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1. INTRODUCTION 

Infection with HCV is a major cause of 

chronic liver disease, ranging from 

minor changes to severe fibrosis and 

cirrhosis with or without HCC.[1] It 

affects up to 185 million people 

worldwide, therefore, its prevention and 

associated disease burden represents a 

major public health issue.[2] An 

estimated 71 million people (1% of the 

world population) were living with 

chronic HCV infection in 2015 and an  

 

 

 

additional 1.75 million new infections 

occurred worldwide. [3].  

  

HCV constitutes an epidemic in Egypt 

which is having approximately 10-fold 

higher prevalence than other countries 

as it is estimated that about 10% of 

Egyptians are HCV positive.[4-6] 

Globally, HCV genotype 4 accounts for 

roughly 13% of all HCV infections.[7] 

In Egypt, over 90% of the infections 

have been reported to be HCV 

genotype 4.[8] 

The goal of hepatitis C treatment aims 

to eradicate HCV infection, thus 

reducing the risk of progression to 

HCV-related liver complications. The 

endpoint of HCV treatment is an SVR 

indicated by undetectable HCV RNA 

level 12 weeks or 24 weeks after 

treatment completion. SVR correlates 

strongly with a permanent clearance of 

the virus.[9]. 

The treatment of CHC has evolved over 

the years. Interferon (IFN) 

monotherapy was first used, then 

ribavirin (RBV) was added to IFN or to 

pegylated IFN (Peg-IFN).[9,10] The 

latter together with RBV was 

considered to be the standard therapy 

for CHC. SVR was obtained in nearly 

50% of genotype 1 patients and 80% 

for genotype 2 and 3 patients after 48 

and 24 weeks of therapy, 

respectively.[10,11] In Egypt, SVR 

rates exceeding 60% were reported 

when Peg-IFN and RBV combination 

therapy was used to treat HCV 

genotype 4 infected patients.[12] 

However, this regimen was associated 

with substantial limitations, including 

suboptimum response rates, large side-

effects, high treatment discontinuation 

rates, and prolonged treatment 

durations.[13] 

During the last decade, DAAs were the 

point of research. These can inhibit the 

activity of several viral enzymes as 

NS3-4A serine protease, blocking HCV 

polyprotein processing. Among the 

DAAs, several drug families, such as 
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ABSTRACT: 

Background Hepatitis C virus (HCV) infection in Egypt is the highest in the 

world. The goals of HCV treatment are to eliminate the infection and reducing 

its consequences. With the highly effective oral antiviral regimens for chronic 

hepatitis C (CHC), most cases can reach sustained virological response (SVR).  

Aim This study aimed to evaluate direct acting antivirals (DAAs) in HCV 

treatment among patients with CHC infection by investigating the SVR12. 

Methods This cross-section study was carried out on 127 CHC patients 

receiving DDAs. They were subjected to quantitative determination of HCV-

RNA by RT-PCR at start of treatment and after 12 weeks from the end of the 

therapy to assess the SVR.  

Results Among those patients, 126 (99.2%) were responders meeting the 

criteria of SVR12, and only one patient (0.8%) was non-responder. The latter 

was 58 years old female. She had high baseline HCV RNA level of 2.3×106 

IU/ml, non-cirrhotic and had fatty liver. She was negative for HBsAg and 

HIV. The patient had experienced treatment failure in previous IFN-based 

therapeutic regimen. She received SOF + DAC + RBV regimen. There was a 

statistically significant decrease in ALT, AST and hemoglobin levels and a 

significant increase in total and direct bilirubin levels after treatment when 

compared with their levels before treatment.  

