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Abstract
Background

Hepatitis B infection is a worldwide health concern infecting more than 400 million people worldwide. Besides the
active immunization program of WHO, the role of antivirals for treating the chronic infection is inevitable. The tribal
belt of Pakistan is the most affected part in war against terror. In addition to lack of basic facilities and resources,
this part of country has also been neglected for various health related studies. In this study we report the e�cacy of
the commonly used antivirals; Entecavir (ETV) and Tenofovir Disoproxil Fumarate (TDF).

Methods

A total of 2875 HBV infected patients (Male = 1500 and Female = 1375) of different age groups who were receiving
either ETV as monotherapy or ETV plus TDF were followed up for 6 and 12 months. Viral DNA was extracted from
serum followed by ampli�cation and detection with MyGo Real-Time thermocycler and Gene Proof PCR kit.
Response towards antivirals was analyzed statistically with Pearson’s Chi Square test.

Results

Comparable response (p=0.171) was observed among the HBV patients towards both six (27%) and twelve month
antiviral therapy (36%). Duration of antiviral therapy improved the rate of response in male and patients of old age
(p=0.001 & <0.001 respectively). However, female were found relatively more responsive than males towards both
six and twelve antiviral therapy (p=0.001 & 0.003 respectively). Furthermore, ETV plus TDF combination proved
little more effective for twelve months (p=0.035). Patients of Khyber (p=0.198) and Kurrum (p=0.440) regions are
equally responsive towards 6 and 12 month treatment. Compared to ETV monotherapy, ETV plus TDF improved
response among the male, patients above 40 years and patients from different tribal region (Bajaur, Kurrum,
Malakand and Mohmand).

Conclusion

Our �ndings demonstrate that the ETV monotherapy and ETV plus TDF combination therapy are not effective for
the HBV infection because both do not achieve SVR rate even in 50% of patients following six and twelve-month
follow-up. Therefore, there is a need of much more effective antiviral drugs to treat HBV infection in the study area.

Background
Globally around 400 million people are living with HBV infection, out of which 15-40% progress to end stage liver
diseases of uncompensated cirrhosis and hepatocellular carcinoma (HCC). About 45% of world population are
living in areas where there is a high incidence of HBV carrier infection. The Western paci�c and Asia accounts for
75% of the whole population living in HBV prevalent areas [1]. The exact percent prevalence of HBV in Pakistan is
obscured however, some says that 10 million Pakistanis are suffering from the HBV [2].

Hepatitis B is an enveloped and partially double stranded DNA virus that can transmit through blood, semen, saliva,
menstrual blood, vaginal secretions, and similarly slightly through, tears, breast milk, urine, and perspiration of
infected persons [3–5]. The genome is 3.2 kb long containing 4 open reading frames (ORFs), the surface (S), the
core (C), Polymerase (P), and the X gene. Several genotypes and subtypes have been reported for the HBV owing to
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its genetic heterogeneity [6]. Lack of proofreading associated with viral reverse transcriptase (RT) and phenomenon
of genetic recombination are the main reasons for the genetic heterogeneity of HBV genome [7–9].

Prophylaxis in the form of vaccine is available for the prevention of HBV since 1981 [10]. The WHO has initiated the
Hepatitis B vaccination program for the children across almost across the world. According to a report in 2003, 79%
children had received the vaccination for the hepatitis B [11]. In order to reduce the risk of cirrhosis and
hepatocellular carcinoma, the chronic HBV patients are being treated with various regimes of available antivirals
and interferon. The current treatment of chronic HBV infection involves lamivudine (3TC), entecavir (ETV), adefovir
(ADV), tenofovir (TDF), telbivudine (LdT), and pegylated interferon-α 2a, 2b [12]. The available therapeutic regime
have low level of resistance barrier because these are nucleoside analogues to which HBV can readily develop
resistance as it lacks the proofreading activity.

The present study was designed to assess the e�cacy of two widely used antivirals; entecavir (ETV) and tenofovir
(TDF) in the tribal territory of Pakistan o�cially known as Federally Administered Tribal Area (FATA). This area has
been neglected to study the therapeutic outcomes of antivirals because of very poor socio-economic condition and
great losses from war against terror.

Methods
The current study was carried out in the Abaseen Research and Reference Laboratory (ARRL), Peshawar from
September, 2016 to June, 2018. A total of 2875 HBV infected patients (Male = 1500 and Female = 1375) of
different age groups who were receiving antiviral therapy of Entecavir (ETV) and Tenofovir Disoproxil Fumarate
(TDF) both as Mono or Combination therapy for six and twelve months were included in the study. Patients who
were not responding to the therapy at the end of six months continued the treatment for another six months. The
study was approved by ethical committee of Abasyn University Peshawar as well as informed consents were also
signed from the patients or their guardian during the sampling. Blood samples were collected from the patients
either visiting directly to the ARRL or via its coordinate collection points in the study area. All the relevant
information were also recorded on a pre-designed proforma.

