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1. Introduction 
In 2015, the World Health Organization changed its guidelines on antiretroviral therapy 
(ART) to recommend that ART should be initiated in all HIV positive adults regardless of 
their CD4 cell count (World Health Organization, 2015). This amended the previous 
guideline change that changed the threshold of ART initiation to include adults who had a 
CD4 cell count between 350-500 cells/µL. The universal ART recommendation was based on 
evidence from two individual randomized controlled trials that found early initiation of ART 
lowered transmission and reduced rates of severe illness (Cohen et al., 2011; Temprano 
ANRS 12136 Study Group, 2015). 
 
The HPTN 071 (PopART) trial examined if a universal test and treatment program along with 
a combination prevention intervention could reduce HIV incidence at the population level 
(Hayes et al., 2019). The trial was conducted in urban communities in Zambia and South 
Africa and is one of four trials looking at treatment as prevention. Both intervention groups 
received the combination prevention intervention with one group receiving ART regardless 
of the patient’s CD4 cell counts and the other receiving treatment according to national 
guidelines. The control group received standard of care with treatment according to 
national guidelines. In 2014, Zambia adopted the WHO guidelines to provide ART at CD4 cell 
counts less than 500 cells/μL while South Africa adopted these guidelines at the end of 2014 
(Department of Health, 2014; Ministry of Health Zambia, 2014). In 2016, both countries 
adopted the WHO recommendations to provide universal ART at all clinics (Republic of 
South Africa Department of Health, 2016; Republic of Zambia Ministry of Health, 2016). The 
ANRS 12249 TasP trial and the SEARCH study showed no effect on HIV incidence while Ya 
Tsie showed a non-significant decrease in HIV incidence between the intervention and 
control group (Iwuji et al., 2018; Havlir et al., 2019; Makhema et al., 2019). The PopART trial 
found that the universal ART intervention group did not have an effect on HIV incidence 
relative to the control group. However, they found that if the two combination prevention 
treatment arms were combined, HIV incidence was 20% lower in the treatment arms 
compared to the control group.  
 
HIV prevention interventions are very costly as $9.3 billion were spent in 2015 on HIV 
prevention and UNAIDS recently recommended that an additional $7 billion would be 
needed to meet the Sustainable Development Goals targets (Dieleman et al., 2018; Sarkar 
et al., 2019). If the international community is advocating for combination prevention 
interventions to be implemented in countries that have a high prevalence of HIV, we need 
to ensure that the evidence is robust before implementing these costly interventions. We 
chose to do a replication study on one of the four treatment as prevention trials to test the 
robustness of their results. We selected the PopART trial for this replication study as of the 
four treatment as prevention trials, the PopART trial was the only trial to have a significant 
effect on HIV incidence from the combined intervention arms.  
 
This replication study will use the raw data to reproduce the results from the Hayes et al. 
(2019) study. We will then test the robustness of results presented in the original paper 
through a series of analyses that address the issues related to the violations of the stable 



unit treatment value assumption (SUTVA), the treatment of missing data, the heterogeneity 
of impact due to certain characteristics, and the potential violations of key assumptions in 
the estimation methods used in the original paper. 
 
We continue with a detailed summary of the Hayes et al. (2019) study in Section 2. Section 
3 explains the motivation and rationale for this replication. We also describe the methods 
that will be used in this study. Section 4 provides a summary of this plan. 
 
2. Presentation of selected study 
Hayes et al. (2019) examine the effects of universal testing and treatment for HIV 
prevention on HIV incidence and viral suppression in urban communities in Zambia and 
South Africa. The authors enrolled 21 communities in Zambia and South Africa that were 
matched into triplets by geographic location and estimated HIV prevalence. In each triplet, 
communities were randomized to one of the trial groups. From a random sample of 
households in each community, one adult aged 18 to 44 was randomly selected from each 
household to be enrolled into the study. The authors enrolled 38,474 adults at baseline with 
additional enrollments at 12 months and 24 months for a total of 48,301 adults. 
 
