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ORIGINAL ARTICLE

RESPONSE OF DIFFERENT HCV GENOTYPES TO INTERFERON THERAPY
IN DIFFERENT AGE GROUPS OF CHRONIC HEPATITIS-C PATIENTS
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Department of Chemistry and Biochemistry, *Department of Microbiology University of Agriculture, Faisalabad, Pakistan

Background: Although new Pegylated Interferon is available, yet the conventional Interferon with
the combination of Ribavirin is still the therapy of choice to treat the Hepatitis C patients. This study
was conducted to investigate the response of different HCV genotypes in different age groups of
chronic Hepatitis C patients treated with conventional Interferonα-2b (IFNα-2b) plus Ribavirin
(RBV). Methods: In this cross sectional observational study a total of 520 Hepatitis C patients
infected with different HCV genotypes meeting the study criteria were included from August 2010 to
January 2013. End of treatment response (ETR), sustained virological response (SVR) and the
association of patient’s age with treatment response were evaluated. ETR and SVR were defined as
absence of HCV RNA and normal ALT level at the end of therapy and 12 months after the
termination of therapy respectively. Results: Out of 520 cases 388 (74.62%) showed ETR. The SVR
was observed in 290 (89.23%) out of 325 ETR responders. ETR was higher in males (76.14%) than
females (72.77%) while the SVR was almost same in both sex. The highest ETR was noted in
genotype 3 (81.15%). The old patients exhibited lower ETR and SVR than youngers in the present
study. Conclusions: The properly managed conventional Interferon therapy was effective for
Hepatitis C patients infected with genotype 2 and 3 with age <40 years as compared to those patients
infected with genotype-1 and 4 or had age >40 years.
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INTRODUCTION
Currently two FDA approved standard treatment
combinations are available. First is the recombinant
Interferon alpha (IFNα) with Ribavirin which is also
known as conventional Interferon (C-INF) therapy and
the other is Pegylated Interferon alpha (PegIFNα) with
Ribavirin.1–6 Although current studies and clinical
trials have proven that the response of Hepatitis C
patients to pegIFNα-2a or pegIFNα-2b is much better
than conventional IFN (C-INF)7, however the C-INF is
still the drug of choice to treat the Hepatitis-C patients
in the poor countries including Pakistan.8,9 It may be
because of financial reasons as its cost is lower than
pegIFNα which is expensive and beyond the reach of
poor patients. Secondly the frequent existence of HCV
genotype 3 in Pakistan and other Asian countries that
have a good response to conventional Interferon
therapy.9–11 The Society of gastroenterology and GI
endoscopy has also recommended the use of C-IFN in
Pakistan to treat the HCV patients infected with
genotype-3.9,12
Some patients who showed response at the
completion of therapy (negative HCV RNA and
normal ALT level) relapsed within the six months of
the therapy termination (Positive HCV RNA and
elevated ALT level).5,13 Many viral, immunological or
host associated factors affect the efficacy of HCV
infected patient’s response to Interferon therapy.14 In
Pakistan the patients infected with HCV genotype-2
and 3 exhibit 70–80% end of therapy response (ETR)
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to combination therapy (IFNα plus Ribavirin). On the
other hand the patients infected with genotype 1and 4
show relatively low ETR (20–45%) to IFNα plus
Ribavirin combination therapy.12,13 Similarly, the ETR
of HCV genotype 2 and 3 infected patients from other
parts of the world has been reported up to 72%, while
the patients infected with genotype 1 and 4 show low
ETR (13%).15,16
The available literature on long term
biochemical and virological outcome as well as
benefits of Interferon plus Ribavirin combination
therapy in Pakistan was scanty and the present study
was planned to probe into these arenas.

