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ABSTRACT KEYWORDS
Monitoring of HBV, HCV and HIV-infected individualswhich areon antiviral Molecular assay;
treatment, ideally requires periodic viral load measurements to track Viral load;
legitimate response to treatment. Quantification of viral load has greatly NAT.

improved the monitoring of therapies for infected individuals. There are
several commercially available assays for the quantitation of HBV, HCV
and HIV-1load, but still the viral load could not be presented accurately for
the initiation of antiviral therapy and follow up therapy. The objective of
this study isto provide information for interpretation of viral load data of
an infected patient for selection of an appropriate molecular assay for
initiation and follow up of antiviral therapy. Twenty nucleic acid positive
plasmasampleseach of HBV, HCV, HIV-1were used in the study. The same
molecular assay in subsequent run showedup to 0.2-log10variations and
different assays showed up to 0.4-log10viral load variations for the same
set of samples. The large range of variations were observed in samples
having higher viral loads (>one million copiesml). Severa times it has
been observed that theviral load results of >100 copies/ml aremorereliable
in comparison to low viral load results. The molecular assays of different
manufacturers showed sizeabledifferencesin viral loadsfor sampleshaving
HBYV genotype A in comparison to HBV genotype D.The factors like
clinicaly relevant cut-off, natural variability of viral load, the inherent
variability of viral load assays, inter and intra assay variations, precision,
linear range of an assay should benormalised beforedetermining the
effectiveness of an antiviral therapy.
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INTRODUCTION

M assive advances have been madein molecular
diagnostic sinceitsinception and these PCR-based tech-
nologiesarebeing usedin clinical diagnosticlaborato-
riesfor themanagement of variousvird infections. The
real-time PCR hasrevol utionised overal performance

of theseassaysand viral |oad quantitation hasbecome
themgor tool for diseaseprognosisand antivira therapy
management for HBV, HCV and HIV-1infected pa
tients. Viral load testing using polymerase chain reac-
tion (PCR) isthe preferred method for early detection
of thergpeuticfailure*3. Thecommercidizationof vira
load assays has dl owed widespread and routine moni-
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toring of vira nucleicacidlevelsininfected persons. In
developing countriesHBV, HCV and HIV-1vira load
assays are urgently needed in the context of expected
universal accessto prevention and antiviral treatment
programs. Thecommercidly available assaysveryin
their ability to accurately measure and detect Sgnificant
changesin plasmaviral load“. Amore preci se assay
can accurately distinguish trueclinically significant
changesinvird plasmaload from background noise, or
systematicvariation. Theprecision of avira |oad assay
iscritica to patient management and givestheclinician
aclear pictureof the patient’s true virologic status that
isattributableto infection or treatment as opposed to
systematicvariaioninassaysWith successful ectiveanti-
vira therapy, viral load detection limitsare observed to
drop below 500 copies/ml>7. Thisdegree of reduc-
tioninvira load detection limitsand the genera con-
sensusthat highly active antiretrovira therapy should
amtosuppressvird replication asfully aspossible, has
prompted the need for even more sensitiveviral load
quantification assays. Therefore, anumber of manufac-
turers have adapted their existing viral load assaysto
permit alower limit of detection™. Theuseof aviral
load assay with d”’50 copies/ml detection limit would
provide moreinformativedatafor patient trestment.

In2008, international A1DS Society reeffirmed the
importance of accurate and sensitiveviral load assess-
ment and by necessity, access, to viral load assays®.
Vird load testing isconsidered essential wheninitiating
anti-viral therapy, when monitoring anti-viral therapy
response and when considering switching anti-viral
therapy regimens. Thedemand for accurate, reproduc-
ibleand cost effective quantitative molecul ar assaysis
thereforeaglobal issug®!., The explanation based on
our data, would help in understanding theresults of vi-
ral load monitoring assays. Further, theinterpretation
based on thisstudy will help thecliniciansindeciding
anti-vird therapy.

EXPERIMENTAL

Plasmasamples

Thisstudy involved 60 plasmasamplescomprising
of20HBV-DNA positive, 20 HCV-RNA positive
and20 HIV-1-RNA positive plasma samples. These
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plasmasampleshave been fractionated from the blood
bagsfound positivefor HBV, HCV and HIV-1respec-
tively, during the screening of blood, donated to vari-
ousblood banks. Thereferencemateriasused were (1)
3YWHO internationa standard for HepatitisB virus
for nucleic acid amplificationtechniques (NIBSC code:
10/264), (2) 29 HCV RNA Genotype pand for nucleic
acid amplification techniques (NIBSC code: 08/264)
and (3) HIV-1 Genotype panel (NIBSC code: 08/358).

Platformsand reagentsused

1 AbbottRea time HIV-1 amplification reagent
kit, Abbott RedtimeHCV amplification reagent
kit and Abbott RedtimeHBV amplificationre-
agent kit on Abbott m2000rt platform.

2. artusHI Virus-1 RG-RT-PCR kit, artusHCV
RG-RT-PCR kit andartus HBV RG PCR kit
onrotorGene platform.

