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Abstract

Objectives

The feasibility of HIV genotyping at low-level viraemia (LLV) using an in-house assay in a
South African population was assessed and the prevalence as well as the clinical relevance of

drug resistance (HIVDR) in this population was determined.

Methods

We conducted an observational, retrospective, cohort study on patient samples with LLV
referred for routine HIVDR testing at a public sector Johannesburg laboratory from August
2017 to October 2018. Genotyping was performed using a nested RT-PCR assay. The
genotyping success rate was evaluated for different viraemia categories. HIV-1 drug resistance
analysis was done using Sanger sequencing and sequences were loaded onto the Stanford

HIVdb genotypic resistance tool (v 8.7) for drug resistance interpretation.
Results

Plasma samples from 159 HIV-1 infected, treatment-experienced adults with LLV were
analysed. The in-house assay performed well with an overall success rate of 78.6% (125/159,
95% CI 71.6—84.3). The prevalence of drug resistance mutations in the LLV cohort was 79.2%
(99/125,95% CI 71.2 — 85.4) with most patients (n = 109, 68.6%) on a PI-based regimen at the
time of genotyping. Of 123 sequences obtained, 73.6% (92/125) had >1 NRTI mutation while
70.4% (88/125) had >1 NNRTI mutation, Importantly, major PI mutations including M46I and

V82A were detected in 7.2% (9/125) of patients.



Conclusion

Current South African virological failure guidelines may keep patients on failing regimens for
longer than necessary. Our data suggests that genotyping at LLV is feasible and
implementation could result in earlier identification and referral of patients requiring third -

line regimens.
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Introduction

The rapid roll-out of antiretroviral therapy (ART) and the test and treat strategy has translated
to a significant decline in AIDS related mortality.! According to the 2017 South African
National HIV Prevalence, Incidence, Behaviour and Communication survey, 71% of adults
were on ART. ? This falls short of the UNAIDS 90-90-90 treatment goals, however it reflects
the rapid scale-up of ART as national policy aligned with the test and treat strategy advocated
by the WHO in 2016. * Thus, as more patients are enrolled in the ART programme, there will
be a corresponding need for monitoring tools, including increasing access to HIV-1 drug

resistance testing for patients failing therapy.

Current South African guidelines for adults, which were in line with WHO recommendations
at the time of the study, advocate a first-line regimen consisting of two nucleoside reverse
transcriptase inhibitors (NRTIs) and a non-nucleoside reverse transcriptase inhibitor
(NNRTI). * This is available as a daily fixed dose combination of tenofovir (TDF) with
emtricitabine (FTC) plus efavirenz (EFV). Second-line therapy is based on a boosted protease
inhibitor (PI) with two NRTIs. A rapid switch to a new regimen is recommended when
virological failure (VF) is confirmed after second line therapy i.e. when the viral load (VL)
exceeds 1000 copies/mL on two consecutive occasions while addressing adherence issues. *
Although the measurable aim of successful HAART is a suppressed VL, generally accepted at
a lower limit of < 50 copies/mL, guidelines in resource-limited countries recommend

genotyping at a much higher VL threshold of > 1000 copies/mL.

However, there is a subset of patients on ART presenting with a VL ranging from 50 — 999
copies/mL, who are not covered by these guidelines, thereby creating uncertainty amongst
healthcare providers. This range is generally termed low-level viremia (LLV). ® South African

National Department of Health viral load data (unpublished) for 2018 indicates that
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approximately 15% of patients have a VL between 50 — 999 copies/mL. Although the reported
prevalence of LLV varies worldwide® a recent observational cohort in South Africa
demonstrated that up to 23% of patients failing antiretroviral treatment presented with LLV,
defined as a VL between 50-999 copies/mL.” Data is sparse regarding the mechanisms for
LLV. However, drug resistance mutations (DRMs} in patients having lower viral loads may
be caused by continuous viral replication. ® Moreover, these patients are often retained on a
failing regimen resulting in increased transmission, accumulation of mutations and poorer

outcomes. ?-?

There is a concern regarding the inconsistency of successful genotyping at lower viral loads.
This is mainly due to lower template concentration in these samples. Many laboratories, in
order to provide a sensitive and cost-effective method of testing, have developed in-house
genotypic assays, which have achieved good genotyping success rates in samples with a

VL<1000 copies/mL. '*!3

Currently, there is a lack of data regarding HIV drug resistance testing in South African patients
with LLV and national policies do not address the management and monitoring of such
patients. In order to ensure the continued success of the ART programme in South Africa,
patients with LLV on a second-line Pl-based regimen may also require genotyping and referral

for a third-line regimen, should PI mutations be present.

