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ABSTRACT

Background: We examined the patterns and frequencies of
HIV-1 protease (PR) and reverse transcriptase (RT) gene
mutations and mutation combinations in clinical samples
and sequences received for routine resistance analysis from
July 1998 to June 2004.

Methods: The mutations considered were those confirmed to
be associated with a decrease in phenotypic susceptibility

in the virco®TYPE (VirtualPhenotype™) analysis. Codons
showing a mixture of wild-type and mutant amino acids were
considered as mutant, while codons showing a mixture of
two mutant amino acids were considered as distinct mutants.
Mutation patterns were analyzed in 6-month intervals.

Results: Of the 128,456 samples or sequences received during
the 6-year period, the percentage of samples with any NRTI
or PI mutation or = 1 mutation for all 3 classes declined from
an interval high of 79% to 63%, 82% to 74%, and 42% to
32%, respectively. The percentage of samples with any NNRTI
mutation (~50%) remained constant, while the percentage
of samples with no resistance mutations increased from an
interval low of 6% to 10%. The median number of samples
received in each 6-month interval from July 2000 to June
2004 with combinations of NRTI, NNRTI, or PI mutations
unobserved in any previous interval (back to July 1998) was
980, 151, and 1337, respectively.During the 6 year period,

> 22,700 samples with unique combinations of PI mutations,

> 17,200 samples with unigue combinations of NRTI
mutations, and > 3,300 samples with unique combinations of
NNRTI mutations were received. Over the 6-year period, 95.3%,
87.2%, and 97.3% of all mutation combinations occurred

in < 10 (rare) samples for NRTI, NNRTI, and PI mutations,
respectively. Conversely, more common mutation combinations
(> 100 samples) comprised 0.5%, 2.4%, and 0.3% of NRTI,
NNRTI, and PI mutation combinations, respectively.

Conclusions: Analysis of HIV-1 mutations in PR and RT
genes in this data set shows resistance trends similar to
those previously described with either genotype or predicted
phenotype analysis. Although the frequency of samples

with any mutation combination associated with NRTI or

PI resistance is declining, the appearance of previously
unobserved combinations continues to occur at a steady rate.
In this dataset, these combinations show high mutational
diversity and are rare in prevalence, suggesting that the virus
continues to discover new genetic pathways to facilitate the
evasion of antiviral drug pressure.
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GenotyPE MuTtaTiON TRENDS

During the 6-year period from July 1998 to June 2004,
128,456 samples or sequences were received for routine
resistance analysis. NRTI mutations were found in 73%
of these samples, while 54% of samples harbored NNRTI
mutations and 80% harbored PI mutations.

The percentage of samples with any NRTI or PI mutation or
> 1 mutation for all 3 classes declined from an interval high
of 79% to 63%, 82% to 74%, and 42% to 32%, respectively.
The percentage of samples with any NNRTI mutation (~50%)
remained constant, while the percentage of samples with no
resistance mutations increased from an interval low of 6% to
10% (FiGuRe 1).

FIGURE 1. TRENDS IN GENOTYPIC MUTATIONS

FOR ROUTINE CLINICAL SAMPLES
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Unique MuTtaTtion ComINATIONS CONTINUE TO APPEAR AT A
STEADY RATE

During the 6 year period, > 22,700 samples with unique

combinations of PI mutations, > 17,200 samples with unique

combinations of NRTI mutations, and > 3,300 samples with
unique combinations of NNRTI mutations were received for

routine resistance analysis (FiGure 2). Trends for the period

from July 2000 to June 2004 are shown in FiGure 2.

FIGURE 2. CUMULATIVE INCREASE IN UNIQUE
MUTATION COMBINATIONS SINCE JuLy 2000
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METHODS

® HIV-1 protease (PR) and reverse transcriptase (RT) gene
mutations and mutation combinations in clinical samples
and sequences received for routine resistance analysis from
July 1998 to June 2004 were analyzed

® Codons showing a mixture of wild-type and mutant amino
acids were considered as mutant, while codons showing
a mixture of two mutant amino acids were considered as
distinct mutants

® Mutation patterns were analyzed in 6-month intervals

® A unique mutation combination 1s defined as a mutation or
combination of mutations within the respective antiretroviral
class, which has never been observed before in any 6-month
interval beginning in July 1998

® Various combinations of mutations used 1n this analysis
(TaBLe 1) are used in the virco®TYPE (VirtualPhenotype™)
analysis

TaBLE 1. MuTtATION PosiTioN AND VARIANTS
ConsIDERED IN VIRCOPTYPE ANALYSIS

ANTIRETROVIRAL

MuTtaTioN PosiTioN AND VARIANTS
CLAss

41L, 44A/D, 62V, 65R, 67E/G/N, 69A/D/N/S, T0R, 741V,

NRTI 75A/1/M/T, 77L, 1001, 115F, 116Y, 1181, 151M, 181C, 1841/T/V,
208Y, 210W, 215D/F/Y, 219E/N/Q/R, 228H, 333D/R
98G/S, 100, 101E/H/I/N/P, 103N/Q/R/S/T, 106A/I/L, 108I,
NNRTI 179D/E, 181C/1/V, 188C/H/L, 1891, 190A/E/Q/S, 221Y, 225H,

