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An extensive  multi-disciplinary  literature  examines  the  effects  of  learning  one’s  HIV  status  on  subse-
quent  risky  sexual  behaviors.  However,  many  of  these  studies  rely  on non-experimental  designs;  use
self-reported  outcome  measures;  or both.  In  this  study,  we  investigate  the effects  of a randomly  assigned
home  based  HIV  testing  and  counseling  (HTC)  intervention  on  risky  sexual  behaviors  and  schooling  invest-
ments  among  school-age  females  in Malawi.  We  find  no  overall  effects  on  HIV,  Herpes  Simplex  Virus
(HSV-2),  or  achievement  test  scores  at follow-up.  However,  among  the  small  group  of  individuals  who
tested positive  for HIV,  we  find  a large  increase  in the probability  of  HSV-2  infection,  with  this  effect
25
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being  stronger  among  those  surprised  by  their  test  results.  Similarly,  those  surprised  by  HIV-negative
test  results  have  significantly  higher  achievement  test  scores  at follow-up,  consistent  with  increased
returns  to  investments  in  human  capital.

© 2014  Published  by  Elsevier  B.V.
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isky sexual behavior

. Introduction

HIV counseling and testing1 is one of the pillars of HIV pre-
ention (Potts et al., 2008). Recently, the U.S. Preventive Services
ask Force released a draft recommendation statement suggest-

ng that nearly everyone between the ages of 15–65 be screened
or HIV (US Preventive Services Task and Force, 2012). One argu-

ent for universal HIV testing is due to recent findings indicating

� We  thank members of the SIHR field team for excellent project management,
ata collection, and research assistance; Jishnu Das, David Evans, Richard Jessor,
teve Luby, and seminar participants at Middlebury College, Monash University,
niversity of Colorado, University of Otago, and The World Bank for comments
nd discussions; Global Development Network, Bill and Melinda Gates Foundation,
ational Bureau of Economic Research Africa Project, World Bank’s Research Sup-
ort Budget, and several World Bank trust funds (Gender Action Plan, Knowledge
or  Change Program, and Spanish Impact Evaluation fund) for funding. The findings,
nterpretations, and conclusions expressed in this article are entirely those of the
uthors. They do not necessarily represent the views of the International Bank for
econstruction and Development, the World Bank, or any funding agencies.
∗ Corresponding author at: The World Bank, United States. Tel.: +64221752622.

E-mail address: bozler@worldbank.org (B. Özler).
1 HIV counseling and testing encompasses both voluntary counseling and testing

VCT) and home based HIV testing and counseling (HTC).
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167-6296/© 2014 Published by Elsevier B.V.
hat HIV-positive individuals who  immediately receive antiretro-
iral therapy (ART) significantly reduce their transmission risk to
ninfected partners and experience lower morbidity and mortality
ates than those receiving delayed treatment (Cohen et al., 2011).

 distinct argument suggests that HIV-positive individuals reduce
isky sexual behaviors after learning their serostatus (Cassell and
urdo, 2007; Gersovitz, 2010; Fonner et al., 2012), indicating that
esting itself would be a means of decreasing subsequent sexual
ransmission of disease.

Despite the belief that increasing awareness of HIV status has
revention benefits, there are no studies that have shown popu-

ation level reductions in the incidence of HIV or other sexually

ransmitted infections (STIs) as a result of HIV testing (Potts et al.,
008).2 Several studies in public health and economics have pre-
ented VCT impacts by HIV serostatus. These studies generally

2 Furthermore, there are no randomized controlled trials (RCT) that directly assess
ubsequent HIV transmission for VCT vs. non-VCT. Kamb et al. (1998), using an RCT,
ssessed the effects of different modes of counseling for HIV-negative individuals on
TI incidence, but everyone received an HIV test and learned their serostatus. More
ecently, Project Accept (HPTN 043) is assessing the effectiveness of community-
ased VCT relative to standard clinic-based VCT on community-level HIV incidence
http://www.cbvct.med.ucla.edu/overview.html). The Voluntary HIV-1 Counseling

dx.doi.org/10.1016/j.jhealeco.2014.06.003
http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhealeco.2014.06.003&domain=pdf
mailto:bozler@worldbank.org
http://www.cbvct.med.ucla.edu/overview.html
dx.doi.org/10.1016/j.jhealeco.2014.06.003
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how no effects of testing on sexual behavior or seroconversion
or HIV-negative individuals (Allen et al., 1992a; Weinhardt et al.,
999; Corbett et al., 2007; Thornton, 2008; Fonner et al., 2012), but
vailable evidence suggests that HIV-positive individuals reduce
isky behaviors after testing (Allen et al., 1992b; Weinhardt et al.,
999; Boozer and Philipson, 2000; Thornton, 2008; Delavande and
ohler, 2012; Fonner et al., 2012).3

The interdisciplinary literature summarized above is mainly
ased on self-reported data, which may  be subject to social desir-
bility bias (Allen et al., 2003; Minnis et al., 2009).4 The possibility
f bias may  be particularly relevant in the case of HIV testing
nterventions. In a prominent study where offers of VCT were
andomly assigned, those offered HIV tests self-report less unpro-
ected sex with casual partners 6 months after the intervention,
owever there was no corresponding change in sexually transmit-
ed infections (VCT Efficacy Study Group 2000). Re-examining the
ata, Gong (2013) finds suggestive evidence that the information
rovided in the pre- and post-test counseling sessions appeared
o alter the stigma of reporting risky sexual behaviors at follow-
p, leading to a potentially biased estimate of the actual behavior
hange. Even objectively observed behavior such as the purchase
f condoms in Thornton (2008) may  be subject to this kind of bias.5

In addition to these measurement limitations, the effects of
esting are likely to display considerable heterogeneity across indi-
iduals. One strand of the literature in economics has focused
rimarily on the informational signal sent, suggesting that HIV
ests should only have an effect on those who are ‘surprised’ by
heir HIV serostatus. In this case, the greatest effect will be found
mong those who believed they were HIV-negative (HIV-positive)
ut received a positive (negative) test result (Boozer and Philipson,
000). In fact, these two groups may  have offsetting behavioral
esponses to testing, leading to small or no effects of testing on
he entire population: in the extreme, the average treatment effect

ay  be relevant for no one.
While this hypothesis indicates that people will change behav-

or only as a result of receiving new information, it does not tell
s the direction in which behavior will change. The concept of

fatalism’ suggests that responses may  be non-monotonic: indi-
iduals may  increase their risky activity in response to increased
IV prevalence around them above a certain threshold (Kremer,

996; Kerwin, 2012). Learning one’s own HIV-positive status can
e seen as an extreme case, where the cost of risky sex becomes
ero for the infected individual who may  become fatalistic because

nd Testing Efficacy Study Group (2000) found significant decreases in risky activity
ith  non-primary partners for individuals and couples who  received VCT.
3 de Paula et al. (2011) reports that an increase in the beliefs of being HIV-positive

educed extra-marital affairs among married men  in Malawi. Beegle et al. (2012),
sing randomly assigned VCT in Malawi, find no effects on either sexual behavior or
conomic outcomes. Haile (2011) examines randomly assigned testing in Ethiopia
nd also finds limited impacts on sexual behavior and if anything finds that getting

 negative test actually leads to more risky behavior.
4 In economics, Gong (2013), which examines the effects of a randomly assigned
CT intervention on incident gonorrhea and chlamydia, is a notable exception. In
ublic health, two  studies of women presenting at prenatal and pediatric outpa-
ient clinics in Rwanda provide evidence on STI incidence for HIV-positive women
Allen et al., 1992a) and HIV seroconversion for the uninfected partner in cohab-
ting couples with serodiscordant results (Allen et al., 1992b), but both of these
re  prospective cohort studies comparing outcomes before and after VCT with no
andomly assigned comparison group. The Voluntary HIV-1 Counseling and Testing
fficacy Study Group (2000) states that their RCT was not powered to detect effects
n  STIs, while another RCT was  designed to assess HIV incidence among initially HIV-
egative individuals and cannot comment on onward transmission from individuals
ho  were HIV-positive at baseline (Corbett et al., 2007).
5 Self-reported data in arguably less sensitive subjects, such as school enrollment

Baird and Özler, 2012) and hand washing (Halder et al., 2010; Ram et al., 2010)
ave also been shown to be subject to social desirability bias.
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he has ‘nothing to lose’. Gong (2013) presents a simple model
o suggest that the effects of HIV testing are, a priori, ambiguous:
he response of a utility maximizing individual to new information
bout HIV infection will depend on her prior beliefs of HIV infection
nd the degree to which altruism affects her behavior. Given the
idely documented ‘transactional’ nature of risky sexual activity

n Malawi (Poulin, 2007; Swidler and Watkins, 2007), the setting
or this study, one might expect the direct benefits of risky activity
o be high and altruism toward casual partners to be low for some
ndividuals. In such circumstances, it is possible that individuals

ho find out that they are infected with HIV may  increase their
isky sexual activity.

Economic theory also suggests the possibility of changes for a
roader set of behaviors in response to testing. For instance, if learn-

ng one’s HIV status leads to changes in subjective life expectancy,
his may  lead to changes in consumption, savings, and investments
n human capital (Thornton, 2012) – changes that are also likely
o be moderated by people’s beliefs about HIV infection prior to
esting (Yeatman, 2009; Goldstein et al., 2013).

In this paper, we utilize objective outcome measures within a
ome based HIV testing and counseling (HTC) experiment to test
hese hypotheses among young females in Malawi. Specifically, we
re interested in the effects of HTC on two outcomes: risky sexual
ehavior and investments in human capital. We first examine the
verall effect of HIV testing on the population, then, motivated by
heory, examine both the effects of testing by HIV-status (i.e. the
ffects of an HIV-negative/positive test), as well as the effects of
eing surprised by the test result.

