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ABSTRACT 

Background: The interactions between hepatitis C Virus (HCV) and the host immune system have 

a major role in HCV pathogenesis. 

Objective: To estimate complement C3 and C4 serum levels in patients with chronic HCV patients 

and to correlate its levels with response to directly acting anti-viral agents (DAAs) in those 

patients. 

Patients and methods: The study included 80 individuals classified into two groups: Group (I): 40 

patients with chronic HCV infection, Group (II): Control group which included 40 healthy 

individuals. Measurement of the level of complement C3 and C4 has done by nephelometry 

immunoassay before and after treatment with DAAs. 

Results: All patients with chronic HCV infection in group (I) showed significant reduction in 

serum levels of complement C3 and C4 compared to the control group (II). Moreover, those 

patients who treated with DAAs showed significantly higher levels of C3 and C4 when compared 

to chronic HCV patients before treatment with DAAs.  

Conclusion: Serum levels of complement C3 and C4 serum may be used in the follow up of the 

course of the disease and may be used as a predictor for the response to treatment with DAAs. 
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INTRODUCTION 

     Hepatitis C infection (HCV) disease 

could be a driving cause of liver-related 

mortality and mortality, and it speaks to a 

critical compassionate and healthcare 

burden all over the world. The Polaris 

Observatory estimates that 71 million 

individuals around the world are infected 

with HCV (Crespo et al., 2020). 

     Chronic HCV infection tends to 

progress to liver fibrosis and cirrhosis. 

Subsequently, hepatocellular carcinoma 

can develop in the context of bridging 

fibrosis (F3 by Metavir) or liver cirrhosis 

(F4 by Metavir). Decompensated liver 

cirrhosis together with hepatocellular 

carcinoma is considered the most common 

cause of death associated with chronic 

HCV infection (Webster et al., 2015). 

     These days, chronic HCV infection is 

considered a systemic disease, whereas it 

does not affect only the liver, but other 

organs as well. About three-quarters of 

patients moreover suffer from extra-

hepatic signs, which can appear before 

chronic HCV diagnosis. Diabetes mellitus 

sort 2 (T2DM) is one of the foremost 

common extra-hepatic signs of chronic 

HCV infection. In addition, HCV 

accelerates atherogenesis and is also 

related with cardiovascular diseases 

(Vanni et al., 2015). 

     HCV infection not only increases liver 

disease mortality rate but also 

cardiovascular leading mortality rate. The 

essential objective of chronic HCV 

disease treatment is to attain sustained 

viral reaction (SVR), characterized by the 

total disappearance of HCV from patient's 

body. SVR is related with diminished 

liver disease mortality rate along with all-

leading cause’s mortality rate(van der 

Meer et al., 2012). 

There has been a surprising breakthrough 

within the treatment of chronic HCV 

disease, within the frame of the usage of 

direct-acting antivirals (DAAs) into 

clinical practice guidelines. Using a 

combination of at least two of DAAs, 

specifically NS5A inhibitor, NS5B 

inhibitor, or NS3/4a protease inhibitor, 

results in a very high response rate 

(Asselah and Marcellin, 2012). 

The complement system is made up of a 

large number of distinct plasma proteins 

and is considered one of the most 

important weapons of innate immunity 

which involved in all infectious processes. 

The Activation process of complement is 

the cause of strong and productive 

proteolytic cascades, which end in 

opsonization and lysis of the pathogen as 

well as within the generation of the 

classical inflammatory reaction through 

the generation of powerful 

proinflammatory particles (Dunkelberger 

and Song, 2011). 

It is not only an instrument for direct 

protection against an attacking pathogen, 

but it also interacts with the adaptive 

immunity to optimize the pathogen-

specific humoral and cellular defense 

components within the body (Hakobyan et 

al., 2016). 

The association of complement within the 

course of HCV disease has been poorly 

recorded. A couple of studies show 

changes within the acute stage 

complement elements in HCV patients 

accepting interferon alpha 2b or an 

association between HCV infection and a 

cold-dependent activation of the classical 
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pathway or hypocomplementemia related 

with cryoglobulinemia (Mazumdar et al., 

2012). 

