult voluntary medical male circumcision (Nyanza estimate)

Male circumcision

Year Reference

coverage
2012 0.66 Kenya AIDS Indicator Survey?®
2016 0.75 Estimate
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Model fitting

Age- and sex-specific prevalence in the model was manually fitted to the pattern of prevalence observed
in Nyanza (KAIS 2012) (Table S3).1%17 For each sex and age group, the baseline transmission probability
per sex act B, was multiplied by a fitting cofactor, F. This cofactor is intended to represent all age- and
sex-related differences in incidence as well as accounting for any misreporting of behavioural factors in

the study data.

Table S12. Age-specific HIV fitting cofactor.'8’

Fitting cofactor, F
Age (years)

Females Males

18-19 0.08 0.08
20-24 0.72 0.09

25-29 0.65 04
30-34 0.47 1.15

35-39 0.16 0.3
40-44 0.05 0.15
45-49 0.12 0.16
50-55 0.12 0.19
>55 0.10 0.12

1.4 Background: HIV testing, linkage to care and ART initiation

Background care cascade overview

All individuals may progress through a background care cascade comprising facility-based HIV testing,
linkage to care and ART initiation regardless of whether or not they have been exposed to the aPS
intervention (Figure S3). Progression rates between these stages are given in the form of a monthly
probability of progression from one state to another. These are based KAIS Nyanza data on the coverage

of HIV testing, pre-ART clinic visit and ART (Tables S13-14).
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Figure S3. Treatment cascade in status quo scenario.
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Tested
<200

HIV testing

The background coverage of HIV testing is specific to sex, age and infection status and is derived from
KAIS (Table S13). This is used in the ‘status quo’ scenario, as well as during non-intervention years and
for individuals who have not received the intervention in the aPS scenario. The observed coverage of
having ever tested for HIV at baseline is multiplied by the proportion of those tested whose test was in
the preceding year to estimate the proportion of individuals who test in one year. The monthly
probability of HIV testing is then estimated using equation (eq.) 1. This method assumes that
background HIV testing rates do not change over time and that all infected individuals will eventually get
tested, unless they die first. Proportion ever tested was estimated from KAIS (Nyanza Province).
However, KAIS data for tested in the last year was estimated from national KAIS data due to small

numbers for HIV-positive individuals in Nyanza Province. We assumed testing coverage in HIV positive
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persons with CD4 count>200 cells/uL was the same as uninfected persons as there was no difference in

testing rates in KAIS. There was a small increase (1.2-1.5%) in probability of HIV testing in HIV-positive

persons who were not linked to ART in KAIS. This is reflected in the increased probability in testing in the

last year for HIV-positive individuals with CD4 count <200 cells/uL.

ProbHIVTest; j, = HIVTestInLastYeary x EverTestedForHIV ;. * (1 — e_%) (eq. 1)
Table S13. HIV testing parameters by age, sex and HIV status.
Women (i=1) Men (i=2)
Age group - -
. Uninfected CD4 >200 CD4 <200 | Uninfected CD4 >200 CD4 <200
L (k=1) (k=2) (k=3) (k=1) (k=2) (k=3)
KAIS data: HIV testing coverage (prop. ever tested)
18-19 0.806 0.806 0.816 0.653 0.653 0.694
20-24 0.980 0.980 0.990 0.887 0.887 0.928
25-29 0.935 0.935 0.945 0.839 0.839 0.880
30-34 0.932 0.932 0.942 0.803 0.803 0.844
35-39 0.882 0.882 0.892 0.747 0.747 0.788
40-44 0.748 0.748 0.758 0.613 0.613 0.654
45+ 0.821 0.821 0.831 0.703 0.703 0.744
KAIS data: HIV testing coverage (prop. tested in the last 11 months) of those who
ever tested
18-19 0.694 0.694 0.706 0.555 0.555 0.570
20-24 0.661 0.661 0.673 0.622 0.622 0.637
25-29 0.562 0.562 0.574 0.619 0.619 0.634
30-34 0.500 0.500 0.512 0.535 0.535 0.550
35-39 0.532 0.532 0.544 0.521 0.521 0.536
40-44 0.469 0.469 0.481 0.464 0.464 0.479
45+ 0.459 0.459 0.471 0.474 0.474 0.489
Model: per month probability of HIV test
18-19 0.045 0.045 0.046 0.029 0.029 0.032
20-24 0.052 0.052 0.053 0.044 0.044 0.047
25-29 0.042 0.042 0.043 0.041 0.041 0.045
30-34 0.037 0.037 0.039 0.034 0.034 0.037
35-39 0.037 0.037 0.039 0.031 0.031 0.034
40-44 0.028 0.028 0.029 0.023 0.023 0.025
45+ 0.030 0.030 0.031 0.027 0.027 0.029