Thus, the aim of our study was to assess the feasibility of genotyping at LLV using an in-house
assay and to determine the prevalence and clinical relevance of drug resistance in this

population.
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Patients and methods

Ethics

The study was conducted according to the Declaration of Helsinki and the Medical Research
council (MRC) guidelines and the study protocol was approved by the ethics committee of the

University of Witwatersrand, ethics number M171041.
Study design and collection of patient samples

This was an observational, retrospective, single centre, cohort study conducted at the National
Health Laboratory Service (NHLS) HIV Genotyping laboratory, Department of Molecular
Medicine and Haematology, Charlotte Maxeke Johannesburg Academic hospital (CMJAH),
South Africa. A cohort of 159 EDTA plasma samples with viral loads ranging from 51-999
copies/mL from HIV infected, treatment-experienced adults with LLV sent for routine drug
resistance testing at healthcare provider request were genotyped over a 13-month period from
15 August 2017 — 10 September 2018. There were no inclusion or exclusion criteria set for the

collection of these samples. Median time calculated from sample collection to centrifugation

and storage at -80°C was 2.5 days. A study published in 2016 reported the prevalence of DRMs

in South African patients with virological failure (i.e. VL >1000 copies/mL) as 72.1% for PI-
based regimens and close to 95% for NNRTI-based failures. *” To calculate the minimum
sample size, a power of 80% and an alpha of 5% (1-sided) with a zone of equivalence of -10%
was used to ensure that the study was powered to compare the prevalence of resistance in
patients with LLV compared to those presenting with VL =1000 copies/mL. LLV was defined
as a VL ranging between 50-999 copies/mL. Persistent LLV was defined as at least two
consecutive VL measurements between 50-999 copies/mL obtained in the last three months

prior to genotyping.
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HIV-1 drug resistance testing

HIV drug resistance testing was performed using a previously validated in-house protocol
applying a nested RT-PCR covering HIV protease (aa 1-99) and reverse transcriptase (aa 1-
251) genes. ' RNA extraction was automated and performed using NucliSENSeasyMAG
(bioMérieux, Marcy-I'Etoile, France) with an input of 500pL of plasma. Amplification and
sequencing of pol fragments from RNA using the Superscript III one-step Platinum Taq HiFi
RT-PCR system (Invitrogen, USA) was used to generate ¢cDNA and the first round PCR
product. This was followed by a nested PCR using the AmpliTaq Gold DNA Polymerase
(Invitrogen, USA). HIV-1 drug resistance analysis was done by sequencing the amplicon using
the BigDye® Terminator v3.1 cycle sequencing kit, as per manufacturer’s instructions.
Extraction and RT-PCR procedures were repeated once for samples that could not be amplified
or sequenced after the first attempt. Partial pof gene sequences were assembled and manually
edited using Sequencher version 4.7 (Genecodes, MI, USA} or RECali (British Columbia’s
Centre for Excellence in HIV/AIDS Research). MEGA 5.05, version 7 (January 2016)
programme was used to align sequences and construct a phylogenetic tree to identify duplicate
sampling from the same individual. The HIV drug resistance sequences (FASTA) were loaded
onto the Stanford HIVdb v8.7 genotypic resistance system

(http://hivdb.stanford.edu/index.html} to generate a resistance report. The prevalence of

resistance mutations in samples from adult patients referred over the same period with a VL

=1000 copies/mL was then determined to provide a comparison with the LLV cohort.

An initial (phase A) study was performed from 15 August to 27 October 2017 to evaluate and
test a lower limit of detection for the in-house genotyping protocol. Genotyping success rate
was determined for VL categories 51-200, 201-400 and 401-999 copies/mL. During the second
study phase (28 October 2017 to 10 September 2018) only those samples that fulfilled the lower

limit as determined during the phase A study were genotyped and included in determining the
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overall genotyping success rate in patients with LLV. In order to assess the clinical relevance
of sequencing data, demographic data (age and gender) and HIV-related information (previous
VLs, ART regimen at the time of testing and duration of therapy) were extracted from
laboratory request forms and the Laboratory Information Systems (TrakCare, v 2.5, 2015) for

further analysis.

Statistical analysis

GraphPad Prism version 8.2.1, Avgust 20, 2019 was used to analyse the data. Frequency tables
and percentages were reported for categorical variables while continuous variables were
summarised using median and interquartile range (IQR). Associations between VL categories,
persistent LLV and resistance were tested using two-sided Fisher’s exact test considering a p-
value of <0.05 as statistically significant. A relative risk ratio was used to compare the risk of
resistance in patients with VLs > 1000 copies/mL with those patients experiencing LLV. The

modified Wald method was used to calculate confidence intervals at 95%.