MATERIAL AND METHODS
This cross sectional observational study was conducted
from August 2010 to January 2013 at Shalamar
Hospital, Lahore, Pakistan. A total of 520 patients
willing to take part in the study and provided all the
required information were included in the present
study. 325 participants who showed the end of therapy
response (ETR) were followed up for one year after
the termination of therapy to see the virological
sustained response. Pre-treatment HBV vaccination
was started to all the HCV infected patients who were
negative for HBsAg (by ELISA) to reduce the chances
of HBV co-infection. Treatment was given under
qualified gastroenterologists and hematologists.
Patients with age range 10–60 years
(Mean=35±6) and never received interferon therapy
before and were HCV RNA positive by polymerase-
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chain-reaction (PCR) were included in this study. Pretreatment data (Address, contact number, family status,
age, sex, previous investigations) were taken. All the
patients were anti-HCV positive by ELISA and the
current infection was confirmed by HCV RNA
detection. Pre-treatment ALT level, HCV genotyping,
and HCV RNA quantification was done.
The patients co-infected with HBV or HIV
were excluded from the study to see the therapy
response only in HCV positive patients. The patients
with thrombocytopenia (less than 50,000 platelets per
cubic millimeter), anemia (lower than 10g of
hemoglobin per deciliter in women and lower than 11g
per deciliter in men) and those who had active TB
disease were excluded from the study. All the patients
who had decompensate liver disease and serum
creatinine level more than 1.5 times the upper limit of
normal level were also excluded. The patients with
poorly controlled psychiatric or diabetes disease were
also not taken in the present study.
Patients were divided into two groups. In first
group those patients infected with HCV genotypes
other than 1 (1a, 1b) and 4 were included and in the
second group, patients infected with genotype 1 (1a,
1b) and 4 were taken. First group patients received
3MU recombinant IFNα-2b thrice a week plus
Ribavirin (1000 mg/day in patients under or equal to
75kg body weight or 1200 mg/day above 75 kg body
weight into two divided doses daily) for a total of 24
weeks. In second group treatment was same but
extended to 48 weeks as per treatment protocols.
For the detection of HCV RNA and to
measure the viral load Real-time PCR technique was
used. Amplification was done with commercially
available HCV RNA Real-time amplification kit
(Robogene® HCV RNA qualitative and quantification
kit: AJ ROBOSCREEN Germany). The detection limit
of the kit was <100 IU/ml or <200 copies/ml. The
HCV RNA was isolated by column based, Roboscreen
RNA isolation kit (Instant virus RNA kit: AJ
Roboscreen Germany).
For HCV genotyping, HCV RNA was
extracted from 250μL serum with the TRI Reagent
RNA isolation kit (TRI REAGENT-LS, TS 120, by
the Molecular Research Center, USA) according to the
kit protocol.
First the complementary DNA was
synthesized using RT-PCR for HCV genotyping. For
that 10μL isolated RNA with two hundred units of
Moloney-murine leukemia virus reverse transcriptase
enzyme (M-MLV RT) and 1M outer anti-sense primer
reported before17 was used to convert RNA to cDNA
according to the manufacturer’s instructions
(Fermentas®). Then the cDNA was amplified using the
type-specific primers17. The assay was established in
the core region of the HCV genome that includes two

amplification rounds after the preparation of cDNA. In
the first round with a pair of outer sense and anti-sense
primers a large fragment was amplified. In the second
round inner portion of the first round fragment was
amplified using type specific primers. The primers
were designed in this way that amplified product for a
specific genotype had specific fragment size. The
second round amplified products were run on 2.5%
agarose gel stained with ethedium bromide. The gel
was analyzed on UV light. HCV genotypes were
differentiated on the bases of amplified fragment size
comparing with 100 bps DNA ladder marker.