The study took place from 2013 to 2018, with annual follow-up visits. Group A and B 
received the combination prevention intervention while group C received standard care at 
government clinics. Standard care included HIV testing and ART provided according to the 
local guidelines. The combination prevention intervention consisted of annual visits by 
community health workers that visited each household and provided HIV testing, counseling 
and support for linkage to care. They also referred participants to voluntary medical male 
circumcision and antenatal care as appropriate. Communities enrolled in Group A received 
universal ART at government clinics regardless of CD4 cell count with written consent 
provided for those who initiated ART outside of local guidelines. Communities enrolled in 
Group B received ART according to local guidelines. For clinics in Group B and C 
communities, ART was provided at the CD4 threshold of <350 cells/µL until 2014 when the 
threshold was increased to 500 cells/µL. In Zambia, universal ART was offered at all clinics 
starting in April 2016 while in South Africa, it began in October 2016. 
 
The primary outcome was to evaluate the effect of the combination prevention 
intervention on population-level HIV incidence. The study also looked at the intervention’s 
effect on viral suppression, HIV testing coverage, and ART coverage. To estimate HIV 
incidence, the authors used a two-stage approach where a multivariable Poisson regression 
and two-way ANOVA were used to generate incidence rate ratios. The study had 85% power 
to capture a 40% reduction in HIV incidence in Group A relative to Group C. 
 
The study was able to retain 72% of participants by the final survey at 36 months. At 
baseline, the overall HIV prevalence was 22% and ART coverage was 33%, 41%, and 35% for 
Group A, B, and C respectively. The sample was predominantly female (71%) and 40% of the 
participants were less than 25 years of age. The overall incidence rate of HIV infections 
between 12 and 36 months (the pre-defined primary analysis period for the trial) was 1.4 



new cases per 100 person-years. Compared to Group C, the adjusted rate ratio in Group A 
was 0.93 (95% CI: 0.74-1.18, p=0.51) whereas the rate ratio in Group B relative to Group C 
was 0.7 (95% CI: 0.55-0.88, p=0.006). At 24 months, the geometric mean of the community 
prevalence of viral suppression in HIV-positive participants in Group A was 71.9%, and 
67.5% in Group B, and 60.2% in Group C. The adjusted prevalence ratio of viral suppression 
at 24 months in Group A compared to Group C was 1.16 (95% CI: 0.99-1.36, p=0.07). The 
adjusted prevalence ratio in Group B compared to Group C was 1.08 (95% CI: 0.92-1.27, 
p=0.3). In Group A and B communities, the study met the UN 90-90-90 target at the end of 
the trial as approximately 75% of the HIV positive population in these communities were 
virally suppressed. 
 
3. Proposed replication plan 
This study includes the standard objectives for 3ie-funded replication research (Brown, 
Cameron and Wood, 2014). First, we will conduct a push-button replication to verify that 
the author’s code produces the results in the study. Then, we will conduct a pure replication 
to check if we can reproduce the results of the original study using the data provided by the 
authors and the methods described in the original study and pre-analysis plan. We will then 
conduct a series of measurement and estimation analyses to check the robustness of the 
results. These will also provide additional insight into the conclusions of the original study. 
Further methodological details on the push-button and pure replications as well as the 
measurement and estimation analyses can be found in Section 3.2. 
 
3.1 Underlying rationale for the planned measurement and estimation analysis 
The proposed analyses below are organized by the four groups (validity of assumptions, 
data transformations, estimation methods, and heterogeneous impacts) that Brown and 
Wood (2018) use to design a replication plan. 
 
3.1.1 Validity of assumptions 
Treatment contamination 
The authors did not discuss if there were issues with treatment fidelity or contamination that 
may have contributed to the null result. If people in Groups B or C accessed ART prior to 2016 
when the universal ART recommendation took effect, then the “non-interference” 
component of the SUTVA has been violated and there has been treatment contamination. If 
available, we will use CD4 cell counts at baseline, 12 months, and 24 months and ART 
initiation date to assess if there were any participants that received treatment outside of their 
random treatment assignment. If there is more than 30% treatment contamination 
(threshold used by Sussman and Hayward (2010)), we will use “contamination adjusted 
intention to treat” (CAITT) analysis to mitigate this issue (Sussman and Hayward, 2010). In 
this instrumental variable analysis, the random treatment assignment is used as an 
instrument to look at the impact of the actual treatment received on the outcome. This 
method both accounts for the trial randomization as well as adjusting the analyses by what 
treatment was actually received. Using an instrumental variable estimation method will allow 
us to control for unobservable individual characteristics. For example, an unobserved 
characteristic could be an individual’s risk aversion attitude towards HIV infection and 



transmission. If an individual is highly risk averse, this would affect whether they will take 
precautions to avoid contracting HIV or other STIs and if they will seek treatment if they 
become HIV-positive. Unobservable characteristics such as individual risk aversion attitudes 
could impact the intervention uptake and therefore HIV incidence. 
 
