Detection of HIV-1 minority drug-resistant and X4-tropic variants by Next-Generation
Sequencing to improve the prediction of clinical antiretroviral treatment outcome

Executive summary
Aim and Objective

In Hong Kong, approximately 700 new HIV-1 cases were reported annually, resulting in
around 7000 cumulative cases being reported over the past three decades. Under prolonged
usage of antiretroviral (ART) treatment, these patients would have an increased risk of
developing resistance against multiple ARV classes. Standard genotypic resistance testing
platforms relies fundamentally on Sanger sequencing platform, but it has been proved that
minor variants with a <20% prevalence that were undetected by Sanger sequencing would also
be clinically important.

In this study, we aimed to establish and validate an accurate next-generation sequencing (NGS)
platform with increased sensitivity in identifying drug-resistant quasispecies in order to ensure
a better disease progression control in HIV-1 patients.

Project design and target population

This study aimed to focus on HIV-1 patients under prolonged ARV therapy. In collaboration
with the Integrated Treatment Centre, Department of Health, a total of 181 longitudinal serum
samples were retrospectively available from 37 PIS/INRTIS/NNRTIs-experienced patients.
These patients were selected based on 1) the availability of treatment-natwve sample for
comparison or 2) required or might have failed subsequent deep salvage therapy. Partial pol
gene covering PR and RT genes, int gene and V3 loop of env gene was amplified by Polymerase
Chain Reaction (PCR) and were sequenced by Illumina platforms and analysed by DeepChek®,
with minor variant cut-offs set at 3%, 5% and 20%. The results were then compared to Sanger
sequencing results.

Main achievements

Among the 181 samples, valid sequencing was reported in 166/181 (91.7%) samples with an
average coverage of over 100,000X, which would be sufficient to detect drug-resistant
quasispecies below 5%. When compared to Sanger sequencing, NGS platform showed optimal
concordance when the mutation prevalence was at >60% for NNRTI/NRT]I, and >20% for PI.
More importantly, 5/37 patients were found to have early progression of NRTI/NNRTI or Pl
resistance as detected by NGS platform but were missed by Sanger sequencing platform. The
result was further supported by INI resistance identification study. A total of 13/166 specimens
(7.1%) from 7 patients were found to have mutations that could minimally reduce the
susceptibility towards INI. Of these 13 specimens, Sanger sequencing can only identify 6
specimens from 3 patients with INI resistance-related mutations with a prevalence of >20%,
which was consistent to previous study that Sanger sequencing can only provide accurate
reports on quasispecies species only when mutation prevalence was higher than 20%.



Conclusion

In summary, NGS platform demonstrated to be a much better platform in identifying minor
population. With the ability to pick up resistance-related mutations at an earlier stage at a lower
prevalence, NGS platform can significantly improves treatment prognosis and prediction of
resistance progression during highly active ART therapy. This allows a much better treatment
guidance and disease progression control.
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