In order to minimize the risk of bias from self-reports, we use
SV-2 as our primary outcome measure for sexual behavior and
chievement tests in mathematics, English reading comprehen-
ion, and Raven’s Colored Progressive Matrices as our primary
easure of investments in human capital.6 We  also collected data

n the participants’ prior beliefs regarding HIV infection. Overall,
e find no significant effects of testing on HIV, HSV-2, or test scores.

he lack of an overall effect is consistent with the existing litera-
ure that finds no effects among those who  were HIV-negative at
aseline – the group that constitutes 95% of our sample. The opti-
istic presumption that improved information about HIV will lead

o safer sexual behavior is not borne out by the biomarker measure
f HSV-2 in this experiment.

Indeed, the HSV-2 prevalence at follow-up among the small
roup of young women who received HIV-positive test results was
3 percentage points higher than HIV-positive individuals who did
ot receive HIV tests. While this result warrants some caution
iven the small sample size (N = 73), the finding is at odds with
ost previous studies, which suggest that those who learn they

re HIV-positive adopt safer sex practices.7 Consistent with eco-
omic theory, the perverse effect of testing is stronger among those
urprised by HIV-positive tests, i.e. those who reported no chance
f being infected with HIV at baseline. Also in line with theory,
e find that testing can increase investments in one’s own human

apital. Those surprised by HIV-negative tests, i.e. those who  report
ome chance of HIV infection at baseline but discover that they are

IV-negative, perform significantly better in achievement tests – a
nding supported by an increase in self-reported school enrollment
mong the same subgroup.

6 In our sample of young females, we  consider marginal investments in schooling
o be the most important long-term decision, and focus on differences in achieve-

ent test scores at follow-up to capture this effect.
7 The lone exception is a recent study by Gong (2013), who used biomarker data

rom a VCT experiment in a high-risk urban sample in Kenya and Tanzania and found
 similar increase in STI incidence among those infected with HIV.
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the laborious work of building their own  human capital. Because
the returns from investments in schooling are largely realized
in the distant future they appear particularly informative as to

10 Rapid tests for syphilis were only performed during the first round of HTC as its
prevalence in this sample was found to be less than 1%. The effects of this interven-
tion should be considered noting that the subjects were invited to receive counseling
and  testing not only for HIV but for HSV-2 and syphilis as well.

11 HIV prevalence is significantly higher among married women of the same age
group and region.

12 HTC counselors could deduce the HTC treatment status of the subjects who  had
tested positive for HIV or HSV-2 at baseline. To avoid unnecessary burdens on the
subjects, re-testing for the previously positive test was avoided in such circum-
stances, meaning that the HTC counselor could deduce that the individual had been
tested before for the foregone STI test. Furthermore, to protect the privacy of all
00 S. Baird et al. / Journal of He

Our results suggest that home based HIV testing and counsel-
ng can lead to important changes in human capital investments
y providing vital health information and add to a larger litera-
ure on the effects of information-interventions (Nguyen, 2008;
upas, 2010; Jensen, 2010; Goldstein et al., 2013; Oster et al.,
013). Furthermore, our finding of increased STI risk among HIV-
ositive individuals who receive HIV tests serves as a caution to
he assumption that such individuals will adopt safer sexual prac-
ices upon learning their serostatus. Finally, our study points to
he importance of using objective outcome measures rather than
elf-reported behavior change when studying treatments that may
ifferentially alter social desirability bias.

In the next section, we  describe the setting of our study. Sections
 and 4 describe the methods and our findings. Section 5 provides

 concluding discussion that includes the limitations of our study.

. Setting

Malawi, which is a small and poor country in southern Africa,
s the setting for this study. 81% of its population of 15.3 million
ived in rural areas in 2009, with most people relying on sub-
istence farming. The country is poor even by African standards:
alawi’s 2008 GNI per capita figure of $760 (PPP, current interna-

ional $) is less than 40 percent of the sub-Saharan African average
f $1973 (World Development Indicators, 2010). As of 2007, the
revalence of HIV was estimated to be between 11.0% and 12.9%
mong adults aged 15–49 – the ninth-highest HIV prevalence in
he world (UNAIDS, 2008). The gender gap in HIV prevalence among
oung adults, aged 15–24, is startling: prevalence was more than
our times higher for females than males in 2004 (9.1% vs. 2.1%)
National Statistical Office (Malawi) and ORC Macro 2004).

The study took place in Zomba District, in Southern Malawi.
omba District is divided into 550 enumeration areas (EAs), which
re defined by the National Statistical Office of Malawi and contain
n average of 250 households spanning several villages. In 2007,
76 EAs in urban and rural areas of Zomba were selected to form
he sample of a cash transfer experiment. In each of these EAs,
ll dwellings were visited to obtain a full listing of never-married
emales, aged 13–22. From this sampling frame, 3796 school-age
irls aged 13–22 were selected for inclusion to form the impact
valuation sample of the cash transfer experiment. This sample
f approximately 22 girls per EA included two strata: those who
ere enrolled in school at time of listing and those who were out

f school. Of the 176 EAs in the overall study, 88 were assigned
o the treatment group where program participants were offered
ash transfers. The other 88 were assigned to the comparison
roup, which received nothing.8 This study assesses the impact of a
andomly assigned home-based HIV testing and counseling (HTC)
ntervention (discussed in more detail in Section 3) within the 88
As in the comparison group.

. Methods

52 of the 88 EAs in the comparison group of the larger experi-
ent were randomly assigned to receive HTC between the months

f June and September in 2009.9 Then, between the months of

arch and August 2010, i.e. after an average of approximately 10
onths, all 88 EAs were offered HTC. The sample used in this paper

herefore consists of 1948 females in 88 comparison EAs, of which

8 For more details on the cash transfer experiment and its impact evaluation,
lease refer to Baird et al. (2011).
9 Details of the randomization for the HTC experiment can be found in Baird et al.

2012).
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122 in 52 EAs were offered HTC in 2009, with everyone offered
TC in 2010. In the remainder of this paper we refer to the group

hat was  offered testing and counseling in 2009 as the HTC group,
nd those who were offered HTC only in 2010 as the control group.

HTC took place at the homes of the core respondents where they
ere invited to receive counseling and rapid testing for HIV, HSV-

, and syphilis by a trained counselor.10 Overall acceptance of HTC
as high at 98%, with no differences between the two  study arms.
IV prevalence in the HTC group at baseline was 3.96%, which is
ery close to the HIV prevalence of 3.73% among unmarried females
ged 15–24 in Southern Malawi obtained from the Malawi Demo-
raphic Health Survey (NSO and ORC Macro 2004).11

Malawian nurses and counselors certified in conducting rapid
IV tests through the Ministry of Health HIV Unit HCT Counselor
ertification Program conducted HTC. Testing and counseling was
erformed in a private location at or near the participant’s house.
hole blood samples were obtained using a finger-stick. The teams

onducting HTC at follow-up were blinded to the testing treatment
tatus of the subjects and were independent of the survey teams
hat conducted household surveys and administered achievement
ests (discussed below).12 Ethics review committees at the National
ealth Sciences Research Council (Malawi), the University of Cali-

ornia at San Diego (USA), and George Washington University (USA)
pproved the study design. Further details of the HTC procedures
an be found in Appendix A.

The household survey data used in this paper were collected in
wo rounds, the second and third wave of the overall study.13 The
rst household survey used in this study was conducted approx-

mately 6 months prior to the first HTC data collection between
ctober 2008 and February 2009. The follow-up household survey
as conducted between February and June 2010, just prior to the

econd round of the HTC testing. Fig. 1 shows the timeline for data
ollection. In addition to collecting data on the household, more
ertinent for this study were the detailed information collected on
he self-reported schooling and sexual activity of the respondents,
s well as their subjective probabilities of being infected with HIV
nd their subjective life expectancies to ascertain prior beliefs and
hanges in those beliefs as a result of receiving HTC.14

Economic theory suggests that changes in subjective life
xpectancy may  lead to changes in human capital investments.
erhaps the most critical investment that adolescents make is
ndividuals, every individual in both the HTC and control groups were visited at
ollow-up: those who had tested positive for only one STI were tested for the other,
hile those who had tested positive for both were given a short survey. The coun-

elors were blinded to the treatment status of everyone else, i.e. those in the HTC
roup who  tested negative at baseline or those in the control group who were not
ested at baseline.
13 There was also a household survey conducted between October 2007 and
anuary 2008 which served as a baseline for the cash transfer intervention, but is
ot used for this analysis.
14 These surveys, as well as the achievement tests described below, are available
rom the authors upon request.
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Fig. 1. St

nter-temporal tradeoffs. To measure improvements in student
chievement, mathematics and English reading comprehension
ests were developed and administered to all study participants
t their homes as part of the follow-up data collection effort in
010. The tests were developed by a team of experts at the Human
ciences Research Council according to the Malawian curricula for
hese subjects for Standards 5–8 and Forms 1–2.15 In addition, to

easure cognitive skills, we utilized a version of Raven’s Colored
rogressive Matrices that was used in the Indonesia Family Life
urvey (IFLS-2).

Objective measures of behavior change minimize the risk of
ocial desirability bias in the estimated treatment effects. In addi-
ion, the intervention itself might change the self-reporting bias
f those receiving HTC. Thus, compared with self-reported sexual
ehaviors, biological markers of unprotected sex are likely to be
referable.16 In this paper, we utilize biomarker data on both HIV
nd HSV-2, collected during HTC. The use of HSV-2 serology as a
arker for unprotected sex among young people has support in

he literature (Obasi et al., 1999).17 For educational outcomes, we
tilize test score data on mathematics, English reading compre-
ension, and cognitive ability, as they are likely to provide a more
ccurate measure of human capital investments than self-reported
ttendance or educational expenditures. The percentages of cor-
ect answers across these three tests were averaged to create an
verall percentage of correct answers and standardized to serve as
ur primary outcome.