Note: After further discussions with the PopART research team, we have decided to remove 
this analysis from the replication plan as it is not appropriate for this specific trial design. 
For transparency, the description of the original proposed analysis will remain in this plan.  

 

Geographic boundaries of treatment areas 
In the map of the selected PopART communities (Figure S1), there are some clusters that 
were contiguous or close in proximity. This causes a violation of the “non-interference” 
component of the SUTVA in that there could have been spillover. Depending on which arm 
these clusters were assigned to, there may have been spillover as sexual networks are not 
bound to clusters and participants at the cluster borders may have sexual partners in the 
neighboring cluster. For HIV-negative participants in the control group, this could have a 
positive effect if they have a sexual partner in Group A who is HIV positive (or who becomes 
HIV positive) and can access universal ART, as the transmission risk from their Group A 
partner is lowered. They would then be less likely to be infected with HIV and the overall 
HIV incidence rate in Group C would be lower than if this spillover did not occur. For 
baseline HIV-negative participants in Group A who have sexual partners in Group B or C, this 
could have a negative effect their risk of HIV infection is higher as participants in these two 
groups are not able to access ART and therefore have increased transmission risk. This could 
then increase the HIV incidence rate in Group A to be higher than if this spillover did not 
occur. 
 
The “fried egg” study design has been used to control for potential spillovers due to contact 
between intervention and control clusters. In this study design, each cluster is surrounded 
by a buffer zone that has the same treatment status (Hayes and Moulton, 2017). The 
evaluation sample is then taken from the center of each cluster which mitigates the issue of 
contamination from having overlapping clusters. To account for potential spillovers, we will 
use geographic data, if available, to re-run the analysis on an analytic sample of people 
living within the cluster center, surrounded by a buffer zone. 
 
Migration 
In their discussion, the authors highlight that mobility and migration for HIV-positive 
partners from outside the treatment area may have contributed to the null result in Group 
A. Though they say that differences in migration were not found across the study groups, 
there is minimal discussion in the paper of how migration was tracked and treated in the 
analysis. Participants may have been able to migrate in and out of the study population and 
contribute person-time throughout the entire follow-up period. In other treatment as 
prevention studies, migration has been hypothesized to contribute to the null result of the 
intervention (Larmarange et al., 2018). This causes a potential SUTVA violation in that there 
could have been interference between units due to migration. Participants in Groups A and 



B who migrated in and out of the study area multiple times would have low adherence to 
the combination prevention interventions and possibly have lower adherence to ART if they 
are HIV-positive and did not continue ART treatment in the new community. If they also 
have sexual partners outside of the study area, they could expose study participants to 
these sexual partners. We will use methods to properly account for migration to assess how 
migration may have affected the null result. 
 
Change in ART initiation 
In 2016, South Africa and Zambia adopted the 2013 WHO guidelines recommending that 
ART be provided to all HIV-positive adults regardless of CD4 cell count (Republic of South 
Africa Department of Health, 2016; Republic of Zambia Ministry of Health, 2016). This 
implementation guideline changed the treatment that Group B received as all participants 
now received ART after they were diagnosed. This violates the “one treatment” component 
of the SUTVA, as the treatment for Group B and Group C changed after 2016 and there is no 
longer just one treatment for these populations (VanderWeele and Hernan, 2013). ART 
became standard of care after 2016 which suggests that this may have led to an attenuated 
effect after 2016 whereas pre-2016, the effect of the intervention may have been more 
pronounced. Combining both time periods, as was done in the original analysis, may reduce 
the intervention’s effect. We recognize that the periods before and after universal ART 
were initiated do not neatly correspond to the survey rounds and that we will not be able to 
clearly delineate all data points to categorize them as “before” or “after” of when each 
community had access to universal ART. However, we will use 2016 as the boundary to see 
if the HIV incidence rate changes before 2016 and after 2016 to see if the change in ART 
initiation contributed to the null result.  
 
