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Abstract Aims of the study are to investigate, in a cohort
of patients affected by HCV chronic hepatitis with geno-
types 1 and 4, the prevalence of interleukin 28B (IL28B)
genotypes, the possible association between IL28B poly-
morphism and severity of liver damage, the role of IL28B
CC as a predictor of outcome. 365 patients with HCV
infection were observed between 2013 and 2014. Demo-
graphic, virological, biochemical, and genetic characteris-
tics of each patient were investigated. Liver fibrosis was
assessed by transient elastometry. Mean age of the patients
(72.9 % males, 27.1 % females) is 50 years. 91.5 % % of
patients are Caucasian, 8.5 % African. In the patients with
HCV1 and HCV4 a higher frequency of IL28B CT is
observed with a prevalence of 52.1 and 61.8 % respec-
tively. As regards ethnic group, African people have a
prevalence of 35.5 % for CC, while Caucasians have a
prevalence of 23.8 % for CC. In our cohort, IL28B poly-
morphism does not show significant differences among
ethnic groups and in HCV1 and HCV4 genotypes. As
described in literature, IL28B CC genotype is confirmed as
predictor of sustained virological response in both Cau-
casians and Africans. A significant correlation between
liver fibrosis and IL28B polymorphism emerges.

Keywords HCV chronic hepatitis - HCV1 and HCV4
genotypes - IL28B polymorphism

< L. Nosotti
L.nosotti @virgilio.it

National Institute for Health, Migration and Poverty
(NIHMP), Via San Gallicano 25/a, 00153 Rome, Italy
National Institute for Health (NIH), Rome, Italy

Center for the Study of Liver Diseases, University of
Cagliari, Cagliari, Italy

Published online: 06 June 2016

Background

HCV infection affects about 170 million people in the
world and is an important world health problem [1]. A
number of factors associated with hepatitis C virus or with
the infected host may predict the outcome of chronic
patients under treatment. Most important virus-related
predictive factors are stage of fibrosis and basal viral load
whereas main host-related factors are stage of fibrosis, age,
insulin resistance and ethnic group. Beside those factors
that have been used for many years for identifying patients
to be treated, a number of host’s genetic polymorphisms
were recently considered to be associated with immune
response and appear to have a role in the natural history of
the infection. Among them, two single nucleotide poly-
morphisms (SNPs) on the gene IL28B that codes for the
cytokine IFN-lambda on chromosome 19 were investi-
gated. Those polymorphisms were associated with virus
spontaneous clearance and pegylated interferon and rib-
avirin treatment-induced clearance [2, 3]. The results of
several studies confirmed the association between IL28B
CC and positive response to antiviral therapy for HCV
infection, particularly with genotypes HCV1 and HCV4
and to a lesser extent with genotypes HCV3 and HCV4
[3-8].

The most frequently observed HCV genotype in Europe
and Italy is genotype 1, whereas in Africa and Middle East
it is the genotype 4. Genotype 4 has recently spread in
South Europe and Italy, especially among intravenous drug
users and immigrants [9, 10].

Among patients of the National Institute for Health,
Migration and Poverty (NIHMP) outpatient department
there are many African immigrants, all with HCV4 geno-
type, whereas among Caucasian patients (both Italian and
European immigrants) genotype 1 is highly prevalent.
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Some studies indicate a different IL28B genetic poly-
morphism in individuals with HCV1 genotype compared
with genotypes HCV2 and HCV3. In particular, favourable
genotype IL28B CC appear to be most frequently observed in
genotypes HCV2 and HCV3 than in genotype HCV1
[11-16]. According to a recent study [17] on Italian patients,
the frequency of IL28BCC in individuals with HCV 1 resulted
similar to those with HCV4 (28.4 and 24.2 % respectively).

Furthermore, conflicting data are observed as regards the
relation between IL28B polymorphism and basal viraemia.
In facts, studies [2, 17] conducted on patients with genotype
HCV1 show an association between favourable genotype
IL28BCC and higher basal HCV-RNA viraemia levels than
those observed on patients with IL28B non-CC genotypes.
On the contrary, a study [7] conducted on patients with
genotype HCV4 does not show any significant association
between basal viraemia and IL28B polymorphism.