Clinic visit and ART initiation

Since KAIS data reports number of persons who have visited a clinic and linked to ART by CD4 count at

the time of the survey and not CD4 count at the time of linkage, we assumed that those who were on
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ART for less than one year had started treatment at their current CD4 counts. For persons with current
CD4 counts of >500 cells/uL or 351-500 cells/uL who had been on ART for more than one year, we
assumed that they linked while in the next lowest CD4 count category (351-500 and 201-350,
respectively). We also assume that individuals must visit the clinic and incur pre-ART costs before ART

initiation can take place.

After initiation, ART takes three months to reach full efficacy and infectiousness decays exponentially
over this period to reach an overall reduction in infectivity of 96%.® Mortality on ART varies by the CD4

cell count at initiation and by the time since initiation (Table 512).29-2

Table S14. Combined probability of clinic visit ART initiation for HIV-positive individuals by CD4 count,
after HIV test

CDA4 category
>500 351-500 201-350 <200
ART initiation 0.24 0.31 0.80 0.87

Model: per-month probability of ART initiation for HIV-positive individual
0.0191 0.0251 0.0642 0.0693

Drop-out from an ART program is fixed at 10% per year in the first year of treatment and 5% per year
thereafter for individuals who initiate ART through the background care cascade or after aPS
intervention. Following ART drop-out, we assume that an individual’s CD4 count reverts to its category

prior to initiation..

1.5 Intervention: Partner Notification Services

The assisted partner services (aPS) intervention acts to strengthen the HIV care cascade via an
immediate HIV test for all eligible and consenting adults. Probabilities pf linkage to care and ART uptake
remain the same as the background rates after HIV testing, as seen in the aPS randomized clinical trial. It
is implemented continuously over the ten-year model run. All eligible and consenting adults receive an

immediate HIV test unless they are already on ART.

We obtained the probabilities of an index case consenting to the APS intervention from the aPS

randomized trial (Nyanza region). We assumed expanded eligibility criteria (e.g. pregnancy status and
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distance from clinic were no longer reasons for exclusion from aPS). The probability of index partner
acceptance of the intervention did not differ by sex, but the probability of sexual partner acceptance of
aPS did vary by sex and knowledge of HIV status, so the probabilities were stratified accordingly (Table
S16-18).

Table S16. Probability of newly diagnosed index case consenting to APS intervention

Probability

Index case 0.71

Table S17. Combined probability of consent to HIV testing and knowledge of HIV test result of those
who do not already know that they are HIV-positive.

Sexual partner listed by index Probability
Women 0.68
Men 0.57

Uptake is increased to account for proportion migrating.

Table S18. Combined probability of consent to HIV testing and knowledge of HIV test result of those
who already know that they are HIV-positive

Sexual partner listed by index Probability

Men and women 0.06

Linkage to care following APS intervention

Following the intervention, 60.3% of HIV-positive individuals who were not previously linked to care had
visited a clinic within 6 weeks after APS compared to 66.7% background linkage (the numbers are small
so there may be no difference between background and intervention linkage rates after testing. Clinic

attendance following aPS was not associated with sex or age (although numbers are small).

1.6 Quantifying health states

Disability-adjusted life years (DALYs) are attached to each HIV-related health state and these are

summed over all individuals for the duration of the model runtime.
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Table S19. Disability weights for health states in the model.