Omitted variable bias 
The authors performed visual tests of covariate balance on the observable covariates to 
determine if there was unobserved confounding. However, these tests cannot confirm that 
there is no unobserved confounding in the data and sensitivity tests to check for this were 
not performed (Cinelli and Hazlett, 2020). There could be unobserved confounding in the 
data which would then violate the ignorability assumption (i.e., given the pre-treatment 
covariates accounted for in the analysis, the treatment assignment is independent of the 
potential outcomes). Though omitted variable bias is difficult to verify empirically, Cinelli 
and Hazlett (2020) use sensitivity statistics such as the “robustness value” or “partial R2” of 
the treatment with the outcome to determine the strength that an unobservable 
confounder has on the estimated treatment effect. We will first re-run the regression 
analyses with additional covariates that were omitted from the original analysis and that 
may affect the outcome of interest. Non-condom use, a high number of sexual partners, 
and young age at first intercourse are sexual behaviors that have been found to be 
associated with HIV infections (Kamali et al., 2002; Wand and Ramjee, 2012; Afriyie and 
Essilfie, 2019). Male circumcision has also been found to be protective against HIV (Auvert 
et al., 2013). We will then compare the regression output from our alternative specification 
with condom use, number of sexual partners, age at first intercourse, and male circumcision 
as added covariates to the original regression effect size. We will then calculate the 



robustness value and partial R2 of the covariates to estimate the strength that unobservable 
confounders have on the effect estimate. 
 
3.1.2 Data transformations 
Imputation 
In the original study, the authors used imputation methods for estimation of HIV status. 
Participants who were HIV-negative after a missed PC12 and/or PC24 visit were imputed as 
HIV-negative at the missed visit, provided they had two visits with known HIV status 
surrounding the missed visit. For those who had seroconverted and had missed visits, hot 
deck imputation was used to impute HIV status at the missed visit.  The visit date was also 
imputed using mean imputation. In the supplementary materials, the authors stated that 
“50% of the person-years from PC0-PC24, 67% of the person-years from PC0-PC36 and 
100% of the person-years from PC12-36 were included in the primary analysis using 
imputation” (Hayes et al., 2019, p. 8). While imputation would not affect person-time for 
those who were HIV-negative or HIV-positive at the visits preceding and succeeding the 
missed visit, it may impact person-time for those whose status changed in between. We will 
use alternative methods to impute person-time as the authors note that person-time was 
imputed with mean values for each community. If this was hard-coded, we will use random 
seeds to impute person-time values and then re-run analyses with the new person-time 
imputations (Iwuji et al., 2018). 
 
3.1.3 Estimation methods 
Alternative estimation strategy – GEE logit 
The authors performed a two-stage approach with an individual-level Poisson regression in 
the first stage to obtain adjusted log ratio-residuals for each community. These log ratio-
residuals were then used in a community-level two-way ANOVA by triplet and study arm to 
assess HIV incidence at the community-level. Given that the study collected individual-level 
data, it is also possible to use an alternative individual-level model of HIV incidence with 
clustered standard errors and bias correction methods to account for intraclass correlation 
(Huang, Fiero and Bell, 2016; Duflo et al., 2019; Smith, Hein and Badenda, 2019). We will 
thus model HIV incidence at the individual-level to see if the same results are found. By 
modeling HIV incidence at the individual-level with clustered standard errors, we are able to 
control for unobservable factors at both the cluster and individual level. We will also use 
bias correction methods to take into account that the PopART trial had a small number of 
clusters per study arm (Huang, Fiero and Bell, 2016). This method should control for 
potential unobserved differences between the treatment groups that the authors 
highlighted as a potential driver of the null effect in Group A. 
 
3.1.4 Heterogeneous outcomes 
Triplet subgroup analyses 
In the original manuscript, Figure 2A shows that HIV incidence was lower in the Group A 
intervention arm relative to the Group C control arm for triplets 3, 4, 6, and 7. In triplets 1, 
2, and 5, Group C had a lower HIV incidence than Group A. This effect was not found when 
comparing Group B to Group C. There may be compositional differences between Groups A 



and C in these triplets that may have contributed to the null result. We will first compare 
baseline descriptive statistics between Group A and Group C for triplets 1, 2, and 5. If there 
are systematic differences between these groups, we will then compare outcomes in Group 
A vs Group C for these triplets. These analyses are exploratory and are thus intended to 
inform reflections on potential future research rather than to draw conclusions about the 
robustness of the original study. 
 
3.2  Methods 
3.2.1 Push-button Replication 
Using the code provided by the authors, the push-button replication will aim to reproduce 
the main data-driven tables and figures in the study. The push-button replication will be 
performed in the statistical programming software used in the original study. The data and 
code will be requested from the study authors. 
 