Also as regards the association between genetic variations
and extent of liver fibrosis, conflicting scientific studies exist.
In a number of researches [18-21] favourable genotype
IL28B CC appears to be related with advanced stages of
fibrosis; a study [22] shows a relation of advanced stage of
fibrosis with IL28B unfavourable genotypes (non CC) and
still others [7, 17, 23, 24] do not show any association
between IL28B polymorphism and severity of liver damage.

Conceptual Framework
Objectives of the Study Are

1. To assess the prevalence of IL28B genotypes in a
sample of Caucasian and African patients affected by
HCV chronic hepatitis with genotypes 1 and 4.

2. To investigate the existence of an association between
basal viraemia and severity of liver damage (significant
predictive factors of response to therapy) and IL28B CC
genotype in patients with genotypes HCV1 and HCV4.

3. To verify the role of IL28B genetic polymorphism as
predictive factor of rapid virological response to
treatment (RVR), of end of treatment response (ETR)
and of sustained virological response (SVR) in HCV-
infected Caucasian and African patients with genotypes
1 and 4 treated with pegylated interferon and ribavirin.

Methods
Participants
This is a prevalence study conducted on naif, under treat-

ment or treated patients with chronic genotype 1 and 4
HCYV infection. A total of 365 patients with chronic HCV
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single infection were enrolled between 2013 and 2014: 77
at the NIHMP Outpatient Department and 288 at the Centre
for the study of liver diseases of the Department of Internal
Medicine of the University of Cagliari.

Data Collection and Measures

Demographic, virological, biochemical, and genetic char-
acteristics of each patient were investigated. Liver fibrosis
was investigated with liver elastometry (Fibroscan).
Threshold values were: (a) stiffness from 4.7 to 8.6 Kpa:
non-significant fibrosis; (b) stiffness from 8.7 Kpa: signif-
icant fibrosis (from 12.5 Kpa with cirrhosis). All whole
blood samples were kept and evaluated at the Drugs
Department of the Italian Higher Institute of Health (ISS)
through a TagMan device with allelic discrimination assay
or direct sequencing. HCV genotype and quantitative HCV
RNA were evaluated. Units of measurement of HCV-RNA
were [U/ml. A sample of serum of each patient was kept.

59 patients underwent pegylated interferon plus rib-
avirin treatment.

Statistical Analysis

The association between genetic variables of the IL28B
genotype and HCV genotype was investigated through
bivariate statistical analysis and Chi square test for
assessing statistical significance. Association was tested for
rs12979860 (CC, CT, TT) and for rs8099917 (TT, GT,
GG). For subsequent tests, IL28B genotype was grouped in
two categories: CC and CT-TT (rs12979860), TT and GT-
GG (1rs8099917). Association between IL28B genotype and
liver fibrosis, grouped in two cathegories (<8.6, >8.6 Kpa)
was investigated with the Chi square test. Association
between IL28B genotype and basal viraemia was assessed
through the ¢ test with logarithm of observed values for
standardising distribution. Multivaried logistic models
were tested for assessing the predictive role of IL28B
genetic polymorphism on positive RVR, ETR and SVR
response. They were adjusted by gender, age (<35, 36-55,
>56), basal viraemia (<600,000 IU/ml, >600,000 IU/ml)
and liver fibrosis (<8.6, >8.7 Kpa). IL28B genetic poly-
morphism was tested with rs12979860 (CC vs. CT-TT) and
rs8099917 (TT vs. GT-GG).

The research has been approved by an ethics review
committee.

Results

The mean age of the 365 HCV-infected patients observed
(72.9 % males, 27.1 % females), is 50 years (48.8 years
among men and 53.8 among women, standard
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deviation £ 11.8). 83.8 % of patients are Italian, 7.7 % are
from other EU countries, 8.5 % from Africa (Table 1).

