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Objectives: Monitoring regional levels of transmitted HIV-1 resistance informs treat-
ment guidelines and provides feedback on the success of HIV-1 prevention efforts.
Surveillance programs for estimating the frequency of transmitted resistance are being
developed in both industrialized and resource-poor countries. However, such programs
will not produce comparable estimates unless a standardized list of drug-resistance
mutations is used to define transmitted resistance.

Methods: In this paper, we outline considerations for developing a list of drug-
resistance mutations for epidemiologic estimates of transmitted resistance. First, the
mutations should cause or contribute to drug resistance and should develop in persons
receivingantiretroviral therapy. Second, the mutations should not occuras polymorphisms
in the absence of therapy. Third, the mutation list should be applicable to all group M
subtypes. Fourth, the mutation list should be simple, unambiguous, and parsimonious.

Results: Applying these considerations, we developed a list of 31 protease inhibitor-
resistance mutationsat 14 protease positions, 31 nucleoside reversetranscriptase inhibitor-
resistance mutations at 15 reverse transcriptase positions, and 18 non-nucleoside reverse
transcriptase inhibitor-resistance mutations at 10 reverse transcriptase positions.

Conclusions: This list, which should be updated regularly using the same or similar
criteria, can be used for genotypic surveillance of transmitted HIV-1 drug resistance.
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Introduction

HIV-1 drug resistance can be acquired (developing in a
person receiving antiretroviral treatment) or transmitted
(occurring because a virus with drug-resistance mutations
was transmitted to a drug-naive person; Fig. 1). Although
both acquired and transmitted HIV-1 drug resistance are
public health concerns, transmitted resistance has the

potential to more rapidly reverse the effectiveness of first-
line antiretroviral therapy at the population level. Persons
with transmitted drug resistance begin antiretroviral
therapy with a lower genetic barrier to resistance, a higher
risk of virologic failure, and a higher risk of developing
resistance even to those drugs in their regimen that were
originally fully active [5,10—12]. Surveillance of trans-
mitted resistance can supply information to support public
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Primary or transmitted drug resistance: Drug resistance in previously untreated persons.
Because drug resistance seldom occurs without drug exposure, primary drug resistance implies
that a virus with drug resistance mutations was transmitted either directly, or through one or more
intermediates, from a person with acquired drug resistance. Previously untreated persons include
drug-naive persons with laboratory evidence for recent infection (e.g. within the preceding 6 to

18 months depending on the particular study); newly diagnosed with infection of uncertain
duration; and previously diagnosed with infection of uncertain duration. Primary HIV-1 infection
should be distinguished from primary drug resistance. In the first case, ‘primary’ is used to describe
persons who have recently been infected. In the second case, ‘primary’ is used to describe persons
with transmitted resistance.

Acquired or secondary drug resistance: Drug resistance developing in a person who has
received antiretroviral therapy. Acquired drug resistance results from the generation of genetic
variation in the population of viruses within a person followed by the selection of drug-resistant
variants during therapy.

Mutation: Because HIV-1 is highly variable, there is no standard wild-type strain. Therefore for
drug-resistance studies, mutations are defined as amino acid differences from one of several wild-

type reference sequences. The most commonly used reference sequences are of the laboratory

viruses HXB2 and NL43 and a consensus reference sequence comprising the most common

amino acid at each position in wild-type subtype B viruses (subtype B consensus). These

sequences are nearly identical, differing at only a few amino acids not involved in drug

resistance. The use of subtype B sequences as reference sequences is based on historical precedence.

Polymorphism: Polymorphisms are mutations occurring frequently in viruses not exposed to selective
drug pressure. A nonpolymorphic mutation is one that does not occur in the absence of therapy.
No frequency cut-off has been proposed to distinguish polymorphic from nonpolymorphic positions.

Electrophoretic mixture: The presence of more than one fluorescent peak at the same position in a
dideoxynucleoside sequence indicates that two populations of viruses with different nucleic acids at the
same position are each present in large enough proportions (> 10-20%) to be detected by sequencing.

T215 revertants: The nucleoside reverse transcriptase (RT) inhibitor-resistance mutations,

T215Y/F evolve from T by acquiring two nucleotide mutations: ACT/C (T) — TAT/C (Y) or

TTT/C (F). Patients primarily infected with strains containing T215Y/F often develop viruses

with partial reversion mutations at this position [1-3]. T215C/D result from the back mutation of

TAT/C (Y) to TGT/C (C) or GAT/C (D). T215I/V result from the back mutation of TTT/C (F) to ATT/C (l)
or GTT/C (V). T215S (TCT/C) may result from back mutation of either TAT/C (Y) or TTT/C (F).

