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BACKGROUND

To compare transmitted HIV drug resistance rates across geographic regions
and times, the World Health Organization recommends the adoption of a
consensus genotypic definition of transmitted HIV-1 drug resistance. In
January 2007, we outlined criteria for developing a list of mutations for
drug-resistance surveillance and compiled a list of 80 RT and protease
mutations meeting these criteria (surveillance drug resistance mutations;
SDRMs). Since January 2007, several new drugs have been approved and
several new drug-resistance mutations have been identified. Based on the
same criteria, we analyzed publicly available sequences to update the list of
mutations for surveillance of transmitted drug-resistant HIV.

Criteria

1.Mutations should be commonly recognized as causing or contributing to
resistance.

2.Mutations should be non-polymorphic in untreated persons and should not
occur at highly polymorphic positions.

3.The mutation list should be applicable to the 8 most common HIV-1
subtypes.

4.The list should be short and unambiguous.

METHODS

Mutations causing or contributing to drug resistance

Mutations present on three or more of the following five expert lists were considered
to be recognized as causing or contributing to drug resistance:

1.ANRS drug resistance interpretation algorithm (2008.07),

2.HIVdb drug resistance interpretation algorithm (4.3.7),

3.1AS-USA Mutations Associated With Drug Resistance (March/April 2008),

4.Los Alamos National Laboratories HIV Sequence database (2007), or

5.Rega Institute Drug Resistance Interpretation Algorithm (7.1.1)

Identification of nonpolymorphic mutations

Some mutations occur commonly in the absence of drug selective pressure; these
could lead to falsely elevated estimates of transmitted resistance and were excluded
from our list. We defined nonpolymorphic mutations as mutations present at <0.5% in
ARV-naive individuals infected with subtypes for which >1,000 sequences were
available in our dataset and at levels >0.5% in no more than one subtype for which
fewer than 1,000 sequences were available. Nonpolymorphic mutations occurring at
polymorphic positions, defined as positions with mutations occurring at >1% in among
naive individuals infected with any subtype, were generally excluded. Exceptions
were made for major mutations that directly cause resistance.

HIV-1 Subtype Identification

Exclusion of rare mutations

We excluded rare drug-resistance mutations, defined as those

mutations present at a frequency below 0.5% among treated

individuals in the subtype having the highest prevalence of that

mutation. Because the number of isolates from treated persons for
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Table 2 Nucleoside RT
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We analyzed publicly available RT and Pl from d

individuals, with two exclusions:

1. Sequences from primarily infected persons in regions with high rates
of transmitted resistance.

2. Sequences with two or more mutations from the 2007 SDRM list
based on the premise that the mutations in such could
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RESULTS (CONT.)
« RT sequences from 11,586 RT inhibitor-naive individuals and
protease sequences from 15,220 Pl-naive individuals were publicly
available and met the criteria to be included the analysis dataset
(Table 1). More than 50% of both the RT and protease sequences
were from non-subtype B viruses.

« RT sequences from 14622 RT inhibitor-treated individuals and
protease sequences from 7819 PI-treated individuals were publicly
available and met the criteria to be included the analysis dataset.
Non-B sequences made up 25% of the analyzable RT sequences and

have resulted from previous selective drug pressure.

Analysis

1. We identified mutations present on > 3 lists and analyzed the
sequences from drug-naive individuals, within subtypes A, B, C, D,
F, G, CRFO1_AE, and CRF02_AG, for the frequency of those
mutations by subtype.

2. For each of the mutations from the previous analysis that met our
criteria for non-polymorphism or for non-occurrence at a highly

polymorphic position, we examined publicly available for
the frequency of each mutation among individuals reported to be
treated with the relevant drug class. Mutations that met the
criterion for rarity were excluded from the list.

3. We reached the final list through review of the results of the
analysis by a panel comprising the authors of this paper. Some
mutations that occurred as low-level polymorphisms among several
subtypes were further excluded for parsimony.

4. Finally, because many mutations on the resulting 2009 SDRM list
occurred among sequences of untreated individuals in the database
at a frequency greater than zero, we examined the fr ies of

o
sequences with one or more mutations on the 2009 SDRM list among
the sequences in the dataset from untreated persons, in order to
characterize potential over-estimation of transmitted resistance
that could occur using our list.

