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genotype 1 and intravenous drug abuse and tattooing for 
genotype 3. Patients with genotype 1 more frequently 
showed high HCV viral load when compared to those with 
genotypes 2 and 3.  Conclusion:  The present study revealed 
that HCV genotypes 1 and 2 accounted for over 95% of all 
HCV infections in the Campania region, and genotype 1 was 
more frequently associated with a higher viral load when 
compared to genotypes 2 and 3.  © 2014 S. Karger AG, Basel 

   Introduction 

 Hepatitis C virus (HCV) is one of the leading causes of 
end-stage liver disease with high progression to cirrhosis 
and hepatocellular carcinoma  [1–5] . Although many at-
tempts to identify the natural history and progression of 
HCV infection have been made, several aspects are still 
unclear, even though cofactors such as alcohol intake, 
age, gender, genotype/subtype, viral load and mode of in-
fection seem to play an important role in the progression 
of liver disease  [6–8] . The knowledge of genotypes in 
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 Abstract 

  Objective:  Hepatitis C virus (HCV) has emerged as a leading 
cause of chronic hepatitis, liver cirrhosis and hepatocellular 
carcinoma worldwide. The purpose of this study was to de-
scribe the distribution pattern of HCV genotypes in chronic 
hepatitis patients in the Campania region of southern Italy 
and estimate their association with risk factors and viral load. 
 Materials and Methods:  404 consecutive HCV ribonucleic 
acid-positive patients were included in the study. HCV geno-
typing was carried out by the HCV line probe assay test and 
viral load estimation by the TaqMan real-time PCR system. 
 Results:  The predominant genotype was 1 (63.6%), followed 
by genotype 2 (29.4%), 3 (6.2%) and 4 (0.8%). Subtype 1b was 
more frequent in females than in males. Conversely, geno-
type 3 was more frequent in males. No significant difference 
was observed in age distribution of HCV genotypes. Surgery 
and dental therapy were the most frequent risk factors for 

 Received: November 19, 2013 
 Accepted after revision: May 2, 2014 
 Published online: August 22, 2014 

 Dr. Arnolfo Petruzziello 
 Istituto Nazionale Tumori – Fondazione ‘G. Pascale’ 
 Via Mariano Semmola 
 IT–80131 Napoli (Italy) 
 E-Mail a.petruzziello   @   istitutotumori.na.it 

 © 2014 S. Karger AG, Basel
0300–5526/14/0576–0311$39.50/0 

 www.karger.com/int 

D
ow

nl
oa

de
d 

by
: 

20
7.

24
1.

23
1.

78
 -

 8
/2

9/
20

17
 9

:0
3:

06
 A

M

http://dx.doi.org/10.1159%2F000363386


 Petruzziello    et al.
 

Intervirology 2014;57:311–318
DOI: 10.1159/000363386

312

chronic hepatitis C seems also crucial to identify those 
patients who need more aggressive therapeutic manage-
ment. In fact, genotypes 1 and 4 show more resistance as 
compared to genotypes 2 and 3 to pegylated-interferon 
(PEG-IFN) and ribavirin combination therapy and thus 
require different treatment duration and dose  [9–12] .

  In the last two decades some studies have shown that 
viral load can be considered an important prognostic in-
dicator of response to antiviral therapy and that a high 
pretreatment viral load can be linked with low rates of 
response to therapy  [13–18] . Patients infected with HCV 
genotype 1 but with a low baseline HCV ribonucleic acid 
(RNA) content (<2.0 × 10 5  IU/ml) are more likely to 
achieve a sustained virological response than those with 
an intermediate (2.0 × 10 5 –6.0 × 10 5  IU/ml) or high (>6.0 
× 10 5  IU/ml) viral load when treated with PEG-IFN and 
ribavirin for 24 weeks  [19–22] . Moreover, recently, a sin-
gle nucleotide polymorphism on chromosome 19, up-
stream of the interleukin-28B (IL28-B) gene, has been re-
ported as strongly associated with the spontaneous clear-
ance of HCV  [23, 24]  or induced by PEG-IFN + ribavirin 
treatment  [25–27] , primarily among individuals infected 
with genotype 1.

