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Abstract

The tremendous diversity of human immunodeficiency virus (HIV)-1 strains circulating worldwide has an important impact on almost all
aspects of the management of this infection, from the identification of infected persons, through treatment efficacy and monitoring, and pre-
vention strategies such as vaccine design. The areas where HIV-1 genetic diversity is highest are those where the majority of patients in need
of treatment and biological monitoring live. With increased access to treatment in these areas, it is expected that the demand for monitoring
tools such as viral load assays and resistance tests will also increase, and their reliability will be critical. Regular updates of these assays during

the last two decades have aimed at improving their performances in different ways that include their reliability with different HIV-1 strains.

We here review to what extent HIV-1 genetic diversity still limits or not the use of currently available viral load and resistance tests.
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Introduction

The global human immunodeficiency virus (HIV)/AIDS epi-
demic is characterized by high diversity of HIV. On the basis
of phylogenetic analyses of numerous isolates obtained from
diverse geographical sources, HIV is subdivided into types,
groups, subtypes, sub-subtypes, circulating recombinant
forms (CRFs) and unique recombinant forms (URFs) [I]. This
viral diversity has implications for possible differences in dis-
ease progression, responses to antiretroviral therapy (ART)
(including the development of resistance), vaccine develop-
ment and diagnosis [2]. Here, we review selected aspects of
the genetic diversity of HIV, with particular emphasis on

tests to monitor the efficiency of ART.

Classification and Molecular Epidemiology
of HIV

AIDS is caused by two viruses: HIV-1 and HIV-2. The initial
genetic diversity of HIV is tightly associated with its origin; the

different groups of HIV-1 (M, N, O and P) and HIV-2 (A-H)
are the results of cross-species transmission events from
different primate sources, namely chimpanzees (Pan troglodytes
troglodytes) and gorillas (Gorilla gorilla) in West Central Africa
for HIV-1, and sooty mangabeys (Cercocebus atys) in West
Africa for HIV-2 [3-5]. HIV-I group M can be further subdi-
vided into nine subtypes (A-D, F-H, ] and K), denoted by
letters, and subtypes A and F can be further subdivided into
sub-subtypes, Al-A4, FI and F2. Numerous intersubtype
recombinant viruses are also observed. When such recombi-
nant viruses spread further within the human population they
become CRFs, and when they remain restricted to a limited
number of individuals they are called URFs. Today, at least 45
CRFs and numerous URFs are recognized (http://www.hiv.
lanl.gov). Fig. | illustrates the genetic diversity of HIV-I.

The classification of HIV strains has helped in tracking the
course of the HIV pandemic. HIV-2 is restricted to West
Africa, and only two variants, HIV-2 groups A and B, are
represented in the HIV-2 epidemic, the others being docu-
mented in one or few individuals only [6]. HIV-I group O is
endemic in Cameroon, where it represents about 1% of HIV
infections, and HIV-1 groups N and P have been described in
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FIG. I. Phylogenetic tree of near full-length genome sequences representing the genetic diversity of the human immunodeficiency virus (HIV)-1/
SIVcpz/SIVgor lineage. Representative HIV-I isolates from groups M, O, N and P were used to perform the phylogenetic analysis (neighbour-
joining method). Within group M, subtypes and sub-subtypes are highlighted in black and circulating recombinant forms (CRFs) in grey. Unique

recombinant forms (URFs) are indicated by dotted grey lines. Branch lengths are drawn to scale (the bar indicates 5% divergence).
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FIG. 2. Schematic representation of the geographical distribution of human immunodeficiency virus-1 variants worldwide.

a handful of individuals from Cameroon only [7,8] (Vallari distribution of the different HIV-1 group M subtypes and
et al, 17th Conference on Retroviruses and Opportunistic CREFs is heterogeneous [9,10] (Fig. 2). The initial diversifica-
Infections, 2010). Only HIV-I group M has spread across tion of group M may have occurred within or near the Dem-
Africa and to all the other continents, and the geographical ocratic Republic of Congo, where the highest diversity of
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group M strains has been observed and the earliest cases of
HIV-1 infection (1959 and 1960) were documented [I1-13].
The epidemic in the different countries of West, East and
southern Africa is probably the result of different founder
effects. In southern Africa, the epidemic is almost exclusively
attributable to subtype C; subtypes A and D predominate in
East Africa, and CRF02-AG in West Africa [14]. The epi-
demic in Asia is characterized by CRFO|-AE and subtype B in
the south-east, by subtypes B and C and B/C recombinants
(CRFO7 and CRFO08) in China, and by subtype C in India
[I5]. In South America, subtypes B and F were initially intro-
duced, and many B/F circulating and unique recombinants are
now present [I5]. Finally, in North America and Europe,
subtype B predominates, but the number of new infections
with non-B strains is increasing [16—19].