T215E (GAA/G) requires two changes from T215Y (TAT/C) or one change from the common revertant
T215D (GAT/C). Although most of the revertant mutations do not reduce nucleoside susceptibility
(data for T2151/V are not available), they have been associated with an increased risk of virologic failure
to a new treatment regimen [4]. The T215 revertants are also among the most common mutations
observed in viruses from previously untreated persons, occurring in about 3% of such patients [5-9].

Fig. 1. Definitions of terms relevant to the epidemiology of drug resistance.

health bodies in designing education and prevention
programs to minimize the development and transmission
of drug-resistant viruses, and to support the rational use of
antiretroviral drugs by treatment programs, clinicians and
policy makers [WHO HIV Drug Resistance Surveillance
Programme (V. 07-08-05), unpublished].

In Europe, North America, and Brazil, prevalence studies
generally performed in specialist clinical centers have
reported prevalences of drug resistance ranging from 5 to
15% in newly diagnosed persons and 10 to 25% in acutely
infected persons (reviewed in [12,13]). However, it has
been difficult to compare national, regional, and local
estimates of transmitted resistance because of differences
in study design and because estimates have been based on
different lists of resistance mutations [13]. As antiretroviral
treatment and surveillance programs are now beginning
in many resource-limited countries, it is particularly
important to develop a standard list of mutations to
characterize the epidemiology of transmitted resistance

[WHO HIV Drug Resistance Surveillance Programme
(V. 07-08-05), unpublished].

This paper summarizes the points to be considered
when selecting mutations for epidemiologic studies.
Mutations should be commonly recognized as causing or
contributing to resistance, should be nonpolymorphic in
untreated persons, and should be applicable to all HIV-1
subtypes. Furthermore, the list should be relatively short:
inclusion of a large number of mutations, particularly rare
mutations, would unnecessarily complicate surveillance
efforts and would decrease the uniform acceptance and
widespread adoption of a standard list. In this review of
the considerations for choosing drug-resistance mutations
for the epidemiology of transmitted HIV drug resistance,
we use publicly available data on the associations between
genotype and antiretroviral treatment from the Stanford
HIV Drug Resistance Database. We apply our criteria to
propose a set of candidate mutations and then apply
this set of mutations to five published studies of primary
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HIV-1 infection for which sequences have been
submitted to GenBank.

Criterion 1: association with drug
resistance

Several types of data can be used to assess the role of a
mutation in causing drug resistance: (1) correlations
between a mutation and treatment: does drug therapy
select for the mutation? (2). Correlations between a
mutation and decreased in-vitro drug susceptibility; and
(3) correlations between a mutation and a diminished in-
vivo virologic response to a new antiretroviral regimen.
These data often require expert interpretation. Therefore,
for the purposes of this manuscript, we defined drug-
resistance mutations primarily as those that are included
in three or more of the following five expert panel lists
of HIV-1 drug resistance mutations: (1) IAS-USA [14];
(2) Los Alamos HIV Sequence Database [15]; (3) HIVdb
drug resistance interpretation algorithm (version 4.1.9)
[16]; (4) ANRS drug resistance interpretation algorithm
(version 2005.07) [17]; and (5) Rega Institute drug
resistance interpretation algorithm (version 6.4.1) [18].

However, because none of the above mutation lists was
designed for epidemiologic purposes, we have extended
our criterion to include one category of mutations
that is not present in three of the above lists. This
category includes the T215 revertant mutations (T215C/
D/E/1/S/V), which evolve from the nucleoside reverse
transcriptase  inhibitor (NRTT)-resistance mutations
T215F/Y when viruses with T215F/Y are transmitted
to a new patient in which case reversion to wild-type
must evolve by back mutation rather than from a reservoir
of drug-susceptible viruses [1-3,6]. Although most of the
T215 revertants do not directly reduce drug susceptibility,
they have been associated with an increased risk of
virologic failure either because they are surrogates for the
presence of T215F/Y or because they lower the genetic
barrier to a major resistance mutation from two to one
nucleotide [4,6]. Among the possible amino acids at this
position (other than wild-type T and drug-resistant F/Y),
the revertant mutations were selected for inclusion based
on their frequency in published papers, their frequency in
unambiguous form in published sequences (e.g. not part
of a complex mixture of amino acids), their association
with previous but discontinued drug therapy, and their
nucleotide distance from the mutant forms F and Y.

