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Background & Objective:  Treating hepatitis C as a serious liver disorder is often 

associated with many problems. Nowadays, Direct-Acting Antiviral (DAA) agents 

serve as a major remedy in patients with hepatitis C virus (HCV). With regard to 

the limited information on the effect of using this treatment in different genotypes 

of the disease in our region, this study seeks to fill the research gap by evaluating 

the effect of new DAAs on different HCV genotypes in the city of Yazd. 

 Materials & Methods:  Fifty-one patients with different HCV genotypes were 

treated with Sofosbuvir (SOF) 400 mg + Daclutasvir (DCV) 60 mg and SOF 400 

mg + ledipasvir (LDV) 90 regimens. The viral load was assessed in these cases 12 
weeks after the end of therapy. 

Results:  In this study, the mean age of patients was 50.04 (± 10.53) years. Among 

the participants, the most observed genotype was type 1 (54.8%). The most current 

risk factor was drug use (47%). The analysis revealed that 78% of the patients had 

a sustained virological response (SVR). SVR rate in HCV was obtained as follows: 

genotype 1 (77.3%), genotype 2 (66.7%), genotype 3 (87.5%), genotype 4 (100%) 
and genotype 1+3 (75%). 

Conclusion: Overall, the application of DAAs has no side effects and induces 

relatively good therapeutic responses. However, the responses to the drugs used in 

this study have been lower than those reported in similar studies worldwide. 
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Introduction

Hepatitis C is a serious liver problem caused by HCV 

and imposes a heavy burden on the health care system 

(1). It is estimated to affect approximately 71 million 

people worldwide (2). The most common ways of 

infection transmission are blood transfusion and drug 

injections. Evaluations show that 23% of new HCV 

infections and 33% of the resulting deaths are 

attributed to those who inject drugs (1, 3). The other 

risk factors that increase the chance of hepatitis C 

include high-risk sexual behavior, tattoos, alcohol 

consumption, and mucous contact with the blood or 

body fluids of an infected person (4-7). 

In real life, the medical treatment of hepatitis C is 

often difficult owing to other risk factors such as 

comorbidities, drug interactions, different HCV 
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genotypes (GT), economic considerations, and 

geographic diversity, which are usually controlled in 

clinical trials (8, 9). Studies have shown that the major 

goals of treating hepatitis C are to prohibit the disease 

transmission, curb the disease progression to cirrhosis 

and hepatocarcinoma (HCC), and reduce viral 

hepatitis-related mortality (10, 11). 

Because of the high recurrence of the disease as well 

as the long duration, low efficiency and rapid cessation 

of treatment due to significant side effects in 

interferon-based therapeutic regimens (PEG-IFN) (10, 

12-14), WHO guidelines issued in 2018 recommend 

the utilization of new DAA for the treatment of 

hepatitis C (1). Remarkably, DAAs make it possible to 

treat HCV patients within a short time (15). Achieving 

SVR is useful in eliminating the disease (12, 16). In this 

case, one may refer to non-detectable RNA in the blood 

12 weeks (SVR 12) or 24 weeks (SVR 24) after 

treatment. Several investigations have shown that 

DAAs have an efficacy of more than 90% in patients 

with HCV (15, 17). In 2014, SOF, LDV and DCV, 

which were identified to have fewer side effects and 

higher SVR, became available for the improvement of 

HCV infection (10, 14). These medications serve to 

inhibit specific nonstructural proteins in the HCV 

replication cycle (10, 12). A combination of SOF with 

other inhibitory DAAs in patients with HCV can 

disrupt the virus replication cycle, hence being a safe 

and effective treatment (18-20). 

Because, the epidemiology of hepatitis C in different 

genotypes plays a determining role in the choice of 

therapeutic drugs (21). It has been reported that, a 

combination of new DAAs may be effective as an 

antiviral agent in different genotypes of this disease. 

Hence, due to the limited information in this field in 

our region, in the present research, we report the impact 

of a combination of new DAAs (SOF + LDV / SOF + 

DCV) for different HCV genotypes in Yazd. 

 

Materials and Methods 

Study design and patient selection 

The current prospective, cohort study was conducted 

on patients referring to Middle East Liver Diseases 

(MELD) Center in 2016. The main purpose of the 

research is tracking undetectable RNA in the blood 12 

weeks after the completion of treatment, which means 

complete recovery from the disease with a very low 

chance of relapse. If HCV RNA was detected after 12 

week after treatment, resistant was defined (18). 