We  supplement these objective measures of behavior with self-
eported data from the household survey. We use the subjective
ikelihood of HIV infection at baseline to examine the heterogeneity
f HTC impacts by prior beliefs.18 Finally, we examine impacts on
he following self-reported outcomes: subjective probability of HIV
nfection, perceived life expectancy, sexual behaviors, and school
nrollment at follow-up. Given the caveats regarding the potential

f bias in impact estimates on self-reported behaviors, we  use these
econdary outcomes to complement our findings of HTC effects on
TIs and test scores.

15 In Malawi, there are eight grades in primary school (Standard 1–8) and four in
econdary school (Form 1–4).
16 Self-report of sexual behavior among adolescents is notoriously inconsistent
Luseno et al., 2014). HSV-2 serology can serve as a marker of risk behavior in East
frica, particularly among young people (Obasi et al., 1999). However, such proxies
re  also imperfect surrogates for HIV transmission (Padian et al., 2011).
17 In their study of HSV-2 as a marker of sexual risk behavior in rural Tanzania,
basi et al. (1999) find that HSV-2 seroprevalence rose very fast from under 20%
t  age 15 to over 50% at age 25 among females, that it is associated with a history
f  genital ulcers, and that it is strongly associated with the number of lifetime sex
artners among those younger than 25. We did not collect biological data on other
exually transmitted infections due to a combination of expected low prevalence
nd the invasive nature of the testing procedures.
18 Self-reports at baseline may  still suffer from social desirability bias, but such
isreporting should be orthogonal to treatment status as HTC was  randomly

ssigned and both groups were untreated at baseline.
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In a randomized experiment with multiple rounds of data col-
ection, the internal validity of the findings depends crucially on

hether the randomization was  conducted properly and whether
ttrition from the study sample was independent of treatment
tatus. Table 1 presents a summary of baseline demographic char-
cteristics, and measures of sexual behavior and education. Overall,
he samples in the two arms are similar, with no difference between
hem that is statistically significant at the 5% level out of 17 com-
arisons, and two  differences (female-headed household and never
ad sex) significant at the 10% level. The average age at baseline is

ust under 17 and more than three quarters of the sample reported
eing enrolled in school – with the mean highest grade attended
eing Standard 8, i.e. the last year of primary school in Malawi. Less
han a quarter of the sample reported being sexually active during
he 12 months prior to baseline data collection, and thus, not sur-
risingly, less than 10% report any chance of being infected with
IV. Appendix Table B1 examines whether there is any differen-

ial attrition between the two study arms. The analysis indicates
hat the attrition in the control group is around 15% and treatment
tatus is orthogonal to attrition from the sample.

We estimate the overall effects of HTC on HIV and HSV-2, edu-
ational achievement, and some selected self-reported outcomes
sing an intention-to-treat (ITT) estimator. We  use a linear proba-
ility model:19

ij =  ̨ + ˇHTCj + �(Xijk − X̄k) + ı(HTCj ∗ (Xijk − X̄k)) + εij (1)

here Yij is the outcome of interest for individual i in treatment
luster j, HTCj is an indicator of whether the cluster is randomly
ssigned to receive HTC in 2009, and Xijk is a set of K individual-level
aseline characteristics. This small set of controls, Xijk, includes age,
n indicator for never having had sex, and school enrollment status
t baseline, all of which are demeaned and fully interacted with the
reatment indicator. These baseline controls are prognostic of STI
tatus at follow-up and orthogonal to treatment assignment, and
hus they substantially improve the precision of our estimates.20

he error terms, εij, are clustered at the EA level, which accounts
oth for the design effect of our EA level treatment and the het-

roskedasticity inherent in the linear probability model. Age- and
tratum-specific sampling weights are used to make the results
epresentative of the target population in the study area.

19 Probit specifications generate similar estimates when compared to our main
esults and are presented in Appendix E.
20 While our primary analysis includes adjustments using covariates measured at
aseline, we also present unadjusted estimates of HTC effects for full transparency.
o  select the baseline covariates for adjustment, we ran a stepwise regression using
3  explanatory variables that theory suggests should be predictive of HSV-2 status
t  follow-up and retained those variables that were significant at the 10% level. In
he absence of a pre-analysis plan, this procedure largely removes the potential for
d  hoc specification searching. The interacted adjustment produces, asymptotically
nd for finite samples, the most precise average treatment effect (Lin, 2013).
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Table 1
Baseline balance.

Control HTC p-Value (control–HTC)

Age 16.650 16.709 0.687
(2.215) (2.198)

=1  if Live Inside 16 km 0.604 0.575 0.841
(0.489) (0.495)

=1  if Live Outside 16 km 0.092 0.097 0.930
(0.289) (0.295)

=1  if Live in Urban Area 0.305 0.328 0.874
(0.461) (0.470)

Asset index 0.179 0.421 0.535
(2.429) (2.595)

=1  if Female Headed Household 0.432 0.367 0.053
(0.496) (0.482)

=1  if in School 0.750 0.802 0.103
(0.434) (0.398)

Highest grade 8.188 8.407 0.199
(1.993) (1.981)

=1  if Ever Married 0.090 0.075 0.412
(0.287) (0.264)

=1  if Ever Pregnant 0.180 0.169 0.652
(0.384) (0.375)

=1  if Never Had Sex 0.576 0.639 0.097
(0.495) (0.480)

=1  if Sexually Active in Past 12 months 0.233 0.218 0.583
(0.423) (0.413)

Number of partners in past 12 months 0.240 0.231 0.760
(0.442) (0.458)

=1  if Engage in Risky Sex 0.186 0.171 0.551
(0.389) (0.377)

=1  if Partner Over 25 0.035 0.034 0.943
(0.184) (0.183)

=1  if Any Chance Infected with HIV Now 0.079 0.088 0.611
(0.271) (0.283)

=1  if Ever Tested for HIV 0.581 0.554 0.598
(0.494) (0.497)

Number of observations 720 961

N  show
b f the t
l

H
i
d
a
i
i
c
t
t
d

(
a
f
D
t
h
t
a
e
s
f
s
t
s
h
T

s
c
H
g
f
w
v
d

otes: Column (1) shows the baseline means for the control group while column (2)
etween  the two means. All variables are weighted to make them representative o

evel  to calculate the p-value.

We also estimate the effect of HTC separately for those receiving
IV-positive and HIV-negative test results, as we expect behav-

oral responses to differ by HIV status.21 Under the ideal study
esign to address this question, we would compare individuals who
re HIV-positive (negative) at baseline and receive HTC to control
ndividuals who have the same HIV-status at baseline but are not
nformed of their status. However, in this study, we  decided against
ollecting samples from individuals without informing them of the

est results, meaning that baseline HIV status is observed only in
he HTC group, who were tested and informed of their HIV status
uring post-test counseling.22 Since we do not observe baseline HIV

21 Appendix Tables B2 and B3 show baseline balance for these two sub-groups.
22 Both types of study designs can be found in the existing literature. Corbett et al.
2007) reports collecting venous or finger-prick blood or oral mucosal transudate for
nonymous HIV testing from all employees at the 22 businesses that were recruited
or their study. Similarly, an ongoing study assessing the impacts of HIV testing by
uflo, Dupas, and Sharma also utilized anonymous linked testing of all study par-

icipants at baseline (http://www.povertyactionlab.org/node/5649). On the other
and, The Voluntary HIV-1 Counseling and Testing Efficacy Study Group (2000)
hought neither collecting serum and testing for HIV without giving the individu-
ls  the results at baseline, nor testing for HIV but not providing counseling to be
thical. Thornton (2008) overcomes this identification problem by collecting blood
amples from the entire sample and providing randomly varying levels of incentives
or individuals to come back and learn their test results two  to four months after
ample collection and by randomizing the location of the temporary centers where
he  study participants can obtain their results. However, it is important to note that
uch estimates are local average treatment effects on those individuals who  would
ave only learned their results due to the incentive and would not have otherwise.
he introduction of HIV incidence assays, which can detect recent infections, may
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s the means for the tested group. Column (3) presents the p-value on the difference
arget population in the study EAs with robust standard errors clustered at the EA

tatus for individuals in the control group, we  cannot form the true
ounterfactual comparison group. Instead, we  present analysis by
IV status using the observed status at baseline for the treatment
roup, and at follow-up for the comparison group. Because the dif-
erence between the estimator we  wish to construct and the one
e can construct is unobserved but still well defined, its extreme

alues can be calculated with no assumptions beyond simple ran-
om assignment. Below, we provide an informal description of
ow we  estimate HTC effects on HSV-2 by baseline HIV-serostatus.
ppendix C formally defines our estimator and describes the cal-
ulation of the bounds within which the true ITT lies.