Status Disability weight
Uninfected 0

HIV infected: CD4 cell count 500+ 0.078

HIV infected: CD4 cell count 350-500 0.078

HIV infected: CD4 cell count 200-350 0.274

HIV infected: CD4 cell count <200 0.582

On ART: First year, CD4 at initiation >200 0.078

On ART: First year, CD4 at initiation <200 0.078

On ART: Subsequent years 0.078
Deceased 1

DALYs: AIDS cases, receiving ARV treatment, from Salomon et al. (2015).22 No category in GBD
classification for infected with CD4 >350, assumed the same as HIV-positive on ART.?
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1.7 Cost estimates

Costs were collected onsite in June 2014 in Nyanza Province, Kenya from the Assisted Partner Services
study, a community randomized trial of community-based partner notification and HIV counseling and
testing. Time and motion observation of the intervention was conducted to determine staff time and
resource utilization per partner tested and also to facilitate removal of research time and costs to
estimate program costs. We observed that partner notification and HIV counseling and testing takes
approximately 40 minutes per HIV- partner and 60 minutes per HIV-positive partner tested. After
accounting for travel time, follow-ups, unsuccessful attempts to track partners, paperwork, and other
staff responsibilities, we estimated that a health advisor would test 2 HIV- persons per day or 1.85 HIV-
positive persons per day (with the average number tested changing depending on HIV prevalence). For
the task shifting scenario, we assumed 25% lower efficiency. We assumed a program of 12 health
advisors (or community care workers in the task shifting scenario). Staff were assumed to work 7 hours
per day, 215 days per year after accounting for national holidays, sick days, and paid vacations. Total
program costs were divided by the number of persons tested by HIV status under each scenario to
determine the cost per person tested. Supply costs per person tested included gloves, HIV screening test
kit, lancet, cotton balls, and alcohol swabs. Additional supplies for HIV+ persons tested included
confirmatory test, and tie breaker test (assumed to be used in 5% of all HIV+ cases). Supply wastage was
assumed to be 5%. We assumed that 20% of sexual partners underwent couples HIV testing and

incurred additional HIV test supply costs.

2. Model calibration and validation

Figure S4 compares the mean HIV prevalence over projected by the model in 2012 to KAIS 2012 survey
data from Nyanza Province.’® The predicted age-specific pattern in the model closely matches the

observed data.
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Figure S4. Model HIV prevalence

Age-specific prevalence over ten years with ART initiation at <500 CD4 cells mm, Solid lines and error
bars show the prevalence with 95% confidence interval (Cl) reported in KAIS 2012. Dashed lines and

block colors show the median and 90% variability in model outputs.
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Model validation.
Figure S5. Age and sex distribution at model initiation.
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Figure S7. Model incidence over ten years.
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Figure S8. CD4 category distribution over ten years with no intervention and ART eligibility at CD4 <500
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Figure S9. Source of HIV transmissions over ten years by CD4 category with ART eligibility at CD4 <500

cells/mm?.
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Figure $10. Source of HIV transmissions over ten years by partnership type with ART eligibility at CD4
<500 cells/mm?3.
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Conclusions and future research:

This dissertation as a whole seeks to synthesize available data on HTC in sub-Saharan
Africa. Chapter 2, a meta-analysis, characterizes diverse HTC modalities and provides a head-to-
head comparison of how each strategy performs in population coverage, uptake, risk groups
reached, and persons linked to care. Chapter 3 and 4 combine clinical, epidemiologic, and cost
data on two specific HTC modalities using a mathematical model and projects their long-term

impact on HIV burden.

Chapter 2: A systematic review and meta-analysis of community and facility-based approaches
to address gaps in HIV testing and linkage in sub-Saharan Africa

Chapter 2 yielded a number of important findings. Community HTC modalities were
found to have high acceptability across settings in SSA. Additionally, they reached a large
proportion of first-time testers, indicating scale up would result in more persons tested who
would otherwise not have undergone HTC at a healthcare facility. The low coverage of facility
HTC suggests that many persons in SSA still do not have access to healthcare. Community-
based methods are essential to achieving widespread HTC coverage. In addition to sub-
population reached, we also estimated cost (per person tested) associated with various HTC
modalities. Together, the costs and coverage can be used as parameters in mathematical models
to determine the optimal combination of HTC strategies. As this analysis provides a broad
overview of HTC in sub-Saharan Africa, future research should focus on specific
countries/regions and assess the costs and effectiveness of HTC scale-up in those regions.

This chapter also highlights gaps in the published literature. While we found many

studies that evaluated facility, home, and mobile HTC, the data were sparse for other modalities.
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Additionally the majority of studies were conducted in South Africa, Kenya, and Uganda. Data
are needed from other countries in sub-Saharan Africa.