Overall, non-B HIV-I variants represent more than 90%
of circulating strains globally, with subtype C accounting for
50% of all infections worldwide [9,15]. Subtypes A, B, D and
G have been shown to account for 12%, 10%, 3% and 6%,
respectively, and CRFOI-AE and CRF02-AG for 5% of cases
each [9]. Other recombinants have been shown to account
for 8% of infections [9]. With increasing mobility and migra-
tion, HIV-I variants inevitably intermix in different parts of
the world, and the distribution of different forms of HIV-1 in
the world is thus a dynamic process. The likelihood of gener-
ating new recombinant viruses will increase and mosaic
genomes will become even more complex, as recombination
involving viruses that are already recombinant will occur.
Even distantly related viruses have been shown to recom-
bine; for example, intergroup recombinants between
group O and M HIV-Il strains have been documented in

Cameroon and now also in France [8,20].

Genetic Diversity and Monitoring of HIV
Infection

ART and patient monitoring in areas where non-B HIV-I
variants predominate

Owing to national programmes and the support of a wide
range of international partners, the number of people receiv-
ing ART in resource-limited countries has significantly
increased in recent years, most notably in sub-Saharan Africa
and south and south-east Asia, the two areas where more
than 90% of individuals in need of ART reside [21]. In con-
trast to the situation in high-income countries, monitoring of
ART with viral load (VL) and genotypic resistance testing is
not yet widely available, owing to the high costs of these
tests and the corresponding equipment. However, there are

ongoing initiatives to address the lack of HIV-1 RNA moni-

toring and drug resistance testing in resource-limited coun-
tries. The assays developed and used to monitor HIV
infection and treatment efficiency are mainly sequence-based,
and are thus subject to sequence variability constraints that

can significantly impact on their performance and reliability.

Genetic diversity and HIV diagnosis

Although genetic diversity has a higher impact on molecular
tests, HIV tests initially showed limitations in detecting HIV-1|
group O antibodies, and also some group M variants, espe-
cially during the serological window period [22,23]. Consid-
erable efforts have been made to improve the performance
of these assays by the inclusion of HIV-l group O antigens
or the use of broadly cross-reactive antigens. The simulta-
neous detection of HIV antigens (p24) and anti-HIV antibod-
ies by fourth-generation assays reduced the window period.
Despite these efforts, the performance of certain serological
assays is actually still suboptimal, although reliable HIV testing
is a critical entry point for patients in need of ART [24-27].

Genetic diversity and VL testing

Monitoring VL as a marker of disease progression and treat-
ment efficacy is essential to provide clinicians with valuable
information on which to base treatment decisions. Since 1995,
many nucleic acid assays have been developed for the quantifi-
cation of HIV-1 RNA in plasma. The first assays were based on
target amplification, such as RT-PCR, nucleic acid sequence-
based amplification (NASBA), a signal amplification methodol-
ogy termed branched-chain DNA (bDNA), and ligase chain
reaction (LCX) [28,29]. Currently, almost all assays, both com-
mercial and in-house, are based on real-time PCR technologies,
allowing the simultaneous detection of amplified products [30].
These technologies have considerably improved the post-
amplification process and have reduced problems with con-
tamination by reducing the handling of amplified samples.
Newer real-time technology options are also faster, have lar-
ger dynamic ranges, have higher throughputs, and can be cou-
pled to fully automated extraction steps [30,31]; however,
they are more sensitive to point mutations within the primer/
probe target sequences.