Criterion 2: nonpolymorphic

Polymorphic drug-resistance mutations cannot be used
for surveillance because they would lead to falsely high
estimates of transmitted resistance. However, identifying
mutations that are nonpolymorphic in the absence of
antiretroviral drug therapy is confounded by three
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problems. First, nonpolymorphic treatment-associated
mutations may appear polymorphic if the analysis
includes a large proportion of untreated persons who
were primarily infected with resistant viruses — a frequent
occurrence in areas where antiretroviral drugs have been
available for many years. Second, publicly available
sequence data have been generated by many research
groups using different methods of sequencing with
varying levels of accuracy. Third, the high mutation rate
of HIV-1 ensures that, in each patient, every mutation is
created thousands of time each day. Genetic drift within a
patient and the occasional disproportionate amplification
of a rare variant prior to sequencing may lead to the
detection in untreated persons of a mutation that usually
occurs only in treated persons.

In the following paragraphs, we describe methods for
identifying nonpolymorphic drug-resistance mutations
using publicly available sequence data from treatment-
naive persons infected with viruses belonging to difterent
subtypes. For this analysis only a single isolate per person
was used.

Influence of transmitted resistance on estimates
of polymorphism rates

Two approaches were used to minimize the influence of
transmitted resistance on estimating the polymorphism
frequency in the absence of selective drug pressure. First,
we excluded isolates from studies of untreated persons
with primary HIV-1 infection in regions where
transmitted resistance is common. Second, we excluded
isolates from untreated persons with two or more drug-
resistance mutations at residues that are already known
either to be nonpolymorphic or to have low poly-
morphism rates. This second exclusion criterion is
predicated on the strong likelihood that the presence
of two or more drug-resistance mutations at nonpoly-
morphic positions in untreated persons is unlikely to
reflect natural variation in protease and reverse transcrip-
tase (RT) but is instead most consistent with previous
selective drug pressure.

Effect of sequencing method and sequence

quality on estimates of polymorphism rates

Two approaches were taken to minimize the effect that
heterogeneous sequencing methods and outright sequen-
cing errors could have on estimates of polymorphism
rates: (1) published sequences performed using oligonu-
cleotide arrays were excluded because these sequences
have a higher error rate than HIV-1 sequences
determined using dideoxynucleoside sequencing [19];
(2) A sequence quality score — defined as the total number
of stop codons, highly ambiguous nucleotides (B, D, H, V,
N) and highly unusual mutations (frequency < 0.05% in
pooled viruses of all Group M subtypes from treated and
untreated persons) — was assigned to all sequences in
the database. Protease sequences with a sequence quality
score of four or higher and RT sequences (positions
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1-240) with a sequence quality score of six or higher
were excluded from the dataset.

Distinguishing nonpolymorphic from rarely
polymorphic drug-resistance mutations

In human genetics, a polymorphism is arbitrarily defined
as a mutation that occurs in at least 1% of a population.
However, because of the large number of HIV-1 positions
associated with drug resistance, using a cut-off of 1%
could lead to inflated estimates of transmitted resistance.
As a more conservative criterion, we propose that the list
of resistance mutations used for epidemiology should
ideally exclude mutations occurring in untreated persons
at a frequency of > 0.5%. However, we cannot yet apply
this criterion uniformly to all subtypes, because the
numbers of isolates currently available from non-B
subtypes are relatively small and may not be representa-
tive. The appearance of a mutation once or twice among
the sequences from a non-B subtype with fewer than 200
sequences available could lead to that mutation’s
unjustified exclusion from the list. Therefore, we
excluded from the list any mutation in more than 1%
of untreated isolates from any one non-B subtype in our
dataset, and have provisionally included those occurring
> 0.5 to 1% until a larger dataset for each of the non-B
subtypes become available.

An epidemiologic list may lead to overestimates of
prevalence of resistance if the list includes mutations that
occur at a low level without exposure to drug pressure.
For example, nearly one-half of the drug-resistance
surveillance mutations derived here occurred at a level of
0.1% or higher in one or more subtypes (see Tables 1-3
below). The presence of these mutations in untreated
persons probably reflects a combination of two phenom-
ena: transmitted resistance and natural occurrence. There
is no definitive approach for distinguishing between these
two possibilities because, even in recently infected
persons, the genotype and treatment history of the
source of infection are rarely known.

