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Abstract—HCV is a hepatotropic RNA virus, transmitted 

primarily via the blood route, which causes progressive disease such 
as chronic hepatitis, liver cirrhosis, or hepatocellular carcinoma. 
HCV nowadays is a global healthcare problem. A variety of 
immunoassays including old and new technologies are being applied 
to detect HCV in our country. These methods include 
Immunochromatography assays (ICA), Fluorescence immunoassay 
(FIA), Enzyme linked fluorescent assay (ELFA), and Enzyme linked 
immunosorbent assay (ELISA) to detect HCV antibodies in blood 
serum, which lately is being slowly replaced by more sensitive 
methods such as rapid automated analyzer chemiluminescence 
immunoassay (CLIA). The aim of this study is to estimate HCV 
infection in carriers and chronic acute patients and to evaluate the use 
of new diagnostic methods. This study was realized from September 
2016 to May 2018. During this study period, 2913 patients were 
analyzed for the presence of HCV by taking samples from their blood 
serum. The immunoassays performed were ICA, FIA, ELFA, ELISA, 
and CLIA assays. Concluding, 82% of patients taken in this study, 
resulted infected with HCV. Diagnostic methods in clinical 
laboratories are crucial in the early stages of infection, in the 
management of chronic hepatitis and in the treatment of patients 
during their disease. 
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I. INTRODUCTION 

EPATITIS C represents an infectious disease that affects 
the liver and is caused by the hepatitis C virus (HCV). 

HCV is now considered a global problem because it is 
widespread around the world [12]. The data show that about 
3% of the world’s population is infected with HCV [2]. In 
Europe alone there are estimated to be about 4 million 
transmitters of this virus [8]. About 150 million people 
globally have chronic HCV infection and more than 350 
thousand people die every year due to HCV-related liver 
diseases [9], [15]. Hepatitis viruses are different in genomic 
type, antigenic patterns, mode of transmission, severity etc. 
[12]. 

Usually acute infection by HCV is asymptomatic and is not 
associated with life-threatening illness, but as soon as it 
stabilizes, chronic infection progresses very rapidly, causing 
cirrhosis [8], [19]. About 15-45% of infected patients are 
cleansed spontaneously from the virus, within 6 months of 
infection without any treatment [19], [3]. The remaining 55-
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85% of them develop chronic hepatitis C. Of those with 
chronic hepatitis C, the risk of cirrhosis of the liver is 15-30% 
within 20 years [3], [19]. 

HCV is transmitted by the bloodstream or its products to the 
injecting drug users during syringes exchanges with each 
other, by the sexual contact side, and also from mother to child 
at birth etc. [2], [4], [20]. Risk factors like intravenous drug 
abuse, reuse of syringes, dental procedures, unsterile pricks, 
infected sexual partner and tattooing play an important role in 
transmission of the HCV infection [18], [20]. The prevalence 
of HCV infection is very high in patients who have undergone 
organ transplantation; blood transfusion as well as the use of 
commercial coagulation factors [4]. In the group of people 
with high prevalence are also included people who use 
intravenous drugs as well as those who are subjected to renal 
dialysis [5], [18]. 

The HCV genome consists of seven functional regions- the 
core, the envelope, including the E1 and E2 regions, and the 
nonstructural region, including NS2, NS3, NS4, and NS5 [4], 
[12]. Usually hepatitis C is considered to be a curable disease, 
but in some patients, treatment is not well tolerated [12]. An 
accurate diagnosis is very important for treating properly 
patients with HCV infection, especially in acute cases [10]. 
During last years in Albania there has been an increase in the 
prevalence of HCV infected individuals, therefore there are 
needed specialized laboratories and efficient methodologies 
for diagnostic. Diagnosis of HCV infection in Tirana is mainly 
based on the detection of anti-HCV IgG antibodies as a 
screening by immuno-chromatography methods like the 
Cypress Anti-HCV dipstick, a rapid chromatographic 
immunoassay for the qualitative detection of antibodies to the 
HCV in human serum or plasma [4]. Another diagnostic 
method is the FIA for the quantitative determination of HCV 
in human serum/plasma [4], as well the VIDAS test which 
uses the ELFA principle, combining the ELISA with final blue 
fluorescence detection [10].  