However, all of these assays are based on nucleic acid
amplification and hybridization, and the genetic diversity of
HIV-I is thus a major challenge for the quantification of
plasma HIV-1 RNA. Therefore, the early tests, designed for
subtype B, often failed to detect non-B subtypes [32-38].
The new quantitative HIV-1 assays are designed to cope with
increasing molecular diversity of the virus. Most of the
currently used VL assays have been frequently updated to
improve their ability to correctly detect and quantify the

various HIV-1 group M variants, mainly through the design of
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primers and probes that are conserved across subtypes and
CRFs [39]. However, there is currently no single assay capa-
ble of quantifying the whole spectrum of HIV-I strains circu-
lating worldwide. Significant differences continue to be
observed among different tests, because they use different
primer/probe sequences, target different genomic regions or
use slightly different technologies [28]. Thus, the genetic
diversity of HIV continues to pose problems of underquantif-
ication (> log|o copies/mL in certain cases) or detection fail-
ure, which have practical implications for clinical
management and detection of treatment failure. Ideally, each
RNA

tests and choose the assay that performs best with the HIV

laboratory should initially compare different HIV-I

variants circulating in the country. It can also be the case
that discrepancies are not related to particular HIV variants;
therefore, if sufficient resources are available, physicians
should also not hesitate to request VL determination to be
performed with two different assays to highlight underesti-
mation, particularly in cases of discrepancy between the VL
and the CD4 count or clinical observations.

Table | shows the characteristics of the VL assays cur-
rently used in routine practice. Despite the high degree of
diversity between HIV-I group M, N and O viruses, some
tests are able to quantify both HIV-I group M and O
strains, or HIV-I group M and N strains [40—43]. Because
of the relatively low sequence homology between HIV-I
and HIV-2, the development of a VL assay that is able to
reliably quantify all subtypes of both viruses is virtually
impossible; however, cross-reactivity may occur [40]. More-
over, no commercial assay is available to quantify HIV-2

plasma VL.

Genetic diversity and drug resistance assays

Drug resistance testing can be performed with either pheno-
typic or genotypic assays. Phenotypic analysis determines the
degree to which a drug inhibits replication of the patient’s

virus in vitro, which is expressed as a fold change in 50%
inhibitory concentration (ICso) as compared with a wild-type
reference HIV strain, and most current assays are based on
recombinant virus assay technologies [44—46]. The advanta-
ges of phenotypic testing are the relatively easy interpreta-
tion, quantitative information on the degree of resistance,
the ability to assess interactions among drugs, and the fact
that it does not require an understanding of genotypic corre-
lates with resistance [44]. Also, phenotypic assays are less
subject to sequence variability.

Most genotypic assays detect resistance mutations by
comparing the protease and the reverse transcriptase
sequences of the investigated virus with those of a wild-type
HIV-1 subtype B reference strain. Although phenotypic and
genotypic assays are complementary, genotypic assays are
preferred for routine patient management, because they are
easier to perform, less expensive and less time-consuming
(days vs. weeks) [47,48]. The most frequently used commer-
cial genotyping assays worldwide are the ViroSeq HIV-I
Genotyping System v2.0 (Celera Diagnostics, Alameda, CA,
USA) [49] and the TRUGENE HIV-1 Genotyping Kit for
Drug Resistance (Siemens Healthcare Diagnostics, Deerfield,
IL, USA) [50]. Both tests are based on direct population
sequencing, and generally do not detect mutants that consti-
tute less than 20% of the virus population [51,52]. To over-
come this limitation, new approaches have been developed,
and the most common include the subcloning and sequencing
of HIV-1 clones, ultra-deep sequencing, oligonucleotide liga-
tion assay, mutation-specific PCR assays, and the LigAmp
assay [53]. However, like standard genotyping assays, all of
these techniques are also sequence-based and therefore sub-
ject to HIV-1 genome variability.

HIV-1 genetic diversity impacts on sequence-based geno-
typic drug resistance assays at several levels, including perfor-
mance and the interpretation of results. Performance is

closely associated with the efficacy of the primers used for

TABLE I. Molecular viral load assays currently found in routine practice

Target in
Assay name Manufacturer Principle HIV-1 genome  Dynamic range Detected HIV strains Extraction
Cobas Amplicor HIV-1 Roche RT-PCR, endpoint  gag 400-750 000 copies/mL  HIV-1 group M (A-G) Manual and
Monitor vI.5 detection automated
Cobas AmpliPrep-Cobas Roche RT-PCR, real-time  LTR + gag 20-1 x 107 copies/mL HIV-1 groups M, N and O Manual and
TagMan HIV-I v2.0 detection automated
Abbott RealTime HIV-I Abbott RT-PCR, real-time  pol 40-1 x 107 copies/mL HIV-1 groups M (A-H), Manual and
detection N and O automated
NucliSENS EasyQ HIV-I bioMérieux NASBA, real-time gag 100-3 x 10° Ul/mL HIV-1 group M (A-K, Manual and
detection CRFOI-AE, CRF02-AG, automated
CRF14-BG, AG-GH,
CRFI 1-cpx). May detect HIV-2
Versant HIV-1 RNA 3.0 Siemens bDNA pol 50-500 000 copies/mL HIV-1 group M (A-G) No extraction
G2 real-time PCR ‘in-house’  ANRS-Biocentric ~ RT-PCR, real-time  LTR Not provided HIV-1 group M (A-H) Manual
detection