14



Results

Genotyping success

Table 1 indicates the number of samples tested and the relative amplification rates within the
specified viral load ranges. In phase A, the initial success rate increased from 45.5% (10/22)
for the lowest VL range to 85.7% (12/14) for the middle range and 82.6% (19/23) for samples
with a VL between 401 and 999 copies/mL (Figure 1). Based on these results the limit of
detection was set at 200 copies/mL. An additional 36 samples with a VL between 201-400
copies/mL and 64 samples with a VL between 401-999 copies/mL were tested in a phase B
study, resulting in a success rate of 83.9% (115/137). Combining success rates from phase A
and phase B, the assay performed well with a success rate of 78.6% (125/159,95% CI1 71.6 -

84.3).

Study population

Data from 159 patients with low-level viremia referred for genotyping were collected for final
analysis. All patients were ART-experienced at the time of genotyping. The median age of the
patient cohort was 44 years (IQR 35 - 51), of whom more than half (52.8%) were female. The

median viral load at the time of genotyping was 463 copies /mL (IQR 247 - 682). Most patients
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(n = 109, 68.6%) were on a Pl-based regimen at the time of genotyping consisting of either
ritonavir-boosted lopinavir (LPV/r, 89.0%, n=97) or atazanavir (ATZ/r, 11.0%, n=12).
Eighteen patients were on a NNRTI-based regimen (16.5%) while 2 patients were on an
integrase-based (InSTI}, third- line regimen (1.8%). For thirty (27.5%) patients, no data on

ART regimen was available.

Of the patients referred for genotypying with LLV, 21.4% (34/159) had persistent LLV (pLLV)
while the majority (74.2%, 118/159) experienced a single episode of LLV (sLLV). Viral load
history was missing for 4.4% (7/159). When examining the trend in viral load progression,
94.9% (112/118) patients with sLLV demonstrated a declining trend in viraemia levels
compared to 44.1% (15/34) with pLLV. Samples that failed amplification (n=32) were
excluded when assessing the prevalence of resistance in the two groups. Linking the association
of resistance to pLLV, 72.0% (18/25) of patients with pLLV had DRMs compared to 81.1%

(77/95) of patients with sSLLV; however, this result was not statistically significant (p=0.406).

Overall, 125 sequences were analysed for HIV-1 drug resistance. All sequences were HIV-1
subtype C. The prevalence of DRMs in the LLV cohort was 79.2% (99/125, 95%CI 71.2%

85.4%) with 70.0% of patients in the VL category 201-400 copies/mL having > | DRM (Figure
1). Over the same period the prevalence of resistance in adult patients referred for genotyping
with a VL > 1000 copies/mL was 82.9% (1338/1614). The latter group was subdivided by viral

load category and the proportion of resistance in each category was analysed (Figure 2).

Using Fisher’s exact test when comparing samples with LLV at genotyping and those samples
with VL > 1000 copies/mL, there was a statistically significant association between viral load
and DRMs (p=0.033). The data was then used to estimate relative risk (RR) of resistance for
each category of viral load, using the LLV group (VL < 999 copies/mL) as the reference (Table

2). Compared to the LLV group, all VL categories > 1000 copies/mL had a slightly higher risk
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for resistance except for those with the highest levels of viraemia. However, this risk was not

statistically significant.
Mutation analysis

At the time of genotyping, 73.6% (92/125) of patients had =1 NRTI mutation. By far, the most
commonly detected NRTI mutation was M 184V (66.4%), followed by K65R (12.8%) (Figure
3). Thymidine analogue mutation (TAM) prevalence was low: 11.2% of patients had >1 TAM
while 7.2% had =3 TAMs. Of note, 2 patients had the Q151 M complex mutation coupled with
K65R, indicating multinucleoside resistance. Although only 16.5% of patients experiencing
LLV were known to be on a NNRTI based regimen at the time of genotyping, 70.4% (88/125)
had =1 NNRTI mutation, the two most common being K103N (40.8%) and V106M (20.0%)
(Figure 4). Major PI mutations were detected in 7.2% (9/125) of patients with LLV. Of these,
seven had triple class resistance with a Stanford score of >15, while two had dual NRTI/PI
resistance, The most common PI mutations were M46I (n=5) and V82A (n=5) (Figure 5). Of
the patients with PI resistance, seven were on a LPV/r regimen while two were on an InSTI-
based third-line regimen at the time of genotyping. According to current South African
guidelines all seven patients would require referral for a third-line regimen. High level
resistance to LPV/r was observed in four patients, while three had intermediate resistance. No
patient had high level resistance to darunavir, however one patient on a third-line regimen had

intermediate darunavir resistance.
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Discussion

To our knowledge, this is the first South African study examining the feasibility and clinical
relevance of genotyping at LLV. During phase A of the study the lower limit of detection for
the genotyping assay was set at 200 copies/mL, achieving an overall success rate of 83.9% for
samples with HIV-RNA between 201-999 copies/mL. Thus, although this success rate is lower
than the > 95% amplification rate achieved with the previously validated in-house assay for
samples > 1000 copies/mL, we achieved a fairly high genotyping success rate from samples

with relatively low copy numbers.

