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Abstract
Hepatitis C virus ( HCV) is a significant global health threat that is responsible
for approximately 170 million chronic infections worldwide. A feasible research
was conducted to provide more understanding of viral load, effectiveness of Harvoni
drug on virus concentration, and distribution of virus genotypes in Iraqi patients.
Ninety eight HCV cases were investigated in this research , including 52 untreated,
with an average age ± SE of 45.26 ± 2.97 years, and 46 treated with Harvoni
therapy, with an average age of 39.30 ± 3.90 years. In addition, eighty healthy
persons with an average age of 29.40 ± 2.84 years were included as control. These
cases were attending to the Special Nursing Home Hospital in Baghdad between
December 2018 and January 2019. They were diagnosed with this disease by using a
real-time PCR to concentrate the viral level and determine viral genotypes.
Statistical analysis showed that high substantial variances in virus concentration
between untreated and treated patients and between both groups versus apparently
healthy volunteers group (p < 0.01). Furthermore, genotype 4 was shown to be
higher in our sample of Iraqi hepatitis C patients in comparison with the other
patterns.
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 مليهن إصابة170 كبيخ مدؤوًًل عن حهالي
عالسيا ًا
صحيا
تهجيجا
C يعج فيخوس التهاب الكبج الهبائي نهع
ً
ً
ً
 وألهسية هحا السخض تم اجخاء هحا البحث لفهم اعسق حهل تخكيد الفيخوس.مدمشة في جسيع أنحاء العالم

 على هحا الفيخوس باإلضافة الى معخفة التهزيع الجغخافي لألنساط الفيخوسية فيHarvoni والتأثيخ الفعال لعقار
 مخيزا بجون52(  مخيزا مرابهن بالتهاب الكبج الفايخوسي98  شسلت هحه الجراسة. .السخضى العخاقيين
SE ±  معجل اعسارهمHarvoni  يتعاطهن عالج46) وSE (2.97±45.26 ± عالج ومعجل اعسارهم
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2018/() مسن كانها يخاجعهن مدتذفى دار التسخيض الخاص خالل الفتخة بين كانهن اًلول3.90±39.30

SE ±  معجل أعسارهم، عيشة ألشخاص اصحاء كسجسهعة سيظخة80  باإلضافة إلى2019/ وكانهن الثاني
 تم تذخيص مخضى التهاب الكبج الفايخوسي وتحجيج ندبة الفيخوس باًلضافة الى.( ) سشة2.84±29.40

 اعهخت التحاليل.الشسط الجيشي للفيخوس طبقا إلى الفحص السختبخي باستخجام تقشية تفاعل سلدلة البهليسخ
اًلحرائية لهحه الجراسة تغيخات جههخية في تخكيد الفايخوس بين مجاميع السخضى مقارنة بسجسهعة اًلصحاء

) عالوة على ذلكp < 0.01( وكحلك نفذ الفخوقات ُو ِججت بين مجاميع السخضى السعالجين وغيخ السعالجين
. هه الشسط الدائج في مجاميع السخضى مقارنة ببقية اًلنساطgenotype 4 فان الشسط الفايخوسي الخابع