HIV, human immunodeficiency virus.
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amplification and sequencing, which are generally optimized
for HIV-1 subtype B, especially for the commercial assays
[48,54]. Many studies have reported limitations of these con-
ventional assays in correctly amplifying and sequencing non-B
strains; for example, studies evaluating the ViroSeq System
have reported amplification failure and failure rates for
sequencing primers on non-B subtypes [55,56]. The initial
version of the TRUGENE HIV-1 genotyping system also
showed clear limitations in generating usable sequences from
non-B strains (A-J) [57,58]. Several ‘in-house’ methods have
been developed for the genotyping of non-B strains, either
for a large spectrum of non-B strains in areas where these
variants predominate, such as Central and West Africa [59],
or for specific variants that cannot be correctly tested with
commercial assays, as is the case for subtype C in South
Africa and neighbouring countries [56]. However, care
should be taken with ‘in-house’ techniques, as they are not
always well evaluated and validated. Moreover, a recent pub-
lication on contaminated commercial enzymes clearly
showed the risks and limitations of ‘in-house’ approaches,
stressing the need to put in place a good-quality management
system when using these assays [60].

Also, HIV-I genetic diversity has an impact on the inter-
pretation of the observed mutations as compared with the
subtype B reference strain. Interpretation of genotypic drug
resistance mutations is based on three algorithms (Stanford,
ANRS and Rega) (http://hivdb.stanford.edu), mainly devel-
oped on the basis of clinical and/or virological data obtained
from patients infected with HIV-1 subtype B. As a conse-
quence, these algorithms can produce important discor-
dances when applied to non-B variants [61,62]. They can
misinterpret mutations that are present in non-B variants as
natural polymorphisms [59,63]. In addition, although most
major resistance mutations in subtype B have also been
found in non-B subtypes, few novel mutations in non-B sub-
types have been recognized and they are not always identi-
fied by the genotypic drug resistance algorithms [64].
Despite regular updates and a recent tendency to incorpo-
rate non-B data in the development of these algorithms,
important discordances remain.

Furthermore, the highly sensitive approaches developed to
detect minor viral populations are even more subject to
HIV-1 sequence variability, which is clearly the key limitation
of point mutation assays, as they are subject to both intra-
subtype and intersubtype variability [65]. Indeed, only sub-
type-specific oligonucleotide probes are able to hybridize to
the targeted codon with high specificity, and even within the
same HIV-1 subtype the presence of mismatches between
the probes and tested viruses can impact greatly on the
assay performance [66—68].

Conclusions

Two decades of experience in the management of HIV infec-
tion have demonstrated the usefulness of VL and drug resis-
tance testing for the monitoring of ART in patients. Despite
many efforts, HIV-1 genetic variability continues to have a
significant impact on the performance and the reliability of
these assays. Although VL assays have been regularly updated
to encompass the genetic diversity for the pandemic HIV-I|
group M strains, very few assays can quantify the other HIV-
| groups, and there is currently no commercial assay for
HIV-2 quantification. Commercial genotypic drug resistance
assays are less frequently updated than VL assays, although
they clearly show limitations in correctly amplifying and pro-
viding usable sequences for HIV-1 non-B strains. Moreover,
none of them is applicable to the other HIV-1 groups or
HIV-2. Actually, the only affordable sensitive techniques for
the detection of minor populations are mainly point muta-
tions assays. Their use will probably remain restricted,
because they are difficult to implement in areas with high
HIV-1 genetic diversity. With the increasing number of
patients receiving ART in areas where only non-B variants
predominate and with the increasing number of non-B infec-
tions in the USA and Europe, the demand for VL and drug
resistance tests for non-B strains will increase significantly,
and it is thus important that these tests have, as much as

possible, equal performance with all HIV-I variants.

Transparency Declaration

The authors have no conflicts of interest to declare.