Extraction Of Viral DNA
Following sample collection in the gel tube, blood serum was separated by centrifugation at 8000 rpm for 5
minutes. Serum was then collected in 2.0 ml tubes and were either processed for the HBV DNA extraction or stored
at -20oC for further use. For HBV DNA extraction NucleoSpin® virus kit was used according to the manufacturer’s
protocols in the type ΙΙB biosafety hood.

Quanti�cation Of Viral DNA
Viral DNA was quanti�ed with the help of MyGo Real-Time thermocycler and Gene Proof PCR kit (Ready to use
Master Mix). Brie�y, 30µl of Master Mix is mixed with 10 µl of HBV DNA in 0.2 ml PCR tubes. For quanti�cation of
viral DNA and determination of accuracy of assay, standard and control reactions were also carried out. Following
mixing of Master Mix and HBV DNA, tubes were spinned shortly and then incubated at room temperature for 5 min
according to the manufacturer protocol. After incubation the tubes were placed in the blocks of thermocycler and
caps of the tubes were ensured to close properly. Different rows of wells containing samples, standards and
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controls were properly labelled using MyGo real-time PCR software so that it can be easily identi�ed after the run.
Two different �uorescent dye detectors were selected i.e. FAM (blue) and HEX (green) detectors. The FAM dye in the
Master Mix is used for the detection of HBV DNA in the sample whereas HEX dye is used for the internal standard.
The results were analyzed after the run by adjusting the Ct (Threshold cycle) value that exceed the background
�uorescence or signal.

Statistical Analysis
The responders and non-responders were analyzed statistically for signi�cance in association with various factors
such as gender, age, area, types and duration of treatment. Pearson Chi square test was used for the calculation of
p with SPSS.

Results
The present study was carried out to assess the therapeutic outcomes of commonly used antivirals; Entecavir
(ETV) and Tenofovir Disoproxil Fumarate (TDF), against the HBV infection in tribal area of Pakistan suffered from
war against terror. The e�cacy of antivirals was evaluated for the six and twelve-month therapeutic regime. Overall
the rate of response was relatively high for twelve months of treatment as compared to six months (Table 1).
However, the difference is non-signi�cant with a p value of 0.171 which is higher than 0.5. Furthermore, the
response was evaluated with respect to different parameters such as gender, age, type of therapy and area and it
was found that females were relatively more responsive towards the six months treatment whereas the gender
proved to have no effect on the rate of response for the twelve months antiviral regime (Tables 2 & 3). Similarly,
combination therapy proved relatively more effective for the 12 months than 6 months as compared to
monotherapy where no signi�cant difference was observed between the 6 and 12 months response towards the
monotherapy (Table 2). Twelve months treatment was highly effective in patients over 40 years (Table 2) whereas
age groups below 40 years show comparable response towards both 6 and 12 months treatment (Table 2). Among
the patients of different tribal regions, the response rate was considerably high among the patients from Khyber
and Waziristan agencies whereas very low response was observed among the HBV infected patient of Orakzai
agency both for the six and twelve month duration of treatments (Table 2). Moreover, e�cacy of antiviral treatment
was comparatively higher in patients from Orakzai, Malakand, Mohmand, Bajour and Waziristan agencies
following 12 months treatment (Table 2). The effect of monotherapy and combination therapy was also assessed
in relation to various parameters and it was found that combination therapy either does not or slightly improve the
response among various groups following both six and twelve month therapy (Tables 3 & 4).

Table 1
Frequency of responders and non-responders following 6 & 12 antiviral treatment for HBV patients

  Responder Non-responder p Value

Six Months 27% 73%  

Twelve Months 36% 64% 0.171

p Value obtained from Chi Square statistical analysis reveals statistical signi�cance of the difference of
therapeutic response.
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Table 2
Frequency of 6 & 12 months’ responders and non-responders among the different genders, age

groups and patients of various regions receiving different therapy

  Six Months Responders Twelve Months Responders p Value

Male 265 (17.67%) 345 (38.86%) 0.001

Female 510 (37.10%) 280 (32.37%) 0.328

Monotherapy 325 (28.01%) 270 (32.3%) 0.270

Combination Therapy 450 (26.23%) 490 (38.73%) 0.035

Age Group: 11-25 46 (33.22%) 305 (32.9%) 0.560

Age Group: 26-40 280 (27.45%) 285 (38.5%) 0.065

Age Group: 40 ∞ 35 (7.44%) 170 (39.0%) <0.001

Orakzai 50 (10.42%) 15 (3.4%) 0.041

Bajour 110 (27.5%) 135 (46.5%) 0.004

Khyber 185 (46.25%) 115 (53.4%) 0.198

Kurrum 175 (33.33%) 110 (31.4%) 0.440

Malakand 25 (7.70%) 150 (50%) <0.001

Mohmand 70 (20%) 100 (35.7%) 0.009

Waziristan 160 (40.50%) 135 (57.4%) 0.012
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Table 3
Therapeutic outcomes of 6 months’ monotherapy and combination among the different genders, age groups and

patients of various regions

  Monotherapy (Six Months) p
Value

Combination Therapy (Six
Months)

p
Value

Responder Non-
Responder

  Responder Non-Responder  

Male 130(18.80%) 560 (81.20%)   135 (16.60%) 675 (83.40%)  