Still, immuno-chromatography methods are not the most 
efficient in regard to the detection of antibodies in the window 
period. That is why in private laboratories, the most used 
techniques recently are third-generation tests like ELISA and 
CLIA for testing anti-HCV, which reduces the time for 
detection of antibody to an average of 7-8 weeks after 
infection [8], [12]. This study aims to estimate HCV infection 
in carriers and unhealthy patients and to evaluate the 
importance of classic and new diagnostic methods used in 
Tirana from 2016 to 2019.  
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II. MATERIALS AND METHODS 

The study was done for a period of approximately two 
years, from September 2016-May 2018. Blood samples 
received in the laboratory were coded for each patient and the 
serum was separated after centrifugation. The patients of this 
study had clinical signs for hepatitis C. They were tested 
initially with ELFA assay (VIDAS Ultra) and FIA 
(IchromaTM) for the presence of antibody to the HCV virus. 
Those cases which were suspected as positive with these 
methods and those resulted negative were repeated for 
confirmation of this virus with assays like ELISA and CLIA. 
The analyses were performed in “Genius” Laboratory in 
Tirana, Albania. 

A. Immunochromatography Method for HCV Analysis 

Mainly rapid test Cypress Diagnostics anti-HCV card is 
included in the immune-chromatography method. The Cypress 
Anti-HCV dipstick is a rapid chromatographic immunoassay 
for the qualitative detection of antibodies to the HCV in 
human serum or plasma. It can be used for clinical diagnosis 
of HCV infection and for screening of blood donors at the 
scene. The recombinant antigens used for the Cypress Anti-
HCV dipstick is encoded by genes for both structural 
(nucleocapsid) and non-structural proteins.  

B. Fluorescence Immunological Methods Enzymatic and not 
Enzymatic 

IchromaTM - IchromaTM anti-HCV is a FIA for the 
quantitative determination of HCV in human serum/plasma. 
The test uses a competitive immune-detection method. In this 
method, the target material in the sample binds to the 
fluorescence (FL)-labeled detection antibody in detection 
buffer to form the complex as sample mixture. The instrument 
used for FIA assays is Ichroma™ Reader with the reference 
number, REF CFPO-143 kit.  

VIDAS Ultra - The VIDAS anti-HCV assay is an automated 
qualitative test, used in the VIDAS Ultra Instrument for 
detecting HCV by IgG antibodies in the serum or plasma of 
individuals, basically by using the ELFA principle. Detection 
of specific antibodies, along with other clinical status 
information, leads us to diagnose the infection in individuals 
who exhibit hepatitis symptoms and in those individuals who 
are at risk of being affected by the hepatitis C infection. The 
test is based on the combination of sandwich method of 
enzymatic immunological assay concluding with final 
fluorescence detection (ELFA). This assay can be performed 
in two protocols: HBL (90 min long protocol) and HBS (60 
min short protocol), in the solid phase deposit which also 
serves as a pipetting device during this phase. All steps are 
performed automatically by the analyzer, the reagents for 
analysis are ready to use and the reaction environment is 
cycled several times, in and out the solid phase. The results 
were confirmed by VIDAS Ultra Instrument with the 
reference code REF 30 308.  