References

. Robertson DL, Anderson JP, Bradac JA et al. Hiv-l nomenclature
proposal. Science 2000; 288: 55-56.

2. Butler IF, Pandrea |, Marx PA, Apetrei C. HIV genetic diversity: bio-
logical and public health consequences. Curr HIV Res 2007; 5: 23—45.

3. Hahn BH, Shaw GM, De Cock KM, Sharp PM. Aids as a zoonosis:
scientific and public health implications. Science 2000; 287: 607-614.

4. Keele BF, Van Heuverswyn F, Li Y et al. Chimpanzee reservoirs of
pandemic and nonpandemic HIV-I. Science 2006; 313: 523-526.

5. Van Heuverswyn F, Li Y, Neel C et al. Human immunodeficiency
viruses: SIV infection in wild gorillas. Nature 2006; 444: |164.

6. Santiago ML, Range F, Keele BF et al. Simian immunodeficiency virus
infection in free-ranging sooty mangabeys (Cercocebus atys atys)
from the Tai forest, Cote d’lvoire: implications for the origin of epi-
demic human immunodeficiency virus type 2. J Virol 2005; 79: 12515—
12527.

7. Vergne L, Bourgeois A, Mpoudi-Ngole E et al. Biological and genetic

characteristics of HIV infections in Cameroon reveals dual group M

©2010 The Authors

Clinical Microbiology and Infection ©2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16, 1525-1531



1530

Clinical Microbiology and Infection, Volume 16 Number 10, October 2010

CMI

20.

2

22.

23.

24.

25.

26.

27.

28.

and O infections and a correlation between si-inducing phenotype of
the predominant crf02_ag variant and disease stage. Virology 2003;
310: 254-266.

. Vessiere A, Leoz M, Brodard V et al. First evidence of a HIV-1 m/o

recombinant form circulating outside Cameroon. AIDS 2010; 24:
1079-1082.

. Hemelaar ], Gouws E, Ghys PD, Osmanov S. Global and regional dis-

tribution of HIV-1 genetic subtypes and recombinants in 2004. AIDS
2006; 20: W13-W23.

. Peeters M, Sharp PM. Genetic diversity of HIV-I: the moving target.

AIDS 2000; 14: S129-S140.

. Vidal N, Peeters M, Mulanga-Kabeya C et al. Unprecedented degree of

human immunodeficiency virus type | (HIV-1) group M genetic diver-
sity in the Democratic Republic of Congo suggests that the HIV-I pan-
demic originated in Central Africa. | Virol 2000; 74: 10498—10507.

. Zhu T, Korber BT, Nahmias AJ, Hooper E, Sharp PM, Ho DD. An

African HIV-1 sequence from 1959 and implications for the origin of
the epidemic. Nature 1998; 391: 594-597.

. Worobey M, Gemmel M, Teuwen DE et al. Direct evidence of exten-

sive diversity of HIV-1 in Kinshasa by 1960. Nature 2008; 455: 66—
664.

. Peeters M, Toure-Kane C, Nkengasong JN. Genetic diversity of HIV

in Africa: impact on diagnosis, treatment, vaccine development and
trials. AIDS 2003; 17: 2547-2560.

. McCutchan FE. Global epidemiology of HIV. | Med Virol 2006; 78

(suppl 1): S7-SI2.

. Wheeler WH, Ziebell RA, Zabina H et al. Prevalence of transmitted

drug resistance associated mutations and HIV-1 subtypes in new
HIV-1 diagnoses, U.S—2006. AIDS 2010; 24: 1203-1212.

. Fleury H, Recordon-Pinson P, Caumont A et al. HIV type | diversity

in France, 1999-2001: molecular characterization of non-B HIV
type | subtypes and potential impact on susceptibility to antiretro-

viral drugs. AIDS Res Hum Retroviruses 2003; 19: 41-47.

. Tatt ID, Barlow KL, Clewley JP, Gill ON, Parry JV. Surveillance of

HIV-1 subtypes among heterosexuals in England and Wales, 1997—
2000. J Acquir Immune Defic Syndr 2004; 36: 1092—-1099.

. Couturier E, Damond F, Roques P et al. HIV-I diversity in France,

1996—1998. The ac || laboratory network. AIDS 2000; 14: 289-296.
Peeters M, Liegeois F, Torimiro N et al. Characterization of a highly
replicative intergroup M/O human immunodeficiency virus type |
recombinant isolated from a Cameroonian patient. | Virol 1999; 73:
7368-7375.

