Assiyt Vet, Med. J. Vol 52 No. 110 Julv 2006

Dept. of Pathology, Fac. of Vet. Medicine, Assui: University,
Director of Molecular Biology Research Unit of Assuit University, Egypt.

EVALUATION OF REAL-TIME RT-PCR
QUANTITATION OF HCV RNA COMPARED

TO OTHER DIAGNOSTIC METHODS
(With 3 Tables and 3 Figures)

By
M. TAHA and M.W. ABD AL-AZEEM*

*Dept. of Microbiology, Fac. of Vet. Medicine,
South Valiey University, Qena, Egypt.
(Received at 29/6/2006)

g (oaSl Sl (B Bad CED g3 Juduiall § ekl JOUS s
s A Apaddall Jlughy 431 jBag sl o2Sl Clgat

aas aubin) 4 Jil g dars ¢ dmnnh jlide

SuS AAIT yal yal g aall S Ve (G Rty B ALl e S g g e tay
AN b s ol (Sl LT g Jlae B aasll Siasna (a5 A
I3y (o im 13 aall Lo By (B e il S el 8 A liiall g Aanadiall
?a;.'ul5_»452:;)3!&‘1\&‘&3)5111@3*@Jaﬂlguc_ﬂuw,ﬁ_ﬂ\
sl sl LIV e (A g pll ApaS el Adliia iy el e el
Colipdadll g Congll | dialt gl g3 Jubudall el Jolin Jlgal Bjas padsd oy
Afused Lo sl saa g (U agligad & (imje VY A )3 5 aagdl o A0 SyuiKH!
oh e Amal gl o3 Juduiall b el Jolis Laud g (oSl ug il ot A adlally
3dlina sluaf dgay oo cad€H 1M jaa) dasiuly dfae deay CVaD guan and
dalis :\ha.(‘% 43 ,V) 1T 5 Aglad Q‘)ﬂa(% A ,Y’) ARETEY (f cf\tun Pl g il
Ol el il Jeliiall 8 el Sl aladiuly L deaall g 5aliaall sluall 292 o)
Al gl g ppll (aandl asa s il soliaall plusdd Apla OV calll
sl pmand Jead Ala (% VY VIEA o aag il laal Al Alla WV 3
oSl b Waf% YV LYY VA 5 Alaidia g Uane gia g Alle ey ool B ug sl
s_e‘..ﬁ"ﬁggéégia.“ gl o) Judidall 3 el Jelil oiadn, l_a_..na\.m&c.‘llﬁ_.\i'l PAYY
plasiuly 2alimall et dlall CW Joas (A Sl 2l el g d By
a.u\_)..}ﬂ:\jl; A um;mwj_ﬂﬂaqasw‘;m Sl Pty e—ll..“}*_iyi
(% V¥ ,¥) c¥ls sl osms 200l ol s salEl Juliiell 5 el Jelis el g
Jdelii 8 Lile Caiy WS duaddie Sy el 25 s 0 a8 il JUEAYT Hagy Al
53 Jubuaiall 5_aldl Jolds dpanl ol oda oSl | Sall gl 10 Jaduall 3 al
udusiall 3 el Jeliny 430 iy gl Al gl g ST d sl )

203



Assiut Vet Med, J Vol. 52 No. 110 July 2006

& ey 4y Jug sl dsasl B pad il Alleciud dalia e o puall cdll ol
okl Sl Al aa ge Jo pdliall A0 deylis