Introduction
The hepatitis C virus is one of the leading causes of death in humans due to the devastating effects on
the liver. Seven major patterns, with 30–35% variation at the nucleotide level, and 67 subtypes, with
less than 15% difference at the nucleotide level, were reported for this virus. The virus was discovered
in 1989 and is responsible for more than half of the cases of chronic hepatitis in the world [1]. The
virus is transmitted by several ways, such as infected blood or blood products, injection drug use, risky
sexual intercourse, and transmission from infected mothers to their newborn children, which has a
limited epidemiological role because it constitutes less than 5% of the cases [2]. The infection is
randomly spread in different regions of the world, with occurrence in the general population that
varies from 0.5 to 1.5%; it reaches 2.3% in countries of south-east Asia and eastern Mediterranean
regions [3]. The general spreading patterns of each genotype of HCV are different across various
geographical regions. HCV genotype 1 accounts for 46% of all HCV infections and is the most
prevalent in the world, followed by genotype 3 which constitutes 30% and is more common in south
Asia, Australia, and some European countries. HCV genotypes 2 and 4 account for 9-13 percent of
HCV infections, with a more restricted geographic dispersal; genotype 4 is highly occurring in the
Mediterranean basin and Africa. Genotypes 5 , 6, and 7 are the greatest restricted in geographical
spreading [4]. Viral load is the amount of viruses present in a certain volume of blood taken from an
infected person. More precisely, it means the amount of viral genetic material in the blood and,
therefore, indicates the number of virus particles in the blood, also termed as viral titer or viral copies
[5]. The World Health Organization (WHO), using international standards, reported a viral load of two
million copies/ml, which is the predictive cut-off value of significance for therapeutic efficacy in
initial clinical IFN trials, being found to resemble 800 000 IU/ml [6]. Approaches for reliable
quantitative tests of serum and plasma HCV levels of RNA have become important resources for both
understanding HCV infection biology and clinical management of patients under care. The ability to
define patients responsiveness to treatment by measuring low levels of HCV provides a more accurate
tool for the treatment management and the classification of irresponsive patients to therapy early in the
treatment, which prevents disease progression and high cost [7]. There are two important viral
indicators that are used to assess the progression of disease and determine the effectiveness of the drug
used in the treatment of viral hepatitis; these are viral load and virus genotypes [8].
Therefore,
the concentration of the virus in the sera of patients with viral hepatitis is an important indicator for
assessing virus progression, determining the appropriate treatment, and monitoring the response to
treatment.
Previously, the drug commonly used to treat viral hepatitis C was pyglated interferon (alfa-2a or alfa2b), but in the last five years, the treatment of this disease has developed rapidly, especially against the
genotype 1 [9]. The US Food and Drug Administration approved the use of Harvoni (ledipasvir/
sofosbuvir) in 2014, as a new drug for treating the patients with Hepatitis C virus genotype 1 [10].
Ledipasvir and sofosbuvir are both directly-acting antiviral agents. Regarding sofosbuvir, some
adjustments were made to allow this drug to be used in the treatment of genotypes 1 and, 2 as this drug
functions through hindering NS5B protein manufacturing [11]. As for the second component
(Ledipasvir), it interferes with NS5A synthesis and is effective against 1a, 1b, 4a, and 5a, with lower
effectiveness against genotypes 2a and 3a [12]. Accordingly, we noticed that this new treatment has
heterogeneous activities against viral genotypes. Therefore, this study was conducted to investigate
viral load and prevailing genotypes in Iraqi patients in response to this drug.
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Materials and Methods
Patients and control
This research was conducted from December 2018 to January 2019. Ninety eight asymptomatic
patients with HCV were admitted to the Special Nursing Home Hospital in Baghdad. These patients
were divided into two clinical subgroups, 52 untreated patient and 46 subjects who received Harvoni
drug. Eighty apparently healthy volunteers were included in this study as a control group. The viral
load and genotypes of hepatitis C virus were detected by Real-Time PCR.
HCV RNA extraction and cDNA synthesis
Viral genome was extracted from the patient and healthy control sera by Acrogene Kit. Five μl of viral
RNA was used for the synthesis of cDNA by using TonkBio kit, as in the following. In addition to
viral RNA, 1 μl oligodT primer and 6.5 μl RNase were added into sterile, nuclease-free tube on ice
and incubated at 65 ˚C. The vial was placed on ice and all the components required for cDNA
synthesis were added and incubated at 42 ˚C for 1 hour. The reaction was terminated by heating at 70
˚C.
Viral load detection
Viral load was detected in the studied groups by using Sacace HCV Real-TM Quant Dx PCR Kit.
Fifty μl of RNA sample, calibrator, negative control, and positive control were added to the reaction
tubes which contain all the components required for DNA amplification. Then, the tubes were closed
and transferred into the Real Time PCR instrument, with the temperature profile described in table 1.
Table 1-Real time PCR temperature profile
Stage
Temp. ˚C
Time
Hold
50
15 min.
Hold
95
15 min.
95
5s
60
20s
Cycling
72
15s
95
5s
60
30s
Cycling 2
72
15s

Fluorescence detection
FAM,JOE/HEX/CY3
-

Cycle repeats
1
1
5

40

Ten μl of internal control was introduced into each sample at the beginning of sample preparation
procedure. Each DNA amplification step was associated with the generation of a fluorescence signal
that is measurable in the FAM/Green channel (for IC) or the Joe/Yellow/HEX channel (for HCV
RNA), resulting in a sigmoid growth curve (log scale). The linear range of the HCV Real-TM Quant
Dx kit was determined by analyzing a dilution series (from 8,00 to 1,00 log IU/ml) of an HCV
synthetic quantitative standard (Figure 1).