  The purpose of this study was to describe the distribu-
tion of HCV genotypes in chronic hepatitis patients from 
the Campania region in southern Italy, and to estimate 
their association with risk factors and viral load.

  Materials and Methods 

 Study Population and Sample Collection 
 From a total of 947 anti-HCV-positive patients, consecutively 

recruited among patients referred to ambulatories of virology of 
the National Cancer Institute ‘Fondazione G. Pascale’, IRCCS Ita-
lia and of the Second University of Naples SUN, Section of Infec-
tious Diseases, Naples, Italy, between January 2012 and April 2013, 
we included 475 anti-HCV/HCV RNA-positive patients (50.1%), 
all coming from different cities/towns of the Campania region. All 
the remaining 472 patients (49.8%) were HCV-RNA-negative and 
therefore were excluded from the study.

  The ethics committee reviewed the study which was conducted 
following the principles of the ICH GCP and Declaration of Hel-
sinki. All subjects provided written informed consent. All data was 
de-identified during data collection.

  All patients with a chronic HCV infection (anti-HCV- and 
HCV-RNA-positive for at least 6 months) were included in the 
study; they were naive for antiviral therapy at the enrollment. Of 
the 475 enrolled patients, 83 (17.4%) were HCV carriers with per-
sistently normal alanine-aminotransferase serum values (PNALT) 
and 392 (82.6%) had a history of steadily abnormal serum ALT 
values. According to the Italian guidelines  [28] , the definition of 
an anti-HCV carrier with PNALT serum values applies to a subject 
with at least 9 consecutive ALT normal values observed at 2-month-

ly intervals over an 18-month observation period, while the defini-
tion of chronic hepatitis C to a subject with abnormal ALT values 
in absence of other causes. A complete history with possible route 
of infection and standard biochemical liver function tests were col-
lected.

  All patients enrolled were asymptomatic, negative for anti-
HIV, HBsAg and anti-HDV and had no clinical or serological signs 
of other chronic liver disease (autoimmune disease, non-alcoholic 
steatohepatitis, hemochromatosis, etc.). No patient admitted alco-
hol abuse that was defined as the consumption of alcohol exceed-
ing 30 g/day for females and 40 g/day for males in the last 6 months.

  Liver biopsy was performed in 330 (69.5%) of the enrolled pa-
tients. It was proposed to all the 392 patients with abnormal ALT 
and performed in 311, but was refused in 52 cases or contraindi-
cated in 29, showing in all cases a liver biopsy-based diagnosis of 
chronic hepatitis. Of the 83 patients with PNALT serum values the 
liver biopsy was proposed only to the 27 patients aged from 50 to 
65 years with genotype 1 and performed in 19 of these.

  Liver specimens were fixed in formalin, embedded in paraffin 
and stained with hematoxylin-eosin and Masson’s trichrome stain. 
In each case, the liver specimens were >2 cm in length and had 
more than 11 portal tracts. Liver biopsies were examined by a pa-
thologist (G.P.) who, unaware of the clinical and laboratory data, 
used the Ishak scoring system to grade necroinflammation and 
fibrosis  [29]  and a home-made scoring system for steatosis that he 
had been using for decades (score 1 = 1–10% of hepatocytes with 
fatty deposition, score 2 = 11–30%; score 3 = 31–60%; score 4 = 
>60%)  [8] . Considering the 330 patients with liver biopsy, the his-
tological activity index mean (+SD) was 6.04 + 3.5, the fibrosis 2.39 
+ 1.44, and steatosis scores 1.21 + 1.26.

  In 71 (14.9%) of the 475 enrolled subjects, serum was insuffi-
cient for viral genotyping and HCV RNA quantification. 404 pa-
tients were therefore included in this study of which 195 (48.3%) 
were males and 209 (51.7%) females. The mean age of female pa-
tients was 62.5 years (range 25–87), and that of males was 61.0 
years (range 28–80). Data on risk factors for HCV were available 
for the majority of included patients (357/404). In case of more 
than one risk factor the one most likely to have caused infection 
was assigned. No difference in gender, age, distribution of risk fac-
tors and liver disease was found between the 404 patients included 
in the study group and the 71 excluded.