     This study aimed to estimate 

complement C3 and C4 serum levels in 

patients with chronic HCV infection and 

to correlate its levels with response to 

treatment with DAAs in these patients. 

PATIENTS AND METHODS 

     This study was a case control study 

which had been conducted at 

Gastroenterology and Infectious diseases 

Department of New Damietta Hospital of 

Al-Azhar University. 

     Forty participants who diagnosed as 

chronic HCV patients were selected from 

outpatient clinic and inpatient of 

Hepatology. Forty healthy individuals 

matched for age and sex were selected as 

a control group. Informed consent for 

participation in the study was obtained 

from all patients and controls. 

     The study populations were classified 

into two groups. Group (I) 40 patients 

with chronic HCV infection and Group 

(II) "Control group" which included 40 

healthy individuals matched for age and 

sex. 

     Patients with any history of diseases 

leading to affection of complement C3 

and C4 levels, as autoimmune, allergic or 

infectious diseases were excluded from 

the study. 

     All included subjects submitted to full 

history taking, general and local 

examination, radiological investigations 

and laboratory investigations including 

complete blood count (CBC), liver 

function tests, kidney function tests, 

erythrocyte sedimentation rate (ESR), 

prothrombin time (PT) andinternational 

normalized ratio (INR). Also, viral 

markers (HBsAg & HCVAb) and HCV-

RNA by polymerase chain reaction (PCR) 

were estimated. 

     C3 and C4 concentrations were 

measured in sera by nephelometry 

immunoassay by C3 and C4 commercial 

kits (Agappe Diagnostics Switzerland 

Gmbh). The normal standardized values 

for each component were 90-180 mg/dl 

and 9 -36 mg/dl, respectively. 

Statistical analysis: 

     All data statistically analyzed using 

SPSS 22.0. Chi square test (χ2) and Fisher 

exact was used for qualitative data. 

Quantitative data were expressed as mean 

± SD (Standard deviation) for parametric 

and median and range for non-parametric 

data. Independent T test and Mann 

Whitney test were used to calculate 

difference between quantitative variables 

for parametric and non-parametric 

variables respectively. Paired t-test was 

used for normally distributed variables 

while Wilcoxon signed ranks test was 

used for non-normally distributed 

variables. Pearson’s or Spearman’s 

correlation coefficients were used for 

correlating normal and non-parametric 

variables respectively. Receiver operating 

characteristic (ROC) curve was 

constructed to permit selection of 

threshold values for test results and 

comparison of different testing strategies. 

Level of significance wad considered 

when P <0.05. 
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RESULTS 

 

     There was a significant increase in 

alanine aminotransferase (ALT), aspartate 

amino transferees (AST), total bilirubin, 

gama glutamyl transferase (GGT) and 

ESR and significant decrease in 

hemoglobin, total leucocytic count (TLC), 

platelets, albumin, C3 and C4 levels in 

group (I) when compared with group (II). 

There was no statistically significant 

difference between the two groups 

regarding to Creatinine, Urea and (INR) 

(Table 1). 

     After treatment with DAAs, 100% of 

patients were found to be responders to 

DAAs at the end of treatment evidenced 

by negative PCR test for HCV RNA in 

serum. The clinical findings and 

laboratory values changes were compared 

before and after the treatment. There was 

no statistical differences between before 

and after treatment regarding liver 

cirrhosis and splenomegaly and there was 

statistically significant difference 

regarding to jaundice (P= 0.011), lower 

limb edema (P= 0.004), and ascites (P= 

0.030). There was a significant decrease in 

ALT, AST, total bilirubin and GGT and 

significant increase in hemoglobin, TLC, 

albumin, C3 and C4 levels after treatment. 

There were no statistically significant 

changes regarding to Platelets, Creatinine, 

Urea and INR (Table 1). 