C. ELISA 

ELISA is based on quantitative/qualitative determination of 

IgM antibodies of the HCV in blood serum/plasma with a 
binding system. The kits for Third-generation anti-HCV 
ELISA are designed to classify the viral agent and to track the 
undergoing therapy of chronic patients with HCV infection. 
Microparticles are coated with HCV immunodominant 
synthetic antigens (nuclear proteins, recombinant proteins 
NS3, NS4 and NS5) of the viral genome. In the first 
incubation, the solid phase is treated with diluted samples, 
captured by antigens, and HCV IgM antibodies if present. 
After washing steps of all components, the second incubation 
binds the complex HCV IgM antibodies- anti-IgM, previously 
tagged with horseradish peroxidase. The enzyme captured in 
the solid phase, binds with the substrate/chromogenic mixture, 
thus generating an optical signal that is proportional to the 
amount of anti-HCV IgM antibodies present in the sample. 
The presence of IgM in the sample can be determined by 
means of a calibration curve capable of reading the antibody 
content in arbU/ml. The neutralization of anti-HCV IgG is 
performed directly in the test to block the interference due to 
the determination of this class of IgM antibodies. 

ELISA was done as per manufacturer’s recommendations 
(Bio-Rad ELISA). 

D. CLIA 

CLIA was performed on Snibe MAGLUMI 
Immunodiagnostic equipment. The test kit used in the 
equipment was a third generation anti-HCV kit, IVD 
MAGLUMI Anti-HCV. The kit is designed for the qualitative 
determination of hepatitis C antibodies in the serum of 
individuals. It is an immunological test performed in a single 
step. The anti-HCV (calibrator/control) sample binds to 
biotinylated and FITC antigens, forming a sandwich complex. 
After incubation at 37°C, the complex binds to ABEI substrate 
and magnetic microglia through the interaction of biotin and 
streptavidin. After washing steps, the initiators are added in 
order to start the chemiluminescent reaction. Incubation time 
of CLIA was 45 minutes and the light signal was captured by 
a photomultiplier in 3 seconds, which is proportional to the 
concentration of anti-HCV present in the samples.  

III. RESULTS AND DISCUSSIONS 

A. Diagnostic Methods Used during the Study Period to 
Detect HCV 

HCV is a typical example of an illness that, in order to give 
a precise diagnosis, it is more important to detect directly the 
virus. The HCV window period, is still a major problem in the 
world to have a safe blood [17]. Various studies indicate the 
need for the use of accurate and standardized HCV 
identification techniques [1]. The methods used during this 
study are: ICA, FIA, ELFA, ELISA to detect HCV antibodies 
in blood serum, and recently more sensitive methods as 
automated analyzer CLIA. Immunological methods and 
serological techniques for the detection of HCV antibodies, 
like VIDAS (ELFA) or IchromaTM (FIA), are highly 
susceptible to HCV identification after the window of 
infection [17]. Serological methods cannot determine whether 
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there is an active infection or whether the virus is self-cleaned 
[1]. It is therefore imperative to use methods that directly 
identify the virus [1], [20]. 

It must be emphasized that Rapid Tests (ICA) cannot detect 
HCV because anti-HCV levels are almost undetectable in the 
early stages of infection, or in cases where the individual is a 
carrier, the infection is not in its active stage. Therefore, the 
techniques used in this study are the other four mentioned 
above. One of the objectives of our study consisted in 
identifying HCV cases by immunological and immuno- 
chromatography methods in private clinics in Albania and to 
evaluate the most sensitive methods in this regard. For this 
reason, ELISA-3 (third generation) and CLIA methods have 
been used in most of the cases during the two year period of 
study to determine the infected patients for HCV diagnosis.  

Table I shows the diagnostic methods used during the study 
period to detect HCV. In this study, 2913 cases were analyzed, 
which were initially tested by VIDAS (ELFA) and Ichroma 
(FIA) for the determination of anti-HCV, then with other 
methods. VIDAS Anti-HCV is a technique used earlier in 
time, based mainly on the binding of HCV antigen via 
monoclonal or polyclonal antibodies, and the detection by 
binding both of them, using fluorescence conjugate [7], [9]. 
According to Table I, this technique is used a lot in 2016 and 
2017 but we cannot say the same for 2018, mostly because of 
the introduction of more sensitive methods. 