Adults (≥ 18 years) with chronic HCV infection 

(being positive for HCV Ab and HCV RNA for more 

than 6 months) genotyped as HCV-1 or -4 were 

included consecutively in this study. The cases who 

took drugs including carbamazepine, phenytoin, 

rifampin, phenobarbital, antacids and rosuvastatin or 

had a history of taking amiodarone in the past three 

months, those with severe renal insufficiency, pregnant 

women, patients with no high life expectancy due to 

other diseases, as well as patients with HIV and HCV 

co-infection were excluded from the research. 

The sample size was estimated via the formula 

represented for parallel clinical trials, with a 

confidence interval of 95% and type 2 errors (β) of 0.2 

and considering the response to treatment 80% in 

studies (21) and a difference of 10%; finally, due to 

restrictions in patient access, 51 patients were 

examined. 

The protocol of this survey was approved by the 

Ethics Committee of Shahid Sadoughi University of 

Medical Sciences and Health Service and was in 

accordance with the principles of the Helsinki 

Declaration. At baseline, the aim of the research was 

explained to the patients and written informed consent 

was obtained from them. 

Data collection 

The demographic characteristics, information related 

to drug use, cupping, tattooing, transfusion of blood 

products, prison history and types of genotypes were 

recorded in specific forms at the beginning of the study 

(Table 2). Overall, 51 patients with hepatitis C 

participated in the investigation and were prescribed 

the new DAAs regimen for 12 weeks. Participants were 

selected from several medical centers (shahid Sadoughi 

hospital and private clinic of other co-works (GI and 

infectious)) in Yazd whose hepatitis C disease had 

already been confirmed by an infectious disease 

specialist and its genotype was determined by 

Polymerase Chain Reaction (PCR). In this study, 

therapeutic DAA regimen prescribed for the treatment 

of the participants with GT3 virus was SOF 400 mg + 

DCV 60 mg (SOVODAK, Rojan Pharma, Tehran, 

Iran). For the other GT cases, it was SOF 400 mg + 

LDV 90 (LEDIBIOX, Bakhtar Bioshimi, Tehran, Iran). 

We used drugs without ribavirin in non-cirrhotic along 

12 weeks and cirrhotic patients with ribavirin for 24 

weeks. According to the recommended instructions, 

the drugs were taken on an outpatient basis every day 

(Table 1)

Table 1. Regimens prescribed for the study population 

HCV genotype  DAA regimen 

Genotype 1/2/4/1+3 SOF 400mg + LDV 90 mg (12 weeks) 

Genotype 3 SOF 400 mg  + DCV 60 mg (12 weeks) 

         DAA: direct Acting Antiviral; SOF:  sofosbuvir; LDV:  ledipasvir.; DCV:daclatasvir. 
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Twelve weeks after the completion of the DAA 

therapy, the RNA levels of serum HCV were analyzed 

separately in different GTs using PCR (Corbett real-

time Australia). In addition, drug resistance in this 

study was considered as non-zero viral load in PCR, 12 

weeks following treatment (18). In this work, the 

response level was evaluated in terms of different 

variables. The patients were asked to report any side 

effects to their physician during the study.  

Data analysis 

The variables were reported as number (٪) or mean± 

standard deviation (SD). Statistical analysis was 

performed using SPSS 23.0 software (SPSS Inc., 

Chicago, IL). P < 0.05 was considered as a significant 

level. 

Results  

 

From 6 September 2017 to 5 September 2020, 50 

eligible patients with hepatitis C who had been treated 

with DAA in a 12-week period were examined for a 

PCR analysis. One patient was excluded from the study 

due to loss of follow-up (migration). 

Demographic characteristics 

The mean age of the studied patients was 50.04 (± 

10.53) years (34-79 years). The analyses indicated that 

those treated with DAA were mostly male (84.3%). 

Further, 34 patients (81%) were treated with SOF/ 

LDV for 12 weeks. The duration of the disease 

awareness before starting the treatment was 5.64± 6.00 

months (1 to 28 months). Also, the mostly observed 

genotype was type 1 (54.8%); among the participants, 

there were 6, 8, 1, and 4 patients with genotypes 2, 3, 

4, and 1 + 3, respectively (Table 2). The demographic 

information, clinical outcomes, and response to 

treatment were recorded for the patients treated with 

DAA (Tables 2 and 3). 

