Jlm ‘ THE JOURNAL OF INFECTION
IN DEVELOPING COUNTRIES
Original Article

Diagnostic approach to elucidate the efficacy and side effects of direct-
acting antivirals in HCV infected patients

Sonia Younas'-?, Hamid Mukhtar®, Umar Farooq Gohar?, Abdullah Alsrhani4, Badr Alzahrani¢, Kashaf
Junaid*, Muhammad Usman Qamar®, Hasan Ejaz*

! HKU-Pasteur Research Pole, School of Public Health, LKS Faculty of Medicine, The University of Hong Kong,
Hong Kong, China

2 Department of Microbiology and Molecular Pathology, Al Razi Healthcare Lahore, Pakistan

3 Institute of Industrial Biotechnology, Government College University Lahore, Lahore, Pakistan

4 Department of Clinical Laboratory Sciences, College of Applied Medical Sciences, Jouf University, Al Jouf, Saudi
Arabia

5 Department of Microbiology, Faculty of Life Sciences, Government College University Faisalabad, Pakistan

Abstract

Introduction: The conventional interferon therapy of hepatitis C virus has been substituted substantially with sofosbuvir and daclatasvir due to
constraints in efficacy and tolerability. This study aimed diagnostically to monitor the effectiveness and side effects of direct-acting antivirals
in the management of HCV infections.

Methodology: This prospective study was conducted on HCV-infected patients treated with sofosbuvir and daclatasvir. Different serological,
biochemical, hematological, and molecular techniques were used for the assessment of patients. Only treatment-naive patients aged > 18 to 75
years received 12 weeks of treatment. The primary endpoint was a sustained virologic response with undetectable HCV RNA in the patients’
serum at the end of the treatment.

Results: We identified 229 cases of confirmed HCV infections by PCR, 94.3% of which had genotype 3. The study population comprised 66%
females and 34% males with a median age 0f42.2 + 10.6 SD. Ninety-three percent of the patients accomplished SVR at week 12. The combined
therapy of SOF/DAC achieved the highest efficacy rate (92.6%) among the different HCV genotype 3 patients. A statistically significant
relationship was observed between low baseline viral load (p <0.001; 95% CI =1.2-3.1) and HCV genotype 3 with minor side effects, including
lethargy, headache, nausea, insomnia, diarrhea, and fever.

Conclusions: HCV-infected patients can be treated well with an interferon-free SOF/DAC regimen, tolerated with generally mild adverse
effects with a higher SVR.
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Introduction

Chronic hepatitis C (HCV) infection is a leading
cause of persistent liver disorder, cirrhosis, and liver
cancer, which could be a crucial indication for liver
transplantation [1]. Every year nearly 700,000 patients
die from untreated chronic HCV, making this infection
a global health issue. Antiviral therapy may reduce the
burden of HCV infections; but, due to the lack of
apparent symptoms, the majority of patients remain
unaware of their disease [2]. Approximately 71 million
people worldwide suffer from this bloodborne viral
infection, and there is no vaccine available to prevent
infection [3]. Chronic HCV infection develops in about
80% of those exposed to the virus [4]. The occurrence

rate of HCV infections varied worldwide and was
highest in Egypt, followed by Pakistan as the second-
highest county globally [5].

The transmission of HCV is mainly due to
substandard and poor health system-related practices.
Reused or unsterile syringes, blood transfusion centers,
unlicensed dental and organ transplant clinics play a
primary role in transmitting hepatitis [6]. Most HCV
infections have genotype 3, followed by 1, 2, and 4 [7].
Quantification of serum HCV RNA levels, liver
enzymes, and HCV-specific antibodies (anti-HCV) in a
patient blood specimen, used to detect the HCV
infection. Ribavirin and peg-interferon (alfa-2a or alfa-
2b), a combined regimen was used to treat the HCV
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infections until 2011 to achieve a sustained virologic
response (SVR) of 40-80% [8]. The use of ribavirin and
peg-interferon combined therapeutic regimen is
associated with substantial adverse effects that have
shifted to new direct-acting antivirals (DAAs) [9,10].

