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O r i g i n a l  a r t i c l e

Summary

Aim of the study: Evaluation of possible associations of single nucleotide polymorphisms up-
stream the interferon-lambda 3 (IL28B) gene with the phases of HBeAg-negative chronic hepatitis
B virus (HBV) genotype D infection and with patient outcomes in a Caucasian population. 
Materials and methodology: The IL-28B rs12979860 polymorphisms were evaluated in 400 Greek
patients with HBeAg-negative chronic HBV infection genotype D (n=311 with chronic hepatitis B,
n=89 inactive HBsAg carriers) and a control group of 222 healthy adults of the same race and eth-
nicity. Associations with the phase of the infection, response to interferon and/or nucleos(t)ide
analogue (NA) therapy, development of hepatocellular carcinoma (HCC) and spontaneous HBsAg
clearance were investigated.
Results: The distribution of IL28B genotypes and C and T allele frequency among the overall cohort
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Introduction

Common single nucleotide polymorphisms (SNPs)
upstream the interferon (IFN)-lambda 3 gene (IL28B)
on chromosome 19, have been well documented to
be associated with HCV RNA clearance in patients
with untreated acute HCV infection  and with a favo-
rable response of chronic hepatitis C (CHC) to trea-
tment with pegylated interferon (peg IFN).1-4 Initial
studies looking for similar associations in HBV infec-
tion have yielded some positive results regarding the
response to IFN treatment but in subsequent reports
an overall link between L28B polymorphisms and su-
stained response to IFN-treatment could not be con-
firmed, both in HBeAg-positive and HBeAg-negative
chronic hepatitis B (CHB) patients.5-11 Additionally, the
possibility for an association with spontaneous HBV
DNA clearance and HBsAg loss has also started to be
investigated.12.13 However, current data are limited,
controversial and mainly on Asian patients.7,11,14-17

These discrepancies have been stressed in editorials
and systematic review articles.18-21 Several reasons
have been considered to account for contrasting fin-
dings in retrospective studies such as differences in
treatment regimens and their duration, differences in
study end points, heterogeneity in follow-up data as
well as differences in ethnic backgrounds and  in HBV
genotypes.20,22,23 On the basis of hitherto data, it is
pointed out that IL28B polymorphisms may have only
a limited, if any, role on the response to IFN treatment

of HBeAg-negative CHB, probably restricted only to
patients with HBeAg-negative genotype D infection,
while an effect on the natural course and final out-
come of CHB still remains unknown.15,16,20,24,25 Moreo-
ver, there are no data on IL28B polymorphism in the
inactive HBsAg carrier state and in relation to its long
term outcome.

In view of these conjectures, we conducted the pre-
sent study on the IL28B polymorphism at rs12979860
and the frequency of the C and T alleles in a large po-
pulation of Caucasian patients in Greece, with HBeAg-
negative CHB infection genotype D, in comparison
with the general population of the same ethnicity. We
also aimed to evaluate the incidence of the
rs12979860 polymorphism and of its alleles in the 2
main phases of the natural course of HBeAg negative
CHB infection, including a sizeable group of inactive
HBsAg carriers. In patients with active chronic HBV in-
fection we looked for possible association of the “fa-
vorable” CC genotype with sustained responses to IFN
as well as to nucleos(t)ide analogue (NA) therapy; and
evaluated the influence of this genetic factor in pa-
tients who developed hepatocellular carcinoma (HCC).

Materials and Methods

Patients: A total of 400 Greek subjects with HBeAg-
negative HBV infection were included in the study.
The results were compared overall, by group and by
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of patients with chronic HBV infection was not statistically different from the general population.
In males inactive HBsAg carriers the CC genotype (59%) and C allele (74.5%) were statistically sig-
nificantly more prevalent compared to chronic hepatitis B patients (37.7%, p= 0.028 and 59.5%,
p=0.005, respectively) and the general population (31.4 %, p=0.018 and 58%, p=0.005, respec-
tively).There was no association between IL28B polymorphisms and allele frequencies with spon-
taneous HBsAg clearance, response to treatment or development of HCC.
Conclusions: IL28B polymorphisms at rs12979860 alone do not appear to play any role in the
spontaneous or treatment related outcomes of HBeAg-negative genotype D infection in Cau-
casians, but the possibility that CC genotype and C allele favor the development of the inactive
HBsAg carrier state in males should be further investigated.
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gender with the frequencies of IL28B genotypes at
rs12979860 and of C and T alleles of a control group
of 222 healthy adults of the same race and ethnicity.
A group of 221 patients had received treatment with
IFN and/or NAs.

