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Introduction
We make a number of assumptions about the RDS sampling process in order to apply the RDS-2 weighting. These include that initial seed characteristics do not bias the final estimates (estimates converge over sample waves), that recruitment does not get ‘caught’ in different clusters of the network, and that the whole social network of female sex workers is connected at each site. The model also assumes with-replacement sampling – that is, that participants can be recruited more than once, which is not the case in practice.
Here we describe diagnostics procedures to investigate these assumptions.
Methods of Assessment
To illuminate the recruitment process, we first examined recruitment trees by suppressed viral load and HIV status. We then graphically examined 1) whether estimates converged by the final sample size; 2) whether recruitment appeared to have reached bottlenecks or whether the social network of FSW appeared to have been disconnected; and 3) the extent to which the with-replacement sampling assumption might have biased our findings.  
We conducted these diagnostics for the proportion of women with unsuppressed HIV viral load, as our primary trial outcome, and the prevalence of HIV. We applied the following methods to do this:
1. Convergence of HIV and Unsuppressed Viral Load Estimates
We drew recruitment tree plots by HIV and viral load suppression. To assess whether the estimates appeared to have converged at the given sample size for each site we used plots of the cumulative RDS-2 weighted prevalence estimate per wave, as the sample size increased. Site estimates were judged to have converged when the estimate approached the final estimate – graphically, the line flattened - prior to the attainment of the final sample size. Otherwise it was judged possible that the estimate might have continued to change had the sample size kept increasing. 
2. Diversity of possible FSW clusters
To check that the estimate did not vary widely according to which seed a recruitment chain originated from, we plotted the cumulative RDS-2 estimates over wave for each seed (‘bottleneck plots’). We judged that the recruitment chains had got caught within particular sub-groups if the different recruitment chains did not converge on the same estimate. 
3. Biases resulting from assuming with-replacement sampling
RDS-2 estimation assumes with-replacement sampling, meaning that participants can be sampled more than once. In practice, this is not the case. It is possible that biases can result from this assumption, particularly when the sampling fraction is high and ‘differential activity’ – differences in mean network size by the variable of interest – are high. There is another RDS estimator, that does not make the with-replacement sampling assumption, the ‘Successive Sampling’ estimator or ‘RDS-SS’, but it requires an estimate of sex worker population size at each site. Using a range of hypothetical population sizes for each site, we compared the RDS-2 and RDS-SS estimates to assess the degree of bias that plausibly might have resulted from making the with-replacement sampling assumption.
For all diagnostics we used the RDS package for R[23]. 
Results
We show an example site’s recruitment tree by HIV and suppressed viral load status, Figure 1. 
Convergence Plots
The RDS-2 HIV prevalence estimates appeared to have converged for the majority of sites, with the exception of Site 6, in which it is possible that the estimates could have continued to drop had the sample size increased further, Figure 2. For the proportion of women with unsuppressed viral load, convergence appeared likely for most sites with possible exceptions of Sites 5 and 6, whose estimates might have dropped further had a larger sample been recruited, Figure 3.
Bottleneck Plots
There was little evidence to suggest that estimates of HIV prevalence and suppressed viral load within each site differed according to which seed recruited particular participants, (one example given in Figure 4). 
Differences between RDS-2 and RDS-SS estimates
Figure 5 shows the difference between the RDS-SS estimates and the RDS-2 estimates for HIV prevalence for each site for a range of possible population size estimates (the real size is unknown). The difference was positive if the RDS-SS estimate was higher, and difference diminished as the assumed total population size of FSW at each site increased.
Even when the population size was assumed to be only 250 (given sample sizes of approximately 200), on average the RDS-2 estimates were 1.3% lower than the RDS-SS estimates (absolute difference), with a maximum of 3.8% lower in one site. Assuming the sample size was 500, the mean difference dropped to 0.5%, maximum 1.6% different. For viral load estimates, the differences were slightly greater with a mean of 0.8% and maximum of 2.0% difference at a population size of 500. 
Discussion and Conclusions
In most sites, convergence appears to have been achieved by the final sample size for both HIV status and unsuppressed viral load status. However, it is possible in the case of one site that the HIV prevalence estimates might have continued to fall had the sample size been increased, and this appeared to have also been the case for this site for viral load status and in one additional site. The good convergence might have been due to relatively low levels of recruitment homophily observed across sites: women were not more likely to recruit according to HIV or viral load status and this probably helped the estimates stabilise from the initial seed characteristics relatively quickly. 
That there was little evidence that estimates varied by seed by the final sample size suggests that recruitment did not get ‘stuck’ in subsets of the network and so estimates are unlikely to be biased from this perspective. It remains possible that subsets of the FSW network could have been missed completely, there are no currently available methods to test for this possibility. 
We did not have population size estimations to implement the RDS-SS estimators, but our sensitivity analyses suggested that the without replacement sampling is unlikely to be biasing our findings a great deal. 
Overall, we judged that it was appropriate to proceed with weighting the data collected from the 14 sites using the RDS-2 estimator.
Figure 1: Recruitment trees in one of the fourteen sites by HIV status and whether participants had a suppressed HIV viral load
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Participants are depicted by circles, with seeds the larger circles.
Figure 2: HIV status Convergence Plots: Cumulative RDS-2 weighted HIV prevalence by recruitment wave for the 14 sites 
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Figure 3: HIV Viral Load Convergence Plots: Cumulative RDS-2 weighted prevalence of unsuppressed viral load by recruitment wave for the 14 sites 
[image: ]
Figure 4: Cumulative RDS-2 estimates of the proportion of FSW with HIV viral load <1000 copies/ml in one site by seed: an example of a bottleneck plot
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Figure 5: Differences between RDS-2 estimated HIV prevalence and RDS-SS estimates by site for different hypothetical population sizes
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Figure 6: Differences between RDS-2 estimated unsuppressed HIV viral load prevalence and RDS-SS estimates by site for different hypothetical population sizes
[image: ]
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