Any discrepancies between our work and the original authors will be resolved to the best of 
our ability through additional analyses and feedback from the original study team. If the 
discrepancies remain, they will be noted in the report and we will comment on why they 
persist. 
 
3.2.2 Pure Replication 
The pure replication will aim to reproduce the main data-driven tables and figures in the 
study using the methods described in the original paper and supplementary statistical 
analysis plans. Table 1 will confirm that the baseline sample is the same in the replication 
and original study. Table 2 will check the modelling approach and reproduce the main 
effects of the intervention on HIV incidence and viral suppression. Figure 2 will reproduce 
HIV incidence by triplet and study arm. Figure 3 will show the estimated ART coverage. 
 
Any discrepancies between our work and the original authors will be resolved to the best of 
our ability through additional analyses and feedback from the study team. If the 
discrepancies remain, they will be noted in the report and we will comment on why they 
persist. If there are discrepancies in the results due to using Stata instead of SAS and R, 
these will be highlighted and noted in the “Technical Notes” section of the report. 
 
3.2.3 Measurement and Estimation Analysis 
3.2.3.1 Validity of assumptions 
Treatment contamination 
To assess treatment contamination, we will compare ART initiation dates and CD4 cell 
counts at baseline, 12 months, and 24 months for participants in Groups B and C provided 
data on ART initiation dates and CD4 cell counts are available. If the participant’s CD4 cell 
count is higher than 500 cells/µL and their ART initiation date is before 2016, they will count 
towards the proportion of contamination in the trial. If there is more than 30% 
contamination, we will use an instrument variable approach to adjust the analyses for 
contamination (Sussman and Hayward, 2010). Using the random treatment assignment as 



the instrument and the actual treatment received as the main predictor, we will re-run the 
HIV incidence analyses. 
 
Note: As described above, we have decided to remove this analysis from the replication 
plan as it is not appropriate for this specific trial design. For transparency, the description 
of the original proposed analysis will remain in this plan. 
 
Geographic boundaries of treatment areas 
For both treatment and control clusters, we will use the “fried egg” study design to select 
participants that live within the center of a buffer zone (Hayes and Moulton, 2017; Pickles 
et al., 2019). Provided geographic data such as distance to clinic are available, we will use 
this information to define the buffer zone and the area that will be sampled in each cluster. 
We will then re-run the HIV incidence analyses using this new sample to see if overlapping 
treatment areas contributed to the null result. 
 
Migration 
As in- and out-migration have been hypothesized to have an impact on the null result for 
treatment as prevention interventions, we will account for migration by excluding those 
who migrated at least once from the incidence population (Larmarange et al., 2018). We 
will then re-run the HIV incidence rates on the subpopulation. 
 
Change in ART initiation 
Since the ART initiation policy was implemented by the end of 2016 in both countries, we 
will split the incidence population into two groups along this cutoff point. We will then re-
run the analyses in the pre- and post-2016 populations to compare HIV incidence rates 
before 2016 and after 2016. 
 
Omitted variable bias 
Provided that the additional sexual behavior covariates are available, we will re-run the 
regression analyses with and without these covariates using the R package ‘sensemakr’ 
(Cinelli and Hazlett, 2020). Since these covariates may have been changed by the 
intervention, we will use the baseline values at PC0 in our analyses. Provided that we have 
sufficient power, we will restrict our analyses to participants who were enrolled at PC0. We 
will then compare the robustness value and partial R2 of the covariates to provide an 
estimate of the strength that an unobservable confounder has on the effect estimates. 
 
3.2.3.2 Data transformations 
Imputation 
The authors note that person-time was imputed using mean imputation for each 
community. If this was hard-coded and does not incorporate random seeds, we will use 
random seeds to impute new person-time values (Iwuji et al., 2018). We will then run the 
analyses using this alternative imputation method to see how that may affect HIV incidence 
estimates. 
 



3.2.3.3 Estimation methods 
Alternative estimation strategy – GEE logit 
The authors use a 2-stage approach with an individual-level Poisson model in the first stage 
to look at HIV incidence. We will run a generalized estimating equation logit with robust 
standard errors and bias correction methods to account for the small number of clusters 
per study arm (Huang, Fiero and Bell, 2016). This method has been used in other HIV 
prevalence modeling papers and allows for robust analyses of cluster-randomized trials 
(Duflo et al., 2019; Smith, Hein and Badenda, 2019). 
 
