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Abstract 

Background and aims: Hepatitis C virus (HCV) infection is a serious global health problem that affects about 

180 million people worldwide. Egypt has a very high prevalence of HCV and a high morbidity and mortality 

from chronic liver disease, cirrhosis, and hepatocellular carcinoma. The goal of antiviral therapy is to cure 

hepatitis C via a sustained elimination of the virus, which is achieved if the HCV RNA remains negative six 

months after the end of treatment (sustained virological response, SVR). Nitric oxide (NO) is a short, lived, 

highly reactive free radical, influences many physiological processes in virtually every organ and tissue. Aim 

was to study the role of nitric oxide level in chronic hepatitis C patients as a predictor of response to antiviral 

therapy in relation to the level of viremia.  

Patients and methods: 60 subjects were eligible for the study and were classified into two groups: Group I: 

Included forty HCV patients who were candidates for initiation of antiviral combination therapy, also they were 

followed 12 weeks after. Group II: Included twenty adult apparently healthy volunteers negative for both 

HBsAg and HCV Ab and have no clinical or laboratory signs of liver diseases.  

Results: there was a significant difference in the post-treatment level of NO between responders and non-

responders where the level of NO was higher in responders than in non-responders.  

Conclusions: The study concluded that increasing level of serum NO in HCV patients in response to antiviral 

therapy can be considered as a predictor of response. 
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Introduction 

It is now well established that HCV is a global health challenge, with an estimated 130-180 million chronic 

infections (2-3% of the global population).
 [1]

 

The lowest prevalence (0.01%-0.1%) has been reported from countries in the United Kingdom and 

Scandinavia, the highest prevalence (15%-20%) has been reported from Egypt; where the prevalence of 

infection increases steadily with age, and high rates of infection are observed among persons in all age 

groups.
 [2]

 

Egypt has a very high prevalence of HCV and a high morbidity and mortality from chronic liver disease, 

cirrhosis, and hepatocellular carcinoma.
[3]

Approximately 20% of Egyptian blood donors are anti-HCV 

positive.
[3] 

The strong homogeneity of HCV subtypes found in Egypt (mostly 4a) suggests an epidemic 

spread of HCV.
[3]

Since a history of injection treatment has been implicated as a risk factor for HCV 

infection, a prime candidate to explain the high prevalence of HCV infection in Egypt is the past practice of 

parenteral therapy for schistosomiasis.
[3] 

 

HCV prevalence levels in Egypt indicate uneven geographic distribution, with higher HCV prevalence 

found in rural areas compared to urban settings, and in Lower Egypt compared to the rest of the country.
 [4]

 

The factors contributing to the spatial heterogeneity are not well understood, but disparity in the intensity of 

past parenteral antischistosomal therapy campaigns has been proposed as a cause of the geographical 

variation.
 [4]

 

Chronic hepatitis C viral infection should be considered in every patient presenting with clinical, 

morphological or biological signs of chronic liver disease.
 [5]

When chronic hepatitis C infection is suspected, 

screening for HCV antibodies by 2nd or 3rd generation EIAs is adequate because their sensitivity is 

>99%.
[5]

When anti-HCV antibodies are detected, the presence of HCV RNA has to be determined in order 

to discriminate between chronic hepatitis C and resolved HCV infection.
[5]

 

The goal of antiviral therapy is to cure hepatitis C via a sustained elimination of the virus, which is achieved if the 

HCV RNA remains negative six months after the end of treatment (sustained virological response, SVR).
 [6] 

Importantly, long-term benefits of SVR are the reduction of HCV related hepatocellular carcinoma and overall 

mortality.
 [6]

 In 2011, the first direct antiviral agents (DAA) were approved for patients with HCV. 