All patients had been followed-up prospectively on
clinical grounds and by frequent laboratory testing
from 1990 to 2012 at the Liver Unit and Molecular Bio-
logy Laboratory of the National and Kapodistrian Uni-
versity of Athens and have given informed consent for
research use of their biological samples. The patients
were classified in the following subgroups:

1. CHB treated with IFN (conventional or pegylated)
at least for one year (n= 84)

2. CHB patients treatment naïve (n=137) or previ-
ous non-responders to IFN therapy (n=38) sub-
jected to long-term treatment with various NAs
without development of resistant to the applied
NAs, HBV variants (total n=175).

3. Inactive HBsAg carriers (n=89) with and without
spontaneous HBsAg loss during the long term
follow up period.

4. CHB patients (treated and untreated) who deve-
loped HCC (n=38). 

Methods: Blood samples or sera stored at -70º C
were assessed for the rs12979860 genotypes (CC, CT
or TT) and for the prevalence of the C and T alleles in
the IL-28B locus. Genomic DNA was purified using
the High Pure PCR Template Preparation Kit (Roche,
Mannheim, Germany). Genotype analysis of the IL-
28B promoter polymorphism at position -3176C/T
(rs12979860) was performed with a commercially
available genotyping assay (LightMix Kit IL28B, Cat.-
No. 40-0588-32 TIB MOLBIOL, Berlin, Germany) by

melting curve analysis of real-time PCR amplification
products using the Light Cycler instrument (Roche
Diagnostics, Manheim, Germany) according to the
manufacturer's instructions.

Statistical Analysis: Allele and genotype frequen-
cies were calculated according to the Hardy-Weinberg
Equilibrium Theory. Categorical variables are presen-
ted as frequencies. To investigate relationships bet-
ween categorical variables Pearson's chi-square was
used. All reported p-values are based on two-sided
tests and significance level was set to 5%. IBM SPSS
Statistics 21 software was used for all the statistical
calculations.

Results

Prevalence of IL28B polymorphisms in HBeAg nega-
tive HBV infection and the general population
The prevalence of the IL28B genotypes at rs12979860
and of the C and T alleles in the patients with chronic
HBV infection and in the general population is depicted
in table 1. In the general population (n=222) genotypes
CC, CT and TT were observed in 78 (35.1%), 113
(50.9%) and 31 (14%) individuals, respectively. In
chronic HBV infection (n=400) genotypes CC, CT and
TT were found in 153 (38.2%), 187 (46.7%) and 60
(15%) patients, respectively. The frequency of the C
allele was 60.5% for the general population and 61.6%
for patients with chronic HBV infection. No significant
differences were found in the IL28B genotypes or the
allele frequencies between patients with chronic
HBeAg negative HBV infection and the general healthy
population.
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                                                        GENERAL POPULATION                    CHRONIC HBV INFECTION

                                               TOTAL       MALES     FEMALES              TOTAL        MALES      FEMALES

   IL28BGENOTYPE         (n=222)      (n=102)      (n=120)             (n=400)      (n=309)        (n=129)

               CC                      35.1%        31.4%         38.3%                38.2%         41.5%           30.5%

               CT                       50.9%        53.9%         48.3%               46.75%        41.5%           59.3%

               TT                       14.0%        14.7%         13.3%                15.0%         17.0%           10.2%

     IL28B ALLELE                                                                                                                          

                C                        60.5%          58%          62.5%                61.6%         62.3%           60.2%

                T                        39.5%          42%          37.5%                38.4%         37.8%           39.8%

IL28B genotype and allele frequency in the general population and in patients with chronic HBV
infectionTable 1



Prevalence in different subgroups of chronic HBV
infection
The distributions of the IL28B genotypes at

rs12979860 and of the C and T alleles did not differ
statistically between inactive HBV carriers (n=89) and
patients with chronic active HBeAg negative infection
(n=311).  Genotype CC was found in 41 (46%), CT in
39 (44%) and TT in 9 (10%) of the inactive HBsAg car-
riers and 112 (36%), 148 (47.6%) and 51 (16.4%) of pa-
tients with chronic active hepatitis B, respectively.
When the results were analyzed by sex it was demon-
strated that male inactive HBsAg carriers had signifi-
cantly higher prevalence (p=0.005) of the C allele with
a frequency of 74.5% and the CC genotype (p=0.028)
with a prevalence of 59% compared to males with ch-
ronic active hepatitis B (C allele 59.5%, CC genotype
37.7%) (Table 2), as well as compared to the male ge-
neral population (C allele 58% - p=0.005, CC genotype
31.4% - p=0.018).