  Serology and Molecular Analysis 
 All the plasma samples were analyzed for the presence of anti-

HCV antibodies by means of the Vitros enhanced chemilumines-
cent immunoassay (ECi) test (Ortho Clinical Diagnostics), used 
according to the manufacturer’s instructions. This test employs 
chemiluminescent technology and results are reported as signal-
to-cutoff (S/Co). Results  ≥ 1.00 were considered reactive for HCV 
antibodies. Specificity and sensitivity of the test were 99.97 and 
100%, respectively.

  As previously described  [30]  and following CDC recommenda-
tions  [31] , anti-HCV-positive samples with S/Co ratios of  ≥ 8.0 can 
be reported as positive without further supplemental testing. We 
therefore decided to include in this study only repeatedly anti-
HCV-reactive samples with S/Co ratios of  ≥ 8.0. These samples 
were subsequently tested for the presence of HCV RNA and its 
quantification was performed via COBAS AmpliPrep/TaqMan 
HCV 48 (Roche Diagnostics System, Inc.), which exploits a poly-
merase chain reaction in real time (RT-PCR). Linear range of 
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quantification of the test was 1.50 E+01 to 6.90 E+07 HCV RNA 
IU/ml, using the accuracy acceptance criterion of ±0.3 log 10 . Spec-
ificity of the test was 100% and its detection limit was 15 IU/ml.

  HCV genotyping was performed using the Versant HCV Geno-
type Assay 2.0 line probe assay (LiPA) test (Siemens Healthcare 
Diagnostics), which involves the amplification and hybridization 
of viral genome fragments, the latter by means of genotype-specif-
ic probes adsorbed onto nitrocellulose strips ( fig. 1 ). The various 
steps were performed by Auto-LiPA, a fully automated system for 
complete genotyping. Specificity and sensitivity of this test are 96 
and 99.4%, respectively, and its detection limit is 15 IU/ml.

  The limitations of the test INNOLiPA are well known, espe-
cially concerning its inability to correctly discriminate the sub-
types 2a and 2c of the genotype 2 and subtype 1c of genotype 1, as 
demonstrated using a restriction fragment length polymorphism 
(RFLP) analysis  [32] . Anyway, its degree of specificity is similar to 
that of RFLP analysis and, as previously reported, comparable to 
that of the direct sequencing test Trugene, with an accuracy of 76 
and 74%, respectively, even though the INNOLiPA confirms its 
less subtype discriminating power in subtyping genotype 2  [33, 
34] .

  Statistical Analysis 
 Statistical analysis of the data was performed using SPSS for 

Windows, version 16. The data are presented as mean and SD and 
categorical variables in absolute number and percentage. Frequen-
cy tables were analyzed using the χ 2  tests with the Pearson correla-
tions being used to assess the significance of the correlation be-
tween the categorical variables. Differences in the mean ages in the 
genotypes and subtypes were analyzed using Student’s t test. In all 
tests, p   values <0.05 were regarded as statistically significant.

  Results 

  Table 1  shows the distribution of HCV genotypes in 
the studied population. The predominant genotype was 1 
(63.6%), followed by genotypes 2 (29.4%), 3 (6.2%) and 4 
(0.8%). No genotypes 5 and 6 were detected. No statistical 
difference was observed in the gender distribution con-
sidering the overall genotypes 1 and 2 (61.6 vs. 65.5% for 
genotype 1 and 27.7 vs. 31.1% for genotype 2), even 
though subtype 1b was predominant among females 
(56.4 vs. 44.7%, p < 0.05). Conversely, genotype 3 was 
more frequent in males than in females (9.7 vs. 2.9%, p < 
0.005), possibly due to a higher prevalence of intravenous 
drug addiction among men.