Figure 1-Standard curve obtained by Excicycler Real-Time PCR.
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Genotypes
Sacace HCV Real-TM Qual Dx PCR Kit was used for the qualitative detection and differentiation of
HCV genotypes. Four PCR tubes were prepared for each sample and marked properly (1b/3, 1a/2,
4/IC, 5a/6). Fifteen μl of Master Mix and ten μl of cDNA sample, negative control and positive
control, and cDNA HCV genotypes 1b/3, 1a/2, 4/IC and 5a/6 were added to the mix tubes.
The tubes were closed and transferred into the real time PCR instrument with the temperature profile
shown in Table-2.
Table 2-Real Time PCR Temperature profile
stage
Hold
cycling

Cycling 2

Plate type instruments
Fluorescence detection
-

Temp.˚C
95
95
60
72
95

Time
15 min.
5s
20 s
15 s
5s

60

30 s

FAM ,
JOE/HEX/CY3

72

15 s

-

Cycle repeat
1
5

40

Data analysis
The fluorescence curves were analyzed with the software of Real Time PCR instruments on the 2
channels (FAM/Green and Joe/Yellow), as listed in table 3.
Table 3-Real Time PCR two channels (FAM/Green and Joe/Yellow).
1b/3
1a/2
4/IC
Tube
1b
1a
IC
FAM (Green)
3
2
4
JOE (Yellow)