 
TABLE I 

DIAGNOSTIC METHODS USED DURING THE STUDY PERIOD TO DETECT HCV 

Years 
Rapid 

Tests/ICA 
Vidas/ 
ELFA 

Ichroma/ 
FIA 

ELISA 
Snibe 

Maglumi 
/CLIA 

Total 

2016 0 147 10 78 0 235 

2017 0 217 47 554 876 1694 

2018 0 87 45 390 462 984 

 
During the period of study, 2016-2018 there was no case 

analyzed with rapid tests. Meanwhile, until 2016 there was not 
an immunoassay such as CLIA introduced in Albanian 
Laboratories. Therefore, the 235 cases analyzed in 2016 were 
detected with ELFA method, FIA and ELISA.  

Since 2017 in private diagnostic laboratories in Tirana, 
most of the immunoassays were done by ELISA (third 
generation) and CLIA as a very efficient method in detecting 
HCV. In most of the cases, ELFA method is used to monitor 
the progress of cases of patients who are chronically infected, 
in order to see the rate of viral infection [11], [15]. It is 
important to mention that the methodology used in this study 
is modern and really accurate and is used only in few private 
laboratories in Tirana. On the other side, IchromaTM (FIA), as 
it can be seen from Table I, even though a modern technique, 
it is not used with efficiency for diagnosing HCV patients 
because of the limitations it has as an assay.  

B. Evaluation of Positive and Negative Cases Based on 
Diagnostic Immunoassays for HCV during September 2016-
May 2019 

There have been used various methods to detect HCV 
presence in Albania for years, but as it is a small country, the 

introduction of new immunological methods is a key part to 
the epidemiology of this disease. In the early stages of HCV 
infection, there is a window period in which the antibodies 
have not yet reached the detection level since they require a 
time to produce (8 to 16 weeks) from the moment of exposure 
to at the time of detection (period of seroconservation) [12], 
[14]. Because of the window period and the HCV genome, it 
increases the need in diagnostic laboratories to use more 
sensitive methods, especially third generation tests which 
reduce the time for detection of antibody to an average of 7-8 
weeks after infection [10] due to the addition of more antigens 
[17].  

Table II shows the results taken from the evaluation of 
positive and negative cases based on diagnostic immunoassays 
for HCV during the study period September 2016 – May 2019. 
According to Table II, out of 159 cases resulted positive for 
2016, the most used methods were ELFA (VIDAS) and 
ELISA, with respectively 78 and 74 of positive cases 
diagnosed with these assays. We can see an increase in the use 
of ELISA and CLIA methods in 2017 and 2018, based on the 
number of positive cases for HCV resulted, respectively, 495 
and 696 in 2017 and 364 and 349 in 2017. ELFA assays 
(VIDAS Ultra) is used less in 2017 and 2018, also the positive 
cases diagnosed are less in number, as a result of the 
introduction of new modern methods mentioned above.  

 
TABLE II 

EVALUATION OF POSITIVE AND NEGATIVE CASES BASED ON DIAGNOSTIC 

IMMUNOASSAYS FOR HCV PER EACH YEAR 2016-2018 

Year 
Rapid 
Tests 

Vidas/ 
ELFA 

Ichromaa 
(FIA) 

ELISA 
Snibe 

Maglumi 
/CLIA 

Total 

 P N P N P N P N P N  

2016 0 0 78 69 7 3 74 4 0 0 159/235 

2017 0 0 185 32 36 11 495 59 696 180 1412/1694

2018 0 0 71 16 38 7 364 26 349 113 822/984 

 
Based on the results of Table II, it is obvious that FIA 

assays (Ichroma) is the less used and one of the methods with 
81 positive cases during the whole study period. Most of the 
results taken from this method are false positives due to the 
cross reactions and/or non-specific adhesion of certain sample 
components to the capture/detector antibodies. The test may 
also yield false negative result. Results for false negativity of 
immuno-chromatography assays are related even with blood 
donors, dialysis patients or sometimes with patients infected 
with HIV virus, chronic immune disease patients [18], [4]. 
The instability or degradation of the antigen with time and/or 
temperature may cause the false negative as it makes antigen 
unrecognizable by the antibodies [12], [19].  