  In order to compare the prevalence of HCV genotypes 
according to age, patients were categorized into three age 
groups. As shown in  table 2 , no significant difference was 
observed with regard to the number of patients with HCV 
genotype 1 in different age groups (64.6% of 177 subjects 
who were older than 60 years vs. 62.5% of 227 who were 
younger than 60 years). The HCV genotype 2 was more 
common in the over 60-year age group than in the 60-year 
and under age group: 34.8% of 177 subjects who were old-
er than 60 years versus 25.1% of 227 who were younger 
than 60 years. However, all these differences were not sig-
nificant for the statistical analysis. In contrast, genotype 3 

Chromogen
(NBT/BCIP)

Purple
precipitate

Alkaline phosphatase

Streptavidin

Biotin

5’

3’

DNA probe

Nitrocellulose strip  Fig. 1.  Genotype-specific probes adsorbed 
onto nitrocellulose strips. 
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was more frequently observed in younger patients: 19.5% 
of the 42 patients who were under 35 years versus 4.7% of 
362 who were over 35 years for genotype 3, p < 0.0005. The 
same data were observed for genotype 4 (1.3% of the 227 
younger patients vs. none of the 177 older ones).

  The possible routes of infection were determined by 
detailed questionnaire. The distribution of risk factors 
versus genotypes in the 404 studied patients is reported 
in  table 3 . Dental therapy was the most frequent risk fac-
tor for HCV acquisition in genotype 1 (30.7 vs. 16.8% in 
genotype 2, p < 0.005), whereas intravenous drug abuse 
and tattooing were prevalent in genotype 3 (60.0% of the 
25 patients with genotype 3 vs. 8.2% of the 376 patients 
with genotype 1 or genotype 2, p < 0.0001). Surgery was 
more frequently identified as a prevalent risk factor in the 
patients with genotype 2 (42.0%) than in those with gen-
otype 1 (33.8%), but with no significance at the statistical 
analysis. Statistical analysis showed that risk factors were 
independent of gender (data not shown).

  According to Jensen et al.  [15] , viral load was classified 
into three categories based on its levels such as low (<2.0 
× 10 5  IU/ml), intermediate (2.0 × 10 5 –6.0 × 10 5  IU/ml) 
and high (>6.0 × 10 5  IU/ml). The quantification was car-
ried out in all 404 HCV RNA-positive patients and com-
pared between the four groups of genotypes. RNA viral 
load shows a significant difference in magnitude among 
them (5.03 × 10 6  IU/ml in genotype 1 and 4.16 × 10 6  IU/
ml in genotype 2 vs. 1.70 × 10 5  IU/ml in genotype 3). As 
shown in  table 4 , the majority of patients infected with 
HCV genotype 1 (242/257, 94.2%) and genotype 2 
(107/119, 89.9%) had a high or intermediate viral load 
( ≥ 2.0 × 10 5 ) when compared to those infected with geno-
type 3 (10/25, 40.0%) and genotype 4 (1/3, 33.3%). Pa-
tients with genotype 1 more frequently had high HCV 
viral load than those with genotype 2 (78.3 vs. 65.5%, p < 
0.01). Moreover, the majority of patients infected with 
HCV genotype 3 (15/25, 60.0%) and genotype 4 (2/3, 
66.6%) showed a low viral load ( table 4 ). No significant 
difference was observed between male and female infect-
ed patients (data not shown).

 Table 1.  Gender distribution of HCV genotypes

Frequency Gender

n % male  female

n %  n %

Genotype 1 257 63.6 120 61.6 137 65.5
1a 22 5.5 17 8.8 5 2.4
1b 205 50.7 87 44.7A 118 56.4B

1c 1 0.2 1 0.5 0 0.0
1* 29 7.2 15 7.6 14 6.7

Genotype 2 119 29.4 54 27.7 65 31.1
2a/2c 69 17.1 32 16.5 37 17.7
2a 10 2.5 2 1.0 8 3.8
2b 4 1.0 4 2.0 0 0.0
2c 1 0.2 0 0.0 1 0.5
2a/2b 1 0.2 1 0.5 0 0.0
2* 34 8.4 15 7.7 19 9.1

Genotype 3 25 6.2 19 9.7C 6 2.9D

3a 19 4.7 14 7.1 5 2.4
3 6 1.5 5 2.6 1 0.5

Genotype 4 3 0.8 2 1.0 1 0.5
4a 1 0.3 1 0.5 0 0.0
4c/4d 2 0.5 1 0.5 1 0.5

Total 404 100.0 195 48.3 209 51.7

 Differences significant to the statistical analysis: A vs. B, 
p < 0.05; C vs. D, p < 0.005.* Other cases not further subclassified.

