Journal of
INTERNATIONAL
MEDICAL RESEARCH

Prospective Clinical Research Report

Journal of International Medical Research
49(8) 1-7

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions

DOI: 10.1177/030006052 1 1034945
journals.sagepub.com/home/imr

®SAGE

HCV RNA in serum and
liver samples of patients
undergoing living donor
liver transplantation

Shu-Hsien Lin""2®, Kun-Ta Wu3,

Chih-Chi Wang?***#, Kuang-Tzu Huang*®,
Kuang-Den Chen?*, Chih-Che Lin***,
Li-Wen Hsu?? and King-Wah Chiu' %%

Abstract

Objective: To compare hepatitis C virus (HCV) RNA levels from serum and explanted native
liver samples from patients undergoing living donor liver transplantation (LDLT).

Methods: This was a prospective observational study. Serum and liver samples were collected
from consecutive serum anti-HCV-positive transplant recipients between February 2016 to
August 2019. HCV RNA was extracted from liver samples and subjected to one-step reverse-
transcription gPCR. using the TopScript One Step qRT-PCR Probe Kit with HCV qPCR probe
assay and human GAPDH qPCR probe assay on a ViiA7 Real-Time PCR System.

Results: Among the 80 patients, 36% (29/80) were HCV RNA positive in serum and 85% (68/80)
had positive hepatic HCV RNA. Post-liver transplantation, 4% (3/80) patients were serum
positive.

Conclusions: Our study suggests that pre-transplant serum HCV RNA levels may give an
underestimate of the number of positive HCV RNA cases and that hepatic HCV RNA data
may be more accurate.
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Introduction

Chronic hepatitis C virus (HCV) infection,
which leads to liver cirrhosis and hepatocellu-
lar carcinoma, is a worldwide problem.'
Despite the widespread use of direct-acting
antiviral agents (DAAs), their impact remains
controversial. Some authors suggest there is a
link between the use of DAAs and the occur-
rence of HCC.** Indeed, guidelines suggest
that irrespective of a sustained viral response
(SVR) in patients with HCV-infection,
patients treated with DAAs remain at risk
of HCC development and require continued
HCC surveillance.'*

Living donor liver transplantation
(LDLT) plays an important role in advanced
liver disease.® Patients with a positive serum
HCV-antibody test and a negative HCV
RNA polymerase chain reaction (PCR) test
are considered to have no evidence of cur-
rent (active) HCV infection.” However, they
are not protected from re-infection.
Therefore, quantitative HCV RNA testing
using serum samples is recommended prior
to liver transplantation or initiation of anti-
viral therapy to document the baseline viral
load, and following liver transplantation to
monitor HCV reactivation.” In this study,
we compared HCV RNA levels from
explanted native liver tissues and serum
from patients undergoing LDLT.

Methods
Study population

Consecutive patients who underwent LDLT
at Chang Gung Memorial Hospital,
Kaohsiung, from February 2016 to August

2019, were eligible for this prospective,
cohort study. To be included in the study,
patients were >18 years of age, and had a
positive serum HCV-antibody test. Patients
excluded from the study had the following: a
positive serum hepatitis B surface antigen
(HBsAg) test result; primary biliary cirrhosis;
alcohol-related liver disease; underlying psy-
chological illness. The study was approved
by the Medical Ethics Committee of Chang
Gung Memorial Hospital, Kaohsiung
(February, 2016; ethical approval number:
201701633B0) and written informed consent
was obtained from each patient.

RNA extraction

Total RNA was extracted from liver tissues
using Total RNA Isolation Kit (Vazyme
Biotech., CN) according to the manufac-
turer’s instructions. Absorbance values of
260nm (A260), 280 nm (A280) and 230nm
(A230) represent absorbance of nucleic
acids, proteins, and organic salts, respective-
ly. The ratio of A260/A280 was used as a
reference for detecting nucleic acid quality.
The A260/A280 ratio and concentration of
total RNA were determined using an Epoch
spectrophotometer system (Biotek, USA).
The A260/A280 ratio of RNA of liver speci-
mens was between 1.8 to 2.0.

One step reverse-transcribed qPCR for
HCV and human GAPDH

An RNA sample from each liver specimen
was subjected to one-step quantitative
reverse transcription polymerase chain
reaction (qPCR) using the TopScript One
Step qRT-PCR Probe Kit with HCV



Lin et al.

qPCR probe assay and human glyceralde-
hyde phosphate dehydrogenase (GAPDH)
qPCR probe assay (Topgen Biotech., TW)
on a ViiA7 Real-Time PCR System
(Applied Biosystems, USA) following the
manufacturer’s instructions. The reaction
mixture contained: 2pl RNA (10 ng/ul);
2 plnuclease-free water; 5Sul one-step RT-
PCR master mix; 0.5ul enzyme; 0.5ul
HCV or GAPDH qPCR probe assay. The
thermal cycling conditions were as follows:
50°C for 20 min; 95°C for 1 min; 40 cycles
of 95°C for 3 s; 60°C for 40s. Data collec-
tion occurred after 60°C at every cycle step.