3. artusHI Virus-1 QS-RGQkit, artusHCV QS
RGQ kit andartus HBV QS-RGQ kit on
QIAsymphony SP& AS & Rotor Gene plat-
form

4. CobasTagMan HBYV test, CobasTagMan
HCV test v.2 andCobasTagMan HIV-1 test
v.2 for high pure system on CobasTagMan 48
platfoem.

5. CobasAmpliprep/CobasTagMan HIV-1 test
v.2, CobasAmpliprep/CobasTagMan HCV
test and CobasAmpliprep/CobasTagMan HBV
test v.2 on CobasAmpliprep/CobasTagMan
platform.

RESULTS

NucleicAcidtesting laboratory at thisIngtitute has
been established for performance eva uation of molecu-
lar assays. During year 2013-14, the laboratory has
evaluated 13 batches each of HBV, HCV and HIV-1
quantitative molecul ar assay test kits manufactured by
M/sAbbott molecular, USA, M/s Roche Inc., USA
and M/sQIAGEN GmbH, Germany. The panelsof 20
HBV, 20 HCV and 20 HIV-1 positive plasmasamples
havingadynamicrangeof vira |oad wereused for evau-
ation of respectivetest kits.Themolecular assaysof dif-
ferent manufacturersshowed different viral load for the
same set of samples. Theinter-assay viral |oad differ-
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encesranged up to 0.4-log10 for 80% of samplesand
inrest of the cases differenceswere above 0.5-10g10
but below 1-10g10. Thevariationsinviral load were
also shown by same assay for the same set of samples
during subsequent runsand these variationsranged up
t0 0.2-10g10 for 95% of samples. Variationsinvira
load for HBV up to 0.08-1og10 1U/ml has been ob-
served for thesame samplewhen put induplicate a the
sametimewith the samereagent in the samerunand by
the same machine and same operator. Thelargerange
of variationswere observed for sampleshaving higher
vird loads (> onemillion IU/ml). It hasalso been ob-
served that theviral load results of >100 IU/ml were
morereproduci blein comparisontolow vird load (<100
[U/ml) results. Theviral load resultsfor low copy num-
ber samples (<25 IU/ml) wereunrdliable. Thesamples
showingvira load of <25 1U/ml by amolecul ar assay
were not detected in subsequent or repeat run by the
same assay and a so were not detected by molecular
assay of the other manufacturers. Themolecular assays
of different manufacturersshowed sgnificant differences
invira loadsfor samples having HBV genotypeA.
However vird |oad resultsweresimilar for HBV geno-
typeD. Butin case of HCV such differenceswere not
observed for genotype 1 and 3.

DISCUSSION

During the performanceevauation variationsin vi-
ra load resultswere observed using the same molecu-
lar assay and testing the same set of plasmasamples.
Overall, differenceswereup to 0.2-1og-10for 95%of
samples, by samemolecular assay and differenceswere
up to 0.4-log10 for 80% of sampl es, between molecu-
lar assaysof different manufacturers.The CDC recom-
mendations and reports of year 2001*%  have also de-
scribed variability among the resultsreported by |abo-
ratoriesus ng the samemol ecular assayand testing the
same donor samples(i.e., theduplicate) withinasur-
vey or thesamedonor sample(i.e., thereplicate) used
inother survey. Thevariationsreported wereupto 1.8
l0g10. However, the absolutevalues of HIV viral load
measured in thesame plasmasample by using two dif-
ferent assays can differ by >2-fold™. Similar results
werereported by Katsoulidou et a ., 2011 for 86% of
the samples, between Abbott Real Time and