No statistically significant difference was seen ei-
ther in IL28B genotype (p=0.618) or in the allele pre-
valence (p=0.423) between inactive carries with and
without spontaneous HBsAg loss (Table 3).  The
rs12979860 C allele frequency was 64.5% and 71 %,
respectively. Inactive HBsAg carriers with spontane-
ous HBsAg clearance were statistically significantly
older by a mean of 8 years (p=0.0046,95% confidence
intervals: 2.55-13.52) than those who did not clear
HBsAg.

Additionally, no predominance of the C allele at
IL28B rs12979860 was found among patients with tre-
atment related HBsAg loss either after interferon or
NA administration (figure 1). 

Chronic HBV patients with HCC at presentation or

development during follow up (n=38) did not demon-
strate statistical significant difference in the frequency
of IL28B genotypes (p=0.197) or of C and T alleles
(p=0.695) compared to the other groups of patients
with chronic HBV infection or the general population.
Genotype CC found in 46%, CT in 34% and CT in 20%
of HCC patients with C allele frequency 63%. 

Discussion

This is the first large scale study examining the preva-
lence of IL28B polymorphisms in Caucasian patients
with HBeAg negative chronic HBV infection (geno-
type D) compared to the general population and its
potential role in disease outcomes such as the deve-
lopment of CHB, HBsAg loss and HCC. 

The results of this study did not reveal any significant
differences in the frequency of IL28B polymorphisms
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                                                          INACTIVE CARRIERS                    CHRONIC ACTIVE INFECTION

                                               TOTAL       MALES     FEMALES              TOTAL        MALES      FEMALES

   IL28BGENOTYPE          (n=89)        (n=51)        (n=38)              (n=311)      (n=231)         (n=80)

               CC                        46%          59%*           29%                  36.0%         37.7%           31.3%

               CT                        44%           31%          60.5%                47.6%         43.7%           58.7%

               TT                        10%           10%          10.5%                16.4%         18.6%           10.0%

     IL28B ALLELE                                                                                                                           

                C                         68%        74.5%**        59%                  59.8%         59.5%           60.6%

                T                         32%          25.5%          41%                  40.2%         40.5%           39.4%

IL28B genotype and allele frequency in the two main subsets of patients with chronic HBEAG-
negative HBV infectionTable 2

*p=0.005, ** p=0.028

                                                      INACTIVE CARRIERS

                                          TOTAL          HBsAg           No HBsAg loss

  IL28BGENOTYPE          (n=89)     Loss(n=44)           (n=45)

              CC                        46%                                        49%

              CT                        44%                                      44.5%

              TT                        10%                                       6.5%

    IL28B ALLELE                                                                 

               C                         68%            64.5%                  71%

               T                         32%            35.5%                  29%

IL28B genotype and allele frequency in inactive
carrier according to HBSAG clearance during long
term follow up.Table 3



between HBV infected patients and the general po-
pulation or between the different subsets of HBV pa-
tients (CHB, inactive carriers, patients with spontaneous
or treatment induced HBsAg loss, HCC). Only male
inactive HBsAg carriers were found to have an increased
frequency of the CC genotype and C allele compared
to CHB patients and the general population.