 

Table (1): Comparison between laboratory parameters in group I and group II 

(Mean ± SD) 

Groups 

Parameters 

Group (I) 

(N = 40) Group (II) 

(N = 40) 
P- value 

Before 

Treatment 

After 

Treatment 

Hb (g/dL) 10.2 ± 1.6 11.1 ± 1.3 13.2 ± 1.2 0.001 

TLC (x 103/L) 3.2 ± 2.1 3.6 ± 1.8 6.9 ± 1.7 0.001 

PLT (x 103/L) 135 ± 49 140 ± 41 263 ± 59 0.001 

ALT(U/L) 76 ± 25 43.1 ± 18.54 21 ± 6 0.001 

AST(U/L) 102 ± 25 67 ± 16 23 ± 6 0.001 

Total bilirubin(mg/dl) 2.4 ± 0.7 1.6 ± 0.8 0.6 ± 1.6 0.001 

Albumin(g/dl) 2.6 ± 0.4 3.7 ± 0.4 4.3 ± 0.5 0.001 

GGT(U/L) 67 ± 10 53 ± 13 19 ± 7 0.001 

Creatinine(mg/dl) 0.7 ± 0.17 0.8 ± 0.2 0.8 ± 0.17 0.73 

Urea (mg/dl) 25 ± 5 28 ± 4 28 ± 4 0.23 

INR 1.15 ± 0.046 1.15 ± 0.071 1.06 ± 0.065 0.81 

ESR(mm/hr) 61 ± 33 56 ± 24 11 ± 4 0.001 

C3 (mg/dL) 44.9 ± 17.3 85.8 ± 14.0 140.7 ± 19.5 0.001 

C4 (mg/dL) 5.5 ± 1.51 14.8 ± 4.3 25.8 ± 6.6 0.001 

Hb: Hemoglobin; TLC: Total Leucocytic Count; PLT: Platelets; ALT: Alanine Aminotransferase; AST: 

Aspartate Aminotransferase; GGT: Gama Glutamyl Transferase; INR: International Normalized Ratio; ESR: 

Erythrocyte sedimentation rate; C3: Complement C3; C4: Complement C4. 

 

     There was a significant negative 

correlation between C3 & C4 with 

platelets count, ALT, AST, total bilirubin 

and ESR, while there is a significant 

positive correlation with age. Meanwhile, 

there is a significant positive correlation 



 

 

 ASSESSMENT OF THE SERUM LEVEL OF COMPLEMENT C3 AND C4… 

 

1321 

between C3 and C4.ROC curve of C3 and 

C4 showed positive correlation for 

predicting response to DAAs in chronic 

HCV patients (Figure 1). 

Figure (1): ROC curve of C3 and C4 for predicting response to DAAs in chronic 

HCV patients 

 

     C3 was significant at cut off level of 

77.65 mg/dl with sensitivity 91.6% and 

specificity 86.2%, while C4 was 

significant at cut off level of 11.87 mg/dl 

with sensitivity 93.5% and specificity 

89.7% (Table 2). 

 

Table (2): C3 & C4 was cut off level 

Variable(s) AUC Sig. 
95% Confidence 

Interval 
Sensitivity Specificity 

C3 ≥77.65 mg/dl .838 .001 0.723 - 0.953 91.6% 86.2% 

C4 ≥11.87 mg/dl .928 .001 0.861 - 0.995 93.5% 89.7% 
C3: Complement C3; C4: Comlement C4; AUC: Area under Curve; Sig: Significant 

 

DISCUSSION 

     Our study has conducted on 80 

individuals, divided into two groups as 

follow: Group (I) "patients with chronic 

HCV infection. Group (II) "Control 

group" included 40 healthy individuals 

matched for age and sex. 

     Regarding to hematological findings, 

our study found that HCV patients had a 

significantly lower values of TLC, Hb and 

platelets compared to control Group. 

Moreover, patients after treatment with 

DAAs showed a significantly higher level 

of TLC and Hb than before treatment. 

There were no significant differences 

between before and after treatment 

regarding to platelets. Ruane et al. (2015) 

found increase platelet count after 

destruction of HCV by DDAs. With the 

removal of the viral load, platelets 

increased, and the antibodies disappeared. 
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However, Honma et al. (2019) reported 

initial decrease in platelets count at 4 

weeks then platelet increase at 12 weeks 

and started to decrease again to reach 

lower level at 36 weeks. 