Sofosbuvir (SOF) and daclatasvir (DAC) are new
antiviral agents with good profile, lower toxicity,
convenient usage, and fewer drug interactions. These
antiviral drugs have higher efficacy and safety profiles
for liver cirrhotic and non-cirrhotic patients [11]. SOF
is a pan-genotypic nucleotide analog, an NS5B
polymerase inhibitor, and is used in combination with
other DAAs for HCV therapy [12]. DAC is a complex
replication inhibitor of HCV NS5A with pan-genotypic
activity and a pharmacodynamic profile that enables a
single daily dosage [13]. A dose of 400 mg SOF and 60
mg DAC is recommended once a day for three months.
SOF/DAC antiviral regimens have an affirmative safety
profile, undoubtedly changing treatment options with
superior efficacy and milder side effects. This
combined therapy duration is shorter than the
conventional interferon therapy and attains a high SVR
level at three months of treatment [12]. In 2016, roughly
half of countries, including Pakistan and Egypt, began
using DAAs for chronic hepatitis C care, and this
number is increasing with time. Current availability by
several competitors of the generic DAAs has reduced
HCYV therapy costs in Pakistan [14].

The HCV treatment goal is to reduce complications
and fatality by eliminating the infection [15]. The
achievement of SVR shows that the virus has been
eliminated from the body, and the viral RNA is
undetectable after the completion of therapy and
remains undetected afterward [16]. This study aimed to
evaluate the effectiveness, side effects of SOF/DAC in
various HCV genotypes and monitor the association of
different diagnostic markers.

Methodology
Ethical approval and study design

The current prospective study was permitted
ethically by the Al-Razi Healthcare Diagnostic Center,
Lahore, Pakistan, and carried out according to the ethics
guidelines of the Helsinki Declaration [17].

Selection criteria of the study population

We selected HCV-infected cases of treatment-naive
patients from January to August 2018 who had never
been given HCV therapy with interferon-containing
regimens or those with any DAAs. All the patients were
> 18 to 75 years of age. The patients who had previous
treatment history, liver transplant recipients, antiviral
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drug abusers, pregnant females, HIV, and HBV co-
infected were excluded from the study.

Patient data collection

The patients who received 400 mg SOF and 60 mg
DAC therapy once daily were monitored for SVR at 12
weeks (SVRi2) of treatment. During the therapy,
different side effects noticed include fever, headache,
lethargy, diarrhea, insomnia, and anxiety. The baseline
serology, biochemistry, hematology, and molecular
analysis ~ with  regular  follow-up  laboratory
investigations were performed.

Baseline diagnosis

We processed a total number of 300 blood samples
collected from suspected cases of HCV infection. The
specimens processed for initial screening and
automated analyzer = Cobas P800  performed
confirmation of HCV-specific antibodies [18]. The
platelet count determination was carried out on the XE-
5000 hematology analyzer (Sysmex, Chuo-ku, Japan).
Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were performed on fully
automated Modular Cobas P800. PreciControl Multi 1
and PreciControl Multi 2 were used as quality control
of the assays [19].

Polymerase chain reaction (PCR)

Cobas AmpliPrep was used to extract, and
denaturation of the HCV genome, and the real-time
PCR performed HCV viral RNA quantification. HCV
RNA concentrations measured to the lowest
quantification (25 IU/mL) and detection (10 IU/mL)
limit with Cobas TagMan HCV test version 2.0 [20].
The standard used for quality control contained
hepatitis C viral sequences, identical to primer
attachment sites. The distinct pattern between HCV
standard amplicon and target was achieved by a unique
probe binding region. Each sample and control at a
known copy number was included with the standard.
The molecular steps started with the preparation of the
specimen, reverse transcription, amplification, and
detection. The RNA titer in the test samples was
calculated in the Cobas TagMan analyzer by comparing
the HCV signals to the standard signals for individual
specimens and control.

Genotyping

The HCV genotyping assay was accomplished
using the AMPLIQUALITY HCV-TS (AB Analitica,
Advanced Biomedicine, Padova, Italy) kit based on the
reverse hybridization method. The biotin-labeled
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amplicon of the viral 5'-UTR region hybridized to the
HCV  genotype-specific  oligonucleotide  probes
immobilized on a nylon strip. Positivity of the stained
control band was used to confirm the efficiency of the
conjugate bonds, the substrate's reaction, and a
reference for the alignment of the transparent film.

Statistical analysis

SPSS version 24 and GraphPad Prism were used for
statistical analysis and data expression. We compared
continuous variables by independent t-test and Chi-
square and Fisher exact test used for the categorical
variables (significant p-value < 0.05).