Criterion 3: applicability to all HIV-1
subtypes

Most data on the genetic mechanisms of HIV-1 drug
resistance come from studies of subtype B viruses, the
predominant subtype in the North American and
Europe. Nonetheless several preliminary observations
have been made about drug-resistance in non-B viruses.
‘With few exceptions, nearly all of the differences between
subtypes in reported viruses from untreated persons occur
at positions that are also polymorphic in subtype B.
Indeed, the vast majority of in-vitro and in-vivo studies
suggest that the currently available protease and RT
inhibitors are as active against non-B viruses as they are
against subtype B viruses [20—25].

The mutations that cause drug resistance in subtype B
viruses appear to be the main mutations that cause drug
resistance in non-B viruses [26]. However, the spectrum
of mutations at some drug-resistance positions difters
among subtypes. For example, the RT mutation V106M,
which rarely occurs in subtype B isolates after non
nucleoside reverse transcriptase inhibitor (NNRTI)
exposure, is one of the most common mutations
responsible for NNRTT resistance in subtype C isolates
[27,28]. The protease mutation V82M, which rarely
occurs in subtype B isolates after protease inhibitor
exposure, is a common cause of protease inhibitor
resistance in subtype G isolates [29]. Failure to consider
these exceptions would lead to falsely low estimates of
transmitted resistance for persons infected with viruses
belonging to these subtypes. Conversely, including
mutations that are polymorphic in any subtype in a
mutation list could lead to falsely high estimates of drug
resistance in epidemiologic studies where non-B subtypes
are common or where their prevalence is increasing.

These preliminary observations support the concept that a
single mutation list applicable to epidemiology involvingall
subtypes can be created. Many surveys involve more than
one subtype, and maintaining different lists for different
subtypes would be impractical. Further, as sequencing of
viral isolates from around the world increases an increasing
number of new infections appear to be inter-subtype
recombinants. We therefore propose a single list excluding
mutations found to be polymorphic among sequences from
any subtype, and including the drug-resistance mutations
associated with treatment in any subtype.

Criterion 4: parsimonious and
unambiguous

HIV-1 drug resistance incidence and prevalence surveys
will often be performed by epidemiologists who do not
have expert knowledge of HIV-1 drug resistance.
Therefore, the simplest and shortest possible list of
drug-resistance mutations that reliably assesses the
prevalence of resistance should be used for epidemiologic
studies of transmitted drug resistance. The process of
developing the list should be transparent and reprodu-
cible. Although the list does not require all clinically
relevant mutations, the majority of the mutations
should be meaningful to clinicians at the sites of
epidemiologic studies.

To simplify the list, we excluded mutations occurring at
positions that are known to be highly polymorphic.
Specifically, the protease mutations L10F/R/Y and A711
are each in three or more expert lists and are non-
polymorphic in untreated persons. However, because these
mutations occur at positions for which the most common
drug-resistance mutations (L10I/V and A71V/T) are
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Table 1. HIV-1 protease mutations meeting the proposed criteria for protease inhibitor resistance surveillance: prevalence in untreated persons

according to subtype and prevalence in treated persons.