. WHO/UNAIDS. Aids epidemic update. 2009. Available at: http://data-

unaidsorg/pub/Report/2009/2009_epidemic_update_enpdf
accessed 2 June 2010).

Apetrei C, Loussert-Ajaka |, Descamps D et al. Lack of screening test
sensitivity during HIV-1 non-subtype B seroconversions. AIDS 1996;
10: F57-F60.

Loussert-Ajaka |, Ly TD, Chaix ML et al. HIV-1/HIV-2 seronegativity
in HIV-1 subtype O infected patients. Lancet 1994; 343: 1393—-1394.
Aghokeng AF, Mpoudi-Ngole E, Dimodi H et al. Inaccurate diagnosis
of HIV-1 group M and O is a key challenge for ongoing universal
access to antiretroviral treatment and HIV prevention in Cameroon.
PLoS ONE 2009; 4: €7702.

Corcoran C, Hardie D. HIV-I subtype C seronegative AIDS. Clin
Infect Dis 2008; 46: 322-323.

Gautheret-Dejean A, Mesmin-Poho S, Birguel ], Lemee V, Huraux M,
Plantier JC. Unequal detection of HIV type | group O infection by
simple rapid tests. Clin Infect Dis 2008; 46: 1936—1937.

Novitsky V, Gaolathe T, Woldegabriel E, Makhema ], Essex M. A
seronegative case of HIV-l subtype C infection in Botswana. Clin
Infect Dis 2007; 45: e68—e71.

Holodniy M. HIV-I load quantitation: a |7-year perspective. | Infect
Dis 2006; 194 (suppl 1): S38-544.

(last

©2010 The Authors
Clinical Microbiology and Infection ©2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16, 1525-1531

30.

3

33.

34.

35.

36.

37.

38.

39.

40.

4

42.

43.

44,

45.

. Plantier JC, Gueudin M, Damond F, Braun ], Mauclere P, Simon F.

Plasma RNA quantification and HIV-1 divergent strains. | Acquir
Immune Defic Syndr 2003; 33: |-7.

Wittek M, Sturmer M, Doerr HW, Berger A. Molecular assays for
monitoring HIV infection and antiretroviral therapy. Expert Rev Mol
Diagn 2007; 7: 237-246.

. Stevens WS, Noble L, Berrie L, Sarang S, Scott LE. Ultra-high-

throughput, automated nucleic acid detection of human immuno-
deficiency virus (HIV) for infant infection diagnosis using the Gen-
Probe APTIMA HIV-Il screening assay. | Clin Microbiol 2009; 47:
2465-2469.

. Alaeus A, Lidman K, Sonnerborg A, Albert ). Subtype-specific problems

with quantification of plasma HIV-1 RNA. AIDS 1997; | |: 859-865.
Gottesman BS, Grosman Z, Lorber M et al. Measurement of HIV
RNA in patients infected by subtype C by assays optimized for sub-
type B results in an underestimation of the viral load. | Med Virol
2004; 73: 167-171.

Gueudin M, Plantier JC, Damond F, Roques P, Mauclere P, Simon F.
Plasma viral RNA assay in HIV-I group O infection by real-time PCR.
J Virol Methods 2003; | 13: 43—49.

Loussert-Ajaka |, Descamps D, Simon F, Brun-Vezinet F, Ekwalanga
M, Saragosti S. Genetic diversity and HIV detection by polymerase
chain reaction. Lancet 1995; 346: 912-913.

Parekh B, Phillips S, Granade TC, Baggs |, Hu DJ, Respess R. Impact
of HIV type | subtype variation on viral RNA quantitation. AIDS Res
Hum Retroviruses 1999; 15: 133—-142.

Swanson P, de Mendoza C, Joshi Y et al. Impact of human immunode-
ficiency virus type | (HIV-1) genetic diversity on performance of four
commercial viral load assays: Lcx HIV RNA quantitative, Amplicor
HIV-1 Monitor vI.5, Versant HIV-1 RNA 3.0, and Nuclisens HIV-I
QT. J Clin Microbiol 2005; 43: 3860-3868.

Triques K, Coste ], Perret JL et al. Efficiencies of four versions of the
Amplicor HIV-I monitor test for quantification of different subtypes
of human immunodeficiency virus type |. | Clin Microbiol 1999; 37:
110-116.