Results

Out of 300, HCV screened patients, 250 were
positive for PCR. A total of 17 patients who did not
meet inclusion criteria and non-willing drug abusers
were excluded from the study. A total of 233 patients
who started HCV treatment followed up until week 12
of treatment using various diagnostic tests. The
diagnostic follow-up tests could not be performed on
the four patients who absconded during the treatment,
and the final analysis was accomplished on 229 cases
(Figure 1). Most of the patients in this study were from
40-50 years of age, with a mean age of 42.2 + 10.6 SD.
There were 150 (66%) enrolled females and 79 (34%)
male patients. HCV genotyping results confirmed 216

Table 1. Demographic features and baseline investigations of the
patients at the beginning of therapy (n = 229).

Characteristic Patient number n (%)
Mean age, years (SD) 42.2+10.6 (18 to > 75)
Sex

Female 150 (66)

Male 79 (34)

HCYV genotypes and viral load

Genotype 3 216 (94.3)
Genotype 1 10 (4.4)
Genotype 2 02 (0.9)
Genotype 4 01 (0.4)

Mean baseline HCV RNA, 6.02 logio IU/mL (4.11-
logio IU/mL (range) 9.32 logio IU/mL)
Liver enzymes

Serum ALT Mean + SD 65.46 +48.55 IU/L
<32 43 (18.8)

>32 186 (81.2)
Serum AST Mean + SD 56.81 £42.5 IU/L
<33 54 (23.6)

>33 175 (76.4)
Platelets

Platelets x10°/L Mean + SD 244.8 +79.6
<150 26 (11.3)
150-400 201 (87.8)

> 400 02 (0.9)

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; SD: Standard
deviation; AST: Aspartate aminotransferase
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Figure 1. Consort flow diagram of the cases selected for the
study.

Assessed for HCV study eligibility (n = 300)

Patients with HCV RNA not detected (n = 50)

Initially enrolled cases (n = 250)

Did not meet inclusion criteria (n = 11)
Refused to participate (n = 6)

Patients at the beginning of the treatment (n = 233)

Lost during the diagnostic follow up (n = 4)

Patients who successfully completed 12 weeks of
therapy (n = 229)

(94.3%) cases of genotype 3 and 13 (5.7%) other
genotypes. The baseline viral load was observed among
HCYV patients with a mean concentration of 6.02 log10
IU/ml. The baseline serum ALT levels were deranged
in 186 (81.2%), while serum AST levels elevated in 175
(76.4%) cases. A low platelet count of < 150x10%/pl
was found in 26 (11.4%) cases (Table 1).

SVR> was used to observe the response of the
treatment with SOF/DAC. Out of 229 patients, the
combined therapy of SOF/DAC achieved SVR in 212
(92.6%) patients; however, only 17 (7.4%) cases were
found as non-SVR. The serum ALT, AST, and platelet
count baseline characteristics had no statistical
association with SVR cases (Table 2). Statistically
significant relationship between low baseline viral load
(» <0.001; 95% CI = 1.2-3.1) and HCV genotype 3 (p
=0.01;95% CI=1.71-22.53) observed in SVR patients.
Patients who achieved SVR had a mean viral load of
5.94 logio IU/mL + 0.94 SD, while the non-SVR cases
had a higher mean viral load of 6.71 logio IU/mL + 0.55
SD (Figure 2).

A comparative biochemical and hematological
analysis of serum ALT, AST, and platelet count at
Week 0 (baseline) and after 12 weeks of antiviral usage
showed statistically significant normal levels of ALT
from 65.46 + 48.55 IU/L to 26.57 + 16.13 TU/L (p <
0.01) and AST from 56.81 £42.5 U/l to 25.04 = 15.38
IU/L (p <0.01). A significant statistical difference was
also seen in baseline platelet count and at week 12, with
a p-value of 0.02 (Figure 3).

No cases of mortality or significant side effects
were seen in patients after the treatment. However, the
side effects associated with the SOF/DAC treatment
include 32 (14%) cases of lethargy, 25 (10.9%)
headache, 22 (9.6%) nausea, 17 (7.4%) insomnia, 12
(5.2%) fever, and 9 (3.9%) diarrhea (Figure 4).
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Table 2. Relationship of SVR with baseline characteristics.

J Infect Dev Ctries 2021; 15(10):1489-1496.