The positive and negative cases detected for HCV presence 
with the immunoassays taken in study from September 2016-
May 2019, is presented in Figs. 1-3. According to Figs. 1-3, 
during 2016, the most used technique to detect HCV presence 
is ELFA with 33.3% of all assays, during 2017, 41.09% of the 
positive results were detected with CLIA assay and in 2018, 
both third generation assays ELISA and CLIA, were used to 
detect respectively 36.95% and 35.2% of the positive HCV 
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cases.  
 

 

Fig. 1 Evaluation of positive and negative cases based on diagnostic 
immunoassays for HCV for 2016 

 

 

Fig. 2 Evaluation of positive and negative cases based on diagnostic 
immunoassays for HCV for 2017 

 
ELISA and CLIA methods are the most sensitive used 

techniques in our study. ELISA is able to identify the presence 
of specific antibodies produced as a result of the immune 
response after exposure to the HCV virus [10], [4]. Antibodies 
can be undetected during the first weeks of infection due to the 
“window period”. In order to solve this problem, is used the 
new technique CLIA during 2017 and 2018. One of the 
advantages of CLIA is the early detection and catching the 
acute phase at very early stages. Also, performing sample 
dilutions from the apparatus itself to a higher concentration 
than normal increases the efficiency of this method [11], [12]. 

 

 

Fig. 3 Evaluation of positive and negative cases based on diagnostic 
immunoassays for HCV for 2018 

C. Dynamic of Positive and Negative Cases for HCV 

This study analyzes a limited number of patients, 2913, who 
did not represent the general population. Based on our results, 
2393 patients were infected with HCV and 520 of them were 
negative, from the diagnostication with the mentioned 
immunoassays.  
 

 

Fig. 4 Dynamic of positive and negative cases for HCV 
 

Fig. 4 shows that 82.01% of the patients analyzed resulted 
positive and only 17.99% resulted negative. These percentages 
actually show an increase of the infected individuals with this 
virus in Tirana, especially when we consider that these cases 
were not the whole Albanian population.  

D. Evaluation of Positive and Negative Cases of HCV 
Presence Based On Gender  

HCV has a widespread disruption to both male and female 
tested patients.  

Among the 2393 samples that resulted positive for Anti-
HCV antibody with all methods diagnosed, most of the 
positive cases were females (Table III).  

It is noted (see Fig. 5) that out of 1899 women tested, 1553 
or 53.28% of them are positive for the presence of HCV, while 
346 or 9.82% of them are negative. Fig. 5 shows that out of 
1014 tested males, 841 or 28.73% of them are positive for 
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HCV presence, while 173 or 8.17% of them are negative.  
 

TABLE III 
DISTRIBUTION OF POSITIVE AND NEGATIVE CASES OF HCV PRESENCE BASED 

ON GENDER 

 Female Male 

Positive 1553 841 

Negative 346 173 

 
Distribution of positive and negative cases of the HCV 

virus expressed in percentage is shown in Fig. 5. In this study, 
from 2393 positive resulted cases for the presence of HCV 
virus, 53.28% of them were females (1553) and 28.73% of 
them were males (841). It must be taken into consideration 
also the fact that the number of males analyzed is lower than 
females analyzed but still, there is a high dynamics of females 
infected with the HCV.  
 

 

Fig. 5 Distribution of positive and negative cases of HCV presence 
based on gender 

 
There is evidence that the high level of estrogen hormone 

affects the purification of the virus in females [7]. This is one 
of the reasons that in some studies men are more affected than 
women, but we cannot say the same for our results. 
Meanwhile, Gheorghe and his associates, in a study conducted 
in the adult population of Romania for the period 2006-2008, 
concluded in a high prevalence for females compared to male 
ones [5]. As a result, gender distribution of HCV infected 
patients is not a significant factor in determining a connection 
between gender and infected possibility.  