Absolute quantification of HCV to
determine copy number and normalize
with human GAPDH

To generate a standard curve for the abso-
lute quantification of HCV, we performed
one-step reverse-transcription qPCR with
arbitrary copies (1E7, 1ES, 1E3, and 1E2
copies) of custom-made HCV 5UTR
RNA prime (Topgen Biotech., TW). The
liver specimens were amplified in triplicate
with appropriate non-template controls.
Amplification data were quantified using
the HCV standard curve and normalized
to GAPDH expression. Quantification of
relative expression (reported as arbitrary
units (copy number)) was performed using
the 2724 relative quantification method.”
The datasets used and/or analysed during
the study are available he corresponding
author [K-W. C.] on request.

Serum RNA was extracted automatically
using COBAS AmpliPrep/COBAS
TagMan HCV Test followed by fluorescent
probes for RT-gPCR amplification and
detection of HCV RNA.

Statistical analyses

Data were analysed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA) and SAS
software, version 9.4 (SAS Institute, Inc.,

Cary, NC, USA). All tests were two-sided
and a P-value <0.05 was considered to indi-
cate statistical significance. Descriptive
values were reported as mean =+ standard
deviation (SD) and percentages. Student’s
t-test and Fisher’s exact test were used for
categorical data.

Results

In total 80 patients (40 men, 40 women)
underwent LDLT at our center between
February 2016 and August 2019. Their
mean age was 00 years (range, 38-70
years) and 46 patients were diagnosed
with HCC. Serum screening showed, 19
patients had HCV genotype 1, 15 patients
had HCV non-genotype 1, and 46 patients
had uncertain genotypes. Of the 80 patients,
34 (43%) had received pre-transplant
DAAs for three months including Harvoni
(i.e., sofosbuvir 400mg plus ledipasvir
90mg), or a combination of sofosbuvir
400 mg/daclatasvir 60 mg/ribavirin 800 mg
based on HCV genotype. The remaining
46 patients (58%) had received a short-
course (four weeks) of pegylated interferon
alpha-2a (Peg-IFN-02a) plus ribavirin
(RBV).”

HCV RNA identification

Clinical profiles of the 80 recipients with
HCYV are shown in Table 1. Before LDLT,
36% (29/80) were serum positive and 64%
(51/80) were serum negative for HCV RNA.
Although there was a statistically significant
difference (P <0.001) between groups in
HCV genotypes, this result was influenced
by the large number of uncertain cases.

Analysis of native liver samples showed
85% (68/80) were positive for hepatic HCV
RNA, and 15% (12/80) were negative
(Table 2). Post-liver transplantation, 4%
(3/80) patients were serum positive and
96% (77/80) were serum negative for HCV
RNA (Table 3).
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Table I. Clinical profile of patients with chronic hepatitis C (HCV) undergoing living donor liver trans-

plantation according to HCV RNA detected in serum.

Serum positive Serum negative Statistical
HCV RNA HCV RNA significance
Samples 29 (36) 51 (64)
Sex, M/F 14/15 26/25 ns
Age, years 61 +7 60+8 ns
Hepatocellular carcinoma 19 (66) 27 (53) ns
Pre-liver transplantation
International normalized ratio 1.33+0.24 1.29+0.28 ns
Alpha fetoprotein, ng/ml 16.83 +24.80 9.95+10.71 ns
Albumin, g/dI 298 £0.67 3.22+£0.53 ns
Aspartate aminotransferase, U/ 64.1 --47.6 56.4+77.1 ns
Alanine aminotransferase, U/| 498+ 61.2 34.6 +354 ns
Total bilirubin, mg/dl 2.05+1.33 2.59+4.23 ns
HCYV genotype (1/2/3/undetected) 16/12/0/1 3/2/1/45 <0.001
Serum HCV RNA, logo copies 58+64 0
Viral load, logo copies* 291 £ 1.71 217+ 1.21 0.042
Post-liver transplantation”
Aspartate aminotransferase, U/l 50.0+72.2 36.5+30.2 ns
Alanine aminotransferase, U/I 41.5+33.6 388+41.0 ns
Total bilirubin, mg/dl 1.80£5.85 0.72+0.32 ns

Values are shown as mean £ SD, or n (%).
HCV: hepatitis C virus

*A value of 2,000,000 copies/ml (6.3 log|o copies/ml) was converted to nearly 800,000 IU/ml (5.9 log,o IU/ml) using

Superquant.

#Post- liver transplantation follow-up date ranged from 6 to 48 months.
Normal ranges were as follows: alpha fetoprotein (10-20 ng/ml); albumin (3.5-5.2 g/dl); aspartate aminotransferase
(<34 U/l), alanine aminotransferase (<36 U/l), total bilirubin (0.2—1.4 mg/dl).

According to International Consensus,
in our quantitative HCV RNA assay,
we used a value of 2,000,000 copies/ml
(6.31og;y copies/ml) converted to nearly
800,000 IU/ml  (5.9logjoIU/ml)  using
Superquant.'®There was a statistically sig-
nificant difference (P =0.042) between pos-
itive and negative serum HCV RNA groups
but due to small patient numbers we were
unable to perform sub-analyses according
to viral load (Table 1).