5a/6
5a
6

Results and discussion
Table-4 shows the results of viral load in the untreated group which had a value of 8666350.09
IU/ml (34039170.27 copy/ml), while the value in the treated group was 171172.00 IU/ml (653518.00
copy/ml) and that in the control was 0.0 IU/ml. Statistical analysis revealed high significant
differences in viral load values between the untreated and treated groups and between these two
groups versus the control (p< 0.01).
Table 4-Comparison between different groups in terms of viral load
Mean ± SE
Group
V. load (IU/ml)
V. load copy
Control
With treatment
171172.00 ± 155572.00
653518.00 ± 653458.00
Without treatment
8666350.09 ± 3432852.10
34039170.27 ± 13796991.45
LSD value
136872.08 **
327966.38 **
P-value
0.0001
0.0001
** (P<0.01).
Viral genotypes among studied group
Table 5 reveals that the percentage of positive hepatitis C virus subjects among the untreated
patients group was 84.62% (44/52), treated patients group was 8.70% (4/46), and healthy control
group was 0.0% (0/80). In addition, the outcomes of Real Time-polymerase chain reaction that are
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shown in the same table reveal three patterns of positive HCV in the studied groups; percentage of
genotype 1 prevalence in the untreated patients group was 3.85% (2/52), treated patients group was
0.00% (0/46), and healthy control group was 0.00% (0/80). While genotype 3 proportion in the
untreated patient group was 3.85% (2/52), treated patients group was 0.00% (0/46), and healthy
control group was 0.00% (0/80). The genotype 4 was recorded in 76.92% (40/52) of untreated patients
group, 8.7% (4/46) of treated patients group, and 0.00% (0/80) in the control. Statistical analysis
revealed highly significant differences among the studied groups according to genotyping patterns (P<
0.01). In general, genotype 4 percentage was greater in hepatitis C patients in comparison with other
patterns.
Table 5-Distribution of sample according to genotype
Control
With treatment
Without treatment
Genotype
Chi-Square (χ2)
No. (%)
No. (%)
No. (%)
Negative
80 (100%)
42 (91.30%)
8 (15.38%)
13.58 **
1
0 (0.00%)
0 (0.00%)
2 (3.85%)
0.674 NS*
3
0 (0.00%)
0 (0.00%)
2 (3.85%)
0.674 NS*
4
0 (0.00%)
4 (8.70%)
40 (76.92%)
12.52 **
Total
80
46
52
--Chi-Square (χ2)
15.00 **
14.62 **
12.76 **
--** (P<0.01).
NS*: non-significant
The present results agree with those of Abdul- Sada (2011) [13] and Yahya et al. (2013) [5]. The
former study reported that the viral load ranged from 102 to 4.5 × 108 IU/ml of blood, whereas the
mean and median values were 5.8 × 106 and 3.6 × 104 IU /ml of blood, respectively. The latter study
recorded that the viral units ranged from 1.19 × 103 IU/ ml to 4.3 × 106 IU/ml and the mean was
5.9×105 IU/ml, whilst the median was 2.6×105 IU/ml of blood. The connection between the genotypes
of HCV and the viral load remains disputed. High titer viraemia was linked to advanced liver disease
stages in some studies [14], whereas others showed the association with HCV genotype [15].
This extensive range of viral load can be due to the diversity of patients from various groups, ages, and
disease phases. The immune response and the patient's recent status were also shown to play an
essential role in viral load oscillation in identical individuals [16, 17]. However, the present work
showed no variation in viral titer between patient groups, due to the large ratio of infections that
belonged to the similar genotype (Genotype 4).
The present study displays highly significant differences between treated and untreated groups in
viral load levels. These results support that Harvoni drug has potential effects in viral infection
treatment. Previously, the treatment that was commonly used to treat patients with hepatitis C virus
was composed of a combination of pegylated interferon (alfa-2a or alfa-2b) given by injection for two
weeks and weight-based dose of ribaviriv given orally for 48 weeks. This treatment led to a sustained
viral response (SVR) rate of 45% -50% [9]. A previously conducted study showed that the use of
Harvoni as a therapy was more effective and resulted in an SVR rate of 97% or higher, while the
discontinuation was higher (for 24 weeks of treatment) versus 12 weeks in the old treatment. The
study showed that 12 weeks of lidpasvir / sofosbuvir without ribavirin is an effective treatment for
patients with hepatitis C virus genotype 1 infection [12]. The effectiveness of Harvoni may be
attributed to strong effects on the synthesis of the viral components, such as the inhibition of HCV
NS5B RNA-dependent RNA polymerase, which acts as a chain terminator [18]. Inhibition of
hyperphosphorylation of NS5A plays a critical role in stopping virus synthesis and preventing viral
assembly [19]. This effectiveness can be confirmed with highly sensitive analyses after 24 weeks of
management, because patients with measurable HCV RNA at this time point only have a 1-2% chance
of reaching sustained virological response (SVR). SVR is identified as the absence of noticeable HCV
RNA after 24 weeks of treatment. It must be estimated by an HCV RNA detection test with a
minimum threshold of 50 IU / ml or lower to evaluate long-term success of the treatment [20].
Knowledge of virus genotypes plays critical rule in identifying the source of outbreak and infection,
which may be spread horizontally (person to person) or vertically (mother to baby), as well as through
sexual contact and needle injections [21]. In this study, in an Iraqi sample from Baghdad, the goal was
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to limit the prevalence of HCV genotypes in patients infected with Hepatitis C virus in order to
determine and improve direct acting antivirals (DAAs) for the patients. Three genotypes, namely 1,3,
and 4, were observed, but the latter was the most commonly found.
HCV genotype 1 is the most prevalent (46%) genotype globally and predominates in Europe, North
America, and Australia, fallowed by Genotype 3 (30%) which is primarily distributed in South Asia,
particularly among Indians [22]. Infections with HCV genotype 4 are mainly found in Africa and the
Middle East [23]. The recent study is agreement with four previous local studies in the Iraqi
population, primary that conducted by Al-Kubaisy et al. (2006) [24] which stated that genotype 4 was
the highest recurrent type, followed by 1a and 1b, with the exhibition of a mixed genotype (1a and 4)
infection. The second trial was conducted by Abdul-Sada (2011) [13] who showed that the
predominant genotype 4 was existing in 89.4% of the infected patients, followed by groups 6a, 3a, 2b,
and 1b with percentages of 1.94%, 2.91%, 2.91%, and 6.79% respectively. The third research was
published by Yahya et al. (2013) [5] who indicated three HCV genotypes (1a, 1b and 4)where the
genotype 4 was dominant (86.27 %), followed by 1b (37.25 percent), and 1a (33.33 percent).
Eventually, the study of Jawad et al. (2014) [25] exhibited that HCV genotype 4 is the main genotype
(56 %) followed by genotype 1b (twenty three percent) and genotype 1a (twelve percent), while
genotype 3 was found in only nine percent. The prevalence of genotype 4 in Iraq is confirmed by these
reports as well as the current study. However, in Iraqi hemodialysis patients, the prevalence of HCV
genotype 4 is in line with other studies conducted on the genotyping of HCV isolates in various
Middle Eastern countries, such as Egypt (up to 80 percent) [26]. Genotype 4 epidemiological profile
consists of settlers from other nations, mostly Egyptian migrants who were diagnosed with HCV- 4.
Owing to the usage of unsterile tools during mass treatment of people with parenteral antischistosomal
from the 1920s to the 1980s, Egypt has the main prevalence of HCV in the region [27]. Around 90
percent of Egyptian patients are HCV-4 positive [26]. Genotype 1a epidemiology profile was related
to injecting drug use (IDU), whereas genotype 1b is more frequently associated with patients who
received HCV via blood transfusion [28]. The surprising levels of genotypes 1 and 3 in the present
study can be ascribed partially to the open human movement policy adopted by the Iraqi government
over the last 15 years, chiefly in the population of Baghdad city. Consequently, the return of large
numbers of Iraqi people living in foreign countries, in addition to the influx of people of different
ethnicities (Asians, Europeans, and Americans) may have contributed to this presence of 1 and 3
genotypes in Iraq.
Conclusions
Harvoni drug has very good effects in reducing the concentration of HCV which was present in
three genotypes (1, 3 and 4), with genotype 4 being the most commonly encountered genotype.
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