Data were also limited for key populations. Despite having an HIV prevalence up to eight
times higher than the general population, interventions for key populations are scarce and scale
up is urgently needed.!? Currently, numerous policy barriers exist that restrict the availability
and access of HIV-related services for MSM and CSWs, including police harassment and
criminal laws.® Most key population HTC studies were from Nigeria, so data are needed from
other parts of sub-Saharan Africa. We report a high HIV positivity combined with a high
proportion of first-time testers in MSM and CSWs, highlighting the need for service expansion.
Successful HTC programmes for key populations are community-based (particularly mobile), as
many high-risk groups are marginalized and do not have access to conventional health systems.*
In addition, self-testing is a potential strategy to reach key populations, as it demonstrates high
acceptability and is considered convenient and private.® It is also a useful strategy for groups that
benefit from frequent re-testing.

Another underserved group that requires additional research is men. Men in SSA are less
likely than women to undergo HIV testing;®’ they are more likely to start ART at advanced
disease stages, interrupt or drop out of ART, and die on ART.8 These disparities have resulted in
a life expectancy gap of up to 10 years between HIV-positive men and women.>! However,
most HTC interventions have been focused on women and children so more research is needed
on men.*2 Our review found only a few HTC interventions that specifically targeted men.”® We
found that mobile HTC is a particularly promising strategy to achieve high testing coverage in
men and is considered more private than home HTC. A large community randomized trial in

Tanzania and Zimbabwe (Project Accept) reported male testing coverage of 44-53% in sites

195



randomized to mobile testing compared to just 4-9% coverage of facility testing in control
sites.!® Further, integrating HTC into mobile multi-disease campaigns has also had success in
reaching men.** Community health campaigns have been shown to achieve rapid HTC coverage
in short time frames (approximately two weeks).!>!® The SEARCH campaign conducted in
Uganda and Kenya included HTC, a men’s health station, information on VMMC, and home
HTC for persons who did not participate in the campaign. This hybrid approach tested 86% of
male residents in the communities, with the vast majority testing at the campaigns.'* Combining
HTC with other health interventions can reduce HIV-related stigma and also improve transport
and waiting times. Studies have found that men prefer HIV services that are not separate from
other healthcare services.!’ Future studies could assess the effectiveness HTC interventions that
are tailored to the needs of men.

Although we found many studies evaluating coverage and population reached by
community HTC, far fewer studies assessed linkage to care. As community HTC is conducted
outside the healthcare system, particular attention should be given to linkage, as the success of an
intervention depends on its ability to link and retain HIV-positive persons on ART. Future
studies are needed to assess long-term outcomes (linkage to the clinic, initiating ART, and
retention in care). One novel linkage strategy that can benefit from additional research is
community-based ART initiation. As individuals in SSA face barriers to visiting healthcare
facilities for HTC (distance from clinic, inconvenient operating hours, long wait times), they are
likely to face the same barriers when visiting the clinic for ART. Community ART initiation can
provide convenient and private access to treatment. A randomized control trial in Malawi found

significantly higher ART uptake with optional home initiation compared to facility initiation
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with no difference in retention in care at 6 months.'® Future studies can incorporate community
ART initiation into various community HTC modalities.

Similar to ART initiation, retention in care can be improved with more streamlined and
convenient services. Distance from clinic has been found to be negatively associated with ART
retention.’® Community-based ART delivery (i.e. dispensing ART outside of healthcare systems)
may be useful in promoting retention; it can also reduce burden on facilities as ART eligibility
criteria expand and more people attempt to access treatment. Home, workplace, or mobile ART
pickup sites would be particularly convenient. To our knowledge, only one study is investigating

the effectiveness of community ART delivery.

Chapter 3: Modeling the cost-effectiveness of home-based HIV testing and education (HOPE)
for pregnant women and their male partners in Nyanza Province, Kenya

In Chapter 3, we evaluate the health and economic impact of scaling up the HOPE
intervention, which provided home HTC to pregnant women and their male partners in western
Kenya. This intervention has multiple benefits: 1) it reaches pregnant women with couples HTC,
as pregnant and post-partum women in SSA have high rates of HIV acquisition, 2) it reaches
men who did attend ANC with their partners with home HTC; as mentioned in the prior section,
men are an underserved group with low access to healthcare, and 3) it can identify serodiscordant
couples and target PrEP, which can avert HIV infections in mothers and infants.