 Table 2.  Age distribution of HCV genotypes

>60 years 35 – 60 years  <35 years

n % n %  n %

Genotype 1 115 64.6 119 64.3 23 56.1
1a 3 1.7 17 10.0 2 0.0
1b 94 52.8 92 50.0 19 4.5
1c 0 0.0 0 0.0 1 0.0
1* 18 10.1 10 5.0 1 0.0

Genotype 2 62 34.8 46 24.9 11 26.8
2a/2c 43 24.0 21 11.3 5 12.2
2a 1 0.6 8 4.4 1 2.4
2b 1 0.6 2 1.0 1 2.4
2c 0 0.0 1 0.6 0 0.0
2a/2b 1 0.6 0 0.0 0 0.0
2* 16 9.0 14 7.6 4 9.8

Genotype 3 0 0.0A 17 9.2B 8 19.5C

3a 0 0.0 11 5.9 7 17.1
3 0 0.0 6 3.3 1 2.4

Genotype 4 0 0.0 3 1.6 0 0.0
4a 0 0.0 1 0.6 0 0.0
4c/4d 0 0.0 2 1.0 0 0.5

Total 177 43.8 185 45.8 42 10.4

Differences significant to the statistical analysis: A + B vs. C, p < 
0.0005.  * Other cases not further subclassified;.
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 Table 3.  Route of transmission for HCV infection by genotypes

Route of transmission* Genotype 1 Genotype 2 Genotype 3 Genotype 4  Total

n % n % n % n %  n %

Surgery 87 33.8 50 42.0 5 20.0 2 66.7 144 35.6
Dental therapy 79 30.7A 20 16.8B 0 0.0 0 0.0 99 24.5
Intravenous drug use 23 8.9C 7 5.9D 14E 56.0 0 0.0 44 10.9
Blood transfusion 22 8.6 8 6.7 3 12.0 0 0.0 33 8.2
Sexual exposure 8 3.1 2 1.7 1 4.0 1 33.3 12 3.0
Needle stick injuries 5 1.9 4 3.4 0 0.0 0 0.0 9 2.2
Piercing/tattoo 0 0.0 1 0.8 1 4.0 0 0.0 2 0.5
Others 9 3.5 5 4.2 0 0.0 0 0.0 14 3.5
Unknown 24 9.3 22 18.5 1 4.0 0 0.0 47 11.6

Total 257 100.0 119 100.0 25 100.0 3 100.0 404 100.0

 Differences significant to the statistical analysis: A vs. B, p < 0.005; C vs. E, p < 0.00001; D vs. E, p < 0.00001.* In case of more than one risk factor, the one most likely to have caused the infection was assigned.

 Table 4.  HCV viral load and its distribution in genotypes

<2.0 + 105 IU/ml 2.0 + 105
 – 6.0 + 105 IU/ml  >6.0 + 105 IU/ml

n % n %  n %

Genotype 1 15 5.8 41 15.9C 201 78.3A

1a 0 0.0 5 1.9 16 6.2
1b 12 4.6 32 12.5 162 63.0
1c 0 0.0 0 0.0 1 0.4
1a/1b 0 0.0 0 0.0 1 0.4
1* 3 1.2 4 1.5 21 8.3

Genotype 2 12 10.1 29 24.4D 78 65.5B

2a/2c 10 8.5 16 13.5 43 36.1
2a 1 0.8 3 2.5 6 5.0
2b 0 0.0 0 0.0 4 3.4
2c 0 0.0 1 0.8 0 0.0
2a/2b 0 0.0 0 0.0 1 0.8
2* 1 0.8 9 7.6 24 20.2