Rouet F, Chaix ML, Nerrienet E et al. Impact of HIV-I genetic diver-
sity on plasma HIV-1 RNA quantification: usefulness of the Agence
nationale de recherches sur le sida second-generation long terminal
repeat-based real-time reverse transcriptase polymerase chain reac-
tion test. | Acquir Inmune Defic Syndr 2007; 45: 380-388.

Pas S, Rossen JW, Schoener D et al. Performance evaluation of the
new Roche COBAS AmpliPrep/COBAS TaqMan HIV-| test ver-
sion 2.0 for quantification of human immunodeficiency virus type |
RNA. J Clin Microbiol 2010; 48: 1195-1200.

. Scott L, Carmona S, Stevens W. Performance of the new Roche CO-

BAS AmpliPrep-COBAS TagqMan version 2.0 human immunodefi-
ciency virus type | assay. | Clin Microbiol 2009; 47: 3400-3402.

Scott LE, Noble LD, Moloi ], Erasmus L, Venter WD, Stevens W.
Evaluation of the Abbott m2000 realtime human immunodeficiency
virus type | (HIV-1) assay for HIV load monitoring in South Africa
compared to the Roche COBAS AmpliPrep-Cobas Amplicor, Roche
COBAS AmpliPrep-COBAS TagMan HIV-I, and bioMerieux Nucli-
SENS EasyQ HIV-1 assays. | Clin Microbiol 2009; 47: 2209-2217.

Tang N, Huang S, Salituro | et al. A realtime HIV-1 viral load assay
for automated quantitation of HIV-I RNA in genetically diverse
group M subtypes A-H, group O and group N samples. | Virol Meth-
ods 2007; 146: 236-245.

Gallant JE. Antiretroviral drug resistance and resistance testing. Top
HIV Med 2005; 13: 138-142.

Hertogs K, de Bethune MP, Miller V et al. A rapid method for simul-
taneous detection of phenotypic resistance to inhibitors of protease
and reverse transcriptase in recombinant human immunodeficiency
virus type | isolates from patients treated with antiretroviral drugs.
Antimicrob Agents Chemother 1998; 42: 269-276.



CMI

Peeters et al.

HIV-I genetic diversity and monitoring assays 1531

46.

47.

48.

49.

50.

51

52.

53

54.

55.

56.

57.

58.

Kellam P, Larder BA. Recombinant virus assay: a rapid, phenotypic
assay for assessment of drug susceptibility of human immunodeficiency
virus type | isolates. Antimicrob Agents Chemother 1994; 38: 23-30.
Holguin A, Hertogs K, Soriano V. Performance of drug resistance
assays in testing HIV-1 non-B subtypes. Clin Microbiol Infect 2003; 9:
323-326.

Tong CY, Mullen J, Kulasegaram R, De Ruiter A, O’Shea S, Chrystie
IL. Genotyping of B and non-B subtypes of human immunodeficiency
virus type |. J Clin Microbiol 2005; 43: 4623—-4627.

Eshleman SH, Hackett ] Jr, Swanson P et al. Performance of the Cel-
era Diagnostics ViroSeq HIV-1 genotyping system for sequence-based
analysis of diverse human immunodeficiency virus type | strains. | Clin
Microbiol 2004; 42: 2711-2717.

Grant RM, Kuritzkes DR, Johnson VA et al. Accuracy of the Trugene
HIV-1 genotyping kit. | Clin Microbiol 2003; 41: 1586—1593.

Leitner T, Halapi E, Scarlatti G et al. Analysis of heterogeneous viral
populations by direct DNA sequencing. BioTechniques 1993; I5: 120-
127.

Schuurman R, Brambilla D, de Groot T et al. Underestimation of HIV
type | drug resistance mutations: results from the ENVA-2 genotyp-
ing proficiency program. AIDS Res Hum Retroviruses 2002; 18: 243—
248.

. Xiao L, Zhang J, Yin YF et al. Molecular diagnosis of HIV and relevant

novel technologies in mutation analysis. Biotechnol Adv 2008; 26: 389—
397.

Eshleman SH, Crutcher G, Petrauskene O et al. Sensitivity and speci-
ficity of the ViroSeq human immunodeficiency virus type | (HIV-1)
genotyping system for detection of HIV-1 drug resistance mutations
by use of an ABI Prism 3100 genetic analyzer. | Clin Microbiol 2005;
43: 813-817.