     HCV patients had significantly higher 

values of ALT, AST, total bilirubin and 

GGT and lower values of albumin 

compared to control Group. Moreover, 

patients after treatment with DAAs 

showed significantly lower values of 

ALT, AST, total bilirubin and GGT and 

higher values of albumin than before 

treatment. 

     Our results also were supported by 

study of Chi et al. (2019) who found a 

highly significant difference as regard to 

liver function tests. There was marked 

increase in liver enzymes in chronic HCV 

patients which improved after treatment. 

Iliescu et al. (2020) reported that liver 

functions improved for those subjects that 

presented high transaminase levels after 

only one month from the therapy 

beginning, achieving stabilization of the 

parameters. Essa et al. (2019) revealed 

that serum albumin, prothrombin time, 

bilirubin, α-fetoprotein, and alanine 

aminotransferase improved in treated 

patients. 

     Complement C3 and C4 in our study 

showed that HCV patients had 

significantly lower values of C3 and C4 

compared to control Group. Moreover, 

patients after treatment with DAAs 

showed a significantly higher level of C3 

and C4 than before treatment. This may 

point to the significance of Complement 

components C3 and C4 within the 

immune reaction against HCV and its 

function in the of HCV infection disposal. 

This observation may moreover lead to 

the hypothesis that C3 and C4 serum 

concentrations which can utilized as an 

indicator for great reaction to treatment 

with DAAs in chronic HCV patients. 

Mazumdar et al. (2012) reported that sera 

from patients chronically tainted with 

HCV showed significantly lower C3 

levels than sera from healthy people. They 

recommended that HCV center protein 

showed a frail suppression of C3 promoter 

action by down regulating the translation 

figure foresaid X receptor (FXR). 

     Banerjee et al. (2011) found that C4 

action has been showed to be was 

significantly lower in patients with 

chronic HCV diseases. Hassan et al. 

(2018) determined C3 and C4 components 

of complement concentrations before and 

after treatment with DAAs. Both C3 and 

C4 decreased among patients with chronic 

HCV. However, during therapy with 

DAAs; levels of both proteins increased 

and achieved higher levels. 

     Bunchorntavakul et al. (2018) started 

that development of specific C4 action 

after 6 months of treatment showed up to 

be an curiously basis for recognizing 

between responder and non-responder 

patients. In non-responders, the 

determination of viral RNA is related with 

the presence of cryoglobulins, which have 

been found in 49% of patients some time 

recently treatment with DAAs and in 76% 

of non-responders. They recommended 

that complement activation in chronic 

HCV does not appear to include the C1 

stage of the classical pathway. They 

reported a negative relationship between 

particular C4 movement and rheumatoid 

factor (RF) titres which may point to a 

possible association of RF in C4 

activation, through the lectin pathway. 
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     In our study, there was a significant 

negative correlation between C3 & C4 

with platelets count, ALT, AST, total 

bilirubin and ESR, while there was a 

significant positive correlation with age. 

Meanwhile, there was a significant 

positive correlation between C3 and C4. 

C3 was significant at cut off level of 77.65 

mg/dl with sensitivity 91.6% and 

specificity 86.2%, while C4 was 

significant at cut off level of 11.87 mg/dl 

with sensitivity 93.5% and specificity 

89.7%. El-Fatah et al. (2014) observed 

the negative relationship between the level 

of C3 and C4 and ALT concentration in 

both groups. Bugdaci et al. (2012) 

observed the negative relationship 

between serum complement C3 levels and 

laboratory tests, HCV-RNA levels, 

histological action index, or fibrosis 

scores in patients with high transaminase 

levels, whereas complement C4 levels 

showed significant correlation with ALT 

and histological activity index. 