Similar success rates have been reported when genotyping samples with LLV, depending on
the population, the design of the study and the assay used. '*'® Some genotypic assays require
a high plasma input volume of >1mL to genotype samples < 1000 copies/mL, '*2° however our

study was successful using a plasma input of 500pL.

Genotyping at low level viremia in the South African setting is important as it has been shown
that this event occurs frequently 7 and may increase with a maturing ART programme. Data
suggests that these viraemic patients even at lower viral loads, are at risk for virological
rebound and treatment failure. '''22'22 In addition, an unsuppressed viral load will continue to

pose an, albeit smaller, transmission risk.
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Although the association between viral load and prevalence of DRMs was significant when
comparing patients with LLV (79.2%) to those with VL > 1000 copies/mL (82.9%), this may
be attributable to the much larger population size of the latter group (125 versus 1614).
However, other studies in higher income settings have reported lower DRM rates in patients
with low-level viraemia ranging from 17 — 72%, depending on the population studied and the
time of genotyping. '''"7'® When patients were subdivided into viral load categories and
compared to the LLV group, the highest prevalence of DRMs were seen in the 1¢ 000 — 99 999
copies/mL category (87%) which may be explained by the high rate of viral replication coupled
with sufficient drug pressure to select for DRMs in this group of patients. Importantly,
however, the risk of resistance in patients with VL > 1000 copies/mL did not differ significantly
from those with LLV which suggests that genotyping at LLV would be both valuable and

informative. 10-12:18.23

Persistent LLV has been linked with an increased risk of both virological failure ¢ and
accumulating additional mutations over time. '*** Although the prevalence of DRMs were
higher in patients with a single episcde of LLV (81%} versus patients with persistent LLV
{(72%), this difference was not statistically significant. Patients with higher VLs preceding the
episode of LLV may have been predisposed to developing more DRMs due to uncontrolled
viral replication, which could have been impacted by the infrequent VL monitoring and drug
resistance testing in the South African public sector. *3 The lower prevalence of DRMs in
patients with persistent LLV may reflect adherence problems in this group and although the
mechanisms of LLV are still uncertain, patients with LLV have been shown to have decreased
antiretroviral drug concentrations. >* Moreover, as this was a retrospective study, the risk of

developing new mutations in patients with persistent LLV could not be assessed.

All patients with LLV in this study were HIV-1 subtype C which is the predominant circulating

subtype in South Africa and accounts for nearly fifty percent of HIV-1 infections worldwide. %°
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Recently, LLV has been associated with non-B subtypes in HIV-1 infected patients on
HAART. % However, published literature on resistance mutations associated with LLV is
largely from higher income countries where HIV-1 subtype B predominates and where VL
monitoring is more frequently performed. Thus, further studies including low to middle-
income settings would be informative regarding the development of mutations at LLV in

patients with subtype C and the clinical impact thereof.

Drug resistance mutations (DRMs) were prevalent in patients with LLV at the time of
genotyping: 73.6% and 70.4% had >1 NRTI mutation and =1 NNRTI mutation respectively.
However, 7.2% of patients had major PI mutations which is lower than the 16.4% prevalence
of PI mutations in South African patients failing a PI-based regimen reported in a national
survey in 2016. ¥ Nevertheless, it is more than the 2.6% of PI resistance found in patients with
LLV not responding to a Pl-based regimen, reported in a recently published Kenyan study. 28
Because the development of PI resistance is usually a late occurrence, this lower prevalence in
patients with LLV may reflect the fact that DRMs in patients with virological failure are
accumulating over a longer period. Furthermore, the declining trend in viral loads for patients
experiencing a single episode of LLV (94.9%) seems to suggest that many patients with LLV
are likely to achieve viral suppression on subsequent testing. However, the clinical significance
of identifying these mutations early in patients with LLV needs to be emphasised. Without
genotyping, these patients would likely remain on a failing regimen with a risk of accumulating

DRMs and a negative impact on morbidity, mortality and future treatment options.