During the last decade, tailoring treatment duration and dosing according to individual parameters associated 

with response has improved SVR.
 [7]

Predicting SVR before the start of antiviral treatment, helps in making 

treatment decisions.
[7]

Important baseline factors associated with SVR to PEG-IFN/RBV are the HCV 

genotype, the degree of liver fibrosis and steatosis, baseline viral load, presence of insulin resistance, age, 

gender, body mass index, ethnicity, and HIV coinfection.
[7] 

Nitric oxide (NO) is a short, lived, highly reactive free radical, influences many physiological processes in 

virtually every organ and tissue.
[8]

It diffuses freely across membranes, which helps being ideal for 

transient paracrine and autocrine signaling.
[8]

It exhibits a remarkably broad spectrum of functions, including 

neurotransmission and memory formation, regulation of blood pressure, modulation of the bacterial and 

tumorcidal activity of macrophages, and liver regeneration. This small unstable gaseous, free radical 

performs its complex tasks by acting as an intra- or extra cellular messenger molecule.
 [8] 

Three main NOS isoforms have been identified and cloned so far; nNOS (neuronal or type I), iNOS 

(inducible or type II),and eNOS (endothelial or type III).In addition ,new isoforms or mitochondrial variants 

of NOS (mtNOS) have been described recently in rat liver, thymus, and brain.
[8]

 eNOS and nNOS are 

constitusevely expressed and produce relatively small amounts of NO.
[8]

On the other hand, iNOS is up 

regulated under a number of conditions, including endotoxaemia, hemorrhagic shock ,ischemia, reperfusion, 

hepatitis   and  liver regeneration.
[8]

 

http://en.wikipedia.org/wiki/Paracrine
http://en.wikipedia.org/wiki/Autocrine
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Under normal conditions, only eNOS is present in the liver, and the low level of NO is produced by eNOS 

regulates hepatic perfusion, among other functions.
[8]

However, iNOS is readily up-regulated in the liver 

under a number of stressful conditions as endotoxaemia, hemorrhagic shock, ischemia, reperfusion, sepsis, 

infection, hepatitis, ozone exposure, and liver regeneration.
[8]

Once iNOS is expressed, large amounts of NO 

are generated in the liver in a sustained fashion, which functions as an important regulator and effect or 

during inflammation and infection.
[8]

 

The present study was carried out to study role of this molecule as a predictor of response of HCV Egyptian 

patients to combination antiviral therapy, and also effect of therapy on its level in both responders and non-

responders. The aim of this work was to study the role of nitric oxide level in chronic hepatitis C patients as 

a predictor of response to antiviraltherapy in relation to the level of viremia. 

 

PATIENTS AND METHODS: 

This study was a Prospective cohort study which was conducted at Alexandria Main University Hospital, on 

60 subjects classified into two groups:  

 Group I: Included forty HCV patients who were candidates for initiation of antiviral combination therapy, 

also they were followed 12 weeks after. 

 Group II: Included twenty adult apparently healthy volunteers negative for both HBsAg and HCV Ab and 

have no clinical or laboratory signs of liver diseases. 

Patients with concurrent HBV infection, alcohol induced or autoimmune liver disease, portal hypertension, 

were excluded from the study. Patients with cardiac, renal or respiratory diseases, diabetes mellitus or 

connective tissue disorders were also excluded from the study. 

 

All patients and controls were interviewed and subjected to the following:  

Clinical evaluation focusing on confirmed hepatitis C: As regards patients, IgG antibody to hepatitis C 

virus (anti-HCV) positive by 3
rd

 generation ELISA technique, confirmed by positive Real-Time PCR for 

HCV RNA. As regards control subjects, IgG antibody to hepatitis C virus (anti-HCV) negative by 3
rd

 

generation ELISA technique. 

Laboratory investigations included: Total serum bilirubin and serum albumin, Complete blood count, 

ALT, AST and ALP, Prothrombin time and international normalization ratio, Complete urine analysis, blood 

urea, serum creatinine, serum uric acid, Serum cholesterol and TGs, FBS, Serum HBs Ag, HCV antibodies 

(3rd generation ELISA), HCV-RNA by PCR (both before and after treatment in patients), TSH, ANA, AFP, 

and antischistosomal antibody. 

Routine radiological investigation (Ultrasound examination of the abdomen) was done for all patients and 

controls. 

Other routine investigations: Electrocardiogram, Fundus examination 

Histopathological investigations: Liver biopsy was taken, only from patients, before initiation of antiviral 

combination therapy for histopathological grading and staging according to Metavir scoring system. 