The observed association of IL28B polymorphisms
in males with inactive chronic HBV infection genotype
D is rather unexpected and stands in contrast to our
negative overall findings and particularly with the
absence of a link between IL28B polymorphisms and
HBsAg loss. In our population of HBeAg-negative CHB
genotype D patients we did not find any correlation
between rs12979860 alleles and HBsAg clearance
neither  in the natural course of the infection nor in-
duced by IFN treatment or long term NA therapy.26.27

In support of the finding of higher incidence of CC
rs12979860 genotype in inactive male HBV carriers is
the observation in Saudi Arabian patients of higher
prevalence of the C rs12979860 allele in inactive HBV
carriers compared to patients with active hepatitis,
cirrhosis and HCC.14 Further studies among inactive
HBsAg carriers of both sexes, of various ethnicities,

harboring different HBV genotypes, are needed to
confirm or refute the present findings.  In this context
it is important to define the characteristics of this
particular group of patients.  All of them had been
identified either in previous field studies or in screening
programs mostly of volunteer blood donors in Greece
and  presented without a previous history of treated
or untreated active chronic HBV infection.  In addition,
they had all been ab initio HBeAg-negative/anti-HBe-
positive and had persistently normal ALT levels during
a long period of follow-up. Their serum HBV DNA
levels never exceeded 20,000 copies/mL and the
HBsAg titers were below 2,000 IU/mL. Therefore, they
were largely consistent with the definition criteria for
the inactive HBV carrier state proposed by Brunetto
et al.28

In published studies of the role of IFN-λ3 polymor-
phisms as a genetic variable in the outcome of HBV
infection, contradictory results have been reported.
An association between the IFN-λ3 genotype CT and
the T allele at rs12979860 and development of HCC
in HBV infection genotype B and C has been reported
in Han Chinese population but not in patients from
Korea.11,29,30 Moreover, in Han Chinese patients,IL28B
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Figure 1 No predominance of the CC genotype (A) or the C allele (B) at IL28B rs12979860 was
found among patients with treatment related HBsAg loss either after interferon or NA ad-
ministration.



rs12979860 TC/TT and rs12980275 GA/GG genotype
combinations were found to further increase the rate
of development of HCC in HBV infected individuals.31,32

In a meta-analysis the IL28B rs8099917 AA genotype
was associated with a decreased risk of HCC (OR
=0.63) and the rs12979860 CC genotype with an in-
creased risk for developing liver cirrhosis (OR=1.39).33

In a treatment-naive population with CHB  from
Taiwan, 4 SNPs of the IL28B gene were studied, and
the rs10853728 CC genotype was found to correlate
with hepatitis activity in HBeAg negative chronic HBV
infection.34 Also, in HBV-related liver transplantation
it was found that recipients with rs8099917 G allele
had higher ALT and AST levels and higher HBV-related
liver damage.35

A significant number of the HBeAg negative CHB
patients included in the present study had been sub-
jected to a yearly treatment and retreatment with
conventional or pegIFN alfa.10,36 In this group of pa-
tients, no association was observed between geno-
type CC and/or the C allele at rs12979860 with a
favorable biochemical and virological response to tre-
atment or with treatment related HBsAg clearance.
This  is in contrast to the reported association of IL28B
polymorphisms and HBsAg seroclearance in a similar
subset of HBeAg-negative patients from Italy also in-
fected with HBV genotype D who were treated with
conventional or peg IFN and were also followed-up
for several years post-treatment.6 It is interesting that
in another  study of HBeAg negative CHB patients
from Poland, the IL-28B CC genotype at rs12979860
was negatively associated with response to  peg IFN

using an HBV DNA cut off of <400 IU/ml combined
with ALT <40 IU/L but not with HBVDNA <2,000
IU/ml.37 This stresses the importance for the applica-
tion of uniform criteria to define response to trea-
tment in order to investigate genetic associations and
maybe the strictest and closest to cure outcome of
HBsAg loss should be used in future studies. In this
study 8% of the patients with CC genotype treated
with IFN, achieved HBsAg clearance compared to 33
and 17.6% of those with CT and TT genotype. It is si-
gnificant to note that in our study  one third of the pa-
tients were previously included in a large Greek study
of HBeAg-negative CHB treated with conventional IFN
in which a favorable long term outcome terminating
to sustained virological response and HBsAg loss was
well documented in approximately 40% of them.38

In conclusion, based on our findings on the fre-
quency of IL28B genotypes and alleles at rs 12979860,
in a large number of patients with HBeAg negative ch-
ronic HBV infection, who were followed-up for a long
period for the safe evaluation of spontaneous and tre-
atment-induced outcomes, it becomes apparent that
this particular IL28B  polymorphism is not playing an
important  role in the outcome of HBV infection ge-
notype D, except, perhaps, for the spontaneous deve-
lopment of the inactive HBV infection among males.
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Περίληψη