3.2.3.4 Heterogeneous outcomes 
Triplet subgroup analyses 
We will compare descriptive statistics for triplets 1, 2, and 5 between Group A and Group C. 
If there are systematic differences, we will then compare HIV incidence rates in those three 
triplets for Groups A and C using the methods from the original study. 
 
3.2.3.5 Standard checks 
The following considerations are checked in every replication study. 
Concordance with pre-analysis plan 
If a pre-analysis plan is available, we will compare the analyses performed in the original 
study against what was proposed in the pre-analysis plan. Any primary outcome analyses 
that were not included in the study will be performed. 
 
The PopART study did not deviate from the pre-analysis plan so additional analyses from 
the plan will not be added to this replication study. 
 
Covariate balance 
We will check for covariate balance across study arms, for all sub-group analyses and across 
all time points in the study. If covariates are imbalanced, we will use inverse probability 
weighting to account for possible attrition in the primary analyses (Weuve et al., 2012). 
First, we will generate models of the probability of remaining in the study and then 
generate predicted probabilities for each observation. These probabilities will then be used 
to calculate weights that are the inverse of the probability of staying within the study using 
the imbalanced covariates. 
 
Treatment of missing data 
We will check proportion of observations with missing data for each variable in Table 1 and 
will test associations with treatment status as well as with the outcome. If missing data are 
found to be either “missing at random” (no association between missingness and the value 
of the corresponding variable, conditional on measured covariates) or “missing not at 
random” (associated with other missing variables), then the appropriate maximum 
likelihood models will be used in the analysis to control for those covariates (Ibrahim, Chu 
and Chen, 2012; Bell et al., 2013). 
 
Treatment of outliers 



We will check if outliers were excluded in the code or how they were treated. If outliers 
were not excluded, we will drop them and re-run the analyses. 
 
This standard check does not apply to the PopART paper as many of the variables in the 
study are categorical. The only continuous variable that may have outliers, viral load, would 
not affect the study results as the authors determine viral suppression using a threshold 
value (400 copies/mL). 

 
Variable construction 
We will check to see how variables were constructed in the original code. If there are 
obvious alternative variable transformations that could be used instead to retain more 
information (i.e., using an ordinal or continuous variable instead of binary), the analyses will 
be re-run with those variable formats. 
 
In baseline descriptive statistics in Table 1, the authors constructed age as a categorical 
variable. It was not specified in the incidence analysis if age was controlled for as a 
continuous variable or as a categorical variable. If categorical age was included in the 
incidence analyses, we will re-run the analyses with age as a continuous variable. 
 
Adjusting standard errors 
For clustered study designs, we will check the code to see if standard errors accounted for 
clustering. If clustered standard errors were not included, then analyses will be re-run with 
adjusted standard errors. 
 
The authors used a two-stage approach that allowed for between-cluster variation in their 
analysis method. Though the authors controlled for cluster effects using the two-stage 
approach, we will check the robustness of the results using an alternative method. We will 
re-run the analyses using clustered standard errors. 
 
4. Conclusion 
In this study, we propose to re-analyze data from the Hayes et al. (2019) study. This was one 
of four studies that examined if treatment as prevention programs would be effective in 
reducing HIV incidence at the population level. The original authors showed that the 
combination prevention program did reduce HIV incidence at a population level. We first 
conduct a pure replication to see if the authors’ data and methods reproduce the results in 
the primary manuscript. We then test the main results to see if we can identify a 
mechanism that drives the null result in Group A. We will first test to see if the SUTVA and 
ignorability assumptions have been violated in this study by looking at how treatment 
contamination, spillovers, migration, and change in treatment affect HIV incidence 
estimations. We then use alternate imputation methods and an alternate estimation 
method to assess the robustness of the data transformations and estimation methods used 
by the authors. Next, we explore heterogeneous outcomes by looking at sexual behavior 
subgroup analyses and re-running the analyses in specific triplets that had lower HIV 
incidence in Group C compared to Group A. Finally, we run a series of standard checks to 



check covariate balance, treatment of missing data, alternate variable constructions, and 
adjusting standard errors to see if they have been appropriately addressed by the study 
authors. This replication will provide insights into this landmark treatment as prevention 
study. 
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