Determination of nitric oxide end products (nitrite and nitrate, NOx:The nitrite and nitrate (recently 

named NOx) concentration was determined by simple Griess reaction. Because the nitric oxide (NO) has a 

short half life (2-30 sec), it is preferable to determine nitrite, the stable product of NO which may be further 

oxidized to nitrate. So, the Griess reaction was supplemented with the reduction of nitrate to nitrite by 

NADPH-dependent nitrate reductase.
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RESULTS 

Viral load in HCV patients before and after treatment (PCR) ×10
4
IU/ml (Table 1) 

This table shows that there is a statistically significant difference between responders and NR as regards 

baseline viral load p value<0.001with Mean ± SD ((113.61±1.9829) ×10
4
, (151.66±1.8250) ×10

4
) 

respectively, which means higher baseline viral load in NR. 

Degree of fibrosis by METAVIR scoring system in both responders and nonresponders (Table 2) 

This table shows that there was a significant difference as regards degree of fibrosis according to Metavir 

scoring system between responders and nonresponders (P value=0.027). Nonresponders were having higher 

percentage of F2 than F1 among them (70%, 30% respectively), while responders were having higher 

percentage of F1 than F2 among them (65 %, 35% respectively). 

NO (total end product) level in different studied groups (Table 3) 

This table shows that there was significant statistical difference in the pre-treatment level of NO between 

control group and HCV patients p value (<0.001), where the level of NO among control group was higher 

than among HCV patients groups with Mean ± SD (19.48 ± 2.20), while was (14.75 ± 2.32) and (16.08 ± 

2.15) in responder and non responder respectively. After treatment, there was a significant rise in NO level p 

value (0.016
*
) among responders with Mean ± SD (18.08 ± 2.29) than nonresponders with Mean ± SD 

(17.82 ± 1.93). 

Relation between Metavir and PCR in HCV patients groups (Table 4) 

This table shows that there was no relationship between degree of fibrosis and viral load either before or 

after treatment in responders p value (0.606 and 0.429) respectively, and also in nonrespondersp value 

(0.591 and 0.458) respectively. 

Correlation between level of NO (total end product) before treatment and viral load before treatment in 

responders (Table 5) 

This table shows that there was no significant correlation between levels of NO (total end product) before 

treatment and viral load before treatment in responders. 

Correlation between level of NO (total end product) before treatment and viral load before treatment 

in nonresponders (Table 6) 

This table shows that there was no significant correlation between levels of NO (total end product) before 

treatment and viral load before treatment in nonresponders. 

 

Table (1): Comparison between responders and nonresponders as regards viral load both before and after 

treatment: 

 Responders Non responders
 

Before After Before After 

PCR(×10
4
) IU/ml     

Min. – Max. 1.30 – 660.0 0.0 – 1.30 2.40 – 750.0 1.03 – 6500.0 

Mean ± SD 113.61±1.9829 0.28±0.46 151.66±1.8250 82.214±1.51834 

Median 23.50 0.0 110.0 220.0 

p1 <0.001
*
 <0.001

*
 

p2  0.070 <0.001
*
 

p1: p value for Wilcoxon signed ranks test before and afterin responder and non responder 

p2: p value for Mann Whitney test between responder and non responder in before and after  

*: Statistically significant at p ≤ 0.05 
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Table (2): Comparison between responders and nonresponders as regards degree of fibrosis (F) according to 

Metavir scoring system:  

 Responder Non responder 
p 

No. % No. % 

Metavir      

F1 13 65.0 6 30.0 
0.027

*
 

F2 7 35.0 14 70.0 

                  P: p value for Chi square test for comparing between the two studied groups 

                  *: Statistically significant at p ≤ 0.05 

 

Table (3): Comparison between the different studied groups as regards level of total end product of NO 

before and after treatment: 

NOX 

(micromol/l) 
Control Responder 

Non 

responder 
p 

Before treatment     

Min. – Max. 16.0 – 23.40 10.10 – 19.60 13.40 – 22.10 

<0.001
*
 Mean ± SD 19.48 ± 2.20 14.75 ± 2.32 16.08 ± 2.15 

Median 19.40 14.80 16.10 

p1  <0.001
*
 <0.001

*
  

p2  0.176  

After treatment     

Min. – Max.  14.40 – 21.50 13.90 – 20.60 

0.039
*
 Mean ± SD  18.08 ± 2.29 17.82 ± 1.93 

Median  18.10 17.80 

p1  0.128 0.060  

p2  0.934  

p3  0.016
*
 0.205  

p: p value for F test (ANOVA) for comparing between the different studied group 

p1 : p value for Post Hoc test (Scheffe) for comparing between control and each other group 

p2 : p value for Post Hoc test (Scheffe) for comparing between responder and non responder 

p3: p value for Paired t-test between before and after in responder and non responder 

*: Statistically significant at p ≤ 0.05 
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Table (4): Relation between degree of fibrosis and viral load in HCV patients groups. 