The limitations of this study include its relatively small sample size and the retrospective study
design. However, as national guidelines do not recommend genotyping at LLV, clinicians do
not routinely refer such patients for HIV drug resistance testing. As this was a retrospective
observational analysis, data was often unavailable especially with respect to current and

previous ART exposure and duration of treatment. Reproducibility would be desirable for
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future investigation especially at lower levels of viremia as variable results were observed on
repeat testing of samples in the VL 200-400 copies/mL category (data not shown).
Furthermore, due to its descriptive nature, our findings may not be applicable across all
settings. However, the concepts illustrated may provide a useful tool in guiding the decision to
genotype at LLV even in high income countries. Finally, the Sanger sequencing method was
used for genotyping which does not account for minority viral variants with HIV-1 DRMs.
However, next generation sequencing is currently not used as a diagnostic tool in the South

African public sector.

In conclusion, current national South African virological failure guidelines may actually be
keeping patients on failing regimens for longer than clinically advisable. We have
demonstrated that HIV drug resistance testing at LLV is feasible and implementation could

result in earlier identification and referral of patients requiring third- line regimens.
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Tables and Figures

Table 1: Success rates of resistance testing at low level viremia

No. of
samples
tested

2

14

36

50

23

64

Viral Load
Range
(RNA
copies/mL)
51-200 Phase
i A
201-400 Phase
A
Phase
B
Total
Phase
401-999 A
Phase
B
Total

TOTAL

87

159

No. of
samples
successful

12

31

43

19

53

72

125

Success
rate
(%)

455%

85.7%

86.1%

86.0%

82.6%

82.8%

82.8%

78.6%

95% CI

26.9-65.4

73.5-934

734-894

71.6 - 84.3
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Table 2: Relative risk of resistance by HIV viral load category

Risk factor

HIV viral load category

{Reference < 999 copies/mL)

Total VL > 1000 copies/mL

1 000-9 999 copies/mL

10 000-99 999 copies/mL

100 000-1 000 000 copies/mL

> 1 000 000 copies/mL

Risk ratio (95% CI)

1.05 (0.95 - 1.15)

1.07 (0.96 - 1.18)

1.09 (0.99 - 1.20)

1.02 (0.92 - 1.12)

0.93 (0.80-1.07)

p value

0.334

0.223

0.068

0.740

0.283
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401-999 cp/mL
(n=87)

201-400 cp/mL
(n=50)

51-200 cp/mL
(n=22)

0% 20% 40% 60% 80% 100%

®2]DRM ®success rate

Fig 1: Assay success rate and proportion of LLV patients with 2 1 DRM stratified by
viral load category
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50-999 1000 - 9 999 10 000 - 99 599 100 000 - 1 000 000 > 1 000 000
n=125 n=295 n=588 n=611 n=120

®resistance  ®no resistance

Fig 2: Distribution of patients and proportion of resistance by viral load category
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Fig. 3 Prevalence of NRTI mutations in patients with low level viremia
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Any NNRTI mutation
K238T
F227L
P225H
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Fig. 4 Prevalence of NNRTI mutations in patients with low level viremia.
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Fig 5. Prevalence of major PI mutations in patients with low level viremia
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1. LIST OF ABBREVIATIONS

HIV
ART
WHO
UNAIDS
DRM
DR
NRTI
NNRTI
TDF
3TC
FTC
EFV

Pl

VF

VL
LLV
HAART
PCR
RNA
EDTA
c¢cDNA
aa

CD4

Human Immunodeficiency Virus
antiretroviral therapy
World Health Organisation
the Joint United Nations Programme on HIV/AIDS
drug resistance mutation
drug resistance
nucleos(t)ide reverse transcriptase inhibitor
non-nucleosit)ide reverse trancriptase inhibitor
Tenofovir
Lamivudine
Emtricitabine
Efavirenz
Protease inhibitor
virological failure
viral load
low-level viremia
highly active antiretroviral therapy
polymerase chain reaction
Ribonucleic acid
Ethylene-Diamine-Tetra-Acetic acid
complementary DNA
amino acid

Cluster of differentiation
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2. BACKGROUND

There are currently over seven million people that are infected with HIV in South Africa (1).
It has been more than 30 years since the discovery of the virus and, still, we do not have a
vaccine to prevent infection, nor do the available drugs cure the disease. However, a notable
success in the fight to prevent transmission has been the widespread scale-up of antiretroviral
therapy (ART) delivery. This has translated to a significant decline in AIDS related mortality
in Southern Africa by improving the health of individual patients so that HIV is now a chronic,
manageable infection (2). In September 2016, the South African government adopted the
Universal Test and Treat Strategy advocated by the World Health Organization (WHO), which
aims to provide ART to all adults and children infected with HIV regardless of CD4 count. By
2016, 56% of people living with HIV in South Africa were accessing ART (2). This is a stride
towards achieving the UNAIDS 90-90-90 treatment goals which are that 90% of people
infected with HIV should be tested, 90% of those tested should be on ART and 90% of those

on ART should be virologically suppressed (3).