SUMMARY

Hepatitis C virus (HCV), a single-stranded RNA virus belonging to the
Flaviviridae family, has been identified as a major pathogen of post
transfusion and community- transmitted non-A, non-B hepatitis. One
limitation in HCV research is the lack of a highly sensitive and specific
assay to measure viral joads in plasma or serum. HCV circulates in the
blood at a low copy number and its genome is extremely heterogeneous.
Many investigators used different methods to quantify the viral load in
HCV-infected patients. Recently, a real-time RT-PCR analysis has been
employed successfully for both basic research and clinical applications.
In the present work, 72 patients were studied on referral to the molecular
biology research unit of Assuit university, Egypt for HCV quantification
by real-time PCR. Initially, all patients were screened by enzyme linked
immunosorbent assay (ELISA) for the presence of anti-HCV antibodies.
Six cases (8.3%) were anti- HCV positive and 66 cases (91.7%) were
non-reactive for HCV- antibodies in their sera. Real-time RT-
polymerase chain reaction assay for quantification of hepatitis C virus
(HCV) RNA in the sera of all patients was carried out using a pair of
primers and Taq-man probe that are specific for recognsion of highly
conservative 5'- non coding region (5'- NCR) of HCV genome. The real-
time RT-PCR assay on the HCV 6 seropositive samples yielded
reproducible positive data. Real-time PCR quantification analysis of 66
seronegative patients demonstrated 48 positive cases for HCV genome
(72.7%) and 18 cases (27.3%) were negative. The results confirmed the
sensitivity and specificity of real-time RT-PCR compared to
serodiagnostic ELISA technique. Among the 48 positive cases by real-
time PCR, 30 cases showed minimal viral load (< 10° IU/ml), § cases
showed moderate quantity (up to10° IU/ml) and 10 cases showed strong
viral load (>10° TU/m!). Furthermore, the cases with low viral load were
selected for qualitative HCV detection by conventional RT-PCR and
agarose gel electrophoresis. The results showed 4 (13.3%) negative cases
and 26 (86.7%) positive cases. These results also reassured the
importance of real-time PCR technology for HCV-detection compared to
the conventional RT-PCR and highlighted the validity of applying real-
time PCR for the accurate diagnosis of the viral load, hence monitoring
the efficiency of therapeutic drugs in hepatitis patients.
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INTRODUCTION

Virological diagnosis and monitoring of HCV detection is based
on two categories of laboratory tests, namely serologic assays detecting
specific antibodies to HCV (anti-HCV) and assays that can detect
quantity or characterize the components of HCV viral particles such as
HCV RNA (Pawlotsky, 2002). Early stages of the infection are missed
because the antibodies develop only after one and half months of
infection and the test for anti-HCV antibody may be negative in the
initial period before the seroconversion phase (Lai, 2001).

HCV RNA detection by polymerase chain reaction (RT-PCR) is
highly sensitive and is a reliable test in the early diagnosis of HCV
infection (Tanaka et al, 2003). Many investigators used different
methods to quantify the viral load in HCV—infected patients (Pawlotsky
et al., 1996 and Reichard et al., 1998). However most of these methods
can produce conflicting results with considerable differences
(Raeymaekers, 1993).

Recently, a real-time RT-PCR analysis has been employed
successfully for both basic research and clinical application (Heid et al.,
1996 and Tyagi and Kramer, 1996). The real-time PCR method solved
these Problems with real-time monitoring of the PCR amplification
process and greatly improved the PCR- based quantitation of HCV
RNA.

The objective of the present investigation is to compare the
sensitivity and specificity of real-time PCR quantitative analysis of
HCV- RNA in seronegative as well as seropositive ELISA patients.
Moreover, conventional RT-PCR was carried out to assess its validity of
detecting cases with week viral load on agarose gel electrophoreses.

MATERIALS and METHODS

Samples

Blood samples were collected from 72 patients referred to the
Molecular Biology Research Unit of Assuit University, Egypt, for the
routine HCV detection by PCR.The samples were collected in clean
sterile test tube, left in room temperature for clotting, and then
centrifuged at 8000 rpm for 10 minutes. Sera were aspirated and stored
at -20C°, for ELISA and RNA extraction.
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ELISA

Sera from all patients were screened in duplicates for the
presence of anti-HCV antibodies using commercially available ELISA
kit (Biokit S.A., Barcelona-Spain). The presence or absence of anti-HCV
antibodies in the samples analyzed was determined by relating the
absorbance value of each sample to the cut-off value according to the
instruction manual.
RNA extraction