Individuals in the control group who tested HIV-positive at
ollow-up fall into two  sub-groups: those who  were HIV-positive at
aseline and those who  became infected with HIV between base-

ine and follow-up.23 This implies that the counterfactual HSV-2
revalence for the HTC treatment is contaminated by the presence
f HIV-seroconverters: we  would like to observe the follow-up
SV-2 prevalence among only those who  were HIV-positive at

aseline in the control group, but instead we  observe it among them
nd HIV seroconverters. The bias caused by this latter group is a
unction of two quantities: its size in our sample and the HSV-2

lso provide further improvements in this area. As described in detail below, our
mpirical approach allows us to estimate the intention-to-treat (ITT) effect and pro-
ide bounds on the value of the true ITT by simply offering testing in some clusters
nd  not in others.
23 The description we provide here is for the case of the HIV-positive group, but
he  argument is symmetric for the estimator for the HIV-negative group.
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revalence among them. We  can estimate the former by calcu-
ating the difference between the HIV prevalence in the control
roup at follow-up and the HIV prevalence in the treatment group
t baseline. Both of these groups are untested, and the samples are
omparable due to random assignment into treatment. Using only
his quantity, we can then calculate bounds for how large the bias
aused by HIV-seroconverters to the impact estimates of HSV-2
an possibly be, under two extreme scenarios: (i) all of the HIV-
eroconverters are HSV-2 positive in the follow-up; or (ii) none of
hem are.

. Results

Table 2 presents our main findings. It first reports estimates
or outcomes objectively measured at follow-up (HIV, HSV-2, and
chievement test results, unadjusted and adjusted, in columns
–6), and then for outcomes measured using self-reports (beliefs
n HIV infection, subjective life expectancy, sexual behavior, and
chool enrollment – all adjusted estimates – in columns 7–12).
anel A contains HTC impacts on the entire sample and shows that
TC had no statistically significant effect on the prevalence of HIV,
SV-2, or test scores at follow-up. When we examine self-reported
ata, we find no significant changes in subjective life expectancy,

ikelihood of HIV infection, self-reported school enrollment, or
nsafe sex, although there is a small but statistically significant

ncrease in the likelihood of being sexually active during the past 12
onths. Hence, overall, our findings suggest that the HTC interven-

ion did not have any significant effects on STI risk or investments
n human capital in the study population.24

Panel A shows that the follow-up HIV prevalence in our sam-
le of young women is fairly small at approximately 5%, indicating
hat more than 95% of the HTC group received a HIV-negative test
esult at baseline. Panel B shows that the HTC impacts among this
roup are generally very similar to those among the entire sample:
TC caused no changes in HSV-2 risk or in achievement test scores
mong this group, although they assign a lower average probability
f being infected with HIV at follow-up and report a slightly higher
umber of sexual partners over the past 12 months.

However, when we  examine the effects of HTC on those who
ested HIV-positive at baseline, the story is starkly different (panel
). Among the 73 HIV-positive individuals in our sample, the
ollow-up prevalence of HSV-2 is 23.1 percentage points higher
n the HTC group than the control group mean of 25.5% – statis-
ically significant at the 10% level.25 Self-reports suggest changes

n subjective beliefs as well: those in the HTC arm who receive
IV-positive tests assign a higher average probability to being
IV-positive at follow-up.26 The self-reported outcomes on sexual
ehavior suggest some increase in sexual activity and the number

24 In Appendix E, we  check the robustness of the estimates in Table 2 with respect
o the choice of regression model specification. Appendix Table E1 presents esti-

ates for all self-reported outcome using unadjusted regressions. Appendix Tables
2 and E3 present estimates using probit models alongside the OLS models for both
djusted and unadjusted regressions. The findings are qualitatively the same.
25 The adjusted estimate is very similar at 24.6 percentage points and significant
t  the 1% level.
26 While the average HTC effect on beliefs of HIV infection is strong and statistically
ignificant, 43% of those who  received HIV-positive test results reported no (zero)
hance of being infected with HIV at the follow-up survey. This finding is unlikely
o  be due to the testing procedures. As detailed in Appendix A, those who tested
ositive with one rapid test received a second independent test using a different
est kit. On the very unlikely event that the two test results were discordant, a third
est  was administered to break the tie. It is consistent with two  other studies from

alawi, both of which find that approximately 40% of individuals who  received
IV-positive test results through a VCT intervention reported no likelihood of being

nfected in a follow-up survey (Thornton, 2012; Delavande and Kohler, 2012).
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f partners during the past 12 months but none of these variables
s statistically significant. We  do not find any significant effects on
est scores.27

As described earlier, our naïve estimator of HTC impacts by base-
ine HIV status is biased by the presence of HIV-seroconverters
mong the counterfactual group at follow-up. To assess whether
he HTC effect on HSV-2 prevalence among the HIV-positive sub-
roup is robust to this issue, we conduct a bounding exercise, which
as summarized in the previous section and formally outlined in
ppendix C.28 While the lower and upper bounds for the true ITT
stimate can be calculated analytically, in order to provide stan-
ard errors on the bounds we  calculate them empirically. We  do
his by repeatedly and randomly excluding the expected number
f HIV-seroconverters from our analysis and recalculating the HTC
ffect on HSV-2. The baseline HIV prevalence in the HTC group
s 3.96% while the follow-up HIV prevalence in the control group
s 5.03%. Neither of these figures is affected by HTC as they both
eflect prevalence rates in each study arm prior to HTC. The differ-
nce between these two figures, which is equal to the estimated
IV incidence rate, implies that, of the 40 individuals in the con-

rol group who tested HIV-positive at follow-up, 32 are expected
o have been HIV-positive at baseline and eight to have serocon-
erted between the two  HTC rounds. To estimate a lower bound
TC effect, we randomly exclude eight HSV-2-negative individuals

rom the control group, rerun the adjusted regression described in
q. (1), record the ITT estimate  ̌ and its standard error, and repeat
his 500 times.29 Repeating the same exercise, this time randomly
xcluding eight HSV-2-positive individuals from the control group
00 times, yields the upper bound ITT estimate.

Table 3 presents the results and shows that the lower bound
stimates of the HTC effect is 0.224 while the upper bound estimate
s 0.328 – both statistically significant at the 1% level (columns 2
nd 3). Hence, under the assumption of baseline balance in HIV
revalence between the HTC and control groups, the true HTC effect
n HSV-2 prevalence among the HIV-positive sample in this study
ust lie somewhere between 22.4 and 32.8 percentage points and

he potential bias caused by the seroconverters cannot be large
nough to overwhelm the perverse effect of HIV testing. The naïve
TT estimate of 0.246 (column 1) reported in Panel C of Table 2
s robust to extreme assumptions about the HSV-2 status of HIV-
eroconverters.

The above bounding exercise simply requires us to assume
he randomization led to baseline balance of HIV prevalence.

e can examine how imbalanced HIV prevalence would have
o be between the HTC and the control group to explain away
ur results. To estimate this, we simply extend the calculation
f the lower bound estimate described above. We  remove a
andomly selected number of HSV-2 negative individuals from the
ontrol group and rerun the adjusted regression (Eq. (1)); we  keep

emoving individuals until we  no longer are able to reject the null
f no effect of HTC at the 10% level. We  find that it would take
2 HIV-seroconverters who  are all HSV-2 negative in order to fail

27 The reader should note the limited statistical power of the impact analysis
mong this subgroup due to its small size in our sample. We have a total of 73
IV-positive individuals in our analysis, which is similar in size to Thornton (2012)
ho uses a sample of 79 HIV-positive individuals, and Delavande and Kohler (2012)
ho use a sample of 97 HIV-positive individuals. Gong (2013),  using data on an

lder sample of people who were seeking HIV-related services, analyzes a sample
f  465 HIV-positive individuals.
28 We do not present the results of the bounding exercise for the HIV-negative
roup because the small number of HIV-seroconverters forms a negligible share of
he  sample of 1607 HIV-negative individuals and, hence, does not bias our estimates
n any meaningful way.
29 This simulation produces an average HIV prevalence of 4.03% in the control
roup at baseline – very close to the 3.96% figure in the HTC group at baseline.
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Table 2
HTC impacts on objective and self-reported outcomes.

Objective Self-reported

=1 if HIV
Positive

=1 if HIV
Positive

=1 if HSV-2
Positive

=1 if HSV-2
Positive

Achievement
test score

Achievement
test score

Subjective
likelihood of HIV
infection

Probability live
to 50

=1 if Sex Active
Past 12 Months

Number of
partners past in
12 months

=1 if Engage in
Risky Sex

=1 if in School

(1)  (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Panel A: HTC impacts on the entire sample
HTC −0.006 −0.003 0.003 0.010 0.137 0.073 0.001 −1.588 0.042 0.059* 0.024 −0.007

(0.011)  (0.010) (0.014) (0.014) (0.118) (0.099) (0.008) (2.219) (0.027) (0.034) (0.028) (0.022)
Number  of

observations
1681 1681 1680 1680 1660 1660 1673 1673 1671 1671 1669 1673

Mean  in the control
group

0.050 0.050 0.074 0.074 0.000 0.000 0.041 53.722 0.353 0.360 0.332 0.525

Panel  B: HTC impacts on the HIV-negative sample
HTC −0.004 0.000 0.146 0.088 −0.010* −0.972 0.040 0.057* 0.030 −0.003

(0.012) (0.013) (0.122) (0.104) (0.006) (2.275) (0.028) (0.033) (0.029) (0.022)
Number  of

observations
1607 1607 1591 1591 1602 1602 1600 1600 1600 1602

Mean  in the control
group

0.065 0.065 0.004 0.004 0.033 53.314 0.338 0.346 0.319 0.534

Panel  C: HTC impacts on the HIV-positive sample
HTC 0.231* 0.246*** −0.125 −0.233 0.291* −4.231 0.109 0.133 −0.030 −0.060

(0.137) (0.069) (0.230) (0.172) (0.162) (9.489) (0.098) (0.092) (0.079) (0.135)
Number  of

observations
73 73 69 69 71 71 71 71 69 71

Mean  in the control
group

0.255 0.255 −0.069 −0.069 0.192 61.400 0.629 0.629 0.579 0.356

Includes  controls No Yes No Yes No Yes Yes Yes Yes Yes Yes Yes

Notes: Regressions are OLS models with robust standard errors clustered at the EA level. All regressions are weighted to make them representative of the target population in the study EAs. The achievement test score is the
average  percent across math, English and cognitive tests (standardized). The subjective likelihood of HIV infection takes on a value from 0 to 1 where zero is no self-reported chance of HIV infection. Risky sex takes on a value
of  1 if the respondent does not always use condoms with all partners, and is zero for those who  always use condoms or have not engaged in sexual activity in the past 12 months. Regressions that include controls include the
following:  age, an indicator for never having had sex and school enrollment status at baseline, all of which are demeaned and fully interacted with the treatment indicator. Parameter estimates statistically different than zero
at  99% (***), 95% (**), and 90% (*) confidence.
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Table  3
Bounding HTC impacts on HSV-2 for the HIV-positive sample.