2271, 230L, 233V, 236L, 2381, 318F

10F/I/R/V, 201/M/R/T, 241/M, 30N, 321, 33F/I/M/V, 361/L/V,
PI 461/L, 47V, 48A/N, 50L/V, 53L, 54A/L/M/S/T/V, 58E, 711/L/T/V,
73A/C/S/T, 74S, 771, 82A/C/F/M/S/T, 84A/C/V, 88D/S/T, 90M

FIGURE 3. MEDIAN NUMBER OF UNIQUE MUTATION COMBINATIONS
ADDED EVERY 6~MONTH INTERVAL
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RESULTS

The median number of samples received 1n each 6-

month interval from July 2000 to June 2004 with unique
combinations of NRTI, NNRTI, or PI mutations unobserved 1n
any previous interval (back to July 1998) was 980, 151, and
1337, respectively (FiGure 3).
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FREQUENTLY OBservED MuTtaTiION COMBINATIONS
The twenty most frequently observed mutation combinations
are listed 1n Taste 2. With the exception of NNRTI mutations,
less than 50% of genotypes with resistance mutations 1s
represented by the 30 most frequently observed mutation
combinations (Taste 3). In addition, the 30 most frequently
observed mutation combinations represents less than 1% of
the total observed mutational diversity in this database.

TABLE 2. TWENTY MOST FREQUENTLY OBSERVED MUTATION COMBINATION(S)*

NRTI NNRTI Pl
184V 103N 771
333E 98S 361
184V 215Y 41L 1001 103N 101
184V 210W 215Y 41L 103N 181C 71T 771
181C 181C 33V
184V 333E 103N 225H 71T
184V 219Q 67N 70R 188L 101 771
1181 190A 71V 771
215Y 41L 1061 101 361
184V 215Y 103N 985 20R 361
184V 70R 98G 10V
215Y 103N 1081 361 771
181C 184V 103N 190A 71V
210W 215Y 41L 103R 201 361
219Q 67N 70R 181C 190A 771 90M
411 103N 238T 90M
184V 41L 103N 181C 190A 10V 361
184V 67N 70R 179D 30N 771 88D
70R 101E 190A 36L
69N 101E 181C 190A 361 90M

* The appearance of a particular mutation or combination of mutations is not a reflection of its effect on
susceptibility but rather its frequency of occurrence

Unique MuTtaTtion ComaIiNATIONS SHOw HicH MuTATIONAL
DiversiTY wiTH Low PREVALENCE

Over the 6-year period, 95.3%, 87.2%, and 97.3% of all
mutation combinations were represented by < 10 (rare)
samples for NRTI (Ficure 4), NNRTI (Ficure 5), and PI (FiGure 6)
mutations, respectively. Conversely, more common mutation
combinations (> 100 samples) comprised 0.5%, 2.4%,

and 0.3% of NRTI, NNRTI, and PI mutation combinations,
respectively.

FiGURE &. UNiouE NRTI MUTATION COMBINATIONS
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TABLE 3. MosT FREQUENTLY OBSERVED MUTATION COMBINATIONS AS PERCENTAGE
OF GENOTYPES WITH RESISTANCE MUTATIONS IN EACH ANTIRETROVIRAL CLASS

%o OF GENOTYPES IN NRTI NNRTI o

Top 10 combinations 28.8% 43.2% 37.6%
Top 20 combinations 35.0% 56.0% 44.0%
Top 30 combinations 38.7% 62.9% 46.9%

TABLE L. MoST FREQUENT MUTATION COMBINATIONS AS PERCENTAGE
OF OBSERVED MUTATION COMBINATION DIVERSITY

NRTI NNRTI Pl
top 10 0.1% 0.3% 0.0%
top 20 0.1% 0.6% 0.1%
top 30 0.2% 0.9% 0.1%
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FiGURE 5. UNiQque NNRTI MUTATION COMBINATIONS
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FiGURE 6. UNIQuE Pl MUTATION COMBINATIONS

100000 -

10000

10004 =

100

Frequency of combination occurrences

—
o
|

1- —

0 2000 4000 6000 6750 23000
\ Unique PI mutation combinations /

CONCLUSIONS

Analysis of HIV-1 mutations in PR and RT genes in this data
set shows that:

® resistance trends are similar to those previously described
with either genotype (Kagan, et al.) or predicted phenotype
(Rinehart, et al.) analysis

® previously undetected combinations of mutations continue
to be received at a steady rate

® ca. 980 unique NRTI, 150 unique NNRTI, and 1340 unique
PI mutation combinations have been added to the Virco
genotype database every 6 months

® the most common mutation patterns represent < 1% of total
observed mutational diversity

® the virus appears to continue discovery of new genetic
pathways to facilitate the evasion of antiviral drug pressure