Female 195(41.40%) 275 (58.60%) 0.001 315 (34.80%) 590 (65.20%) 0.003

Age Group: 11-25 175(27.34%) 195 (72.66%)   285 (38.26%) 460 (61.74%) 0.065

Age Group: 26-40 150(33.70%) 295 (66.30%)   130 (22.60%) 445 (77.40%) 0.058

Age Group: Above
40

0 (0%) 75 (100%)   35 (8.9%) 360 (91.1%) 0.002

Orakzai 15 (6.25%) 225 (93.75%)   35 (14.58%) 204 (85.42%) 0.031

Bajour 55 (55%) 45 (45%)   55 (18.33%) 245 (81.67%) <0.001

Khyber 110 (50%) 110 (50%)   75 (41.66%) 105 (58.34%) 0.160

Kurrum 105 (38.1%) 170 (61.9%)   70 (28%) 180 (72%) 0.088

Malakand 10 (6.10%) 155 (93.9%)   15 (9.38%) 145 (90.62%) 0.296

Mohmand 0 (0%) 50 (100%)   70 (23.3%) 230 (76.7%) <0.001

Waziristan 30 (27.27%) 80 (72.73%)   130 (45.61%) 155 (54.39%) 0.004

p Value obtained from Chi Square statistical analysis reveals statistical signi�cance of the difference of
therapeutic response
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Table 4
Therapeutic outcomes of 6 months’ monotherapy and combination among the different genders, age groups and

patients of various regions

  Monotherapy (12 Months) Combination Therapy (12 Months) p Value

Responder Non-Responder Responder Non-Responder  

Male 190 (33.9%) 370 (66.1%) 290 (42.9%) 385 (57.1%)  

Female 80 (29.0%) 195 (71%) 200 (33.8%) 390 (66.2%) 0.122

Age Group: 11-25 125(26.88%) 340 (73.12%) 180 (39.13%) 280 (60.87%) 0.049

Age Group: 26-40 135(45.76%) 160 (54.54%) 150 (33.70%) 295 (66.03%) 0.056

Age Group: Above 40 10 (13.33%) 65 (86.87%) 160 (44.44%) 200 (55.56%) <0.001

Orakzai 10 (4.44%) 215 (95.56%) 5 (2.43%) 200 (97.57%) 0.341

Bajour 0 (0%) 45 (100%) 135 (55.10%) 110 (44.09%) <0.001

Khyber 65 (59.1%) 45 (40.9%) 50 (52.38%) 55 (47.62%) 0.159

Kurrum 40 (23.52%) 130 (76.48%) 70 (38.88%) 110 (61.12%) 0.016

Malakand 105(67.74%) 50 (32.26%) 45 (31.03%) 100 (68.97%) <0.001

Mohmand 10 (20%) 40 (80%) 90 (39.13%) 140 (60.87%) 0.003

Waziristan 40 (50%) 40 (50%) 94 (61.29%) 60 (38.71%) 0.077

p Value obtained from Chi Square statistical analysis reveals statistical signi�cance of the difference of
therapeutic response

Discussion
Worldwide about 400 million human beings are infected by HBV causing severe liver complications, as well as
decompensated cirrhosis and HCC [4]. The global population of about 45% live in areas that have high incidence of
chronic HBV infections in which chronic carriers of about 75% live in the Western Paci�c and Asia. Around 15-40%
of HBV infection progress to liver cirrhosis, �brosis and HCC, and 0.5-1.2 million HBV patients pass the infection
per year. Because of the high HBV-related mortality and morbidity, the Hepatitis B worldwide disease burden is
signi�cant [13]. The exact incidence of HBV is yet obscure in Pakistan however at least 10 million peoples are
probably supposed to be infected with chronic Hepatitis B (CHB) infection [2].