Conclusion There was a high achievement of SVR12 indicating high 

effectiveness of DAAs treatment regimens. 
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nucleoside/nucleotide and non-nucleoside inhibitors of the 

RNA-dependent RNA polymerase and inhibitors of the 

NS5A viral protein can inhibit HCV replication. DAAs also 

have fewer side effects, shorter duration of treatment and 

some of them improve the SVR.[14, 15] 

In November and December 2013, HCV NS3/4A protease 

inhibitor, simeprevir (SMV) (Olysio), and HCV NS5B 

polymerase inhibitor sofosbuvir (SOF) (Sovaldi) were 

approved by the Food and Drug Administration. SOF was 

considered part of a combination antiviral regimen for 

treatment of CHC infection genotypes 1, 2, 3, and 4 

interrupting HCV replication.(9,10) The choice of DAAs 

regimen varies according to HCV genotype, presence of viral 

mutations, drug availability, previous treatment and potential 

adverse effects. [15] 

Since 2006, the Ministry of Health has implemented peg-IFN 

and RBV in Egypt through a national treatment program for 

patients with CHC infection.[16] Another strategy for 

managing those patients was launched later using larger fund 

from the World Health Organization and other national  

institutes.[17] Later, this plan called “The 2014–2018 Action 

Plan for Viral Hepatitis Prevention, Care and Treatment puts 

SOF as the main drug of treatment. The aim is to treat a large 

number of HCV infected cases with a high cost of treatment 

shared mainly between the Egyptian Ministry of Health and 

the Egyptian Health Insurance Organization. [18] 

In a global study to estimate the prevalence of HCV by 2030, 

it was found that the morbidity and mortality associated with 

HCV can be dramatically reduced by raising the diagnosis 

and the number of people receiving higher efficacy 

treatment.[19]   The objective of this study was to detect the 

SVR achieved through DAAs treatment by evaluating the 

level of HCV RNA among CHC patients before and 12 

weeks after treatment. 

 

PATIENTS AND METHODS: 

This comparative cross-section study was carried out from 

November 2017 through April 2018 on patients infected with 

chronic HCV attending Alexandria Fever Hospital 

Sample size and Sampling technique  

- A sample size of 127 patients was the enough required 

sample to detect an effect size of 25 improvement in the 

primary outcome (SVR),[20] as statistically significant of 

80% power and at a significance level of 0.05.[21] The 

sample size was calculated using GPower program (version 

3.1.9.2).[22] 

- The study was approved by the Ethics Committee of the 

High Institute of Public Health and Ethics Committee of the 

Egyptian Ministry of Health. 

- All participants were asked to freely volunteer to the study 

and informed consents were gathered prior to their 

inclusion in the study protocol. 

 

 

The inclusion criteria: 

According to the treatment regimen adopted at Alexandria 

Fever Hospital, the patients enrolled in this study were adults, 

(≥18 years), CHC confirmed by serum HCV-RNA level 

detected using an RT-PCR-based method and with renal 

function compatible with DAAs therapy. 

The exclusion criteria: 

HCV infected patients under the age of 18, patients who have 

hypersensitivity to treatment. 

 

Data collection methods and tools:- 

1) Full history taking: 

- A questionnaire sheet including demographic and clinical 

data was completed for every patient; as regards name, age, 

sex, residence, disease duration, medical history and 

previous anti-HCV therapy.  

- Reviewing of the medical records of the patients to 

determine the HBV and HIV infection status. 

 2) Clinical examination: 

- Careful clinical examination was performed to all patients 

under the study by internist of Alexandria Fever Hospital. 

- Abdominal ultrasound was performed for each patient to 

diagnose cirrhosis. 

- Patients eligible for treatment received one of the 

following regimens for 12 weeks: 

• Daily SOF (400mg) + daily daclatasvir (DAC) (60mg). 

• Daily SOF (400mg) + daily DAC (60mg) + RBV (1000 

mg if <75 kg or 1200 mg ≥ 75 kg).  

• Daily SOF (400mg) + daily SMV (150mg).. 

3) Laboratory investigations: 

Patients included in the study were subjected to quantitative 

determination of serum HCV- RNA by RT-PCR to assess the 

SVR after 12 weeks from the end of therapy 

 

I) Blood sampling: 

Three ml of venous blood were drawn from each subject 

included in the study, under complete aseptic conditions; one 

ml in the tube containing EDTA to measure hemoglobin level 

and 2 ml were allowed to clot for 1-2 hours at room 

temperature and serum was separated by centrifugation at 

1000 rpm for 20 minutes. Sera were distributed into aliquots 

to be used for assessment of ALT, AST, serum bilirubin 

levels and for molecular assay. [23,24] 

II) Determination of HCV viral load: 

Determination of active viral replication (viral load) was 

done by measuring serum HCV RNA levels using RT-PCR. 