We found that the HOPE intervention is cost-effective for averting HIV-related morbidity
and mortality. Our results were robust to a number of sensitivity analyses including intervention
coverage, proportion linked to care, and cost of ART and HIV/AIDS related hospitalizations. Not
surprisingly, task shifting from healthcare professionals to community health workers made the
program more affordable, particularly because the bulk of the program costs were associated

with staff salaries. Overall, HOPE was projected to reach 8% population coverage annually and
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reduce approximately 2.5% of HIV infections in Nyanza over 10 years. Because of the limited
population-level impact, it should be combined with community-based HIV interventions which
have been found to be cost-effective.?°

This research has a number of limitations which provide opportunities for future research.
We assume male partners testing HIV-positive through the HOPE intervention have the same
rate of linkage to ART as facility testing. Community-based testing can result in lower linkage
rates since is conducted outside of the healthcare system.?! The effectiveness estimate was
obtained from a randomized controlled trial that utilized highly trained and closely monitored
health advisors. If the HOPE intervention is scaled up through a government program,
effectiveness may decrease if counselors were less able to persuade reluctant male partners to
undergo testing, or were less efficient in delivering the intervention. In fact, due to the shortage
of healthcare professionals in SSA, HOPE would likely be implemented using lower cadre
community health workers, making this effectiveness estimate particularly relevant to scale up.

Further research is needed to evaluate the effectiveness of HOPE outside of a clinical trial
and also track linkage outcomes. A potential future study is a HOPE demonstration project
conducted in several healthcare facilities with real-world supervision. The project could employ
community health workers and gauge any losses in intervention effectiveness without healthcare
professionals. Community health workers could conduct follow-up visits to encourage partners
to link to care. HIVV-positive partners could be given study cards to present at the clinic when
they enroll in ART so that linkage outcomes could be tracked. Additionally, the HOPE
intervention could be used to identify serodiscordant couples to target PrEP, which increase the

health benefits.
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Chapter 4: Cost-effectiveness of implementing active partner notification for HIV in Kenya: A
mathematical modeling analysis

In Chapter 4, we evaluate the efficiency of active partner notification using primary cost
and effectiveness data from the aPS randomized control trial. We find that aPS can cost-
effectively reduce HIV-related morbidity and mortality in western Kenya. In SSA, where the
primary driver of the HIVV-epidemic is heterosexual transmission and 50% of HIV-positive
persons do not know they are infected, aPS is a promising strategy to fill in testing gaps. The
high HIV positivity found in the modeled results as well as several clinical trials demonstrates
that aPS is an efficient and high yield method to target resources towards those at highest risk of
HIV infection. Although aPS is only projected to achieve 12% population coverage over 10
years, the intervention has a considerable impact on HIV burden, particularly in HIV-related
deaths averted. In contrast, passive notification (standard of care) has had low success in SSA,
with few partners coming to the clinic for HIV testing. Additionally, aPS is effective at testing
both men and women. In a study of partner notification in Malawi, men represented only 15% of
those presenting to the clinic for testing through passive referral compared to 50% of those tested
through active tracing.?

Unlike HOPE, aPS has been evaluated in real world demonstration projects scenarios and
found to have high uptake and effectiveness (similar to that of aPS clinical trials).% Future
studies can investigate the effectiveness of implementing aPS through other testing modalities.
For example aPS can be integrated into home, mobile, and ANC testing. Couples testing for
HIV-positive pregnant women has been found to increase adherence to both ART and prevention
of mother to child transmission (PMTCT) regimens which reduce HIV incidence to their
infants.?*2” Similar to HOPE, aPS can be utilized as a vehicle to target PrEP to serodiscordant

couples. PrEP demonstration projects in Kenya and Uganda found high adherence in HIV-
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negative partners given short-term PrEP (for use before their HIV-positive partner initiated ART
and for 6 months afterwards to allow for viral suppression).?® Finally, integrating health
interventions is another way to reduce program costs. For example, the aPS intervention could be
delivered along with diabetes and hypertension screening. Integrating services can also reduce

the stigma associated with an HIV testing intervention.*
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