IL28B genotype and rs12979860 is not significantly
related with HCV genotype and significantly related with
ethnic group. In the total 365 patients with HCV1 and 4 a
higher frequency of IL28B CT is observed with a preva-
lence of 52.1 and 61.8 % respectively. As regards ethnic
group, African people have a prevalence of 35.5 % for CC
and CT and 29 % for TT. Caucasians (Italians and Cau-
casian immigrants) have a prevalence of 23.8 % for CC,
58.1 % for CT and 18.1 % for TT (p = 0.05). rs8099917
was assessed, it results significantly related with HCV
genotype (p < 0.001) and not with ethnic group (Table 2).

In patients with HCV1 and HCV4 genotypes an asso-
ciation between liver fibrosis and distribution of IL28B
genotype is observed. It is statistically significant in the
distribution of rs12979860 and rs8099917 (p < 0.05)
(Table 3). As regards rs12979860, a higher number of
patients with liver fibrosis levels higher than 8.7 Kpa is
observed among patients with CT-TT genotypes (23.2 %).
As regards rs8099917, this is observed among patients with
GG-GT genotypes (23.9 %).

No statistical significance is observed in the correlation
between pre-treatment basal viraemia levels and distribu-
tion of IL28B genetic polymorphism: rs12979860 (CC:

1,745,751.96 + 2,590,263.06; CT-TT 1,544,395.68 +
2,918,738.77),  1s8099917  (TT:  1,818,110.39 +
2,496,71491; GG-GT: 1,439,114.54 & 3,054,716.73)
(Fig. 1).

Multivariate analysis on rs12979860 shows that the
presence of IL28B CC genotype increases the possibility of
positive RVR (OR 60.46; CI 14.96-337.23), ETR (OR
15.24 CI 3.85-104.60) and SVR (OR 1524 (I
3.85-104.60), even though confidence intervals are wide
(Table 4).

Age, gender, basal viraemia and liver fibrosis were taken
into account. Similar results are observed when considering
rs8099917, where genotype TT increases the possibility of
positive RVR (OR 6.74; CI 2.72-18.06), ETR (OR 5.88; CI
2.25-17.44) and SVR (OR 5.88; CI 2.25-17.44).

Discussion

The study shows that in the observed cohort, the HCV4
genotype is the most frequent, with a prevalence higher
than the one described in literature in Europe and Italy
(55.2 % vs. about 5-10 %) [25, 26].

This distribution cannot be explained by the presence of
African patients, in which the prevailing genotype is the
genotype 4 [9, 10], since in our case they representonly 8.5 %.

The IL28B genotype seems to have a significantly dif-
ferent distribution between Africans and Caucasians
(which most frequently have the IL28 CT genotype); this
fact however is not statistically significant after the study of
confidence intervals, because of the discrepancy between
the higher number of Caucasian patients compared to the
African ones in our cohort.

Regarding the IL28B CC genotype’s frequency in the
HCV1 and HCV4 genotypes, we did not observe a statis-
tically significant difference in the distribution (26.1 vs.
23.0 %) in agreement with a recent study [17].

However the low percentage of IL28BCC in the HCV1
and HCV4 genotypes contrasts with the high frequency of
IL28BCC observed in other studies in the HCV2 and
HCV3 genotypes (respectively 39 and 36 % in the cited
study of Mottola et al.). This could explain the better
response to antiviral therapy with pegylated interferon and
ribavirin in the HCV2 and HCV3 genotypes compared to
the one obtained in the HCV1 and HCV4 genotypes.

Furthermore a significant correlation between liver
fibrosis and IL28B polymorphism emerges in agreement
with other studies [7, 17, 23], but in contrast with the study
of Ydreborg [21], that was done in patients with HCV3
genotype.

Our findings are consistent with the results of Tamaki
et al. [27], who showed that patients with IL28B genotypes
TG/GG had higher fibrosis progression than patients with
genotypes IL28BTT; furthermore, they demonstrated that
IL28B TG/TT is an independent predictor of rapid fibrosis
progression in patients with chronic hepatitis C non
responders to interferon-based therapy.