 

Quantitative detection of HCV RNA by RT- PCR. [25] 

HCV RNA extraction 

RNA extraction was performed using QiagenQIAamp viral 

RNA mini spin protocol. 

The amplification reaction was performed as follows: 

34 
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RNA amplification was performed using Qiagen kit (Artus, 

QS-RGQ(72) HCV PCR kit)  RNA protocol with TaqMan 

assay reagents [25] 

•  

•  

• 10 l of Qiagen extracted RNA were added to bring the 

reaction t  

• RT- PCR was performed with the Mx3000P TM 

(Stratagene) RT- PCR system. 

• Software provided in the computer system connected to the 

apparatus allows real-time amplification plots to be viewed 

and to be analyzed during PCR run. 

 

Thermal profile: 

Amplification and detection of cDNA were carried out 

according to instruction of the kit manufacture as follows: 

Incubation at 50°C for 30 min to transcribe viral RNA to 

cDNA by RT. This was followed by AmpliTaq gold 

activation for 95° C for 10 min, followed by 40 cycles of two 

PCR-step amplification, denaturation for 95° C for 15 sec, 

followed by annealing and extension at 60° C for 1 min, 72 ° 

C for 30 min, respectively with end point fluorescence 

detection. 

 

Statistical methodology 

Data were collected and entered to the computer using SPSS 

(Statistical Package for Social Science) program for statistical 

analysis version 21. [26] Data were entered as numerical or 

categorical, as appropriate. Data were described using 

minimum, maximum, mean, standard deviation and 95% CI 

of the mean.  Categorical variables were described using 

frequency and percentage. Comparisons were carried out 

between two studied dependent normally distributed 

variables using paired t-test. [21] 

RESULTS 

 

In the present study, 127 chronic HCV patients received 

DAAs and were followed up for monitoring the SVR at 12 

weeks after completing the therapy. The feedback from the 

patients on adverse drug effects showed that headache, 

fatigue, insomnia and nausea were commonly reported from 

most of them. From those patients, 126 (99.2%) were 

responders meeting the criteria of SVR12, and only one 

patient (0.8%) was non-responder. The latter was 58 years 

old female. She had high baseline HCV RNA level of 

2.3×106 IU/ml, non-cirrhotic and had fatty liver. She was 

negative for HBsAg and HIV. The patient had experienced 

treatment failure in previous IFN-based therapeutic regimen. 

She received SOF + DAC + RBV regimen. 

 

Table (1) summarizes the demographic and clinical data of 

the studied 127 CHC patients. Their age ranged from 18 to 73 

years with a mean of 48.98 years± 12.08 years. As regards 

sex; the number of males of the studied patients was 43 

(33.86 %), and number of females was 84 (66.14%). One 

hundred and twenty three patients (96.85%) were treatment 

naive. None of the enrolled patients reported alcohol or 

intravenous drug intake. Hypertension, diabetes, cirrhosis and 

fatty liver were found in 60 (47.24%), 45 (35.43%), 20 

(15.74%) and 70 (55.11%), respectively. All patients were 

negative for HBV and HIV infections as well as HCC. 

 

HCV RNA levels of the 127 chronic HCV patients before 

treatment are demonstrated in table (2) where they ranged 

from 1.3×103 to 72×106 with a mean of 4.97x106IU/ml and 

a median of 1.3×106 IU/ml. Twenty three patients (18.11%) 

had low HCV RNA level<100 x103 IU/ml, 31 (24.41%) had 

intermediate HCV RNA level 100 x103-1 x106 IU/ml and 73 

(57.48%) had a high HCV RNA level >1 x106 IU/ml. 

 

Table (3) demonstrates that treatment regimen of DCV/SOF 

+ RBV was received by most of the studied CHC patients; 

70(55.12%). DCV+SOF were received by 47 (37.01%), 

while only 10 (7.87%) of the patients received SIM + SOF. 