Genotype 3 15 60.0 5 20.0 5 20.0
3a 11 44.0 3 12.0 4 16.0
3 4 16.0 2 8.0 1 4.0

Genotype 4 2 66.7 0 0.0 1 33.3
4a 0 0.0 0 0.0 1 33.3
4c/4d 2 66.7 0 0.0 0 0.0

 Differences significant to the statistical analysis: A vs. B, p < 0.01; C vs. D, p < 0.05.* Other cases not further subclassified.
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  Discussion 

 HCV genotypes are widely distributed throughout the 
world and their distribution varies according to the geo-
graphical region  [35, 36] . Genotypes 1 and 2 are mainly 
found in Europe and North America, with the exception 
of some endemic strains found in West Africa  [37, 38] , 
whereas the other genotypes are relatively restricted to 
certain geographic regions of Africa and the Middle East 
 [39–42] , with a particular prevalence of genotype 6 in 
some south-east Asian countries like Hong Kong and 
Vietnam  [43, 44] . However, no region has yet been found 
to contain high levels of HCV genotype 5 genetic diver-
sity  [45] . In Italy, around half of the cases are 1b type, with 
2a/2c being the next prevalent subtype. The incidence of 
genotype 3a appears to be increasing and certainly merits 
investigations  [46, 47] .

  Our results clearly showed that genotype 1b, as we de-
scribed previously  [48, 49] , is historically the most preva-
lent throughout Italy and still remains so in our region 
(50.7%) followed by genotype 2a/2c (17.1%). These data 
seem to confirm what was observed by Rendina et al.  [50]  
in a group of 252 HCV-infected patients also living in 
Campania. Genotypes 1a and 3, on the other hand, are 
considerably less common (5.5 and 6.2%, respectively) 
when compared to the findings from studies performed 
in other regions of Italy (9.3 and 12.7%, respectively)  [51]  
and to the data observed by Rendina et al.  [50]  (50 and 
23.08%, respectively) in a group of 134 consecutive HIV/
HCV patients living in the same region.

  The exact classification of the ‘not further classified’ 
genotype 1 (1 * ), which some studies group together with 
subtype 1a, is still unclear. Instead, genotype 4 results are 
very rare in our population (0.8%). Subtype 1b was more 
frequent in females than in males. Conversely, genotype 
3 was more frequent in males. 

  Considering the age-group distribution, contrary to 
what has previously been reported in the literature in the 
last two decades  [52] , genotypes 1b and 2 (including sub-
type 2a/2c and non-subtypable genotype 2) in our study 
do not show any significant difference between older pa-
tients and younger ones. These data seem to confirm what 
we previously described observing that the prevalence of 
patients with genotypes 1b and 2 aged over 50 years was 
higher in the period 2006–2009 than 2009–2011  [49] . 
This finding appears to confirm the reduced risk of trans-
fusion-related transmission over the years and in the 
meantime highlights the increasing role of no age-related 
risk factors in diffusion of HCV infection. Indeed, data 
analysis for finding an association of HCV genotypes 

with a possible route of transmission indicates dental 
therapy as one of the leading causes of HCV transmission 
in genotype 1 and surgery in genotype 2, while drug abuse 
seems to be the predominant risk factor associated with 
genotype 3 as previously described  [50] .

  As reported before, we also observed a substantial cor-
relation between the highest viral load and HCV geno-
type 1  [53, 54] , whereas genotype 3 seems to be correlated 
to low levels of HCV replication. Since it has already been 
reported that patients with a higher viral load show lower 
response rates by standard antiviral therapy when com-
pared to patients having a lower viral load  [54, 55]  and 
that the probability of a relapse after cessation of therapy 
is higher in patients with high HCV RNA levels prior to 
therapy  [56] , these data could indicate RNA viral load as 
a valuable predictive marker for the outcome of antiviral 
therapy.

  A more and more increasing early diagnosis and treat-
ment, especially among patients with genotypes 1 and 2, 
will probably be the future for prevention and health pro-
grams to control chronic HCV infection.
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