In this study we have investigated the e�cacy of entecavir (ETV) monotherapy and entecavir plus Tenofovir
Disoproxil Fumarate (TDF) combination therapy in HBV infected patients in the war affected tribal belt of Pakistan.
The therapeutic outcomes of these antivirals were also correlated with various factors such as age group, gender,
and various demographic regions of tribal belt following six and twelve month’s treatment. Overall, the response
rate was a little higher for the 12 months with 27% and 36% of patients showed sustained virologic response (SVR)
respectively for 6 and 12 months of antiviral treatment. Previously, it has been observed that ETV does not affect
signi�cantly the HBV viral load after three months treatment, however, it inhibits HBV completely in 54% of patients
following six months’ therapy [14]. Another study reports SVR in 43% of patients following six months treatment
[15]. When various factors such as gender, age and geographic regions were assessed for their in�uence upon the
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SVR of antivirals following six and twelve month treatment, it was observed that males are relatively more
responsive towards twelve month antiviral therapy but showed signi�cantly low level of response as compared to
the female at end of six month treatment. Duration of treatment had no effect on the SVR among the female. Male
relatively proved less responsive towards both ETV monotherapy and combination therapy of ETV and TDF for six
month duration, however, comparable rate of response was observed among the both gender for the twelve month
treatment of ETV alone or ETV plus TDF. Earlier studies have also highlighted the effect of gender on disease
progression and treatment response among the different genders of HBV patients. One study reported that HBV
infection progresses relatively more rapid in men than women and the women show better response towards the
HBV therapy because it might be the intervening of sexual hormone with the viral replication and estrogen
mediated boosting of immune responses towards HBV [16]. The gender based differential response might be
explained by the mechanism of adherence and non-adherence of drug. The ETV and TDF might require more time
to adhere in the male than female and because of this female exhibit more response towards the therapy for six
months whereas a relatively improved response will be observed in male than female following twelve-month
treatment [17].

Similarly, ETV monotherapy had comparable e�cacy both for the 6 and 12 month treatment but improved
signi�cantly at the end of 12 months for the combination therapy of ETV plus TDF. Previous reports demonstrate
contradictory �ndings about the therapeutic outcomes of monotherapy and combination therapy in association
with different duration of antiviral therapy. Comparable potency of ETV monotherapy and ETV plus TDF
combination therapy has also been observed earlier [18]. Besides similar potency of monotherapy and
combination, similar therapeutic outcomes were also observed in the same report following six and twelve-month
therapy (Anna et al., 2012). Furthermore, a much higher potency has also been reported for the combination
therapy of ETV and TDF with SVR achieved in 97% and 83% of HBV respectively following six and twelve-month
therapy [19].

Correlation of age factor and antiviral e�cacy was also explored in HBV patients. Patients below 40 years did not
show any signi�cant difference in SVR both for the six and twelve month antiviral therapy, however, the rate of SVR
has improved signi�cantly in patient who were above 40 years after twelve months treatment as compared to six
month therapy. Furthermore, antiviral therapy of ETV plus TDF for twelve month proved relatively more effective in
patient of younger and older age. Previously patients above 40 years have shown higher response towards
combination therapy of ETV and ADV/LAM than monotherapy of ETV or ADV [20]. However, the response of LAM
and ETV was much higher in patients of young age. Immunity is the main reason for the good response among the
patients of young age towards the antivirals [21] because HBV clearance has been observed in about 90% of
infected adults which is a strong evidence for the role of immunity in young people [22].

In the current study response rate of the HBV patients was also assessed among the various tribal regions and it
was found that patients from Khyber and Waziristan agencies show relatively good response towards the antiviral
therapy following six-month treatment. Monotherapy and combination therapy has differential �ndings at the end
of six month among the patients of various tribal regions. Monotherapy is comparatively more effective among the
patients of Bajour and Kurrum regions whereas patients from rest of the regions show improvement in SVR
following six months treatment. Following twelve month treatment duration the combination therapy proved very
effective among the patients of different regions except Malakand. Earlier studies also show geographic effect on
therapeutic outcomes of antiviral against the HBV the infection that might be because of different HBV genotypes
circulating in different demographic regions. Differential response of ETV/LAM and ETV plus TDF was observed in
HBV patients from Turkey (41.2%), Denmark (9.7%), Austria (28.3%), and Italy 20.8% following 12-months therapy
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[23]. The genotype speci�c response of HBV towards nucleoside analogue and interferons has also been studied in
different geographic areas of Japan and it was found that genotypes C and D was relatively low responsive than
genotype A and B [24].

Conclusion
In short, the �ndings of the current study demonstrate that ETV monotherapy and ETV plus TDF combination
therapy are not effective for the HBV infection because both do not achieve SVR rate even in 50% of patients
following six and twelve-month follow-up. Gender factor seems to affect the response towards the antiviral therapy
at the end of months but has no affect following 12 month treatment. Age factor seems to affect the e�cacy
because the patients under 40 year show comparatively good response towards the therapy than the patients
above 40. Combination therapy of ETV plus TDF improve little the SVR for twelve months duration against the six
months duration.
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