Percentage polymorphic in untreated persons

Percentage
with Rx*
AA Mut A (n=686) 01 (n=684) 02 (n=811) B (n=3704) C((n=1025 D (=355 F({n=180) G (n=270) (n=4154)
L24 1 0 0 0.1 0 0 0 0 0 7.8
D30 N 0 0 0 0 0.1 0 0 0 13
V32 | 0 0 0.1 0 0 0 0 0 4.4
M46 | 0.4 0.3 0 0.2 0.2 0 0.6 0 21
147 A 0 0 0 0 0 0 0 0 0.3
\ 0 0 0 0.1 0 0.3 0 0.7 2.3
G48 V 0 0 0 0 0 0 0 0 5.4
150 V 0 0 0 0 0 0 0 0 2.3
L 0 0 0 0 0 0 0 0 2.7
F53 L 0 0 0 0.1 0.1 0 0 0.4 7.0
154 vV 0 0 0 0 0 0 0 0 39
L 0 0 0 0 0 0 0 0 3.1
M 0 0 0 0 0 0 0 0 1.2
A 0 0 0 0 0 0 0 0 1.2
T 0.2 0 0 0 0 0 0 0 1.6
S 0 0 0 0 0 0 0 0 0.2
G73 C 0 0 0 0 0 0 0 0 1.1
S 0 0 0 0.1 0 0 0.6 0 9.1
T 0 0 0 0 0 0 0 0 1.9
A 0 0 0 0 0 0 0 0 0.5
Va2 A 0 0 0 0 0.1 0 0 0 32
F 0 0 0 0 0 0 0 0 2.4
T 0 0 0 0 0 0 0 0 13
S 0 0 0 0 0 0 0 0 3.6
M 0 0 0 0 0 0 0 0 2.4
184 vV 0 0 0 0 0 0 0 0 13
A 0 0 0 0 0 0 0 0 0.2
C 0 0 0 0 0 0 0 0 1.2
N88 D 0 0.3 0 0.1 0 0 0 0 7.6
S 0 0 0.1 0 0 0 0 0.7 6.2
L90 M 0 0.4 0 0.2 0.1 0 0 0.7 43

AA, amino acid position preceded by the one-letter code for the consensus B amino acid; Mut, drug-resistance mutation. The header for columns
3-10 contains the subtype followed by the number of protease inhibitor-naive persons with sequences in the Stanford HIV Drug Resistance
Database. 01 and 02 indicate circulating recombinant forms 01 (AE) and 02 (AG).

“Percentage with Rx shows the mutation prevalence in persons receiving a protease inhibitor in the subtype with the highest prevalence for that
mutation. Mutations for which the prevalence in untreated persons is >0.5% in a subtype are underlined.

polymorphic, the inclusion of these mutations would
complicate the performance of resistance analyses in
epidemiologic settings.

Protease inhibitor-resistance surveillance
mutations

Table 1 lists 31 mutations at 14 protease positions likely to
be appropriate for genotypic resistance epidemiology.
Commonly recognized drug-resistance mutations
excluded from the list because of occurrence above the
cut-off in at least one subtype with no evidence of
exposure to drug pressure included L101/V, K20R/M/1,
L33E M361/L/V, M46L, L63P, A71V/T, and V77L
Three of these exclusions are based on data from non-B
isolates: K201 is the consensus amino acid for CRF01_AG
and subtype G, M46L has been reported in 1.5% (4/264)
of subtype G sequences and L33F has been reported in
1.0% (7/686) of subtype A and 1.2% (8/684) of
CRFO1_AE sequences.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Drug-resistance mutations that occur with a frequency of
> 0.5 to 1.0% in datasets with relatively small numbers of
non-B subtypes have been provisionally included: M461
(0.6%, 1/180 of subtype F sequences), [47V (0.7%, 2/270
of subtype G sequences), G73S (0.6%, 1/180 of subtype F
sequences), N88S (0.7%, 2/270 of subtype G sequences),
and L9OM (0.7%, 2/270 of subtype G sequences). When
a larger number of subtype F and G sequences become
available for analysis, the frequency of these mutations can
be estimated more precisely. In the interim, they are
included, but the possibility that these mutations could be
sufficiently polymorphic to bias estimates of transmitted
resistance upward should be recognized.

Nucleoside reverse transcriptase inhibitor-
resistance surveillance mutations

Table 2 lists 31 NRTI-resistance mutations at 15 RT
positions likely to be appropriate for genotypic
resistance  epidemiology. Commonly recognized
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Table 2. HIV-1 reverse transcriptase mutations meeting the proposed criteria for nucleoside reverse transcriptase inhibitor resistance
surveillance: prevalence in untreated persons according to subtype and prevalence in treated persons.