RESULTS

Table 1. Numbers of Reverse Transcriptase Inhibitor (RTI) and Protease Inhibitor (PI)-Naive
Persons from Whom Publicly Available Sequences Were Available for Analysis in 2006 anc
2008

Aset of 100 reference sequences was compiled by combining 65 repi e
group M sequences curated by the Los Alamos Sequence Database. An additional 35
samples were added to the dataset so that it would include three or more divergent
reference sequences for each pure subtype and many of the most common CRFs.
Neighbor joining trees were created from an alignment of each sequence with the
100 reference sequences. Sequences clustering within clades formed by subtypes A,
B,C,D, F, G, H, J, and K, and CRFO1_AE and CRF02_AG sequences were assigned to
that clade. Sequences grouping within clades CRF_03 to CRF_19 were assigned to
that clade unless the region spanned by the CRF mapped onto one of the pure
subtypes or CRFO1_AE or CRF02_AG, in which case the sequence was assigned to one
of these. Sequences that were not within a clade were assigned to the subtype or
CRF of the closest node. For the purposes of this study, we analyzed mutation
prevalence rates only within subtypes A, B, C, D, F, G, CRFO1_AE, and CRF02_AG.
CRF sequences and non-CRF recombinants that clustered with one of these eight
subtypes within protease and/or RT were also included

RTI-Naive Persons Pl-Naive Persons.
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Pos - amino acid position; AA - amino acid difference from consensus B;
Lists - Number of mutation lists with the mutation; New - mutations not present on the
2007 SDRM list; Maximum frequency among untreated- highest prevalence in untreated
persons in any of the 8 listed subtypes; Maximum frequency among treated - Prevalence
of the mutation in the subtype with the highest prevalence of the mutation among
treated individuals, provided the mutation s present in viruses from two or more
individuals. Underlined bold mutations are those with a prevalence >0.5% that were
included because the >0.5% prevalence occurs in only one subtype with fewer than 1000
sequences for analysis.

15% of the analyzable Pl sequences from treated persons

« Table 2 shows the updated list of 34 NRTI SDRMs at 15 RT
positions. The proportion of reportedly drug-naive individuals in the
dataset having one or more NRTI-associated SDRMs for each of the
eight subtypes is as follows: 0.2% in subtype G, 0.4% in subtype F,
0.6% in subtype C, 1.3% in CRFO2_AG, 1.4% in subtype A, 2.3% in
subtype B, B,2.4% in subtype D, and 2.9% in CRFO1_AE.

« Table 3 contains the updated list of 19 NNRTI SDRMs at 10 RT
positions. The proportion of reportedly drug-naive individuals in the
dataset with one or more NNRTI-associated SDRM for each of the
eight subtypes would be as follows: 0% in subtypes F and G, 0.4% in
subtype A and CRFO1_AE, 0.5% in subtype C, 0.5% in CRF02_AG, 0.6%
in subtype D, and 0.8% in subtype B.

« Table 4 contains the updated list of 40 PI SDRMs at 18 protease
positions. The proportion of reportedly drug-naive persons in the
dataset having one or more Pl-associated SDRMs for each of the
eight subtypes would be as follows: 0.4% in subtype D, 0.9% in
subtype C, 1.1% in subtype A, 1.1% in subtype B and CRFO1_AG, 1.1%
in subtype G, 1.2% in subtype F, and 1.5% in CRFO1_AE.

DISCUSSION AND CONCLUSIONS

« The 2007 WHO list of SDRMs was used in several published surveys
and has facilitated comparability of results and minimized
misclassification of transmitted resistance. The new list, based on
substantially more sequences, includes several new mutations.
Nearly twice the numbers of B and non-B sequences were analyzed
for the new list compared to the 2007 list analysis.

+ Among the 93 mutations on the 2009 SDRM list, three occurred at
a frequency >0.5% (in subtypes with fewer than 1,000 sequences)
and 46 occurred at a frequency between 0.1% and 0.5% in at least
one subtype. All lists of mutations used to define transmitted
resistance include mutations that are polymorphic to some degree;
their contribution to probable overestimates of transmitted
resistance should be acknowledge. Our list attempts to minimize
this contribution and other elements that could lead to inaccurate
estimations of transmitted resistance.