 

 

Table 4 showed that the mean AST, ALT, hemoglobin, total 

and direct bilirubin levels of the studied patients before 

treatment were 56.09±34.56 IU/L, 54.87±36.54 IU/L, 13.24 ± 

2.00 g/dL, 0.89 ± 0.53 mg/dL and 0.36 ± 0.28 mg/dL, 

respectively. After treatment their means were 32.15 ± 9.54 

IU/L, 33.79±10.73 IU/L, 10.89±1.78 g/dL, 0.98±0.27 IU/L 

and 0.59±0.20 IU/L, respectively. The means of the 

percentage change of the AST, ALT, hemoglobin, total and 

direct bilirubin levels after treatment were -20.51±51.32%, –

12.83±60.13%, -16.87 ± 13.19%, 36.50±70.01% and 

156.78±202.17%, respectively (not shown in the table). There 

was a statistically significant decrease in ALT, AST and 

hemoglobin levels and a significant increase in direct 

bilirubin levels after treatment when compared with their 

levels before treatment. 
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Table (1): Demographic and clinical data of the 127 chronic HCV patients.  

Age (years) 

- n 

- Min-Max 

- Mean ± Std. Deviation 

- 95% CI for mean 

 

127 

18.00-73.00 

48.98±12.08 

46.85-51.09 

Sex 

- Male 

- Female 

 

43 (33.86%) 

84 (66.14%) 

Patient’s treatment status 

- Treatment naïve 

- Treatment experienced 

 

123 (96.85%) 

4 (3.15%) 

   Alcohol intake 

- Yes  

- No 

 

0 (0%) 

127 (100%) 

Tobacco consumption: 

- Yes  

- No 

 

25 (19.68%) 

102 (80.32%) 

Former or ongoing IV Drug User 

- Yes  

- No 

 

0 (0%) 

127 (100%) 

Hypertension 

- Yes  

- No 

 

60 (47.24%) 

67 (52.76%) 

Diabetes 

- Yes  

- No 

 

45 (35.43%) 

82 (64.57%) 

Presence of cirrhosis 

- Yes  

- No 

 

20 (15.74%) 

107 (84.26%) 

Presence of Fatty liver 

- Yes  

- No 

 

70 (55.11%) 

57 (44.89%) 

Presence of HCC 

- Yes  

- No 

 

0 (0%) 

127 (100%) 

HBsAg 

- Positive 

- Negative 

 

0 (0%) 

127 (100%) 

HIV 

- Positive 

- Negative 

 

0 (0%) 

127 (100%) 

n : Number of patients        Min-Max: Minimum – Maximum                   CI: Confidence interval         IQR: 

Inter-quartile range         

 

Table (2): HCV RNA levels of the 127 chronic HCV patients before treatment  

HCV RNA (Before treatment) (IU/ml) 

 Low 

(<100 x10
3
 IU/ml) 

n= 23 (18.11%) 

Intermediate 

(100 x10
3
-1 x10

6
 IU/ml) 

n = 31 (24.41%) 

High 

(>1 x10
6
 IU/ml) 

n = 73 (57.48%) 

Min - Max 1.3x10
3 
-

 
73.00x10

3
 0.14x10

6 
- 0.92x10

6
 1.07x10

6 
- 72x10

6
 

Mean ± Std. Deviation 25.88x10
3 
± 21.85x10

3
 0.44x10

6
-0.24x10

6
 8.46 x10

6
± 11.56 x10

6
 

Mean ± Std. Deviation 4.97x10
6 
± 9.6x10

6 

n: Number of patients  Min-Max: Minimum – Maximum                       

36 
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Table (3): Treatment regimens received by the studied chronic HCV patients  

 

Regimen Number of patients 

DCV+SOF 47 (37.01%) 

DCV/SOF + RBV 70 (55.12%) 

SIM + SOF 10 (7.87%) 

 

 

Table (4): AST, ALT, hemoglobin, total and direct bilirubin levels among the 127 chronic HCV patients before and 

after treatment 

 

 
Before treatment 

(n=127) 