Percentage polymorphic in untreated persons

Percentage
with Rx*
AA Mut A (n=499) 01 (n=635) 02 (n=484) B (n=2240) C(n=915 D n=192) F((=137) G ((n=145) (n=4035)
M41 L 0 0.2 0.2 0.5 0 1.0 0 0 40
K65 R 0 0 0 0.1 0.1 0 0 0 4.6
D67 N 0 0 0 0 0 0 0 0 46
G 0 0 0 0 0 0 0 0 1.7
Del 0 0 0 0 0 0 0 0 0.2
T69 D 0 0 0 0.1 0 0 0 0 6.5
ins 0 0 0 0 0 0 0 0 0.5
K70 R 0 0.3 0 0.3 0 0 0 0.7 30
L74 \ 0 0 0 0 0.1 0 0 0.7 3.3
V75 A 0 0 0 0 0 0 0 0 1.5
M 0 0.6 0 0 0 0 0 0 1.8
T 0 0 0 0 0 0 0 0 3.4
S 0 0 0 0 0 0 0 0 0.2
F77 L 0 0.3 0 0.1 0 0 0 0 2.4
Y115 F 0 0 0 0 0 0 0 0 1.2
F116 Y 0 0.2 0 0 0 0 0 0 2.4
Q151 M 0 0 0 0 0 0 0 0 4.2
M184 Vv 0.2 0.2 0.4 0.2 0.2 0 0 0 66
| 0 0.2 0 0.1 0 0.5 0 0.7 1.8
L210 W 0 0 0 0 0 0 0 0 23
T215 Y 0 0 0 0 0.1 0 0 0 37
F 0 0 0 0 0 0 0 0 22
C 0 0 0 0.3 0.1 0 0 0 1.5
D 0 0 0 0.4 0 0 0 0 0.9
E 0 0 0 0.1 0 0 0 0 3.6
S 0 0 0 0.5 0.1 0 0 0 1.8
| 0.4 0 0 0 0 0 0 0 3.5
\ 0 0 0 0 0 0 0 0 1.5
K219 Q 0.2 0.5 0.4 0.1 0 1.0 0 0 31
E 0 0 0 0 0 0 0 0 7.1
R 0 0 0.2 0.2 0.1 0 0 0 1.8

AA, amino acid position preceded by the one-letter code for the consensus B amino acid; Mut, drug-resistance mutation. The header for columns
3-10 contains the subtype followed by the number of reverse transcriptase inhibitor-naive persons with sequences in the Stanford HIV Drug
Resistance Database. 01 and 02 indicate circulating recombinant forms 01 (AE) and 02 (AG).

“Percentage with Rx shows the mutation prevalence in persons receiving nucleoside reverse transcriptase inhibitor in the subtype with the highest
prevalence for that mutation. Mutations for which the prevalence in untreated persons is >0.5% in a subtype are underlined.

drug-resistance mutations provisionally excluded from
the list because of occurrence at > 1% in one or more
subtype sets in the database with no evidence of
exposure to drug pressure included E44D, reported in
1.6, 1.5 and 0.7% of persons with subtype D, E and G
sequences, respectively; A62V, reported in 17% of
persons with subtype A sequences; T69S, reported in
0.6, 1.0, and 1.1% of persons with subtype B, C, and D
sequences, respectively; T69N, reported in 0.7% of
persons with subtype B and F sequences; V75I,
reported in 2.6% (5/189) persons with subtype D
sequences; and V118I, reported in > 1% of persons
with subtype B, C, D, F and G sequences.

Drug-resistance mutations that occur with a frequency of
> 0.5 to 1.0% among a relatively small set of one non-B
subtype in the database have been provisionally included:
M41L (1.0%, 2/192 in subtype D); K70R (0.7%, 1/145
in subtype G); L74V (0.7%, 1/145 in subtype G), V75M
(0.6%, 4/635 in CRF01_AE), and K219Q (1.0%, 2/192
in subtype D). When a larger number of subtype D, E

and G sequences become available for analysis, their
frequency can be estimated more precisely. The
possibility that these mutations could be sufficiently
polymorphic to bias estimates of transmitted resistance
upward should be recognized.

Non-nucleoside reverse transcriptase-
resistance surveillance mutations

Table 3 lists 18 NNRTI-resistance mutations at 10 RT
positions likely to be appropriate for genotypic resistance
epidemiology. Commonly recognized drug-resistance
mutations provisionally excluded from the list because of
occurrence at > 1% in one or more subtypes with no
evidence of exposure to drug pressure include: V108I,
reported in 0.6 to 1.1% of sequences from untreated
persons with subtypes, A, CRF02, D, and G; V179D,
reported in > 1.0% in of persons with subtypes B, F and
CRFO1_AE sequences; V179E, reported in 4.3% of

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Table 3. HIV-1 reverse transcriptase mutations meeting the proposed criteria for non-nucleoside reverse transcriptase inhibitor resistance
surveillance: prevalence in untreated persons according to subtype and prevalence in treated persons.