IL28B πολυμορφισμοί σε ασθενείς με HBeAg αρνητική χρόνια HBV
λοίμωξη γονοτύπου D

Αιμιλία Χατζηγιάννη1, Ανδρέας Λαράς1, Ελένη Πανοπούλου1, Αλέξανδρος Γρυπάρης2,
Στέφανος Χατζηγιάννης1

1Ιπποκράτειο Νοσοκομείο, Β΄ Πανεπιστημιακή Παθολογική Κλινική και Ομώνυμο Εργαστήριο, Εθνικό και
Καποδιστριακό Πανεπιστήμιο Αθηνών, Αθήνα
2Εργαστήριο Υγιεινής, Επιδημιολογίας και Ιατρικής Στατιστικής, Εθνικό και Καποδιστριακό Πανεπιστήμιο
Αθηνών, Αθήνα

Στόχος της μελέτης: Η διερεύνηση πιθανών συσχετισμών μεταξύ του πολυμορφισμού C/T, στη
θέση -3176 του υποκινητή του γονιδίου της ιντερφερόνης λ3 (IL28B),  και του σταδίου της HBeAg
αρνητικής χρόνιας λοίμωξης με τον ιό της ηπατίτιδας Β (HBV) γονοτύπου D καθώς και με την έκ-
βαση της νόσου σε Καυκάσιους ασθενείς. 
Ασθενείς και μέθοδοι: Ο πολυμορφισμός της IL-28B rs12979860 μελετήθηκε σε 400 Έλληνες
ασθενείς με  HBeAg αρνητική χρόνια HBV λοίμωξη γονοτύπου D με μακρά κλινική παρακολού-
θηση, από τους οποίους 311 είχαν χρόνια ηπατίτιδα και οι 89 ήταν ανενεργοί φορείς του ιού. Πα-
ράλληλα εξετάσθηκαν 222 υγιείς μάρτυρες της ίδιας φυλής και εθνικότητας. Διερευνήθηκαν
πιθανές συσχετίσεις με το στάδιο της λοίμωξης, την  απόκριση σε θεραπεία με ιντερφερόνη και/ή
νουκλεοσ(τ)ιδικά ανάλογα,  την ανάπτυξη ηπατοκυτταρικού καρκίνου καθώς και με την αυτόματη
κάθαρση του αντιγόνου επιφάνειας HBsAg.
Αποτελέσματα: Η κατανομή των IL28B rs12979860 γονοτύπων και η συχνότητα των C και T αλ-
ληλίων δεν διέφερε στατιστικά σημαντικά μεταξύ του συνόλου των ασθενών χρόνια HBV λοίμωξη
και των υγιών μαρτύρων.  Άρρενες ανενεργοί φορείς του ιού βρέθηκε να φέρουν τον γονότυπο
CC στο 59% και το C αλλήλιο στο 74,5%, ποσοστά στατιστικά σημαντικά υψηλότερα από την  αν-
τίστοιχη επίπτωση τόσο σε άρρενες ασθενείς με ενεργό χρόνια ηπατίτιδα Β (CC-37.7%, p= 0.028
και C αλλήλιο 59.5%, p=0.005) όσο και στο γενικό πληθυσμό  (CC-31.4 %, p=0.018 και C αλλήλιο
58%, p=0.005). Δεν βρέθηκε να υπάρχει συσχέτιση μεταξύ του rs12979860 πολυμορφισμού και
την αυτόματη ή μετά από θεραπεία κάθαρση του ΗΒsAg ή με την ανάπτυξη ηπατοκυτταρικού
καρκίνου.
Συμπεράσματα: Ο rs12979860 IL28B πολυμορφισμός δεν φαίνεται να αποτελεί ανεξάρτητο πα-
ράγοντα της αυτόματης ή μετά από θεραπεία έκβασης της HBeAg αρνητικής χρόνιας λοίμωξης
με τον ιό της ηπατίτιδας Β (HBV) γονοτύπου D, σε Καυκάσιους ασθενείς. Η πιθανότητα ο CC γο-
νότυπος και το C αλλήλιο να ευνοούν την εγκατάσταση του σταδίου της ανενεργού φορίας του
ιού σε άρρενες, χρήζει περαιτέρω διερεύνησης.

Λέξεις κλειδιά
γονότυπος D, HBV, IL28B, φυσική πορεία, θεραπεία
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