 PCR F1 F2 p 

R
es

p
o
n

d
er

 
Before (× 10

4
)    

Min. – Max. 1.30 – 660.0 1.90 – 230.0 

0.606 Mean ± SD 147.61 ± 235.27 50.47 ± 81.59 

Median 41.0 16.0 

After   (× 10
4
)    

Min. – Max. 0.0 – 1300.0 0.0 – 1200.0 

0.429 Mean ± SD 198.46 ± 400.43 442.86 ±565.26 

Median 0.0 0.0 

N
o
n

 r
es

p
o
n

d
er

 

Before (× 10
4
)    

Min. – Max. 7.80 – 430.0 2.40 – 750.0 

0.591 Mean ± SD 185.80 ± 180.84 137.03 ± 187.97 

Median 140.0 88.0 

After  (× 10
4
)    

Min. – Max. 0.82 – 650.0 0.10 – 180.0 

0.458 Mean ± SD 170.19 ± 256.12 44.51 ± 57.98 

Median 47.50 18.19 

p: p value for Mann Whitney test for comparing between the two studied groups 

 

Table (5): Correlation between level of NO (total end product) before treatment and viral load before 

treatment in responders: 

  NOx before PCR before 

NOx before Pearson 

Correlation(r) 

1 -.422 

Sig. (2-tailed)  .064 

N 20 20 

PCR before Pearson 

Correlation(r) 

-.422 1 

Sig. (2-tailed) .064  

N 20 20 

       *. Correlation is significant at the 0.05 level (2-tailed). 
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Table (6): Correlation between level of NO (total end product) before treatment and viral load before 

treatment in nonresponders:  

  NOx before PCR before 

NOx before Pearson 

Correlation(r) 

1 -.212 

Sig. (2-tailed)  .371 

N 20 20 

PCR before Pearson 

Correlation(r) 

-.212 1 

Sig. (2-tailed) .371  

N 20 20 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

DISCUSSION 

Previous studies were concerned about more interesting predictors of response among genotype 4 HCV 

patients treated with combined peg- interferon and ribavirin to evaluate their impact on treatment decisions. 

Thus, we designed the present study  aiming to elucidate whether there are certain pre-treatment predictors 

related to either biochemical, histological or viral factors associated with risk of primary treatment failure in 

HCV patients by comparing a group of patients with primary failure(non-responders) with a group of 

patients who reached sustained virological response(responders) by assessment of serum HCV RNA at week 

12, 24, 48, 72 of therapy, focusing on role of pre-treatment level of NO in predicting the probable outcome 

of treatment strategy. 

Nitric oxide is a short highly reactive free radical, influences many physiological processes in virtually every 

organ and tissue. It diffuses freely across membranes, this attributes making nitric oxide ideal for a 

transient paracrine  and autocrine signaling.
 [8]

 

Baseline viral load has been considered as a strong independent predictor for achieving SVR.In the current 

study it was found that there was a statistically significant difference between responders and non 

responders as regards base line viral load, that it was lower in responders (113.61±1.9829) ×10
4
IU/ml than 

in nonresponders (151.66±1.8250)×10
4
IU/ml. 

Zeuzem et al. 2006, Berg et al. 2003, and Poynard et al. 1998),mentioned that although viral load does not 

correlate with the severity of liver injury or the progression of the disease, a low baseline viral load 

(600,000–800,000 IU/ml) or less, is an independent predictor of SVR regardless of genotype.
 [9,10,11]

 

Therefore, they found that patients with pre-treatment high viral loads had worse long-term outcomes than 

patients with pre-treatment low ones, and the relationship is nonlinear, which is generally matched with the 

current study results.
[9,10,11]

 

As regards histopathological parameters,Liver biopsy is considered the gold standard to assess HCV 

infection severity.
 [12]

It also helps to establish the histological grade and stage, which provide prognostic 

information and help to assess patient's response to antiviral therapy.
 [12]

In this study, there was a significant 

difference between responders and nonresponders as regards results of liver biopsies taken before initiation 

of treatment for grading and staging. Increasing degree of fibrosis was obviously more in nonresponders 

(F1:F2=30%:70%) than in responders (F1:F2=65%:35%). 