Estimated ITT Lower bound ITT Upper bound ITT
(1) (2) (3)

HTC 0.246*** 0.224*** 0.328***
(0.069) (0.072) (0.068)

Number of observations 73 65 65

Notes: Estimated ITT in column 1 is identical to the estimate in column 2, Panel C of
Table 2. To estimate the lower bound ITT, we  randomly exclude 8 HSV-2-negative
individuals from the control group, which is the expected number of HIV serocon-
verters in the control group, rerun the regression described in Eq. (1), record the
ITT  estimate p and its standard error, and repeat this 500 times. The mean values of
the  coefficient estimate and its standard error are reported in column 2. Repeating
this simulation exercise, this time randomly excluding 8 HSV-2-positive individuals
from the control group, we  calculate the upper bound ITT, which is reported in col-
umn  3. Please see details in Section 4 and Appendix C. Regressions are OLS models
with robust standard errors clustered at the EA level. All regressions are weighted
to  make them representative of the target population in the study EAs. All regres-
sions include the following controls: age, an indicator for never having had sex, and
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chool enrollment status at baseline, all of which are demeaned and fully interacted
ith the treatment indicator. Parameter estimates statistically different than zero

t  99% (***), 95% (**), and 90% (*) confidence.

o estimate significant effects of HIV-positive tests on follow-up
SV-2 rates. 22 HIV-seroconverters implies that HIV-prevalence
t baseline for the control group would have been 2.28% compared
o 3.96% in the HTC treatment arm.30

We  conclude our empirical analysis by testing the hypothesis
hat the effects of HIV-positive (negative) tests should be concen-
rated among those who  considered themselves at no (some) risk
f HIV at baseline because HTC should lead to behavior change
nly if it is providing new information.31 Table 4 provides support
or this hypothesis. Panel A presents HTC effects for those sur-
rised by their HIV-negative status: the first four columns show the
ffects on HSV-2 and test scores (unadjusted and adjusted) while
he remaining columns show effects on the self-reported outcome

easures (adjusted) presented in Table 2.32 We  find an economi-
ally meaningful and statistically significant effect on achievement
est scores in this subgroup: the unadjusted and adjusted estimates
f HTC impact on test scores are 0.487 and 0.400 standard devia-
ions, respectively – both significant at the 5% level. Self-reported
utcomes point to the revelation of new, important information
n health and increased investment in schooling among as poten-
ial channels for this finding: the young women in this subgroup
re 12.3 percentage points less likely to think they’re HIV-positive
compared to a control mean of 15.9%; p-value = 0.000) and 13.3
ercentage points more likely to report being enrolled in school at

ollow-up (compared to a control mean of 29.5%; p-value = 0.158).
he impact estimates on HSV-2 are in the expected direction but
ot statistically significant.

30 We estimate the chances of this type of baseline imbalance in HIV prevalence to
e  approximately 10%. Using the standard error of 0.01 for the difference between
he HIV prevalence in HTC and the control groups at follow-up (Table 2, Panel A,
olumns 1 and 2) the difference of 0.0168 between the two groups would yield a
-statistic of 1.68. However, it is important to note that the findings in Table 3 would
nly become insignificant if this larger number of 22 HIV-seroconverters were also
ll  HSV-2 negative. Given that HIV-positive individuals are more likely to be infected
ith HSV-2 in our data, we find this to be unlikely.

31 Appendix Tables B4 and B5 show baseline balance among these sub-groups.
32 We define this subgroup as those who reported some likelihood of being infected
ith HIV prior to participating in HTC and found out otherwise. Similarly we  define

hose surprised by their HIV-positive status as those who  reported no chance of
eing infected with HIV prior to participating in HTC but tested positive. We find that
he  self-reported likelihood of being infected with HIV is positively and significantly
ssociated with actual HIV-status at baseline amongst those in the HTC sample. The
eader should note the possibility of misclassification of some cases of ‘surprise’ due
o  the lag between baseline surveys (when data on priors were collected) and HTC
when subjects were informed of their HIV status). Ta
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number of new HIV infections. We  find this to be unlikely in this
study as our data show no indications of such serosorting among
HSV-2 seroconverters in the HTC arm.34
06 S. Baird et al. / Journal of He

Panel B presents HTC effects for those surprised by their HIV-
ositive status. The unadjusted and adjusted HTC effects on HSV-2
revalence in this subgroup are 0.299 and 0.215, respectively – both
ignificant at the 5% level. Individuals in this group are more than
0 percentage points more likely to think they’re infected with HIV
t follow-up (compared with less than 2% in the control group; p-
alue = 0.000). The impact estimates for test scores are, again, in
he expected direction but not statistically significant. We  find no
ignificant impacts on any of the other self-reported outcomes. The
eader should note, however, that the size of this subgroup is small
nd the impact estimates are accordingly imprecise.

We  recognize that neither beliefs of HIV-status nor actual HIV-
tatus at baseline are randomly assigned; those receiving positive
urprises (High Priors & HIV-negative) and negative surprises (Low
riors & HIV-positive) may  also be types with certain other char-
cteristics that affect their response to HTC. This suggests that the
ndings in Table 4 should be interpreted with caution. However,
e also note that examining HIV-testing by priors is motived by

heory (Boozer and Philipson, 2000) and there is good reason to
elieve that HIV-tests will have differential effects conditioning on
riors and actual HIV-status. Furthermore, as shown in Appendix
able B6, we find very few observable baseline characteristics that
re correlated with priors discordant with HIV status (i.e. the sur-
rise types). For those who find out they are HIV-negative, only age

s correlated with high prior beliefs of HIV infection; for those who
re HIV-positive, age, female-headed household, and ever had sex
re significantly associated with low priors. Controlling for these
ariables does not explain away the findings in our subgroup anal-
sis presented in Table 4. Hence, while we cannot fully rule out the
ossibility that these findings are driven by unobserved character-

stics that are correlated with being surprised, we  believe that they
re most consistent with HTC having stronger effects on those for
hom HIV-tests are providing new information.

. Concluding discussion

We  conducted a cluster randomized home based HIV testing
nd counseling intervention among young females in Malawi to
nderstand its effects on risky sexual behavior and human capital

nvestments. While HIV testing plays an unambiguously important
ole as a gateway to ART and, hence, would have indirect effects on
IV transmission through suppressed infectiousness after the start
f therapy, its direct behavioral effects appear to be complex and
ot uniformly protective.

Our main finding is that HTC has no overall effect on any of the
utcomes we examined. The null finding of no overall HTC effects
n HSV-2 risk or self-reported risky sexual behavior may  strike
ome readers as surprising. It is important to remember that the
xtant literature, which was summarized in Section 1, generally
hows no effects of HIV testing on sexual behavior or seroconver-
ion for HIV-negative individuals. We  arrive at the same conclusion
ere. Given that 95% of the young female study population is HIV-
egative at follow-up, the finding of no HCT effects in the overall
opulation is not surprising. The use of random assignment into
CT, the resulting balance in baseline characteristics prognostic of

uture STI risk, and the use of biological endpoints also help estab-
ish the internal validity of the null finding. Finally, while our study
as not powered to detect significant differences between HTC
nd control groups in HIV prevalence, we would have been able
o detect moderate to large overall effects on HSV-2 prevalence.33

33 The standard errors of the coefficient estimates in columns 3 and 4 in Panel A of
able 2 suggest that we  would have been able to detect a 2.2 (2.7) percentage point
ifference in HSV-2 prevalence with 90% (95%) confidence. Given the follow-up
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While HTC has no overall effect on STI risk or achievement test
cores, it does have heterogeneous effects across the covariates
ost consistently motivated by economic theory; HIV status and

rior beliefs. Among those who  discover that they are HIV-positive,
he risk of HSV-2 infection at follow-up increases substantially. On
he other hand, individuals surprised by HIV-negative test results
xperienced a significant improvement in achievement test scores.

Until very recently, the literature on the effects of HIV test-
ng on subsequent sexual behavior almost uniformly suggested
hat it caused HIV-positive individuals to become safer, not more
isky. However, this study and Gong (2013), which share random
ssignment of HIV testing and the use of STI biomarkers as primary
utcomes, come to the opposite conclusion. The sample in Gong
2013) consists of male and female adults seeking HIV-related ser-
ices in Kenya and Tanzania in the mid-1990s, while our study
xamines a random sample of young females in Malawi in 2009.
he common findings in these two  studies, which utilize indepen-
ent data sets from different countries, decades, and demographic
roups, cast some doubt on the assumption that standard HIV test-
ng interventions have direct prevention benefits through behavior
hange. We  suggest that caution is warranted in interpreting find-
ngs from testing studies that do not simultaneously tackle both
he endogeneity of testing and the risk of bias from self-reported
exual behavior data.