Hepatic HCV RNA and pre-treatment
with DAA
Among the 68 recipients with positive

hepatic HCV RNA, 40% (27/68) had been
treated with DAA before LDLT, of which

51% (15/27) were positive for serum HCV
RNA. The three cases that remained posi-
tive for serum HCV RNA after the LDLT
had received DAA prior to the transplant.
Following DAA treatment post-transplant,
only one patient remained HCV RNA
positive.

Discussion

We found that measurement of HCV RNA
in serum identified far fewer positive cases
than measurement of hepatic HCV RNA
from the same patients. Similar to the
mechanisms of antiviral treatment for hep-
atitis B infection,'' patients with negative
serum HCV RNA may not have undergone
extensive HCV clearance in the liver.
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Table 2. Clinical profiles of patients with chronic hepatitis C (HCV) undergoing living donor liver trans-
plantation according to HCV RNA detected in native liver samples.

Hepatic Hepatic HCV Statistical
Category HCV RNA positive RNA negative significance
No. samples 68 (85) 12 (15) ns
Sex, M/F 33: 35 7:5 ns
Age, years 60+7 63+8 ns
Hepatocellular carcinoma 40 (59) 6 (50) ns
HCV genotype (1/2/3/undetected) 18/14/1/35 1/0/0/11 ns
Viral load, log|o copies* 0.7~88 0
Pre-liver transplantation
International normalized ratio 1.324+0.28 1.23+0.16 ns
Alpha fetoprotein, ng/ml 13.19+18.63 823547 ns
Albumin, g/dI 3.12+0.62 3.17+£0.46 ns
Aspartate aminotransferase, U/l 53.4+39.1 92.3+148.9 ns
Alanine aminotransferase, U/ 37.5+43.0 544+64.2 ns
Total bilirubin, mg/dl 2.47 + 3.64 1.98 +2.33 ns
Post-liver transplantation”
Aspartate aminotransferase, U/l 419+51.6 38.4+385 ns
Alanine aminotransferase, U/| 39.8+344 394+576 ns
Total bilirubin, mg/dl .17 +3.83 0.79 +0.45 ns

Values are shown as mean 4 SD, or n (%).

HCV: hepatitis C virus

*A value of 2,000,000 copies/ml (6.3 log;o copies/ml) was converted to nearly 800,000 IU/ml (5.9 logo IU/ml) using

Superquant.

#Post- liver transplantation follow-up date ranged from 6 to 48 months.
Normal ranges were as follows: alpha fetoprotein (10-20 ng/ml); albumin (3.5-5.2 g/dl); aspartate aminotransferase
(<34 U/1), alanine aminotransferase (<36 U/l), total bilirubin (0.2—1.4 mg/dl)

Table 3. HCV RNA detected in serum and in corresponding liver samples in 80 patients undergoing living

donor liver transplantation.

Native Hepatic

Native Hepatic

Serum HCV RNA HCV RNA
HCV RNA Pre-transplantation Post- transplantation
PCR negative 29 (36) 12 (15) 77 (96)
PCR positive 51 (64) 68 (85) 3(4)
Values are shown as n (%).
HCV: hepatitis C virus.
The high percentage of positive hepatic Moreover, studies have reported that

HCV RNA found in this study suggests
that HCV returns to the hepatocyte as
well as a target organ for its replication.
Following LDLT, three patients had
positive serum HCV RNA. These patients
had received DAAs pre-transplantation and
had achieved a sustained viral response.

patients with detectable HCV RNA at the
time of liver transplantation can experience
recurrent HCV infection.'? Although some
studies have suggested that pre-emptive or
prophylactic antiviral treatment is effective
at preventing post-transplant HCV recur-
rence,'? other studies have shown mixed
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results.'® Impairment of bioavailability has
been suggested as a possible explanation for
an inferior DAA treatment response,
although the exact mechanism for subopti-
mal activity has yet to be defined.'* In
many cases, DAAs may have a poor
response in transplant patients because the
population will have some level of decom-
pensated liver disease.'*'* As a conse-
quence, the timing of the DAA treatment
before or after liver transplantation
increases the complexity of the procedure
when donor feasibility is taken into
account.'°Interestingly, a real-world experi-
ence of the transplantation of HCV-
viraemic organs into HCV negative recipi-
ents found that in carefully selected
patients, the use of HCV-viraemic grafts
and careful selection of post-transplant
treatment strategies appears to be effica-
cious and well tolerated.'® We found that
although serum HCV RNA was present in
three patients after LDLT, following DAA
treatment post-transplant, only one patient
remained HCV RNA positive.

The study had several limitations. For
example, our sample size was small and
we did not include control groups.
Additionally, there were no post-LDLT
hepatic HCV RNA data available because
biopsies on the transplanted tissues were
precluded. Furthermore, we did not inves-
tigate differences in viral load.

In conclusion, our study suggests that
pre-transplant serum HCV RNA levels
may give an underestimate of the number
of positive HCV cases and that hepatic
HCV RNA data may be more accurate. In
addition, careful selection and administra-
tion of antiviral therapy pre- and post-
transplant may be beneficial.
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