Table 1 Distribution of

patients by gender and area of Area of origin Gender
origin Men Women Total
n % n % n % p value
Italy 223 83.8 83 83.8 306 83.8 p < 0.001
Other EU countries 13 4.9 15 15.2 28 7.7
Africa 30 11.3 1 1.0 31 8.5
Total 266 100 99 100 365 100
Mean age (£SD) 48.8 (£10.4) 53.8 (£14.2) 50.1 (£11.8) p < 0.001
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Table 2 Distribution of HCV genotype and ethnic groups according to the genotype IL28B

Genotype IL28B  HCV Genotype

Ethnic group

1 4

Africans

p value Italians and other p value
Caucasians
n % 1C95% n % 1C95% n % 1C95 % n % IC95 %
L U L U L 0] L 8]
SNP 860
CcC 55  26.1 20.1 320 35 230 163 29.7 11 355 18.6 523 79 238 19.2 284 p<0.05
CT 110 52.1 454 589 94 618 541 69.6 11 355 186 523 193 581 528 634
TT 46 218 162 274 23 151 94 208 9 290 131 450 60 181 139 222
Total 211 100 152 100 31 100 332 100
Missing = 2
SNP 917
TT 93 443 37.6 510 55 362 285 43.8 p<0.001 14 452 27.6 62.7 134 405 352 458
GT 97 462 394 529 95 625 548 702 16 51.6 340 692 176 532 478 585
GG 20 95 56 135 2 13 00 3.1 1 32 0.0 94 21 63 37 9.0
Total 210 100 152 100 31 100 331 100
Missing = 3
Table 3 Distribution of IL28B ;0. "6 o6ic SNP 860 SNP 917
genotype for cathegories of liver
fibrosis CC CT-TT p value TT GG-GT p value
n % n % n % n %
<8.6 78 876 209 768 p<0.05 125 85.0 162  76.1 p<0.05
>8.7 11 124 63 232 22 150 51 23.9
Total 89 100 272 100 147 100 213 100
Missing = 4 Missing = 5

Although other studies are needed to confirm these
results, the relationship found between liver fibrosis and
IL28B polymorphism could be very important for pre-
dicting progression of liver disease in patients waiting for
the new therapies.

The use of IL28B as genetic predictor could assess the
risk of fibrosis progression in patients with chronic hep-
atitis C requiring treatment with new generation DAAs.

In limited-resource healthcare systems this could help to
optimize HCV therapy, providing new DAAs to patients
with severe liver damage or with prediction of rapid pro-
gression of fibrosis, thus deferring treatment or prescribing
dual therapy with Peg-IFN and ribavirin to patients with
less advanced liver disease or with genetic prediction of
slow progression of fibrosis.

Between the levels of basal viraemia and the distribution
of the IL28B genotype the relation is not significant, in
contrast with some studies [2, 4, 17] in which the high
viraemic levels were related to the favorable IL28B
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genotype, but in agreement with other studies [7, 28]
in which the relation between the basal viral load and
the IL28B genetic polymorphism was not statistically
significant.

Regarding the response to therapy, the IL28B CC
genotype predicts RVR, ETR and SVR, and predicts SVR
in both Caucasians and Africans with genotype 1 and 4
subjected to dual therapy with pegylated interferon and
ribavirin, confirming what is described in literature [3-7].

One of the main problems in the dual therapy with
pegylated interferon and ribavirin is certainly the presence
of various side-effects.

Studies have been recently published, including a clin-
ical trial [29], in which the efficacy of pegylated interferon
lambda-1a in replacement of interferon alpha is evaluated.
Peginterferon-lambda seems to have a slightly higher
efficacy than peginterferon alpha but with minor extra-
hepatic side-effects, and especially a drastically reduced
number of haematological complications.
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Fig. 1 Pre-treatment basal viremia levels and distribution of IL28B
genetic polymorphism

It is important to remember that interferon lambda is
nothing other than the interleukin 28, and this reinforces
the need to study this group of genes for their direct effect
in patients with chronic hepatitis C as well as for their
efficacy as predictors of response to therapy.

It is also evident that the reduction of the side-effects
that can be obtained by the introduction of interferon
lambda could favor the choice of the therapy with inter-
feron, which is now opposed by the majority of patients
and by many specialists, and is becoming a low-cost
alternative to the therapy with new inhibitor medications
especially in cases regarding favorable genetic markers.