RESULTS
A total of 520 patients (235 females and 285 males)
chronically infected with different HCV genotypes
were enrolled to treat and see the response. The age
range was 10–60 years (Mean=35±6) both in
females and males (Table-3 & 4). Out of 520 HCV
patients 26 were infected with HCV genotypes 1
(1a+1b) & 4 and 429 with genotypes 2 (2a+2b) & 3
(3a+3b). Fifty cases were untypeable and 15
patients were infected with mixed (more than one)
HCV genotypes as demonstrated in table-1.
Out of 520 cases 74.62% (n=388) showed the
end of therapy response (ETR) and 25.38% (n=132)
failed to eradicate the virus from their bodies
(Table-1). To see the sustained virological response
(SVR) in the end of therapy responders a total of
325 patients were followed up for 12 months after
the completion of therapy. The SVR was examined
in 89.23% (n=290) while 10.77% (n=35) relapsed
(table-2). ETR and SVR were associated with
absence of HCV RNA and normal ALT level at the
end of therapy and during the follow up period
respectively.
The ETR was higher in males (76.14%)
than females (72.77%) (Table-3). The sustained
virological response (SVR) was almost same both
in males and females, i.e., 88.71% in males and
89.93% in females (Table-4). In major genotypes,
the highest ETR was noted in genotype 3 (81.15%)
and genotype 2 (71.43%). The ET response of
genotype 1 and 4 was 44.44% and 37.50%
respectively. Untypeable and mixed genotypes
demonstrated 56% and 46.67% end of therapy
response respectively. When the ETR was explored
in HCV subtypes, the highest percentage was
present in subtype 3b (85.53%) and the lowest in
subtype 1a (38.46%), while in subtype 1b, 2a, 2b
and 3a it was noted 60%, 70%, 76.92% and
78.04% respectively (Table-1).
As illustrated in fig-1 the ETR was
observed 25% in those mixed subtypes in which
one or both belongs to genotype-1 or 4. The ETR
was 85.71% in those mixed subtypes in which both
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belong to genotype 2 or 3. The same situation was
observed in SVR response that was 50% in those
mixed subtypes in which one or both belongs to
genotype 1 or 4, while 83.33% in those subtypes in
which both belongs to genotypes 2 or 3 (Figure-2).
Gradually decreasing trend of ETR and SVR was
observed with the increase of age range both in
females and males HCV infected patients. The
aged patients exhibited lower ETR and SVR than
younger in the present study (Table-3 & 4).
The collective ETR of genotype 1 and 4
(1+4) was 42.30%, while in genotype 2 and 3
(2+3) it was 79.72%.The ETR difference between
these two groups was significant (p<0.005). The
same situation was observed in their SVR, i.e.,
genotypes 1+4 exhibited 33.33% collective SVR
and in genotype 2+3 SVR was 93.08%.

Table-4 Age and gender wise distribution of SVR in
end of therapy responders
Age
EOT Response
Yrs Females Males Total
10–20

11

9

20

21–30

46

38

84

31–40

45

75

120

41–50

31

58

89

51–60

6

6

12

Total

139

186

325

Females
10
(90.91%)
43
(93.48%)
42
(93.33%)
26
(83.87%)
4
(66.67%)
125
(89.93%)

SVR
Males
Total
9
19
(100%)
(95%)
36
79
(94.74%) (94.05%)
67
109
(89.33%) (90.83%)
50
76
(86.21%) (85.39%)
3
7
(50%)
(58.33%)
165
290
(88.71%) (89.23%)

Table-1: ETR of different HCV genotypes and
subtypes
Genotypes

Subtypes

1a
1b
2a
2
2b
3a
3
3b
4
4
Untypeable Untypeable
Mixed
Mixed
Total
1

Total Responding
13
5
50
13
214
152
8
50
15
520

5 (38.46%)
3 (60%)
35 (70%)
10 (76.92%)
167 (78.04%)
130 (85.53%)
3 (37.50%)
28 (56%)
7 (46.67%)
388 (74.62%)

NonResponding
8 (61.54%)
2 (40%)
15 (30%)
3 (23.08%)
47 (21.96%)
22 (14.47%)
5 (62.50%)
22 (44%)
8 (53.33%)
132 (25.38%)