After treatment 

(n=127) 
Test of significance 

AST (IU/L) 

t(df=126)=7.527 

p=0.000* 

Min-Max 15.00-165.00 16.00-54.00 

Mean±SD 56.09±34.56 32.15±9.54 

95% CI for mean 50.02-62.16 30.47-33.82 

ALT (IU/L) 

t(df=126)=5.948 

p=0.000* 

Min-Max 16.00-194.00 17.00-64.00 

Mean±SD 54.87±36.54 33.79±10.73 

95% CI for mean 48.45-61.28 31.90-35.67 

Hemoglobin (g/dL) 

t(df=126)=13.976 

p=0.000* 

Min-Max 9.20-20.00 7.60-14.00 

Mean±SD 13.24±2.00 10.89±1.78 

95% CI for mean 12.88-13.58 10.57-11.20 

Total bilirubin (mg/dL) 

t(df=126)=1.788 

p=0.076  

Min-Max 0.30-3.40 0.60-2.40 

Mean±SD 0.89±0.53 0.98±0.27 

95% CI for mean 0.79-0.98 0.93-1.03 

Direct bilirubin(mg/dL) 

t(df=126)=7.827 

p=0.000* 

Min-Max 0.10-1.60 0.30-1.60 

Mean±SD 0.36±0.28 0.59±0.20 

95% CI for mean 0.30-0.40 0.55-0.62 

n: Number of patients        Min-Max: Minimum – Maximum                  SD: Standard Deviation                             CI: 

Confidence interval            t: Paired samples t test   df: degree of freedom 

*: Statistically Significant (p< 0.05)     

 

DISCUSSION 

The objective of the current work was to evaluate DAAs in 

HCV treatment by investigating the SVR12 among patients 

with CHC infection. Treatment regimen preference was 

based on the available options at the time of initiation of 

therapy. There was no patient who died during treatment and 

there was no need to stop treatment with DAAs. 

The regimens were well tolerated, with mostly mild adverse 

events that include headache, fatigue, insomnia, nausea, rash 

and anemia which are most typically associated with RBV 

therapy. Similar results were reported in other previous 

studies. [27,28]  

The results of this study showed that all the patients except 

one had achieved the SVR12 (99.2%). It was defined when 

HCV RNA was < 25 IU /ml. In accordance, El Raziky et al., 

(2017) [29] found that SMV plus SOF was associated with 

SVR in all 43 patients (100%) treated for 12 weeks, including 

those with cirrhosis. Also, Feld et al., (2015)[30] found that 

velpatasvir – SOF led to SVR in all 116 patients (100%) who 

were treated. Gragnani et al., (2016) [31] similarly reported 

100% SVR12 by using different SOF-based antiviral 

combinations, confirming the very high antiviral efficacy of 

these drugs. Kohli et al., (2015) [32] found in a single-group 

trial of 21 patients that 95 % who received 12 weeks of 

ledispavir-SOF achieved SVR. Abergel et al., (2016)[33] in a 

similar trial in France, found that 41 of 44 patients (93%) 

treated for 12 weeks achieved SVR. 

Regarding demographic data, the current study revealed that 

the median age of HCV infected patients was 51 years. In 

accordance, in Vallet et al., (2017) [27] study, it was 56 years 
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and results revealed a very good response rate to DAAs 

(95%). In contrast, Wahid et al., (2018)[34] aimed to 

determine the efficacy of DAAs in elderly people. They 

found that most of non-responders were older than 55 years 

of age. They concluded that treatment regimen of SOF + 

RBV had a limited effect on older patients, therefore 

practitioners and health care professionals need to reconsider 

treatment options for elderly populations. 

In this study, eighty four (66.14%) females received DAAs in 

comparison to 43 (33.86%) males. Also, Lauletta et al., 

(2017)[28] reported that male/female ratio of patients 

enrolled in their study was 4:7. In contrast the patients in 

Vallet et al., (2017) [27] study were predominantly men 

(58%).  