Characteristics SVR (n =212) Non-SVR (n =17) p-value (95% CI)
Viral load log10 IU/mL (Mean + SD) 5.94+£0.94 6.71 £ 0.55 <0.001 (1.2-3.1)
Liver enzymes
ALT (Mean = SD) 26.57 +16.13 0.44 (0.4-8.17)
<32 41 (19.3%) 2 (11.8%)
>32 171 (80.7%) 15 (88.2%)
AST (Mean + SD) 25.04 +15.38 0.99 (0.31-3.21)
<33 50 (23.5%) 4(23.5%)
>33 162 (76.4%) 13 (76.5%)
Platelets
Platelet count (Mean + SD) 246.4 + 78.75 2253 +91.60 0.30 (-61-18.54)
<150 24 (11.3%) 2 (11.8%)
150-400 186 (87.8%) 15 (88.2%)
> 400 2 (0.9%) 0
HCV genotypes
Genotype 3 203 (95.7%) 13 (76.5%) 0.01 (1.71-22.53)
1 07 (3.3%) 3 (17.6%)
2 1 (0.5%) 1 (5.9%)
4 1 (0.5%) 0

SVR: Sustained virologic response; SD: Standard deviation; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval.

Figure 2. Association of sustained viral response with baseline
viral load and genotype of HCV.
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(A) Statistically significant (p <0.001; 95% CI = 1.2-3.1) baseline viral
load log10 IU/mL in SVR patients by independent T test (B) Statistically
significant (p = 0.01; 95% CI = 1.71-22.53) with genotype 3 in SVR
cases by Chi Square Test. SVR: Sustained virologic response; CI:
Confidence interval.
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Figure 4. Adverse effects observed during the treatment (n =
229).
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Figure 3. Comparison of serum biochemical and hematological analysis at the beginning and end of treatment.
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(A) Statistically significant (p < 0.001) healthy levels of ALT at the end of therapy. (B) Statistically significant (p < 0.001) normal serum levels of AST at
the end of therapy. (C) Statistically significant (p < 0.02) healthy levels of platelet count at the end of treatment. ALT: Alanine aminotransferase; AST:

Aspartate aminotransferase.

Discussion

Interferon therapy has been the cornerstone of HCV
treatment in the past two decades, which had limitations
due to the suboptimal rates of SVR and lack of
tolerability. The standard injectable interferon and
ribavirin therapy of chronic HCV has shifted to a
combination of DAAs [9]. Now interferon-free
regimens for the cure of chronic HCV infections are
superseded with remarkable improvement with SVR.

In this study, 12 weeks of therapeutic SOF/DAC
combination resulted in high efficacy rates in treatment-
naive patients with different genotypes. We observed
SVR21n 92.6% of patients treated with SOF/DAC with
mild side effects. Two studies conducted in 2016 and
2014 reported an overall 90% and 92% efficacy rate
with SOF/DAC, respectively [16,20]. This combined
drug therapy manifested 83% and 94% efficacy among
advanced liver cirrhotic and liver transplant recipients
[21]. These studies support the current findings in
which the 92.6% SVR was achieved in HCV-infected
patients. A similar observation was seen in a study on
two types of HCV groups (treatment-naive and
treatment-experienced) with an efficacy rate of 90%
and 86%. A recent study reported very high SVR in
patients with genotype 3a infection in treatment-
experienced (100%) and treatment-naive (99%) [14].
The results are slightly different from our findings,
which recorded the efficacy rate against genotypes 1, 2,
3, and 4. The combination of SOF/DAC was given for
three months that demonstrated a higher efficacy rate.
The higher efficacy and good tolerability are confined
to HCV genotype 3 patients and in compensated
cirrhosis or advanced fibrosis [22].

We confirmed 250 HCV-positive patients by the
real-time PCR among 300 suspected HCV cases, but
only 229 were subjected to treatment due to inclusion
criteria. Kim et al. analyzed 354 serum samples positive
for anti HCV ELISA out of which real-time PCR
confirmed 202 HCV-positive patients [23]. The
reliability and sensitivity of antibodies-based tests
depend on the level of viremia [24].