CONCLUSION 

     C3 and C4 serum concentration may be 

used in the follow up of the course of the 

disease and prediction for the response to 

treatment with direct acting anti-viral 

agents. 
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بالمصل في الإصابة  4وسي  3تقييم مستوى المتممان سي  
بالالتهاب الكبدي الفيروسي المزمن سي وارتباطهما 

 بالاستجابة للعلاج بمضادات الفيروسات المباشرة 
 ،3السحراوي السعيد أحمد ،2الرحيم  صباح ابراهيم عبد ،1الواحد رمضان عبد محمد

 4علـي حـيـزة  أحمـد محمـد

 مصر  الأزهر، جامعة دمياط، طب كلية الإكلينيكية، االباثولوجي قسم1

 مصر   الأزهر، جامعة للبنات، الطب كلية الإكلينيكية، الباثولوجيا قسم2

 مصر  الأزهر، جامعة الطب، كلية الإكلينيكية، الباثولوجيا قسم3
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 مصر  الأزهر، جامعة دمياط، طب كلية المعدية، والأمراض الهضمي والجهاز  الكبد أمراض قسم4

ــ   ــة البحــ التفاااا بين فاااا ا ت اااالكب التواااا س الالاااا  ال فاااا     اااا  كال واااا    خلفيــ

المنااااا ب  ل مهااااا ر لوااااا  يكة ة  رااااا  تااااا   ل  ااااا    ااااا ة ا لتوااااا س الالااااا   

 .الف لك     

ــ   ــ  البحـــ ــدا مـــ ف لمصااااا ف   4ك ااااا   3مرااااات   ن المامااااا   ااااا     ااااا  ل الهـــ

الملضاااااي الااااا  ا  رااااا ه ب ماااااا ملضاااااي التوااااا س الالااااا  المااااا ما  ااااا  كةفااااا  

مراااااات    و  ف   اااااات  ف  ل ر اماااااا  فمهاااااا يان الف لك اااااا ن المل  اااااال  لواااااا    

 .الملضي

 خصااااتن  صاااان فون  لااااي  80ا ااااتم د ال ةا اااا  ب ااااي  المرضــــر وطــــر  البحــــ  

مل هاااااا  مصااااا فا  فرااااا ك  م منااااا   40م مااااا بت اج الم م بااااا  ا كلاااااي ك  ااااام  

فف اااالكب التواااا س الالاااا  ال فاااا   ي الم م باااا  الط ه اااا  الم م باااا  الهاااا ف   التاااا  

باااا  ل ااا   4ك ااا   3تااالياا  ااا  ما ج قااان  ااان ل ااا ب مرااات   المامااا   ااا   40ضااامد 

 .الم   ر  المن ب   لل  كفر  الريج فمه يان الف لك  ن المل  ل 

الالااااا  ال فااااا    المااااا ما  ااااا  تااااا  المصااااا ف ا فرااااا ك  التوااااا س  نتـــــابح البحـــــ  

 4ك اااا   3الم م باااا  ا كلااااي اهخف ضااااا  م ي تاااا  تاااا  مراااات   ن الماماااا   اااا  

mailto:dr.mohamedabdelwahed92@gmail.com
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ف لمصاااا  م  ةهاااا  ف لم م باااا  الهاااا ف  ج باااايك  ب ااااي  لاااا    تواااالن الملضااااي 

الاااا  ا    اااا  الراااايج فمهاااا يان الف لك اااا ن المل  اااال  مراااات   ن  ب ااااي فاط اااال مااااا 

م  ةهاااا  فملضااااي التواااا س الالاااا  الماااا ما للاااا     اااا  الراااايج  4ك اااا   3المام راااا  

 .فمه يان الف لك  ن المل  ل 

ــتنتا   ف لمصاااا   ماااااا ا ااااتخ امو  تاااا   4ك اااا   3مراااات   ن الماماااا   اااا   الاســ

مت فراااا  مراااا ة الماااالد ك ماااااا ا ااااتخ امو   م  اااال لي اااات  ف  ل راااايج ف  ااااتخ ا  

 مه يان الف لك  ن المل  ل ج

ــة  ــات الدالـــ ا لتوااااا س الالااااا   الف لك اااااي  –ف لمصااااا   4  ب 3ب بالمتممااااا   الكلمـــ
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