HIV is a genetically variable virus (4). Should ART not completely suppress viral replication,
the emergence of drug resistance mutations (DRMs) is much more likely. Because of this
inherent variability, naturally occurring drug-resistant viruses can replicate in untreated
patients. However, most variants do not become detectable because they are weaker than wild-

type or drug susceptible viruses when there is no selective drug pressure (5).
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There are two main facets to drug resistance (DR). The first is transmitted drug resistance,
which is drug resistance in a treatment naive individual. Recent data from a national survey in
South Africa from 2013-2014 found a 9% drug mutation prevalence among patients not yet
initiated on an ART regimen (6). The second is the much more commonly found acquired drug
resistance while on ART (7). During the early era of ART there was a rapid evolution of drug
resistance as regimens consisted of only one or two active drugs (8). Since the late 1990’s
highly active antiretroviral therapy (HAART) consists of three active drugs to target the virus,
thereby significantly decreasing the development of resistance (9). However, the risk of
acquired drug resistance is related to the time that a patient has been on ART. Thus, the longer
a patient has been on treatment and on a failing regimen, the more likely it is that DRMs will

develop (10},

Current South African guidelines (11) for adults recommend a first-line regimen based on a
backbone of two nucleoside reverse transcriptase inhibitors (NRTIs) and a non-nucleoside
reverse transcriptase inhibitor (NNRTI). This is available as a daily combination of tenofovir
(TDF) with lamivudine (3TC) or emtricitabine (FTC} plus efavirenz (EFV). Second-line
therapy is based on a boosted protease inhibitor (PI) with two NRTIs. A rapid switch to a new
regimen is recommended when virological failure (VF) is detected, Treatment failure is defined
as a confirmed viral load (VL) >1000 copies/mL in two measurements taken two to three
months apart. The initial VL >1000 copies/mL should be managed by intensive adherence

counselling.

The expansion of ART coverage, the use of NNRTI drugs which have a low genetic barrier to
resistance and poor adherence to ART regimens, may all contribute to the emergence of early

drug resistance mutations, particularly with more patients being kept longer on failing
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regimens. For example, in a global assessment of drug resistance in patients failing a TDF-
containing first line regimen, the TenoRes study group found a high proportion of drug

resistance across low and middle-income regions (12).

In order to ensure the success of the ART programme, it is vital to monitor the emergence of
ART resistance. This is important both for the individual patient and from a public health
perspective. For example, in 2013, Hosseinipour et al found that in patients who had detectable
HIV RNA at 12 months, HIV drug resistance was identified in 60%-72% and in addition, 22%
of patients on second-line therapy did not achieve RNA suppression by ¢ months (13). This
highlights the need for drug resistance testing, especially in resource-limited settings where
costlier drugs may not be readily available and advancing disease may be caused by viruses

that are resistant to treatment.

The measurable aim of successful ART is suppression of viral replication to below the limit of
detection of currently available diagnostic assays. This has been validated previously in varions
clinical trials and is generally defined as HIV-1 RNA <50 copies/mL, although there is a range

of <40-75 copies/mL based on different platforms (14).

Drug resistance testing can be genotypic or phenotypic. Standard genotypic tests have been
based on dideoxyterminator Sanger sequencing of the HIV protease, reverse transcriptase
and/or the integrase genes against a reference HIV DR mutation database. Currently there is
only one genotypic commercial assay, the ViroSeq HIV-1 Genotyping System, which has FDA

approval. This assay recommends genotyping at a VL of 2000 copies/mL (15).

However, there is a subset of patients on ART, in whom VL levels range from 50-1000
copies/mL. Sustained low level viremia (LLV} is generally defined as a detectable VL <1000
copies/mL for more than 6 months while on ART (16). Sustained LLV differs from intermittent

LLV, known as “blips”, which has a low risk of disease progression and accumulation of drug
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resistance mutations (17). Data is sparse regarding the mechanisms for LLV; however, drug
resistance mutations in patients experiencing VF may be caused by continuous viral replication
(5). Patients with persistent LLV appear to be at increased risk for resistance and virological
failure compared with patients who have HIV-1 RNA levels <50 copies/mL (18). Similarly, a
Canadian study found that drug resistance in patients with LLV is strongly associated with
subsequent virological failure (19). Li and colleagues evaluated the emergence of drug
resistance and the clinical significance thereof during periods of LLV and found that in patients
with >2LLYV episodes, 44% accumulated additional resistance mutations (20). Recently, a large
South African study, concluded that LLV was associated with an increased risk of ART failure
in patients maintained on HAART (21). These studies suggest the need for early genotyping
and intervention in order to improve clinical outcomes. However, these findings are in contrast
to an earlier study which did not demonstrate adverse virological or immunological cutcomes

in patients with LL.V (22).