The demographics data presented the mean age of
the patients who suffered from HCV infection was 42.2
+ 10.6. In comparison, Charlton et al. reported an
average of 59 years from the age group of 18 to 82 years
in HCV-infected patients [25]. We report a higher
number of HCV-positive cases amongst females (66%)
in comparison to male patients (34%). A study
conducted on the management of chronic hepatitis C in
Karachi found that 62% of the patients were females
[26]. A similar observation was seen in a study from
Pakistan in which a higher number of HCV cases were
reported among females [27]. High illiteracy, lack of
awareness, and other ritual practices are significant
obstacles in controlling HCV infections in Pakistan.
The adherence to therapy becomes difficult, owing to
low socio-economic factors. The plausible explanation
could be that females' perception of disease is based on
beliefs that they will only cure with injectable.
Unqualified healthcare providers and dentists
frequently use injections for ailments that disseminate
HCV infections. Moreover, visits to parlors where
cleanliness and sterilization conditions are poor, ear and
nose piercing from shops with unsterilized equipment
could contribute to higher disease progression among
females. The age and gender distribution of HCV are
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similar to the findings published in a recent study from
Gujrat, Pakistan [14].

The most prevalent genotype was genotype 3,
representing 94.3 % of the patients, which is in
accordance with the global prevalence and distribution.
The patients with genotype 3 showed a higher SVR rate
as compared to genotype 1 and 2 at week 12 of
treatment. The global prevalence of genotype 3 reported
54.3 million (30.1%) in HCV patients [28]. Genotype 3
has been reported as the most prevalent type in Pakistan
in different studies [7,29]. A recent study on genotype
distribution in Pakistan showed genotype 3 (73.9%)
was the prevalent one, followed by genotype 1 (9.7%)
and genotype 4 (0.3%) [30]. The regimen was effective
and well-tolerated among different genotypes, showed
the pan-genotypic activity of the drugs as it
encompasses a broad spectrum of activity against all
HCV genotypes. The baseline parameters analyzed in
our study were found to be higher than the normal
before antiviral therapy. The post-treatment
biochemical and hematological results in most of the
cases returned to normal. Comparable findings
observed in another study showed that 50% of the
patients had more than 1.5 times elevated alanine
aminotransferase levels [31]. We noticed similar results
with a raised ALT and AST levels among HCV patients
prior to antiviral therapy.

The platelet count was reasonable in most cases of
this study, which is congruent with other studies. We
assessed that the patients who achieved the SVR had a
mean serum HCV RNA concentration of 5.94 logio
IU/ml + 0.94 SD. The raised HCV RNA level > 10*
1IU/ml in HCV patients varies among different patients
[32]. Promising effectiveness of antiviral drugs
observed in the treatment of hepatitis C with a fixed
dose of 400 mg SOF and 60 mg DAC given to patients
for 24 weeks [33]. In another study, 24 weeks of fixed
and daily dosage therapy of SOF/DAC exhibited
excellent results in patients with HCV infection [20].
The same treatment regimen with a shorter duration of
12 weeks showed a favorable response in HCV-infected
patients in the current study. Patients showed excellent
therapeutic tolerance, contrary to interferon-based
regimens. Discontinuation of medication due to side
effects in interferon-free SOF therapies are unusual.
The current study did not find any case of cessation of
treatment due to any of the significant side effects. We
observed minimal side effects of SOF/DAC during the
treatment, and patients responded well to the therapy.
Some minor side effects, including fatigue, nausea,
headache, and insomnia, were reported in a US study
with a good tolerability profile [11]. We could not find
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any published Pakistani data on the importance of
molecular analysis and blood parameters to elucidate
the effectiveness and side effects of DAAs in patients
with chronic hepatitis C infections. Our study had
limitations in sample size, constraints in detecting
subgenotypes, and a lack of HCV RNA detection
during different treatment weeks. The educational
awareness programs among the community, patients,
and healthcare workers could significantly reduce the
burden of the disease [34].

Conclusions

DAAs such as SOF/DAC was found to be
superlative regimens that knocked off interferon-based
therapy and can achieve an excellent SVR in cases of
HCV infections. This combination therapy has an
excellent tolerability profile with generally mild
adverse effects, and there were no significant changes
in hematological parameters. The regimen reduces the
elevated blood aminotransferases in patients, notably,
who achieve SVR after completing treatment.
SOF/DAC regimen demonstrated 92.6% efficacy and
well-tolerability among the patients affected with
different HCV genotypes, particularly against genotype
3, which is more prevalent in Pakistan. Monitoring the
baseline characteristics is helpful in better management
of patients to achieve SVR. Further studies with large
sample sizes, different ethnic groups, and a significant
number of cases infected with other genotypes of HCV
are required.
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