Table 2. Baseline information of the HCV patients treated with DAAs regimen 

 DAA treatment  (n = 51) 

Demographics 

Age (years), mean ± SD 50.04 (±10.53) 

Female, n (%) 8 (15.7) 

Male, n (%) 43 (84.3) 

Direct-acting antiviral regimen, n (%) 

SOF (400mg) + LDV (90 mg) 34 (81) 

SOF (400 mg)  + DCV (60 mg) 8 (19) 

HCV genotype, n (%) 

1 23 (54.8) 

2 6 (14.3) 

3 8 (19) 

4 1 (2.4) 

Combined (1+3) 4 (9.5) 

Risk factors, n (%) 

Injecting drug users 22/51 (43) 

Drug use 24/51 (47) 

Transfusion of blood products 9/51 (17.6) 

Cupping history 13/51 (25.5) 

Tattoo history 9/51 (17.6) 

Prison history 5/50 (10) 

Sexual practices 3/9 (33) 

                            DAA: direct-acting antiviral; SD: standard deviation; SVR: sustained virologic response; SOF:   

sofosbuvir;               
                       LDV:  ledipasvir; DCV: daclatasvir 
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Table 3. SVR in volunteers who initiated direct-acting antiviral treatment 

 

Variables  SVR12 n (%) Resistant n (%) 
Recurrence 

(relapsed) n (%) 

Overall n= 50 39 (78%) 10 (20%) 1 (2%) 

Female, n (%) 7 (87.5) 1 (12.5) 0 (0.0) 

Male, n (%) 32 (76.2) 9 (21.4) 1 (2.4) 

Genotype  

1 17 (77.3) 4 (18.2) 1 (4.5) 

2 4 (66.7) 2 (33.3) 0 (0.0) 

3 7 (87.5) 1 (12.5) 0 (0.0) 

4 1 (100) 0 (0.0) 0 (0.0) 

Combined (1+3) 3 (75) 1 (25) 0 (0.0) 

Injecting drug users 17 (81) 4 (19) 0 (0.0) 

Drug use 18 (78.3) 5 (21.7) 0 (0.0) 

Transfusion of blood products 8 (88.9) 1 (11.1) 0 (0.0) 

Cupping history 12 (92.3) 1 (7.7) 0 (0.0) 

Tattoo history 9 (100) 0 (0.0) 0 (0.0) 

Prison history 5 (100) 0 (0.0) 0 (0.0) 

Sexual practices 3 (100) 0 (0.0) 0 (0.0) 

 

 

In this research, the risk factors for hepatitis C were 

also examined. Of the 51 patients, 47% reported drug 

abuse, which was the most common risk factor among 

the participants. Moreover, all the individuals with risk 

factors of tattooing, prison, and high-risk sexual 

manners obtained SVR 12. The other risk factors are 

reported in Table 3. 

 

Virological response 

The results of viral responses to treatment regimens 

are reported in Table 3. In this study, five patients were 

found to have cirrhosis (9.8%). At the end of the 

investigation, of 51 patients, 39 cases (78%) obtained 

SVR12. SVR 12 was attained in 17 patients with GT1, 

4 in GT2, 7 in GT3, 1 in GT4 and 3 in GT1 + 3. All 

patients with GT4 had SVR 12. In this study, 8 

participants were resistant to treatment and unable to 

attain SVR12 most of whom were male. In addition, 

people with GT1 were more resistant to treatment with 

DAA drugs. Drug use was more common among 

people who were resistant to DAA. The findings of this 

investigation also demonstrated that one of the cases 

with GT1 had a viral recurrence in the twelfth week 

after the end of treatment. Note that no side effects 

were observed during the investigation.  

  

  

 

Discussion   

This study evaluated the success and efficiency of 

combining new DAAs (i.e., SOF + LDV / SOF + DCV) 

for different HCV genotypes. In the present study, 51 

patients with hepatitis C underwent SOF / LDV and 

SOF / DCV regimens. Fifty patients completed the 

treatment period, whose SVR12 rate was 78%, which 

was associated with 20% resistance and 2% recurrence. 

In addition, 17 GT1, 4 GT2, 7 GT3, 1 GT4 and 3 GT1₊3 

Acquired SVR12. We also obtained 100% SVR with 

12-week treatment with SOF / LDV in patients with 

HCV GT4. The lowest rates were observed in 

participants with GT2. In our study, all patients with 

recurrence had HCV GT1. None of the other genotypes 

in this study showed recurrence. One reason for this 

could be the small sample size. Similar to the results of 

this work, an investigation in Turkey reported 100% 
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SVR with 12-week treatment with SOF / LDV in cases 

with GT4 (22). As a result, this drug regimen may be 

considered an effective factor in the treatment of HCV 

GT4 patients. 

In the present study, 47% and 43% of patients had a 

history of oral and injectable drug abuse, respectively; 

this is inconsistent with the findings of a number of 

previous studies (vs. 72% and 15%, respectively) (23, 

24). Similar to previous studies, no side effects were 

observed in participants during the study (25). 