These results are matched with Everson et al 2006,who showed that the presence of advanced fibrosis and 

cirrhosis is a major independent predictor of nonresponse to antiviral therapy.
[13]

In Poynard et al. 

http://en.wikipedia.org/wiki/Paracrine
http://en.wikipedia.org/wiki/Autocrine
http://www.ncbi.nlm.nih.gov/pubmed/16290907
http://www.ncbi.nlm.nih.gov/pubmed/12601358
http://www.ncbi.nlm.nih.gov/pubmed/9807989
http://www.ncbi.nlm.nih.gov/pubmed/10613748
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2000,which is a large study of 1744 naive patients with chronic HCV infection undergoing IFN treatment, 

he found that  the presence of no fibrosis or fibrosis limited to the portal tract alone was independently 

associated with SVR on multivariate analysis.
[14] 

Focusing on relationship between viral load in HCV patients and extent of histopathological damage, this 

study didn’t show any significant relationship between degree of fibrosis and viral load either before or after 

treatment in both responders and nonresponders. 

This result is matched with Altiparmak. E et al 2001 study that was done in Turkey, which found that there 

was no direct correlation between viral load levels and fibrosis scores in HCV patients.
[15]

These findings 

suggest that liver injury in chronic HCV infection is related to immune mediated mechanisms rather than the 

direct cytopathic effect of the virus. According to this conclusion, the study supposed that laboratory 

findings cannot take place of histopathological examination as a predictive indicator of liver injury.
 [15]

 

Some recent studies direct the researchers’ attention towards new other predictors of antiviral treatment 

response, such as level of nitric oxide. Previous studies reported a normal, increased or decreased nitrite 

concentration in patients’ serum with chronic HCV as in Hokari A et al.
 [16,17]

 The reason for these 

discrepancies remains to be explained. In the present study it was found that there  was a significant 

difference in the post-treatment level of NO between responders and non responders where the level of NO 

was higher in responders (18.08 ± 2.29 micromole/liter) than in non responders (17.82 ± 1.93 

micromole/liter),in response to pegylated IFN-α a and ribavirin (combination therapy). 

These results are matching with Ibrahim et al, study that was done in El Minia , where he found a significant 

positive correlation between serum NO and virological response, serum NO being higher in responders to 

pegylated IFN-α plus ribavirin therapy than in NR.
[18]

 Also Bogdan C et al, reported a significant rise of 

serum nitrite at two weeks after initiating IFN in SR compared to NR indicating that the rise of serum nitrite 

was an independent predictive factor for the efficacy of IFN treatment.
[19]

 

Comparing the pre-treatment level of serum NO between HCV patients(both responders and nonresponders) 

and control subjects, this study found that it was significantly higher in control subjects than in patients 

either responders or nonresponders. On the contrary, Zaki.M study which done in El Mansoura university, 

reported that serum nitrite and nitrate concentrations among HCV patients were significantly higher than in 

normal subjects.
 [20]

 

Findings of this study triggered the researchers to hypothesize the possible use of the NO markers as an 

independent predictor of virologic response in HCV genotype 4 infected patients. The multivariate logistic 

regression analysis showed that the rise of serum nitrite during therapy is independent predictive factor for 

the efficacy of IFN-α plus ribavirin therapy. This can be explained by the fact that,in viral infections, the 

earliest host responses are non-specific and involve the induction of cytokines including IFNs.
[19]

It has been 

found that iNOS is an IFN-γ-inducible protein in macrophages. Thus, NOS falls into the category of IFN-

inducible proteins, activated during innate immune response and has a protective effect against viral 

infection. 
[19]

 

This study is the first that correlates serum pre-treatment level of NO with pre-treatment viral load to 

identify the independency of NO as a predictor of response. No significant correlation has been found 

between these two parameters in both responders and nonresponders, which may support that NO markers 

may be independent predictors of treatment response. 

Finally, as genotype 4 HCV infection is highly endemic in Egypt and considered one of the most important 

causes of morbidity and mortality, much more researches are needed to make prediction of treatment 

outcome easier and more accurate. 

Conflict of interest: the authors declare no conflict of interest regarding this manuscript.  
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