Our finding that HIV-positive tests caused higher HSV-2 preva-
ence in the HTC group compared to controls, itself warrants some
aution given that it is based on a small sample size (N = 73). One
oncern is that a small sample size increases the chance of base-
ine imbalance for our primary outcome measures. Given the study
esign, whereby baseline STI status is unknown in the control
roup, it is impossible to demonstrate balance for HIV and HSV-2.
owever, we note that the main findings are robust to the inclu-

ion of baseline covariates that are prognostic of HSV-2 infection at
ollow-up. Another concern is that our statistical inference relies on
symptotic theory, which may  not hold at smaller samples such as
urs. To address this, we implement a non-parametric permutation
est as defined by Anderson (2008) that does not rely on asymp-
otic theory (details in Appendix D). Using the same specification
s in Table 2, Panel C, Column 4, “HTC Impacts on the HIV-Positive
ample”, we find a p-value <0.01, allowing us to reject the null of no
ffect at the 1% level – which is exactly what we  concluded earlier.

There are two additional limitations to this study. First, we  don
ot have the ideal study design required to assess testing impacts
y HIV serostatus, which requires collecting blood samples from all
tudy participants at baseline but not informing the control group
f their HIV serostatus. We  show that under random assignment
f clusters to testing or no testing, researchers can obtain an ITT
stimate for the causal effect of testing separately for HIV-positive
and negative) individuals and construct bounds around the true
TT effect. Secondly, the study does not measure subsequent HIV
ransmission to sexual partners. If there is serosorting (i.e. HIV-
ositive females pair with HIV-positive males upon learning their
tatus), then the higher rate of HSV-2 infections we  observe among
IV-positive females could occur without any effects on the total
SV-2 prevalence of 7.4 percent in the control group (and the implied, or estimated,
SV-2 incidence of 3.6 percent), we would have been able to detect a 30% difference

n  HSV-2 prevalence at follow-up (or a 62% change in HSV-2 incidence) between the
TC and the control groups.

34 An examination of the answers of HIV-positive HSV-2 seroconverters to follow-
p  survey questions about their sexual partners reveals that (i) all of them attach
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Keeping these limitations in mind, our study makes some con-
ributions to the literature. Using survey questions designed to test
everal hypotheses regarding the effects of HIV testing, we  find
upport for the hypothesis that the effects of testing are concen-
rated among those ‘surprised’ by HIV test results, both in terms of
exual behavior and educational achievement, the latter of which
s consistent with increased effort and investment in human cap-
tal in anticipation of a longer, healthier life. This finding suggests
hat HIV tests can affect important investment decisions among
oung individuals by revealing an HIV-negative status to those who
reviously thought they might be infected with HIV. This finding
lso suggests that exposure to infection risk and uncertainty about
IV status may  cause young people to lower their investments in
ducation.

These insights regarding the information signal provided by HIV
ests help explain the main findings in Table 2. Among this young
opulation, most individuals have no expectation of being HIV-
ositive, so an HIV-negative test result does not surprise many.
his is consistent with finding no overall effect of HIV tests among
he HIV-negative group while finding an improvement in educa-
ional achievement once we limit our analysis to those surprised
y an HIV-negative test. Similarly, an HIV-positive test result is
n unwelcome surprise to many in our sample, which explains the
arge effects of tests on HSV-2 among the entire HIV-positive group.

The troubling perverse effect of HIV-positive test results on HSV-
 serves as a caution to practitioners and merits careful considera-
ion in policy terms. Following the logic presented in Gong (2013),
his result is suggestive of high short-term benefits from risky
ctivity and low altruism toward marginal partners – a scenario
onsistent with transactional sex. If such relationships are partially
o blame for this finding, policies that reduce transactional sex may
lso reduce these unwanted effects of HIV testing. Our results also
uggest that standard testing interventions, which simply convey
IV-status and provide brief pre- and post-test counseling sessions,
ay  be insufficient to cause declines in risky sexual activity among

hose who find out they are infected.35 Other types of post-test
upport may  be needed to ensure that such individuals are both
inked to treatment and minimize the risk of transmission to others.
uture RCTs that experiment with alternative means of informing,
ounseling, and providing post-test support to those who  receive
IV-positive test results can be useful in creating effective positive
revention strategies among young people.

ppendix A. Home based HIV testing and counseling (HTC)

etails

Between July and September, 2009, 52 of the 88 EAs in the com-
arison group of the larger experiment were randomly sampled

ither ‘no likelihood or ‘low likelihood that their partners are HIV-positive; (ii) none
f  them think that their partner had other sexual partners while they were together;
iii) only half of them report that their partner was  ever tested for HIV; and (iv) they
ll  had age appropriate partners. Furthermore, the distributions of these variables
re similar both among all of those in the VCT group who  tested HIV-positive at
aseline and among those in the control group who tested HIV-positive at follow-up.
nother possibility is that individuals who found out they are HIV-positive switched

o  oral sex to protect their partners. We  find this explanation also unlikely since the
elf-reported likelihood of receiving oral sex by men  is very small in Malawi – only
%  of rural men and 11% of urban men  report ever having received oral sex. Fur-
hermore, men substantially overestimate the probability of HIV infection through
ral sex, indicating that it would not necessarily be seen as safer sex (Kerwin, 2012;
erwin et al., 2012).
35 This may  be particularly true for adolescents in sub-Saharan Africa. Luseno et al.
2014) cite concerns, among others, about stigma and abuse of HIV-positive trial
articipants and call for more research to examine the risks and benefits of HIV
esting and disclosure to adolescents.
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or inclusion in the data collection for biological outcomes. Study
articipants in these EAs were visited at their homes and invited
o receive counseling and rapid testing for HIV, HSV-2, and syphilis
y a trained counselor.36 Then, between the months of March and
ugust 2010, i.e. after an average of approximately 10 months, par-

icipants in all 88 EAs were visited at their homes and invited to
eceive counseling and rapid testing for HIV and HSV-2. All par-
icipants provided written informed consent. Additional consent
as obtained from parents or legal guardians of all unmarried girls
nder the age of 18, with assent obtained from the girls.

HTC was conducted by Malawian nurses and counselors certi-
ed in conducting rapid HIV tests through the Ministry of Health
IV Unit HCT Counselor Certification Program. The counselors were
ot the same individuals who conducted the survey questionnaires.
esting and counseling were performed in a private location at or
ear the participant’s house. Whole blood samples were obtained
sing a finger-stick. For HIV, the testing algorithm described in the
alawi Ministry of Health guidelines was  followed. The collected

lood sample was  first tested using a Determine HIV/1-2TM assay
Inverness Medical, UK). If the test result was  positive, then the
ample was tested using a Uni-GoId® HIV assay (Trinity Biotech,
reland). If these two test results were discordant, then the sample

as tested with SD BIOLINE HIV 1/2 3.0 assay (Standard Diagnos-
ics, Inc., Korea) for a tie-breaker. Participants who tested positive
n the Determine plus either of the other two  assays were inter-
reted to be HIV infected; those testing negative on the Determine
r negative on the other two  assays were interpreted to be HIV
ninfected. Recognizing that HIV-negative participants could be

n the window period, they were counseled to be retested after
 months if they had any risk factors for infection.

For HSV-2, we  used the Biokit HSV-2 Rapid Test assay (Biokit
SA, USA) following the manufacturer’s instructions. The Biokit
ssay is a point-of-care test that is easy to use in the field and pro-
uces results in minutes. The specially trained counselors, who  also
hotographed the test kit with a digital camera, recorded the test
esults immediately.

ppendix B. Tables

See Tables B1–B6.

able B1
ttrition.

=1 if Have Baseline
Survey Data

=1 if Have Baseline
Survey Data and HIV
Data

=1 if Respondent in Round 2 0.031 0.007
Sampled HTC EA (0.020) (0.027)
Control mean 0.906 0.852

Number of observations 1948 1948

otes: Regressions are OLS models with robust standard errors clustered at the EA
evel. All regressions are weighted to make them representative of the target popu-
ation in the study EAs. Parameter estimates statistically different than zero at 99%
***), 95% (**), and 90% (*) confidence.

ppendix C. Bounding the estimates of HTC impacts by HIV
erostatus
Let YT
i

indicate the HSV-2 biomarker outcome at follow-up for
n HIV-tested individual and Yc

i
for an HIV-untested individual.

36 Prevalence rates for syphilis were below 1% during the initial testing, thus
yphilis was not included during the second round of HTC.
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Table B2
Baseline balance among the HIV-positive.

Control HTC p-Value
(control–HTC)

Age 17.748 18.600 0.351
(2.716) (2.869)

=1  if Live Inside 16 km 0.629 0.445 0.366
(0.489) (0.505)

=1  if Live Outside 16 km 0.104 0.060 0.631
(0.309) (0.241)

=1  if Live in Urban Area 0.267 0.495 0.279
(0.448) (0.508)

Asset index 0.027 0.319 0.639
(2.451) (2.352)

=1  if Female Headed Household 0.792 0.671 0.305
(0.411) (0.477)

=1  if in School 0.531 0.641 0.372
(0.505) (0.487)

Highest grade 8.911 8.834 0.898
(2.357) (1.979)

=1  if Ever Married 0.125 0.100 0.719
(0.334) (0.304)

=1  if Ever Pregnant 0.427 0.344 0.502
(0.501) (0.482)

=1  if Never Had Sex 0.217 0.368 0.250
(0.417) (0.490)

=1  if Sexually Active in Past 12
months

0.344 0.455 0.370

(0.481) (0.506)
Number of partners in past 12

months
0.365 0.475 0.388

(0.529) (0.546)
=1  if Engage in Risky Sex 0.303 0.330 0.811

(0.465) (0.477)
=1  if Partner Over 25 0.021 0.165 0.013

(0.144) (0.377)
=1  if Any Chance Infected with

HIV Now
0.181 0.325 0.272

(0.390) (0.476)
=1  if Ever Tested for HIV 0.742 0.729 0.919

(0.443) (0.451)

Number of observations 40 33

Notes: Column (1) shows the baseline means for the control group while column
(2)  shows the means for the tested group. Column (3) presents the p-value on the
difference between the two  means. All variables are weighted to make them rep-
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Table B3
Baseline balance among the HIV-negative.