In the current study, SVR12 was 100% in treatment naïve 

patients (n=123, 96.85%) and 75% (3/4), in treatment 

experienced. Regarding cirrhosis, SVR12 was 100% in 

cirrhotic patients and 99.1% (106/107), in non-cirrhotic 

patients. In several recent studies using different 

combinations of DAAs, a high efficiency SVR of 100% have 

been demonstrated in both treatment naïve and treatment 

experienced patients with genotype 4 infection. [35-37] 

Among HCV patients enrolled in this study, there was a 

significant reduction of hemoglobin level in HCV patients 

after treatment (p= 0.000). This may be explained by low 

nutritional status of the patients during the course of therapy 

and as a side effect of combination treatment of SOF and 

RBV. In agreement, Gayam et al., (2018)[38] found an 

association between DAAs administration and decreased 

hemoglobin level. Chang et al., (2017)[39] in their study on 

DAAs therapies for CHC among Asian Americans to 

evaluate SVR and adverse events, found that anemia was 

highest in patients receiving SOF/RBV. RBV induced a 

morphological change in the RBCs and inhibited their release 

from the bone marrow, leading to decrease in the lifespan of 

RBCs as well as reduced hemoglobin levels.[40,41] 

In the current study, there was a significant decrease in AST 

and ALT levels in HCV patients after treatment when 

compared to values before treatment (p=0.000). This is an 

indication of efficacy of DAAs in viral clearance and 

reversing of liver dysfunction.[43] In agreement, Lauletta et 

al., (2017)[28] observed rapid and progressive reduction of 

ALT levels and reported that ALT levels were the 

biochemical parameters more significantly influenced by 

therapy. On the other hand, following viral eradication, 

Welsch et al., (2017)[43] found a high prevalence of elevated 

ALT levels after SVR, including patients that have been 

treated with new IFN-free DDA-based therapy. This finding 

confirms that the continuing elevation of aminotransferase 

upon SVR is not an unusual medical condition. Olveira et al., 

(2018) also found that some patients tend to have persistently 

elevated liver function test results after achieving an SVR and 

this was due to a liver disease rather than the given drug.[44]  

In the current study there was a significant increase in total 

and direct bilirubin levels among HCV patients after 

treatment when compared to their levels before treatment 

(P=0.000). In accordance to these findings, Bazeed et al., 

(2016)[45] found that there were bilirubin elevations and 

these elevations were not associated with transaminase 

elevations. Bilirubin elevations may be due to SOF which has 

an increasing effect on direct bilirubin causing cholestasis. 

Other reports revealed that oral therapy with RBV causes 

indirect hyperbilirubinemia where RBV causes a dose 

dependent red cell hemolysis after 2 to 3 weeks of therapy. 

The hemolysis is accompanied by a mild increase in indirect 

bilirubin, which may result in total bilirubin concentrations of 

1.5 to 2.5 mg/dL.[46,47] In contrast, Pietsch et al., (2018)[48] 

found a significant improvement in the aminotransferases as 

well as the liver function parameters of bilirubin and 

albumin. This is an indication of effectiveness of treatment in 

improvement of hepatic function. 

Some all-oral, IFN–free DAAs combinations are now able to 

achieve a cure to HCV in over 90% of HCV patients after 12 

weeks of treatment. [49] Further, IFN-free regimens will be 

available in the near future. Such new DAAs combinations 

need to show their added value in terms of bill cost, the 

length of treatment, RBV use, the drug- drug interaction 

profile and the safety/ tolerability profile in order to be 

competitive. A standard RBV-free tablet regimen with a low 

drug interaction profile and a good safety profile tend to be 

prerequisites as well as a shortened therapy period (6 or 8 

weeks instead of 12 weeks). Patients who have failed 

previous treatment and developed resistance-associated 

variants (RAVS) to NS5A, should be rescued with potential 

combinations.[27] 

 

LIMITATIONS 

Measuring of RNA level was carried out 12 weeks following 

cessation of treatment only, so any relapse occurring 

afterword was not detected. 

 

RECOMMENDATIONS 

Responders to DAAs should be followed up at regular 

intervals in order not to miss any probable relapse. Health 

education programs for DAAs responders should be 

encouraged to avoid HCV reinfection. Future studies 

concerning non responders are recommended to uncover 

causes of non-responsiveness. Future studies are also 

recommended to evaluate other combinations of DAAs with 

high potency and non-overlapping resistance profiles and 

investigate treatments tailored to specific characteristics of 

the patient and the virus. 
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