Figure-1: ETR of two groups of HCV mixed subtypes

Table-2: SVR of different HCV genotypes and
subtypes
Genotypes

Subtypes

1

1a
1b
2
2a
2b
3
3a
3b
4
4
Untypeable Untypeable
Mixed
Mixed
Total

Total
5
3
25
7
170
87
1
22
5
325

Sustained
response
2 (40%)
1 (33.33%)
22 (88%)
5 (71.43%)
162 (95.29%)
80 (91.95%)
00 (0.0%)
15 (68.18%)
3 (60%)
290 (89.23%)

Relapsed
cases
3 (60%)
2 (66.67%)
3 (12%)
2 (28.57%)
8 (4.71%)
7 (8.05%)
1 (100%)
7 (31.82%)
2 (40%)
35 (10.77%)

Table-3: Age and gender wise distribution of ETR
Age in
Total cases
Years Females Males Total
10–20

18

14

32

21–30

66

54

120

31–40

71

107

178

41–50

59

93

152

51–60

21

17

38

Total

235

285

520
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Females
15
(83.33%)
53
(80.30%)
57
(80.28%)
36
(61.02%)
10
(47.62%)
171
(72.77%)

ETR
Males
12
(85.71%)

Total
27
(84.38%)
98
4583.33% (81.67%)
87
144
(81.31%) (80.90%)
63
99
(67.74%) (65.13%)
10
20
(58.82%) (52.63%)
217
388
(76.14%) (74.62%)

Figure-:2 SVR of two groups of HCV mixed subtypes

DISCUSSION
In the present study conventional Interferon
combination therapy (Interferon-α 2b plus Ribavirin)
was used. For that 520 Hepatitis C patients infected
with different HCV genotypes were enrolled. Out of
those 388 (74.62%) showed the end of therapy
response (ETR) and 132 (25.38%) failed to eradicate
the virus from their body (Table-1). ETR was
associated with normal ALT and undetectable HCV
RNA at the end of therapy. The SVR was associated
with sustained normal ALT and undetectable HCV
RNA 12 months after the end of therapy that was also
described previously.18,19 The ETR was high in the
present study as compared to previous studies done by
Idrees and Riazudin in 2009 where the ETR was
observed in 67% and was in accordance with other
local and international studies.20–24 Compared to other
studies reported by Nadeem et al25 and Mahsud et al.26
where the ETR was 84% and 81.12% respectively the
ETR rate in this study was low.
According to the findings of present study,
SVR was achieved by 89.23% (290/325), while
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10.77% (35/325) failed to sustain their response and
relapsed during the follow up period (post therapy) in
which the late increase in serum ALT levels was seen
and the HCV RNA also became positive. The relapse
rate of this study was higher than Khokhar,27 i.e, 4.9%
and lower than Jadoon et al28 i.e., 15.6%; Ahmed et al,
i.e., 37% and Bhutta et al29 i.e., 39.23%.
Sustained virological response (SVR) of the
Hepatitis C patients enroled in the present study was
low 290 (89.23%) as compared to previous study
where it was 96% done by Patrick et al30 and higher
than Kalantari et al31; Muhammad et al32 and Ahmed
et al20 where the SVR was 75.14%, 78.85% and 63%
respectively. Out of 325 ET responders, 290 (89.23%)
were able to sustained their response 12 months after
the therapy termination and two relapsed (one after 9
months and the other after 11 months of the therapy
completion). The percentage of late relapsed cases
(after 6 months of the end of therapy) was very low,
i.e., 0.68% (2/292) it indicates that the patients who
remained HCV RNA negative up to 6 months of post
therapy period had more chance to eradicated the virus
from their body permanently and could be considered
sustained responders.
Sustained virological response (SVR)
reported from European countries was lower than this
region. SVR reported by Ming et al33 and John et al34
was 34% and 31% respectively. Whereas SVR
reported from Pakistan was significantly high, i.e.,
96% reported by Patrick et al30; 75.14%, 78.85% and
63% reported by Kalantari et al31; Muhammad et al32
and Ahmed et al20 respectively while in the present
study the SVR was 89.23%. This discrepancy of low
and high response rate may be because of the
epidemiological difference of the HCV genotypes. In
Pakistan the most common HCV genotypes are 2 and
335–37 which are good responders to Interferon
combination therapy as compared to genotype 1 and 4
which are mostly found in European countries.38–40
These findings also support the fact that HCV
genotyping assessment in therapy management should
be mandatory.
In different age groups the rate of response to
therapy was different. Younger patients who were less
than or equal to 40 years of age showed better ETR
and SVR (81.52% and 92.41%) than the patients who
were more than 40 years of age (ETR=62.63% and
SVR=82.17%) (Table-3 and 4). ETR and SVR were
investigated 71.2% and 57.6% respectively by Idrees
and Riazudin (2009)12 in the same age group which
was lower than this study. Giorgio et al,41 also found
better response in the same age group. With the
increasing trend of age the ETR response to Interferon
plus Ribavirin combination therapy decreased (Table3), which has also been noted in other local studies.20,42