Delaguerre and colleagues suggest that sustained LLV episodes are associated with DRMs
across drug classes (23). This means that effective ART options for such patients would be
limited. This is especially important for low and middle-income countries such as South Africa.
In clinical trial subjects on first line ART with LLV, de nove DRMs were detected in 37% of
cases (24). Analogously, in the UK, major resistance mutations were found in samples with
HIV-1 RNA <1000 copies/mL (25). Thus, under selective pressure, mutations may occur early,
following treatment failure. In a European multicentre cohort study, genotyping samples with
VL<1000 copies/mL identified early antiretroviral drug resistance which may assist in guiding
the future management of these patients (26). This highlights a need to develop techniques that

allow the detection of DRMs in patients with LLV.

There is a concern however, regarding the inconsistency of successful genotyping at LLV. This

is mainly due to a reduced template present in these samples. Even though British HIV
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Association guidelines advise antiretroviral drug resistance testing at VL >500 copies/mL, an
audit done in 2008 revealed that many laboratories in the UK were performing genotypic
resistance testing at VL 50-500 copies/mL, using either the Viroseq assay or an in-house
method (27). In 2006, Mitsuya and colleagues were able to sequence virus from 49 of 50
samples with a VL< 75copies/mL, challenging the notion that genotyping in samples with LLV
is unreliable (28). Recently, a sensitive and reliable PCR protocol for HIV drug resistance
testing was described using samples with low level viremia by means of a nested PCR approach
in which all samples were successfully amplified except for those with a VL <100 copies/mL

(29).

Many laboratories, in order to provide a sensitive and cost-effective method of testing, have
developed in-house genotypic assays. In 2014, two papers were published which described in-
house methods to successfully genotype samples with HIV-1 RNA of 50-1000 copies/mL
(30)(31). The success rates for amplification and genotyping in these studies were 96.4% and
88% respectively. Both studies showed multiple resistance mutations to drugs across different
classes in patients with LLV. Importantly, the study by Gonzalez-Serna et al showed that the

detection of acquired drug resistance was predictive of subsequent treatment failure.

According to national guidelines, genotypic testing in South Africa is only recommended for
patients failing a Pl-based regimen (11). This is in contrast to high income countries such as
the United Kingdom where resistance testing is done at entry into care in order to guide

treatment selection and later, upon virological failure (32).

Following adherence counselling, patients on any antiretroviral regimen with LLV generate
uncertainty among health care professionals. Resistance testing in this instance will assist in

guiding the choice of drug regimen and may prevent adverse treatment outcomes.
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Therefore, the aim of my study is to assess the genotypic success rate and clinical relevance of
samples with LLV from patients on HAART, referred for genotyping, using a nested in-house

RT-PCR assay.

An initial validation was performed to evaluate and test a lower limit of detection for the in-
house protease/reverse transcriptase genotyping protocol at the Charlotte Maxeke
Johannesburg Academic Hospital Genotyping Laboratory. The in-house protease/reverse
transcriptase assay performed well for samples with an HIVVL range between 401 and 999
copies/mL with an overall success rate of 80%. Good reproducibility was shown for three
samples tested in 5 replicates. In addition, six samples with prior sequencing data showed good
correlation between sequences that were obtained when the HIVVL was high compared to the
low-level viremia samples. Based on these criteria the new lower limit of detection of this assay

is 400 copies/mL.
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3. AIM AND OBJECTIVES

Aim: To assess the genotypic success rate and clinical relevance of samples with LLV from

patients on HAART referred for HIV drug resistance testing.

Objectives :

I.  To establish the overall proportion of samples that can be successfully genotyped at

LLV using the new lower limit of detection of the in-house genotyping assay.

II. To calculate the prevalence of DRMs in patients with LLV and to compare the
prevalence of DRMs in samples with LLV with samples which had a VL

>1000copies/mL over the same period.

III. To analyse the sequence data obtained in order to understand the clinical relevance of

LLV in a cohort of South African patients referred for HIV drug resistance testing
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4. METHODS

4.1 Study Design

This will be an observational, retrospective, cohort study

4.2 Setting

The study will be conducted at the HIV Genotyping laboratory, Department of Molecular

Medicine and Haematology, Charlotte Maxeke Johannesburg Academic hospital

4.3 Study population

The genotypic success rate will be evaluated in samples with LLV sent for routine drug

resistance testing at healthcare provider request.
LLV was defined as detectable HIV-1 RNA level between 50-999 copies/mL.