IL28B polymorphism however keeps its predictive
power even with triple therapy with direct acting antiviral
agents (DAAs) + peginterferon, and may also have a role
with the new interferon-free therapies.

For the HCV infection treatment, a new medicine has
recently been approved by the FDA and EMA: sofosbuvir,

a HCV NS5B polymerase inhibitor with a pangenotopic
spectrum of activity, which has raised the percentage of
SVR above 90 %, without any significant differences
between the different genotypes [30, 31].

New HCV DAAs have recently been approved by the
FDA and EMA: simeprevir, a NS3/4A protease inhibitor
for patients infected with HCV genotype 1 and 4; dacla-
tasvir, an inhibitor of NS5A which has an antiviral pan-
genotipic activity; ledipasvir, a NS5A inhibitor available in
a two-drug fixed combination with sofosbuvir for patients
infected with HCV genotype 1 and 4 [32-36].

Another drug recently licensed in EU for use in HCV
genotypes 1 and 4 is a fixed combination of paritaprevir (an
NS3-4A protease inhibitor ritonavir-boosted), ombitasvir
(an NS5A inhibitor) and dasabuvir (a non-nucleoside
inhibitor of HCV RNA dependent RNA polymerase) [37].

However these medicines are very expensive, a funda-
mental aspect in limited-resource healthcare systems;
therefore the cost-effectiveness shall be evaluated, and it
could limit the availability of the medicine for patients with
chronic HCV infection. The large population of patients
that can be treated with the new DAAs and the high cost of
every single treatment cause great concern regarding the
capacity of the healthcare system to carry the burden.

In conclusion, whereas in the past only the standard dual
therapy with pegylated-interferon and ribavirin was avail-
able, now many new therapies have been approved for use;
however in patients with HCV genotype 1 and 4, the
pegylated-interferon will still be used for a certain period
of time in combination with the new medicines, certainly in
patients with low-grade fibrosis [36, 37].

Furthermore, in limited-resource healthcare systems, it
is necessary to consider that since the new DAAs are really
expensive, in order to limit the costs, the dual therapy
(pegylated-interferon + ribavirin) could keep its role and
be reserved to certain categories of patients.

The assessment of the IL28B polymorphism could
therefore be a valid instrument for a personalized therapy
in patients with chronic HCV1 and HCV4-related liver
disease: individuals with IL28B favorable genotype (CC)
and low-grade fibrosis could be treated with a standard dual
therapy and where needed with a short-term therapy.

Table 4 Logistic model for positive ETR, SVR e RVR. Odds Ratios (OR) and Confidence Intervals 95 %

Genotype IL28B ETR-SVR RVR
% Patients with positive ETR/SVR  OR IC 95 % % Patients with positive RVR OR IC 95 %
SNP 860 CT-TT 594 1 46.7 1
CcC 40.6 1524 3.85 104.60 533 60.46 1496 337.23
SNP 917 GG-GT 54.4 1 60.0 1
TT 45.6 588 225 1744 400 6.74 272  18.06
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In individuals with IL28B unfavorable genotypes (CT or
TT) and advanced fibrosis vice versa, it could be preferable
to start the therapy with new antiviral medicines available.

New Contribution to the Literature

e In our cohort, the HCV 4 genotype is the most fre-
quently observed, with a higher prevalence compared to
that described in literature in Italy (55.2 vs. 10 %);
IL28B polymorphism does not show significant dif-
ferences among ethnic groups and in HCV1 and HCV4
genotypes.

e In our study a significant correlation between liver
fibrosis and IL28B polymorphism emerges in Italian
and immigrant patients with chronic hepatitis C and
HCV1 and HCV4 genotype

e We found no significant correlation between the levels
of basal viraemia and the distribution of the IL28B
genotype in both Caucasian and African patients with
HCV1 and HCV4 genotype

e Regarding the response to therapy, IL28B CC genotype
predicts rapid virological response (RVR), end of
treatment response (ETR) and sustained virological
response (SVR) in both Caucasians and Africans with
HCV1 and HCV4 genotype subjected to dual therapy
with pegylated interferon and ribavirin
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