E. Evaluation of Positive and Negative Cases of HCV 
Presence Based on Group Age 

Individuals of this study are categorized in six age groups, 
beginning with age 0 to 15, as the youngest category, up to> 
75 years, as the oldest category. A very large number of 
positive cases are observed in the 15-30 age groups but also in 
the 45-60 age groups, as shown in Table IV. According to 
Table IV, 751 positive cases resulted in the group age 15-30 
years old patients and with a slight difference, 625 positive 

cases in the group age 30-45 years old patients.  
It is thought that the reason of the greatest positive number 

in this age group, compared to other age groups analyzed, may 
be related with the fact that this age group coincides with the 
age of people who are sexually active and as well those who 
may be injecting drug users. 

Fig. 6 represents the positive cases for each age group 
expressed in percentage. The percentage of positivity of 
infected patients with HCV by age groups resulted as below:  

In the first age group 0-15 years, 5.8% of the cases; in the 
age group 15-30 years, 25.78% of the cases; in the age group 
30-45 years, 21.46% of the cases; in the age group 45-60, 
19.81% of the cases; in the age group 60-75 years old, 6.49% 
of cases; and, in the age group> 75 years old, 2.81% of the 
cases. 

 

 

Fig. 6 Distribution of positive and negative cases of HCV presence 
based on group age 

 
TABLE IV 

DISTRIBUTION OF POSITIVE AND NEGATIVE CASES OF HCV PRESENCE BASED 

ON GROUP AGE 

 Positive Negative Total 

0-15 years 169 36 205 

15-30 years 751 161 912 

30-45 years 625 173 798 

45-60 years 577 119 696 

60-75 years 189 22 211 

>75 82 9 91 

Total 2393 520 2913 

 
Numerous studies in the region such as Italy [2], Slovenia 

[16], Serbia and Montenegro [13], Macedonia [14] present 
different trends of prevalence of this virus in different age 
groups. In these studies, a significant association between 
infection and age group has been observed. 

In some studies conducted in different regions of southern 
and northern Italy, a high prevalence rate has been reported in 
<30 years old age group and 45-60 years old age groups [6]. 
Some of the causes that the 45-60 years old group age has a 
high positive may be related to: 
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a) Life before the 1990s, when most of the syringes used 
were multipurpose and made of glass, undergone in an 
inefficient “sterilization” process. 

b) The ineffective “sterilization” of medical devices in the 
surgical rooms and in the dentist’s cabinets have 
increased the number of new infected cases. 

c) Failure to carry out blood testing for the presence of anti-
HCV before the 1990s in Blood Transfusion Centers has 
led to unsafe blood collection. 

IV. CONCLUSIONS 

 This study analyzes a limited number of 2913 patients, 
where 2393 resulted positive for the presence of the HCV 
virus.  

 Among the 2393 samples that resulted positive for Anti-
HCV antibody with all methods diagnosed, most of the 
positive cases were females. Out of 1899 women tested, 
1553 or 53.28% of them are positive for the presence of 
HCV, while 346 or 9.82% of them are negative. 

 A very large number of positive cases infected with HCV 
are observed in the 15-30 years old age groups and with a 
slightly difference in the 45-60 years old age groups. 

 The used immunoassays to detect HCV presence in this 
study were FIA, ELFA, ELISA and CLIA.  

 Rapid Tests (ICA) cannot detect HCV because anti-HCV 
levels are almost undetectable in the early stages of 
infection, or in cases where the individual is a carrier. 

 FIA assays (IchromaTM) is the less used because the test 
may yield false negative or false positive results. 

 ELISA and CLIA methods are the most sensitive 
techniques because they are able to identify the presence 
of specific antibodies produced as a result of the immune 
response right after the exposure to the HCV virus (in the 
window period). 
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