A cohort of samples was selected with LLV that were genotyped over a 14-month period from
15 August 2017 — 10 October 2018 (n = 124). These were plasma samples from HIV-infected,

treatment-experienced adults, taken from EDTA whole blood.

4.4 HIV-1 RNA Extraction and resistance analysis

HIV drug resistance testing was performed using a previously validated in- house protocol

using a 2-step (nested) RT-PCR. This assay is presently used for routine patient samples at the
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HIV genotyping laboratory at CMJAH. Samples were tested according to the standard testing

procedure in the laboratory which is as follows:

RT-PCR is used to generate complementary DNA (cDNA) and subsequently amplify and
sequence HIV protease (aa 1-99) and reverse transcriptase (aa 1-251) genes. The obtained

sequence can identify drug resistance mutations present in these genes.

RNA extraction is automated and is performed ﬁsing NucliSENSeasyMAG(bioMerieux) with
an input of 500ul of plasma. Amplification and sequencing of pof fragments from RNA using
the Superscript 11T one-step Platinum Taq HiFi RT-PCR system (Invitrogen, USAY} is used to
generate cDNA and the first round PCR product. This is followed by a nested PCR using the
AmpliTaq Gold DNA Polymerase (Invitrogen, USA). HIV-1 drug resistance analysis is done
by sequencing the amplicon using the BigDye® Terminator v3.1 cycle sequencing kit, as per

manufacturer’s instructions.

Partial po! gene sequences are assembled and manually edited using Sequencher version 4.7
(Genecodes, MI, USA) or RECall (British Columbia’s Centre for Excellence in HIV/AIDS

Research)

The HIV drug resistance sequences (FASTA) will be loaded onto the Stanford HIVdb
genotypic resistance system (http://hivdb.stanford.edu/index.html). The Stanford algorithm

(version 8.7) will be used to generate a resistance report.

4.5 MEASUREMENTS:

Sample data will be gathered as follows:
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Date of sampling

Final result of sequencing

Nucleotide sequences obtained

Mutations found in each sequence

In addition, DRMs present in samples referred over the same period with VL>1000copies/mL

will be analysed to provide a comparison with the LLV cohort.

Samples will be stratified into 3 groups according to the plasma viral load at LLV (51-199,

200-399 and 400-999 copies/mL) and the overall success rate of genotyping will be calculated.

In order to assess clinical relevance of sequencing data, demographic data (age and sex) and
HiV-related information (previous VLs, ART regimen at the time of testing and duration of
therapy) will be extracted from laboratory request forms and the Laboratory Information

Systems (TrakCare) for further analysis.

MEGA 5.05 programme will be used to align sequences and construct a phylogenetic tree to

identify duplicate sampling from the same individual.

5. STATISTICAL ANALYSIS

Statistical evaluation will be undertaken together with the Biostatistics Unit of the Faculty of
Health Sciences, University of Stellenbosch. Descriptive analysis using frequencies,
proportions and 95% confidence intervals will be used to summarise categorical variables,

while means and standard deviations will be used to summarise continuous variables. The
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prevalence of DRMs in South African patients with virological failure (i.e. VL >1000
copies/mL) was reported as 72.1% for PI-based regimens and close to 95% for NNRTI-based
failures (33). To calculate the minimum sample size for LLV, a power of 80% and an alpha of
5% (1-sided) with a zone of equivalence of -10% was used. This will lead to a comparison of
the DRM prevalence in the LLV patient cohort with samples with VL >1000 copies/mL
followed by an explanatory analysis of genotyping results for samples with LLV. The

minimum sample size necessary would thus equal approximately 55 samples.

6. FUNDING

This study will not require any additional funding as it will be a retrospective analysis of data

from samples sent for routine testing. There are no major expenses involved.

7. ETHICAL CONSIDERATIONS

The study will be conducted according to the Declaration of Helsinki and the Medical Research

council (MRC) guidelines.

Patient privacy will be respected. No personal identifiers will be presented. Personal
information will only be available to the primary investigator and study promoter. The study
protocol has been approved by the University of Witwatersrand, Faculty of Health Sciences
Ethics Committee, number M171041. We aim to publish the resulting manuscript in a peer-
reviewed journal. Data will be used for our laboratory to establish a new lower limit of HIV-
1 RNA at which drug resistance can be detected and the clinical relevance of genotyping at

LLV.
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8. TIMING
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