Control HTC p-Value
(control–HTC)

Age 16.592 16.630 0.811
(2.172) (2.133)

=1  if Live Inside 16 km 0.603 0.581 0.879
(0.490) (0.494)

=1  if Live Outside 16 km 0.091 0.097 0.910
(0.288) (0.296)

=1  if Live in Urban Area 0.306 0.322 0.918
(0.461) (0.467)

Asset index 0.187 0.425 0.549
(2.429) (2.606)

=1  if Female Headed Household 0.413 0.355 0.096
(0.493) (0.479)

=1  if in School 0.761 0.810 0.129
(0.427) (0.393)

Highest grade 8.149 8.392 0.149
(1.966) (1.979)

=1  if Ever Married 0.089 0.073 0.417
(0.284) (0.261)

=1  if Ever Pregnant 0.167 0.162 0.852
(0.373) (0.369)

=1  if Never Had Sex 0.595 0.651 0.133
(0.491) (0.477)

=1  if Sexually Active in Past 12
months

0.228 0.208 0.526

(0.420) (0.406)
Number of partners in past 12

months
0.233 0.221 0.694

(0.437) (0.452)
=1  if Engage in Risky Sex 0.180 0.165 0.583

(0.384) (0.371)
=1  if Partner Over 25 0.036 0.029 0.462

(0.186) (0.168)
=1  if Any Chance Infected with

HIV Now
0.074 0.078 0.772

(0.262) (0.269)
=1  if Ever Tested for HIV 0.572 0.546 0.624

(0.495) (0.498)

Number of observations 680 927

Notes: Column (1) shows the baseline means for the control group while column
(2)  shows the means for the tested group. Column (3) presents the p-value on the
d
r
c

c
(
h
E

E

m

I

esentative of the target population in the study EAs with robust standard errors
lustered at the EA level to calculate the p-value.

hen, define three exhaustive and mutually exclusive groups based
n HIV status in a previously untested population. These are Hi = 0,
hose who are HIV-negative in both rounds, Hi = 1, those who  are
IV-positive in both rounds, and Hi = S̃,  those who HIV serocon-
ert in between the two rounds if no testing occurred (throughout
his appendix we use a tilde to indicate quantities that are unob-
erved). Each of these three groups has a population prevalence,
here p0 + p1 + ps = 1, and by the properties of randomization and

he fact that strata are defined in the absence of testing, these quan-
ities are the same in the testing treatment and control. We  observe
1 as the prevalence rate in the treatment in the baseline, p0 as one
inus the prevalence rate in the control at follow-up, and ps as the

ifference between these two quantities.
The quantity that we wish to estimate is the causal effect of an

IV-positive test on the HSV-2 prevalence rate, which would be
iven by37:
TT+∗ ≡ E(YT
i |Hi = 1) − E(Ỹ c

i |Hi = 1)

37 The estimation of bounds for the causal effect of an HIV-negative test is similar
nd not detailed here.

o
b
c
t
E

ifference between the two  means. All variables are weighted to make them rep-
esentative of the target population in the study EAs with robust standard errors
lustered at the EA level to calculate the p-value.

While we  can calculate the fraction of the sample ps that sero-
onverted in the control group, we  cannot tell which specific
HIV-positive at follow-up) individuals belong to this group and
ence we  cannot separately measure the quantities E(ỸC

i
|Hi = 1) or

(ỸC
i

|Hi = S), only the HSV-2 prevalence in these combined groups
(YC

i
|Hi ∈ {S, 1}).

Therefore, what we are able to measure directly is the ‘Esti-

ated’ ÎTT
+E

:

T̂T
+E

≡ E(YT
i |Hi = 1) − E(YC

i |Hi ∈ {1, S}) = ITT+∗ + bias

=
p1[E(YT

i
|Hi = 1) − E(Ỹ C

i
|Hi = 1)] + ps[E(YT

i
|Hi = 1) − E(Ỹ C

i
|Hi = S)]

p1 + ps

=
p1ITT+∗ + ps[E(YT

i
|Hi = 1) − E(Ỹ C

i
|Hi = S)]

p1 + ps

This shows that the resulting estimand is a weighted average
f the correct ITT and the incorrect estimate that we would get

y subtracting the outcome among seroconverters from the out-
ome among tested always-positives. This expression will equal
he correct ITT either if ps = 0 (there are no seroconverters) or if
(ỸC

i
|Hi = 1) = E(ỸC

i
|Hi = S) (the seroconverters look just like the
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Table  B4
Baseline balance among HIV-positive individuals with low prior beliefs of HIV infec-
tion before HTC.

Control HTC p-Value
(control–HTC)

Age 18.418 18.056 0.699
(2.682) (3.003)

=1  if Live Inside 16 km 0.711 0.509 0.301
(0.461) (0.511)

=1  if Live Outside 16 km 0.124 0.090 0.758
(0.336) (0.293)

=1  if Live in Urban Area 0.165 0.401 0.208
(0.377) (0.501)

Asset index −0.625 −0.137 0.478
(2.169) (2.381)

=1  if Female Headed Household 0.751 0.635 0.399
(0.440) (0.492)

=1  if in School 0.533 0.608 0.588
(0.508) (0.499)

Highest grade 8.605 8.664 0.932
(2.527) (2.078)

=1  if Ever Married 0.156 0.090 0.446
(0.369) (0.293)

=1  if Ever Pregnant 0.404 0.271 0.288
(0.499) (0.454)

=1  if Never Had Sex 0.156 0.293 0.315
(0.369) (0.465)

=1  if Sexually Active in Past 12
months

0.249 0.500 0.073

(0.440) (0.511)
Number of partners in past 12

months
0.280 0.530 0.099

(0.523) (0.568)
=1  if Engage in Risky Sex 0.218 0.341 0.347

(0.420) (0.484)
=1  if Partner Over 25 0.031 0.190 0.136

(0.177) (0.401)
=1  if Ever Tested for HIV 0.707 0.634 0.614

(0.463) (0.492)

Number of observations 29 24

Notes: Column (1) shows the baseline means for the control group while column
(2)  shows the means for the tested group. Column (3) presents the p-value on the
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Table B5
Baseline balance among HIV-negative individuals with high prior beliefs of HIV
infection before HTC.

Control HTC p-Value
(control–HTC)

Age 17.578 17.645 0.869
(2.489) (2.395)

=1 if Live Inside 16 km 0.705 0.613 0.531
(0.460) (0.490)

=1 if Live Outside 16 km 0.147 0.093 0.513
(0.357) (0.292)

=1 if Live in Urban Area 0.148 0.295 0.281
(0.358) (0.459)

Asset index −0.164 −0.086 0.881
(2.518) (2.343)

=1 if Female Headed Household 0.468 0.390 0.406
(0.503) (0.491)

=1 if in School 0.690 0.691 0.987
(0.466) (0.465)

Highest grade 8.077 8.541 0.277
(2.337) (2.452)

=1 if Ever Married 0.169 0.093 0.227
(0.378) (0.292)

=1 if Ever Pregnant 0.254 0.206 0.551
(0.439) (0.407)

=1 if Never Had Sex 0.432 0.479 0.620
(0.499) (0.503)

=1 if Sexually Active in Past 12
months

0.350 0.362 0.875

(0.481) (0.484)
Number of partners in past 12

months
0.350 0.383 0.680

(0.481) (0.530)
=1 if Engage in Risky Sex 0.254 0.271 0.806

(0.439) (0.447)
=1 if Partner Over 25 0.070 0.081 0.819

(0.258) (0.274)
=1 if Ever Tested for HIV 0.605 0.573 0.743

(0.493) (0.498)

Number of observations 64 79

Notes: Column (1) shows the baseline means for the control group while column
(2)  shows the means for the tested group. Column (3) presents the p-value on the
difference between the two means. All variables are weighted to make them rep-
resentative of the target population in the study EAs with robust standard errors
clustered at the EA level to calculate the p-value.

i
c
t
2
t

t
(
T
H
p

ifference between the two means. All variables are weighted to make them rep-
esentative of the target population in the study EAs with robust standard errors
lustered at the EA level to calculate the p-value.

ontrol always-positives). Hence, this expression gives us a way  to
nderstand how this imperfect counterfactual distorts the quantity
hat we estimate relative to the true ITT.

We can do this by taking advantage of the binary nature of
i. Specifically, we can plug in the extreme possible values of
revalence of HSV-2 in the follow-up for the seroconverters, and
earrange the above expression to calculate the extreme bounds on
he possible values of the true ITT given the other parameters:

TT+∗ ∈
[

ÎTT
+E

(p1 + ps) − psE(YT
i
|Hi = 1)

p1
,

ÎTT
+E

(p1 + ps) − ps(E(YT
i

p1

Clearly, as ps → 0 these bounds converge to the estimated value,
nd ITT+E → ITT+*. This technique is the analog to Lee bounds (Lee,
009), where rather than facing attrition we face the addition of

 new group whose outcomes may  be different from those within
he counterfactual we wish to form. These bounds can be formed
ith no assumptions beyond simple random assignment.

ppendix D. Non-parametric permutation test
We  follow Anderson (2008), and implement a non-parametric
ermutation test. Starting with our HIV-positive sample (N = 73),
e randomly assign HTC treatment status to 40 of the HIV-positive

A

 1) − 1)
]

ndividuals, and the remaining 33 individuals are assigned to the
ontrol group. Using this sample, we  estimate Eq. (1) and collect
he t-statistic for ̂̌ (the effect of an HIV-positive test on HSV-
). We  repeat this 10,000 times and generate a distribution of
-statistics from which we based our statistical inference on. Using

his distribution and our original t-statistic from our estimation
t-statistic = 3.58) we  calculate our p-value, which is less than .01.
his allows us to reject the null hypothesis of no effect of HTC on
SV-2 at the 1% level without relying on large sample asymptotic
roperties.

ppendix E. Robustness checks
See Tables E1–E3.
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Table B6
Correlates of surprises.