The ETR was higher in males i.e., 76.14%
than females, i.e., 72.77%, while the SVR was almost
same in both the sexes (88.71% in males and 89.93%
in females) (Table-3 and 4), which suggest that males
had a better response than females. The results of
present study regarding gender wise ETR response
were contrasted to previous studies12,20,43,44 where they
found significantly better response in females than
males.
The patients infected with subtypes of HCV
genotype-1 (1a, 1b) exhibited the lower ETR than
those infected with subtypes that belongs to genotype2 and 3 (2a, 2b, 3a and 3b) (Table-1). The end of
therapy response (ETR) in subtypes 1a, 1b and
genotype-4 was 38.46%, 60% and 37.50%, while the
ETR in subtypes 2a, 2b, 3a and 3b was noted 70%,
76.92%, 78.04% and 85.53% respectively. These
results were in accordance with the view that HCV
subtypes 1a, 1b and 4 are associated with a poor rate of
response to Interferon-alpha therapy as compared to
subtypes 2a, 2b and 3a, 3b.13,20,45 So the findings of the
present study show that the response rate for Interferon
therapy was highly associated with the genotypes and
it revealed that in HCV therapy management
genotypes plays a vital role.
The SVR was also high in subtypes 3a, 3b, 2a
and 2b (95.29%, 91.95%, 88% and 71.43%
respectively) than 1a, 1b and 4 (40%, 33.33% and 0%)
(Table-2). That was a good news for this region where
most common subtypes are 2a, 2b and 3a, 3b.13,44,46,47
It is also important to note that the number of cases of
genotype 1a, 1b, 2b and 4 were low which needs more
study to evaluate exact results.
Twenty patients infected with untypeable
genotypes, were treated on a trial basis for one year
and they showed the ETR and SVR 56% and 68.18%
respectively. In mixed genotypes the ETR was
observed low in which one or both mixed genotypes
were 1 or 4 as compared to those in which the both
genotypes were non 1 or 4. That indicates that the
mixed genotypes which include genotype 1 or 4 in
combination should be treated for twelve months
according to the standard protocol of therapy for these
genotypes (1 or 4), and the mixed genotypes in which
both types are non 1 or 4 may be treated for six
months.

CONCLUSION
In conclusion, treatment response was highly
associated with the HCV genotype and the age of the
patient. The response of HCV genotypes 2 and 3 was
better to conventional Interferon therapy in younger
patients as compared to genotype 1 and 4 and older
patients. It revealed that in HCV therapy management
viral genotype and the patient’s age play a vital role.
So to treat the Hepatitis C patients infected with
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genotype 1 and 4 other treatment options like
Pegylated Interferon therapy should also be taken
under consideration to get better results.
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