Total RNA from the collected sera was extracted using QlAamp
Viral RNA Mini Kit (QIAGEN) following the instruction manual. Viral
RNA was stored at -20 C° until used for both qualitative and quantitative
analysis.
HCV RNA Quantiation by real-time RT-PCR assay

HCV RNA was quantitated in sera of all patients included in the
study using HCV protocol by Brilliant QRT-PCR Master kit, 1-Step on
Mx 3000P instrument from Stratagene. A known amount of HCV
quantification standard RNA was introduced into each specimen as
internal positive control beside the no template, negative control to
insure accurate viral load quantitation and absence of sample specific
PCR inhibitors. Reverse transcription and amplification were carried out
using primers that bind within a highly conserved 5-non transiated
region of HCV. For detection of amplification products, the assay utilize
real-time PCR technology with two different dual-labeled fluorescent
oligonucleotide probes, which are able to bind HCV target amplicon and
quantification standard amplicon, respectively, within the regions
spanned by the primers. The two different probes for the HCV target and
the quantification standard are labeled with two different fluorescent
reporter dyes. The reporter fluorescence is suppressed in the intact probe
by the proximity of the quencher dye due to inductive-resonance-based
energy transfer (Forster-type energy transfer). During elongation, the
hybridized dual-labeled oligonucleotide probe is cleaved by the 5-3'
exonuclease activity of polymerase, leading to the separation of reporter
and quencher dyes. Within each cycle during the annealing and
elongation phase of PCR, the increasing emission of fluorescence light
from such cleaved dual-labeled oligonucleotides is collected
independently for the HCV target and quantification standard at different
wavelengths. The larger the original HCV RNA amount of a specimen,
the earlier the fluorescence of the reporter dye rises above certain
assigned fluorescence levels (the critical-threshold value), whereas for
the constant titer of quantification standard RNA, the fluorescence of the
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reporter dye should appear at the same cycle for all specimens. By
comparison of critical-threshold values (CT) obtained for the target
HCV RNA and the quantification standard RNA, the original HCV RNA
concentration (log quantity) of the specimen is calculated. Thermal
cycler profile for real-time PCR is described in Table (1). At the end of
each PCR run, data was automatically analyzed by the system and the
amplification plots were generated.

Table 1: Thermal cycler profile

! [
[ RT | Tag | =
!A i Incubation |  Activation | PCR (45 cycles) 5
Steps ! : —
| !
Hold [ Hold T Denaturation —! Aénneahn.g &
1 | xtenation
j —
Temperature soce | 9sce | escc | 60 C°
Duration 30:00 min | 10:00 min T 00:15 min 01:00 min

Qualitative detection of HCV RNA by conventional RT-PCR

This technique was carried out on cases with week viral load
quantified by real-time PCR assay using RT-PCR kit from Stratagene
that included the following steps according to the instruction manual.
Reverse transcription of viral RNA into cDNA

Briefly 28 ul of extracted RNA was mixed with 3ul random
primer (Stratagene), Sul first strand buffer, 1ul RNase block, 2 ul dNTPs
(100mM), 1ul MMLV-RT (20 Uful) and 10ul d.w. The reaction mixture
was incubated at 65C° for 5 minutes then cooled slowly at room
temperature. The RT thermal cycler profile was 37C° for 1 hour, 90C°
for 5 minutes then hoid at 4C°.

Amplification of reverase-transcrptase viral RNA (cDNA)

Five ul of cDNA was used for the first amplification in a reaction
volume of 95 ul containing 10 ul 10x buffer, 0.5 ul Tag-polymerase (5
Uful), 5 ul of each gene- specific primer (10 pmol/ul), that amplify 390
bp of the genome, 0.8 ul ANTPs (100mM) and 73.3 ul d.w. After the first
step of amplification consisting of one cycle of 4 minutes at 94 C°, 1
minute at 50 C°, and 2 minutes at 72 C°, we sat up 34 cycles at 94 C° for
1 minute, 50 C° for 1 minute, and 72 C° for 2 minutes. For the second
round of amplification 24 cycles of the above conditions were
performed. The amplified products were visualized by ethidum bromide
staining after electrophoreses on 1.5% agarose gel. Negative and positive
controls were included in the PCR reaction.
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RESULTS

ELISA

Screening of sera of all tested samples (72 cases) demonstrated 6
out of 72 cases were anti-HCV antibodies positive (8.3%) where the
remaining 66 cases {91.7%) were negative for anti-HCV antibodies
(Table: 2).