High prior beliefs and
HIV-negative
(Good surprise)

Low prior beliefs and
HIV-positive
(Bad surprise)

(1) (2) (3) (4) (5) (6)

HTC 0.001 0.002 0.003 −0.007 −0.006 −0.004
(0.015) (0.013) (0.013) (0.009) (0.008) (0.008)

Age  0.032*** 0.029*** 0.017*** 0.014**
(0.008) (0.008) (0.006) (0.006)

Live  outside 16 km 0.003 0.003 0.003 0.003
(0.006) (0.006) (0.004) (0.004)

Live  in urban area −0.008 −0.008 0.001 0.002
(0.007) (0.007) (0.005) (0.005)

Asset  index −0.006 −0.005 −0.002 −0.001
(0.008) (0.008) (0.004) (0.004)

Female headed household 0.001 0.001 0.014*** 0.014***
(0.008) (0.008) (0.004) (0.004)

In  school −0.001 0.004 −0.011* −0.005
(0.010) (0.010) (0.006) (0.006)

Highest grade −0.005 −0.006 0.002 0.000
(0.009) (0.009) (0.004) (0.004)

Ever  married 0.000 −0.001 −0.004 −0.006
(0.009) (0.009) (0.005) (0.005)

Never  had sex −0.012 −0.016**
(0.008) (0.006)

Number of observations 1675 1671 1671 1680 1676 1676
Mean  dependent variable 0.075 0.075 0.075 0.028 0.028 0.028

Notes: Regressions are OLS models with robust standard errors clustered at the EA level. All regressions are weighted to make them representative of the target population
in  the study EAs. Parameter estimates statistically different than zero at 99% (***), 95% (**), and 90% (*) confidence.

Table  E1
HTC impacts on self-reported outcomes (adjusted and unadjusted).

Subjective
likelihood of HIV
infection

Probability live
to 50

=1 if Sex Active
Past 12 Months

Number of
partners in past
12 months

=1 if Engage in
Risky Sex

=1 if in School

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Panel A: HTC impacts on the entire sample
HTC −0.001 0.001 −1.261 −1.588 0.011 0.042 0.026 0.059* −0.006 0.024 0.024 −0.007

(0.007) (0.008) (2.325) (2.219) (0.035) (0.027) (0.037) (0.034) (0.038) (0.028) (0.033) (0.022)
Number of observations 1673 1673 1673 1673 1671 1671 1671 1671 1669 1669 1673 1673
Mean  in the control group 0.041 0.041 53.722 53.722 0.353 0.353 0.360 0.360 0.332 0.332 0.525 0.525

Panel  B: HTC impacts on the HIV-negative sample
HTC −0.011** −0.010* −0.688 −0.972 0.013 0.040 0.026 0.057* 0.003 0.030 0.023 −0.003

(0.005) (0.006) (2.405) (2.275) (0.035) (0.028) (0.035) (0.033) (0.037) (0.029) (0.033) (0.022)
Number of observations 1602 1602 1602 1602 1600 1600 1600 1600 1600 1600 1602 1602
Mean  in the control group 0.033 0.033 53.314 53.314 0.338 0.338 0.346 0.346 0.319 0.319 0.534 0.534

Panel  C: HTC impacts on the HIV-positive sample
HTC 0.313*** 0.291* −13.215** −4.231 0.074 0.109 0.116 0.133 −0.173 −0.030 −0.029 −0.060

(0.105) (0.162) (6.074) (9.489) (0.149) (0.098) (0.151) (0.092) (0.169) (0.079) (0.126) (0.135)
Number of observations 71 71 71 71 71 71 71 71 69 69 71 71
Mean  in the control group 0.192 0.192 61.400 61.400 0.629 0.629 0.629 0.629 0.579 0.579 0.356 0.356

Includes controls No Yes No Yes No Yes No Yes No Yes No Yes

Notes: Regressions are OLS models with robust standard errors clustered at the EA level. All regressions are weighted to make them representative of the target population
in  the study EAs. The achievement test score is the average percent across math, English and cognitive tests (standardized). The subjective likelihood of HIV infection takes
on  a value from 0 to 1 where zero is no self-reported chance of HIV infection. Risky sex takes on a value of 1 if the respondent does not always use condoms with all partners,
and  is zero for those who  always use condoms or have not engaged in sexual activity in the past 12 months. Regressions that include controls include the following: age,
an  indicator for never having had sex, and school enrollment status at baseline, all of which are demeaned and fully interacted with the treatment indicator. Parameter
estimates statistically different than zero at 99% (***), 95% (**), and 90% (*) confidence.
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Table  E2
HTC impacts on binary objective outcomes using OLS and probit (adjusted and unadjusted).

=1 if HIV Positive =1 if HSV-2 Positive

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: HTC impacts on the entire sample
HTC −0.006 −0.006 −0.003 −0.001 0.003 0.003 0.010 0.018

(0.011) (0.011) (0.010) (0.011) (0.014) (0.014) (0.014) (0.015)
Number of observations 1681 1681 1681 1681 1680 1680 1680 1680
Mean  in the control group 0.050 0.050 0.050 0.050 0.074 0.074 0.074 0.074

Panel  B: HTC impacts on the HIV-negative sample
HTC −0.004 −0.004 0.000 0.010

(0.012) (0.012) (0.013) (0.014)
Number of observations 1607 1607 1607 1607
Mean  in the control group 0.065 0.065 0.065 0.065

Panel  C: HTC impacts on the HIV-positive sample
HTC 0.231* 0.231* 0.246*** 0.815***

(0.137) (0.136) (0.069) (0.060)
Number of observations 73 73 73 73
Mean  in the control group 0.255 0.255 0.255 0.255

Probit  model No Yes No Yes No Yes No Yes
Includes controls No No Yes Yes No No Yes Yes

Notes: Regressions are OLS models with robust standard errors clustered at the EA level. All regressions are weighted to make them representative of the target population
in  the study EAs. The achievement test score is the average percent across math, English and cognitive tests (standardized). The subjective likelihood of HIV infection takes
on  a value from 0 to 1 where zero is no self-reported chance of HIV infection. Risky sex takes on a value of 1 if the respondent does not always use condoms with all partners,
and  is zero for those who always use condoms or have not engaged in sexual activity in the past 12 months. Regressions that include controls include the following: age, an
indicator for never having had sex and school enrollment status at baseline, all of which are demeaned and fully interacted with the treatment indicator. Parameter estimates
statistically different than zero at 99% (***), 95% (**), and 90% (*) confidence.

Table E3
HTC impacts on binary self-reported outcomes using OLS and probit (adjusted and unadjusted).

= 1 if Sex Active Past 12 Months = 1 if Engage in Risky Sex =1 if in School

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Panel A: HTC impacts on the entire sample
HTC 0.011 0.011 0.042 0.050 −0.006 −0.006 0.024 0.028 0.024 0.024 −0.007 −0.015

(0.035) (0.035) (0.027) (0.031) (0.038) (0.038) (0.028) (0.032) (0.033) (0.033) (0.022) (0.031)
Number of observations 1671 1671 1671 1671 1669 1669 1669 1669 1673 1673 1673 1673
Mean  in the control group 0.353 0.353 0.353 0.353 0.332 0.332 0.332 0.332 0.525 0.525 0.525 0.525

Panel  B: HTC impacts on the HIV-negative sample
HTC 0.013 0.013 0.040 0.047 0.003 0.003 0.030 0.033 0.023 0.023 −0.003 −0.006

(0.035) (0.035) (0.028) (0.032) (0.037) (0.037) (0.029) (0.032) (0.033) (0.032) (0.022) (0.033)
Number of observations 1600 1600 1600 1600 1600 1600 1600 1600 1602 1602 1602 1602
Mean  in the control group 0.338 0.338 0.338 0.338 0.319 0.319 0.319 0.319 0.534 0.534 0.534 0.534

Panel  C: HTC impacts on the HIV-positive sample
HTC 0.074 0.074 0.109 0.165** −0.173 −0.173 −0.030 −0.667*** −0.029 −0.029 −0.060 −0.131

(0.149) (0.148) (0.098) (0.084) (0.169) (0.167) (0.079) (0.078) (0.126) (0.126) (0.135) (0.110)
Number of observations 71 71 71 71 69 69 69 69 71 71 71 71
Mean  in the control group 0.629 0.629 0.629 0.629 0.579 0.579 0.579 0.579 0.356 0.356 0.356 0.356

Probit  model No Yes No Yes No Yes No Yes No Yes No Yes
Includes controls No No Yes Yes No No Yes Yes No No Yes Yes

Notes: Regressions are OLS models with robust standard errors clustered at the EA level. All regressions are weighted to make them representative of the target population
in  the study EAs. The achievement test score is the average percent across math, English and cognitive tests (standardized). The subjective likelihood of HIV infection takes
on  a value from 0 to 1 where zero is no self-reported chance of HIV infection. Risky sex takes on a value of 1 if the respondent does not always use condoms with all partners,
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