
UC San Diego
UC San Diego Previously Published Works

Title
Editorial Commentary: Extending HIV drug resistance testing to low levels of plasma 
viremia.

Permalink
https://escholarship.org/uc/item/80v8c04s

Journal
Clinical infectious diseases : an official publication of the Infectious Diseases Society of 
America, 58(8)

ISSN
1058-4838

Author
Richman, Douglas D

Publication Date
2014-04-01

DOI
10.1093/cid/ciu025
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/80v8c04s
https://escholarship.org
http://www.cdlib.org/


E D I T O R I A L C O M M E N T A R Y

Extending HIV Drug Resistance Testing to Low Levels of
Plasma Viremia

Douglas D. Richman

Veterans Affairs San Diego Healthcare System and Center for AIDS Research, University of California, San Diego, La Jolla

(See the Major Articles by Santoro et al on pages 1156–64 and Gonzalez-Serna et al on pages 1165–73.)
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Antiviral treatment that is not sufficient
to completely suppress viral replication
imposes the selective pressure that results
in the emergence of drug-resistant viral
escape mutants. Human immunodefi-
ciency virus (HIV) drug resistance testing
has become part of the standard manage-
ment of patients, both those newly pre-
senting to identify transmitted drug
resistance and those in whom virus repli-
cation is not suppressed, which results in
the emergence of acquired drug resis-
tance [1–3].

We have known for a long time that
escape mutations can emerge early
after treatment failure, even with low
levels of plasma HIV RNA [4, 5]. Guide-
lines from most clinical laboratories ad-
vised HIV drug resistance testing only
on specimens with viral loads of at
least 1000 copies HIV RNA/mL [1, 3].
This practice was based on the rationale
that successful sequencing diminished in
efficiency with diminishing levels of
RNA, and that with smaller populations

of HIV RNA molecules being tested, the
results might not be representative of
the variants in the circulation. Moreover,
Food and Drug Administration (FDA)–
approved HIV drug resistance genotyp-
ing platforms have specified application
to specimens with >1000 copies HIV
RNA/mL. Two companion papers in
this issue of Clinical Infectious Diseases
provide data from large clinical pro-
grams in British Columbia and central
Italy to demonstrate that in fact the suc-
cess rates for polymerase chain reaction
(PCR) amplification to perform drug
resistance testing in specimens from pa-
tients with 50–1000 copies HIV RNA/
mL plasma are both reasonably efficient
and clinically predictive [6, 7]. Success
rates were >90% for specimens >250 cop-
ies HIV RNA/mL in one study and for
specimens >200 copies in the other. For
specimens with detectable viral loads
below these levels, successful sequencing
results were still near 75%. In addition,
the paper by Santoro et al showed that
similarly successful rates were obtained
with non-B subtype infections.
Each of these studies provides a robust

practical experience with data from a
large number of subjects and plasma
samples (6617 plasma samples with 50–
1000 copies HIV RNA/mL were studied
between the 2 studies) over periods of
more than a decade, and they provide
evidence for beneficial clinical outcomes

as a result of their drug resistance test-
ing at low levels of plasma HIV RNA.
Gonzalez-Serna et al found that 8% of
212 treatment-naive patients had evi-
dence of transmitted drug resistance.
That study also showed that the detection
of acquired drug resistance was predictive
of subsequent treatment failure. Both
studies showed a range of resistance mu-
tations to different classes of antiretrovi-
ral drugs, and the benefits of using such
results to guide the design of subsequent
regimens is well established [8, 9].

The results are subject to several limi-
tations, which the authors themselves ac-
knowledge. One concern about either
phenotypic or phenotypic drug resistance
testing with low viral loads has been
whether the results from the amplified
RNA reflected the population of genetic
variants in a representative manner. Re-
verse transcription of any RNA popula-
tion followed by PCR amplification
reflects only a minority of that popula-
tion. When the population tested is
small, for example in the hundreds, the
amplified products may include a selected
subset of the population that is not repre-
sentative. In fact, in the Gonzalez-Serna
et al study, the proportion of sequence
reads without evidence of nucleotide
reads with >1 base supports the likeli-
hood of amplification of a single mole-
cule. The concern thus remains about
whether the resulting sequence reflects
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an unrepresentative “founder effect”;
however, Figure 3 in Gonzalez-Serna
et al shows a substantial rate of resistance
even in those samples from which only a
single molecule was likely amplified, and
even these results were predictive of treat-
ment failure.

Another issue is that these 2 highly ex-
perienced and specialized laboratories
used in-house methods, rather than the
standard FDA-approved platforms that
generate the majority of results in most
developed countries. The British Colum-
bia approach was to implement a second
try on those samples that fail to generate
results, initially by using alternative prim-
ers and a shorter amplicon. The value of
this modification became progressively
more important the lower the level of vi-
remia in the specimen. The Italian ap-
proach was to concentrate RNA from a
larger volume of plasma by centrifugation
along with a nested amplification for
those specimens negative on the first
round. There, too, the proportion of pos-
itive results only after the nested PCR am-
plification progressively increased with
lower levels of viremia. Nevertheless,
both studies provide robust data showing
the practical feasibility of these approach-
es for the clinical management of large
numbers of patients. The results generat-
ed also proved useful to inform and im-
prove clinical management. Moreover,
results obtained earlier during treatment
failure can help to guide modifications
of regimens before additional resistance
accumulates. These studies thus provide
an impetus for investigators designing
drug resistance assays and for laborato-
ries providing diagnostic services to ex-
tend drug resistance assays to specimens
with lower levels of viremia.

Implementing the conclusions from
these 2 studies will expand the proportion
of patients who will benefit from HIV
drug resistance testing. In addition, by
earlier detection of failure and resistance,
interventions can be made before the
continuing accumulation of resistance
would inevitably occur. As we learn how

better to manage failure, it is ironic, but
not unwelcome, that with the availability
of earlier treatment and with more effec-
tive and more tolerable drugs, the pro-
portion of patients for whom treatment
is unsuccessful is substantially diminish-
ing in developed countries.
The increasing challenges regarding

drug resistance are occurring in re-
source-limited settings, with the global
rollout of antiretroviral therapy now
reaching approximately 10 million people
[10]. Substantial benefits on morbidity,
mortality, and likely even transmission
are resulting from this effort [10, 11].
Nevertheless, the reality of laboratory
support in such settings is compromising
some of the benefits of the rollout. Cur-
rent antiretroviral management in re-
source-limited settings results in the
much-delayed determination of treat-
ment failure and the progressive accumu-
lation of drug resistance mutations under
the selective pressure of continuing drug
treatment [12, 13]. This accumulation re-
sults in higher and broader antiretroviral
resistance, thus diminishing effective
treatment options [14]. These options
are further restricted by second-line regi-
mens that are much more limited than in
resource-rich countries. There is an ur-
gent need for practical viral load assays
and drug resistance assays that will per-
mit more prompt and informed detection
and management of treatment failure to
further improve the benefits of access to
antiretrovirals in the settings where most
infections occur.
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