Table 2; Showing numbers and percentages of serodiagnosis.

ELISA Reactive ‘ Non-reactive Total
No. 6 [ 66 72
% 8.3 91.7 100

HCV —-RNA quantification by real-time PCR
A- ELISA positive cases

The 6 seropositive samples detected by ELISA showed high viral
load (>10 ®TU/ml) by real —time PCR assay.
B- ELISA negative cases

Real-time PCR quantification assay of the 66 seronegative cases
demonstrated 18 (27.3%) negative for viral HCV RNA and 48 cases
(72.7%) were positive for HCV RNA Table(3).

Table 3: Correlation between seronegative cases and their respective
real-time PCR results.

Non-reactive ELISA Real-time PCR |
. cases Positive Negative }
[ No. | No. | % | No. | %
?. ﬁ
t 66 i 48 727 | 18 | 273

According to the obtained CT value of the 48 HCV-RNA
positive cases, the data was automatically analyzed via the standard
curve that measures the log quantity versus the CT (Figure: 1) and
categorized the cases into 30 cases of week viral load (< 10° IU/ml) 8
cases of moderate viral quantity (up to 10° IU/mi) and 10 cases showed
high viral load (>10° [U/ml) (Figures: 2).
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8 5 10 15 2 %5 30 3 4 45
LOG Quantity Cycle Number

Fig. 1: Standard curve Fig. 2: Amplification plot of
representative samples showing
variable amount of viral load

Conventional RT-PCR

Upon examination of agarose gels of 30 samples with low viral
load (< 10° TU/mL), 4 cases showed no band representing the HCV RNA
on the gel while the rest 26 cases showed positive band of 390 bp that
represented the amplified PCR products of HCV genome (Figure: 3).

1 23 45 6 7 8910 11 12

Fig. 3: Ethidium bromide stained agarose gel showing amplified
Fragment of 390bp in some cases.
Lane 1-5& 8-10: Positive cases of 390 bp representing the
amplified PCR products of HCV genome.
Lane 6&7: Negative PCR products for HCV genome.
Lane 11: Negative control (No template RNA).
Lane 12: Amplified fragments of 390 bp of positive control for
HCYV genome.
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DISCUSSION

In the present work, employing ELISA technique as a
serodiagnostic method for detecting anti-HCV antibodies, revealed
positive results in 6 cases out of 72 tested samples. Although ELISA can
detect mixture of antibodies directed agnist HCV epitobes, its sensitivity
is difficult to be determined (Chevaliez and Pawlotsky, 2006).

In our findings, the high number of sreonegative ELISA patients
my be attributed to failure to identifty HCV infected cases before
seroconvresion the specific antibodies have not yet been produced or are
in low titer (Reddy, er @/, 2006). Ramalingam et al. {1998) mentioned
that with the use of antibody test alone, a proportional of hepatitis C
virus infected individuals is missed while testing of RNA additionally
increases the sensitivity of detection. The authors added that the highly
prevalence of infected individuals without HCV antibody underlines the
need for using PCR on such patients. This may either be due to a low
antibody response or early infections.