Percentage polymorphic in untreated persons

Percentage with

AA Mut A (n=499) 01 (n=635) 02 (n=484) B (n=2244) C(n=915 D (n=192) F(n=137) G (=145 Rx* (n=2568)
L100 |1 0 0 0 0 0 0 0 0 7.7
K101 E 0 0 0 0.3 0 0 0 0 16
K103 N 0 0 0.4 0.2 0.2 0 0 0 61
S 0 0 0 0 0.1 0 0 0 0.7
V106 A 0 0 0.2 0 0 0 0 0 2.6
M 0 0 0 0 0 0 0 0 15
Y181 C 0.2 0.2 0 0 0 0 0 0 33
| 0.2 0 0 0 0 0 0 0 3.6
Y188 L 0 0 0 0 0 0 0 0 8.8
H 0 0 0 0.1 0 0 0 0 1.5
C 0 0 0 0 0 0 0 0 6.8
G190 A 0 0 0 0 0 0.5 0 0 36
S 0 0 0 0 0 0 0 0 16
E 0 0 0 0 0.1 0 0 0 1.8
Q 0 0 0 0 0 0 0 0 0.3
P225 H 0 0 0 0 0 0 0 0 10
M230 L 0 0 0 0 0 0 0.7 0 2.3
P236 L 0 0 0.2 0.1 0 0 0 0 1.0

AA, amino acid position preceded by the one-letter code for the consensus B amino acid; Mut, drug-resistance mutation. The header for columns
3-10 contains the subtype followed by the number of reverse transcriptase inhibitor-naive persons with sequences in the Stanford HIV Drug
Resistance Database. 01 and 02 indicate circulating recombinant forms 01 (AE) and 02 (AG).

“Percentage with Rx shows the mutation prevalence in persons receiving non-nucleoside reverse transcriptase inhibitor in the subtype with the
highest prevalence for that mutation. Mutations for which the prevalence in untreated persons is >0.5% in a subtype are underlined.

persons with subtype G sequences; and F227L, reported
in 1.9% of persons with subtype F sequences.

Drug-resistance mutations that occur with a frequency of
> 0.5 to 1.0% among a relatively small set of one non-B
subtype in the database have been provisionally included:

M230L (0.7%, 1/137 in subtype F).

Application to published studies of primary
HIV-1 infection

There have been five studies of primary HIV-1 infection
for which RT and/or protease sequence data have been
submitted to GenBank [30—34] (Table 4). Twenty-three
of the 32 NRTI-resistance mutations and nine of the
18 NNRTI-resistance mutations on our list were present
in the 656 RT sequences in these studies; and nine of the
31 protease-resistance mutations on our list were present
in the 407 protease sequences in these studies.

For four of the 15 estimates of drug class resistance in these
studies, there was complete agreement between the results
described in the published study and those obtained using
the mutation list we have derived. For 10 of the estimates,
the results obtained using our mutation list differed from the
results reported by the authors by a median of 1.2% (range,
0.9-3.6%). For one study, protease sequences were not
available and no comparison was possible.

Although none of the five studies enumerated a
specific list of drug resistance surveillance mutations,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

the analysis of the sequences from these studies in
conjunction with tables in the primary publication
containing the mutations of drug-resistant isolates made it
possible to identify the likely sources for differences
between the published analyses and our results. In one
study, the difference arose from the authors’ inclusion of
the NRTI mutation V118l and the NNRTI mutation
V179D, mutations that are not on our list as they occur at
a frequency of more than 1% in the absence of therapy.

In the remaining studies, differences arose from mutations
thatare in our mutation list but did not appear to be counted
in the primary study, including the RT mutations F77L
(present as a mixture in two persons), K103N (three
persons), T215D/E/S (three persons), K219Q (three per-
sons), P236L, and M41L+L74V+ M184V+L210W+
T215Y and the protease mutations L241 (present as a mix-
ture in two persons), F53L, 54T, G73A, and [54V+V82F+
L90OM. Some of these differences appear to reflect
differences in how mutations were classified and others to
reflect differences in how the final results were tabulated.

Conclusion

In this paper, we propose criteria for selecting mutations
for drug resistance surveillance and develop a provisional
list of mutations based on these criteria. Widespread
application of the list proposed here, or of a similar list
based on standard criteria, will facilitate inter-study
comparisons and will support ongoing representative
surveillance to evaluate trends over time.
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