Maes B, Schrooten Y, Snoeck ] et al. Performance of ViroSeq HIV-I
genotyping system in routine practice at a Belgian clinical laboratory.
J Virol Methods 2004; 119: 45-49.

Wallis CL, Papathanasopoulos MA, Lakhi S et al. Affordable in-house
antiretroviral drug resistance assay with good performance in non-
subtype B HIV-1. J Virol Methods 2010; 163: 505-508.

Beddows S, Galpin S, Kazmi SH et al. Performance of two commer-
cially available sequence-based HIV-1 genotyping systems for the
detection of drug resistance against HIV type | group M subtypes.
J Med Virol 2003; 70: 337-342.

Jagodzinski LL, Cooley JD, Weber M, Michael NL. Performance
characteristics of human immunodeficiency virus type | (HIV-I)

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

genotyping systems in sequence-based analysis of subtypes other than
HIV-1 subtype B. J Clin Microbiol 2003; 41: 998—1003.

Vergne L, Peeters M, Mpoudi-Ngole E et al. Genetic diversity of pro-
tease and reverse transcriptase sequences in non-subtype-B human
immunodeficiency virus type | strains: evidence of many minor drug
resistance mutations in treatment-naive patients. | Clin Microbiol 2000;
38: 3919-3925.

Monleau M, Plantier JC, Peeters M. HIV contamination of commercial
PCR enzymes raises the importance of quality control of low-cost in-
house genotypic HIV drug resistance tests. Antivir Ther 2010; 15: 21—
126.

Vergne L, Snoeck |, Aghokeng A et al. Genotypic drug resistance
interpretation algorithms display high levels of discordance when
applied to non-B strains from HIV-I naive and treated patients. FEMS
Immunol Med Microbiol 2006; 46: 53-62.

Snoeck J, Kantor R, Shafer RW et al. Discordances between interpre-
tation algorithms for genotypic resistance to protease and reverse
transcriptase inhibitors of human immunodeficiency virus are subtype
dependent. Antimicrob Agents Chemother 2006; 50: 694-701.

Pieniazek D, Rayfield M, Hu D] et al. Protease sequences from HIV-I
group M subtypes A—H reveal distinct amino acid mutation patterns
associated with protease resistance in protease inhibitor-naive individ-
uals worldwide. HIV variant working group. AIDS 2000; [4: 1489—1495.
Martinez-Cajas JL, Pai NP, Klein MB, Wainberg MA. Differences in
resistance mutations among HIV-1 non-subtype B infections: a sys-
tematic review of evidence (1996-2008). | Int AIDS Soc 2009; 12: 11.
Shi C, Eshleman SH, Jones D et al. Ligamp for sensitive detection
of single-nucleotide differences. Nat Methods 2004; 1: 141-147.

Beck IA, Mahalanabis M, Pepper G et al. Rapid and sensitive oligo-
nucleotide ligation assay for detection of mutations in human immu-
nodeficiency virus type | associated with high-level resistance to
protease inhibitors. | Clin Microbiol 2002; 40: 1413—1419.

Edelstein RE, Nickerson DA, Tobe VO, Manns-Arcuino LA, Frenkel
LM. Oligonucleotide ligation assay for detecting mutations in the
human immunodeficiency virus type | pol gene that are associated
with resistance to zidovudine, didanosine, and lamivudine. | Clin Micro-
biol 1998; 36: 569-572.

Wallis CL, Mahomed |, Morris L et al. Evaluation of an oligonucleo-
tide ligation assay for detection of mutations in HIV-I subtype C indi-
viduals who have high level resistance to nucleoside reverse
transcriptase inhibitors and non-nucleoside reverse transcriptase
inhibitors. | Virol Methods 2005; 125: 99—109.

©2010 The Authors

Clinical Microbiology and Infection ©2010 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16, 1525-1531



	Genetic diversity among human immunodeficiency virus-1 non-B subtypes in viral load and drug resistance assays
	Introduction
	Classification and Molecular Epidemiology of HIV
	Genetic Diversity and Monitoring of HIV Infection
	ART and patient monitoring in areas where non-B HIV-1 variants predominate
	Genetic diversity and HIV diagnosis
	Genetic diversity and VL testing
	Genetic diversity and drug resistance assays

	Conclusions
	Transparency Declaration
	References