In our work, the seronegative ELISA cases were further assessed
by real-time RT-PCR for the presence of viral RNA load in their sera.
Sarrazine ef al. (2006) mentioned that HCV RNA is the key parameter
for management of acute and chronic hepatitis C. Different methods
have been developed for commercially available assays for the
measurement of HCV RNA in blood samples. Reddy er al (2006)
mentioned that polymerase chain reaction amplify HCV RNA before
detection by colorimetric measurement using specifically labeled
primers or DNA probs. However the different techniques have their
restrictions, which have lead to diversification of assays suitable, either
for sensitive qualitative or quantitative detection of HCV RNA. Real-
time PCR technology has the potential to overcome these restrictions by
linear online detection of HCV RNA from very low to extremely high
concentrations. '

Our results for viral quantitation by real-time PCR revealed that
18 cases (27.3%) were negative for the presence of viral RNA beside the
absence of anti-HCV antibodies in their sera. Acute hepatitis C is very
unlikely if both anti-HCV antibodies and HCV RNA are absent. It is
also unlikely if anti-HCV antibodies are present without HCV-RNA.
These patients should however be retested after a few weeks because
HCV RNA can be temporary undetectable due to transit, partial control
of viral replication by the immunoresponse before replication escapes
and chronic infection established (Lavillet ef al., 2005).
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In our findings we could quantify the viral load in 48 cases that
showed no anti-HCV antibodies in their sera by the real-time RT-PCR
assay. Thirty cases showed low viral load (<10° TU/ml) and 8 cases with
moderate viral load (up to 10° IU/mI) and 10 cases with high viral load
(>10° IU/ml). These results proved that HCV-RNA quantitation by real-
time PCR is specific, sensitive, reproducible and accurate.

Real-time PCR has been described for viral load monitoring in
serum and liver samples (Enomoto ef al., 2002 and White et al,, 2002) as
it was shown that this technology could be used as a very reliable and
highly sensitive method to quantify the viral load of HCV in serum
(Komurain-Pradel ef ai., 2001).

In our results, we have detected up to 30 IU/ml in one case
because the linearity of our standard curve permits us to interpolate
values located below the lower limit of the dynamic range (1x10° copies
/ml). This degree of sensitivity along with a considerably wide dynamic
range allows the use of a single method for the detection of the wide
range of loads found with HCV. As far as specificity is concerned, the
fluorescence signal due to the cleavage of Tag-man florescence probe is
generated only if the target sequence for the probe is amplified by the
PCR. Therefore, no signal is generated by non-specific amplification. On
other hand, the virtual absence of post-PCR manipulation prevents the
carryover of amplification products that were synthesized during
previous PCR. Real-time PCR is also reproducible.

Thirty cases with low viral load (<10° 1U/ml) were further
selected and screened by conventional RT-PCR for the presence of
HCV-band on ethidum bromide-stained gels. Surprisingly, 4 cases out of
30 showed no band on gel representing the HCV amplified fragment.
Such finding highlighted the restrictions and limitations of the end point
detection of HCV by conventional PCR and agarose gel electrophoresis.
It also, reassured that real-time PCR makes quantitation of DNA and
RNA much more precise and reproducible because it relays on threshold
cycle (CT) values determined during these exponential phase of PCR
rather than the end point detection (Yaung ji-Hong. et al, 2002).
Therefore, real-time PCR assay is considered the technique of a choice
for highly sensitive quantification of DNA or RNA fargets (Germer ef
al., 2005 and Konnick ef af., 2005). In real-time PCR, amplification of a
PCR product is detected during each cycling rather than the final amount
of PCR products accumulated at the end of PCR cycling. The release of
a florescent reporter dye from hybridization probe in each cycie during
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real-time PCR is proportional {o the amount of the PCR product (Heid
et af., 1996 and Tyagi and Kramer, 1996).

In conclusion, serodiagnostic tesiing of HCV patients should be
considered as a preiiminary screening test for detecting anti-HCV
antibodies. Real-time QRT-PCR proved high sensitivity, specificity and
accuracy for quantification of HCV RNA in both seronegative and
seropsitive patients. Nevertheless, it has the potential to quantify low
copy number of the viral load in sera and should be adopted for
monitoring the efficiency of antiviral drugs in both acute and chronic
hepatitis patients. Also conventional RT-PCR is routinely used for
qualitative HCV detection, caution should be undertaken in evaluating
the negative cases of HCV RNA.
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