Overall, researchers have stated that the SVR rate 

when administering second-generation DAAs for the 

treatment of HCV in prisons varies from 85% to 98% 

[23]. In Iran, studies have exhibited that the SVR rate 

in patients with chronic HCV following adherence to 

DAA treatments is 96.7% to 100% (26). A study 

carried out by Heidarsharifi and colleagues in Iran on 

147 volunteers with HCV infection treated with 

interferon-free diets based on sofosbuvir, with or 

without ribavirin, revealed that 100% achieved SVR12 

(132 cases) (26). In a study conducted among 2015 

prisoners in Iran, all were treated (SVR12 = 100%) 

(23). A similar finding was found in a research of 1,402 

prisoners in Taiwan (27). Andrew Hill and colleagues 

conducted an investigation on 616 HCV patients. The 

rate of SVR12 was 99% and SVR12 rate in patients of 

genotype 1 was 99% while in genotype 3 was 98% 

[28]. Overall, studies have reported that SOF/LDV 

treatment in East Asian cases improves outcomes for 

HCV-infected patients in a manner consistent with 

other studies (25).  

According to the literature, 75.3% of the patients in 

the United States had GT1, 16.3% of them GT2 and 

8.5% GT3 (29). Sullivan et al. (23) obtained similar 

results. In a study carried out in Iran, GT1a with the 

frequency of 47% was the most common, followed by 

GT3a at the rate of 36% was. The frequency of 

genotype distribution in Iran is similar to that in 

England, but it differs from countries such as Kuwait, 

Yemen, Iraq and Saudi Arabia, where GT4 is more 

common (30). Study of Omura et al. in Japan 27 

patients with HCV/HIV-1-infected hereditary bleeding 

disorders followed using SOF/LDV, SOF/RBV, and 

SOF/DCV regimens for 12 weeks. They found that 

100% of volunteers attained SVR (26). Two studies in 

China and New Zealand, with a sample size of fewer 

than 50 patients, showed that 100% SVR rates were 

achieved following treatment with DAAs (31, 32). In a 

research by Lee and colleagues on 30 cases of chronic 

hepatitis C following DAA therapy, 93.3% of 

volunteers achieved SVR (33). Nagao et al. carried out 

an investigation in Japan. They gave 43 participants the 

SOF/LDV regimen, where only two patients did not 

reach the SVR (34).  

The SVR observed in this study is lower than in other 

studies in Iran and other countries. Based on the 

evidence, it seems that the small sample size in our 

study did not have a significant effect on this factor 

[35]. However, there is no medically justified reason 

for the difference observed in this study with previous 

studies. This may be due to differences between 

pharmaceutical companies. The drugs used in this 

study have been made in Iran, which can be the main 

cause of different therapeutic responses. However, the 

discrepancy does not justify the national results. One of 

the reasons for the observed difference may be the lack 

of attention to the previous behavior of the participants. 

In addition, a lack of body weight control, advanced 

liver disease, and fibrosis stage can be other causes of 

the discrepancy between the findings of this study and 

previous investigations. These factors can lead to 

treatment failure, but two other studies in Iran that used 

same drugs found SVR of 96.7 and 97.9 being higher 

than our study (36, 37) . 

Our study had certain limitations. First, because of 

the variety of HCV genotypes, it was difficult to 

discuss the effectiveness of the drugs in terms of 

genotypes. In addition, while collecting the data, it was 

noticed that a large number of patients were deprived 

of regular medication due to the high cost of the drugs; 

thus, we were unable to include these patients in the 

research. Since sample size has a great impact on the 

findings, the relatively small sample size in this study 

was another limitation that affected the results. Finally, 

this study was carried out with no control group. 

Conclusion 

It was found that 78% of those who participated in 

this research could achieve SVR after 12 weeks of 

treatment with SOF/ DCV or SOF/ LDV. However, 

there was no evidence that more than 95% of patients 

with hepatitis C would respond to treatment with these 

drugs. The reason is still unknown but can be 

investigated further in prospective studies with larger 

sample sizes in our area. 

Conducting a similar study on a larger scale and 

encouraging untreated patients to use DAA drugs are 

suggested. Due to such issues as the financial burden 

of drug procurement and laboratory costs and, 

therefore, the possibility of their unavailability to all 

patients, it is recommended to have reasonable 

distribution of medicine and nationwide treatment 

coverage for this disease. This will raise the number of 

people who successfully complete the disease 

treatment in a short period. The social shame caused by 

this disease in our society may prevent patients from 

being visited in time. Therefore, creating a culture and 

reinforcing the doctor-patient relationship can lead to 

better cooperation, earlier treatment initiation, and 

improved clinical management.  
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