CobasTagMan assay for HIV-1 plasmaviral load on
genetically diverse samplesfrom Greece and none of
the samples showed adeviation of morethan 1.01og-
1013, TheCDC recommendations and reports of year
2001,1*4 mentionsthat HIV RNA levels can varyby
approximately threefold (0.5-10g10) in ether direction
upon repeated measurementsamong clinically stable,
HIV-infected persons. The Changes>0.5-10g10 usu-
aly cannot be explaned by inherent biological of assay
variability andlikely reflect abiologicdly and clinicaly
relevant change in the level of plasma HIV
RNA .Therefore, theminimal changeinvira load con-
sidered to be statistically significant isthreefold, or a
0.5-10g10 copies/ml changeand WHO guidelinesstate
that adifferenceof <0.5-log copies/ml isclinically not
significant, and this variation has no clinical conse-
quence™. However, plasmaHIV RNA assays vary
greater towardsthelower limitsof sengtivity. Thus, dif-
ferencebetween repested measures of>0.5-1og10 might
occur at low plasmaHIV RNA valuesand might not
reflect asubstantivebiologica or clinica change*?. The
differencesin precision between assays are profound
at low, near cut-off levels, but a so occur throughout
the dynamic range of the assayd®®. Karasi et a.,
2011has compared Roche cobasAmpliPrep/
cobasTagMan HIV-1v2.0 and AbbottRed TimeHIV-
1 assaysfor quantification of vira loadinHIV-1B and
non-B subtypes, and showed high correation. One sub-
type C was severely underquantified by TagMan test
v2.0for which sequenceandysisreveded multiplemis-
matches between the viral sequence and the primer/
proberegions. For specimensunder 200 copies/ml, the
overdl agreement was 90% at the cut-off of 50 copies/
ml and 67% at assay’s lower limit of detection of 20
and 40 copies/ml. The 309 sampleswereretested by
the cobasamplicor HIV-1MONITORTEST, V.1.5and
disagreement among thethree assaysaround their lower
limit of quantification wasrevealed®®. Churchetal.,
2011 showed that none of the assays including the
Abbott RealTime HIV-1 test, and Roche
cobasAmpliPrep/cobasTagMan HIV-1 48 test de-
tected or accurately quantited diverse HIV subtype
sampleswithin the accepted clinical rangerequired.
Although Real Time HIV-1 test and cobasA mpliPrep/
cobasTagManhad low rates of fa se negatives, but these
non-detected samples were different for each
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assay*1. The comparative study by Scott et al., 2009
with a20-member subtype pandl derived fromHIV-1-
infected blood donorsin South Africareported | east
variability indifferencesbetweenAbbott Red TimeHI V-
1 test and Roche cobasAmpliPrep/cobasTagMan HIV-
1 test. According to them Rea TimeHIV-1tended to
generate higher va uesthan the other assaysand showed
overal good performance and potential for usewith
sampl esfrom popul ations predominantly infected with
HIV-1 subtype C™*®.In Indiaat NARI Khopkar et d.,
2013 compared the performance of Standard Roche
COBASAmplicor HIV-1 Monitor Test, version 1.5
with Abbott HIV-1 RealTime assay using 125 speci-
mensand observed 94.4% agreement. Thisgroup also
reported that Abbott HIV-1 Real Time assay has higher
analytical sensitivity compared to Amplicor HIV-1
Monitor Test™,

Thedifferent target regionsintheviral genomesfor
different assaysmight beresponsiblefor variationsin
vira loadsbecause, the HIV-1 target region for Abbott
Rea TimeHIV-1testishighly conserved region within
pol (integrase), for cobasTagMan 48 HIV-1ishighly
conserved region of the gag gene and for
cobasAmpliprep/cobasTagMan assay isaconserved
region of the gag p41 gené?!.1t may also be said that
different molecul ar assaystarget different subtypes/geno-
typesof agnglevirusdifferentlyi.e. thecompatibility of
their primersvaries depending upon the presence of
subtype/genotypein asampleand in somecases, it may
be dueto the degeneracy of primers, which have been
usedin order totarget all subtypes/genotypessimulta
neoudly*#2%, But dueto this degeneracy the exact de-
termination of viral load iscompromised up to some
extent. Therefore, for accurate determination of viral
| oad, the subtype/gencotype specific primer assay could
betried. Thevariationsobserved by us between differ-
ent viral load platformsfor HBV genotypeA and D
might beexplained on similar linesin context to target
regionsin HBV genome.Performancesignificantly vary
between HIV viral load platforms according to sub-
type, and highlighted that viral diversity inthe popula-
tion being tested must be assessed and considered in
thesdection of avira load platform?24. Thischalenge
although present in the devel oped worldiseven more
important inthedeve opingworld wherethemgjor bur-
den of viral diversity exists. Non-detection, under-
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quantification, or even over quantification of plasmavire-
mia, hasthe potential to cause seriouserror in patient
care. Discordant samples should bere-tested using a
second vira load assay that targetsan dternative gene
region (i.e., HIV-1gagif pol based assay wasinitialy
used, and viceversa). Periodic eva uation and modifi-
cation of these assays may be necessary to ensurereli-
ablequantification of divergent subtypes.In caseof RT-
PCR/PCR based assaysthe other factor for variations
might belossof afew nucleic acid moleculesduringits
extraction. Since, all RT-PCR/PCR based assaysuse
~40 PCR amplification cycles and a dsDNA or
dscDNAmoleculeat theend of 40 amplification cycles
getsamplified tonx 2*molecules. Therefore, theloss
of singlenuclei c acid molecule may lead to loss of 24
dsDNA moleculesfrom amplicons.

CONCLUSION

Thevird load variations may sometimesmisead
thereportsof patientsunder antivird drugtherapy. Itis
sometimes suggested that during antiviral drug treat-
ment the periodicvira |oad monitoring should bedone
with thesameviral |oad molecular assay. Becausethe
circul ating recombinant formsand unique recombi nant
formsand genetic diversity have pressure on accuracy
of quantification. Thevira load resultsthat areincon-
sistent with previous trends should be repeated and
trestment decisionsusually should be based ontwo or
moresimilar values. Thefactorslikeclinically relevant
cut-off, naturd variagbility of vira load, theinherent vari-
ability of viral load assays, inter and intra assay
variations,precision, linear range of an assay should be
taken into account for i nterpretation of molecular assay
resultsto reach any conclusion and to determinethe
effectivenessof drug inapatient under treatment.
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