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Abstract

Background

The management of patients with chronic hepatitis B infection is quite complex because it

requires an in-depth knowledge of the natural history of the disease. This study was aimed

at characterizing HBV infected patients in order to determine the phase of the infection and

identify the proportion eligible for treatment using 3 different guidelines.

Methods

HBV chronically infected patients (negative for HIV and HCV) were enrolled and the follow-

ing tests were done for them: ALT, AST, HBV viral load, HBV serologic panel and Full blood

count. APRI score was calculated for all patients. These patients were classified into immu-

notolerant, immune clearance, immune control and immune escape phases of the infection.

The WHO and the 2018 AASLD criteria was also used to identify those who need treatment.

Patients were clinically examined for signs and symptoms. Questionnaire was administered

to all participants to ascertain their treatment status. Statistical analysis was done using

SPSS version 21.

Results

A total of 283 participants (101 females and 182 males) with a mean age of 31.3±8.5 were

enrolled. Fifty-two (18.4%) were eligible for treatment (Immune clearance and immune
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escape phases) and they recorded a significantly higher mean APRI score (0.71±0.51) as

compared to those in the immune control and immune tolerant phase (0.43±0.20). Based on

WHO and AASLD criteria, 12(4.2%) and 15 (5.3%) were eligible for treatment respectively

and these were all subsets of the 52 cases mentioned above. Six (2.1%) and 29 (10.2%) of

those identified under the immune control phase were on tenofovir and traditional medica-

tion respectively.

Conclusion

Considering treatment for patients in the immune clearance and immune escape phases of

the infection can be a reliable strategy to implement in our setting as this may probably tie

with considerations from other treatment guidelines. Fifty-two (18.4%) patients were eligible

for treatment and none of them were among the 2.1% of patients put on Tenofovir based

treatment. This calls for the need for more trained health experts to periodically assess

patients, implement an adequate treatment guideline and place the right patients on treat-

ment in Cameroon.

Introduction

There are approximately 248 million hepatitis B surface antigen (HBsAg) positive individuals

globally [1,2] and about 25% of those infected are liable to liver-related death. The infection

happens to be the leading cause of liver cancer worldwide despite the existing measures to

curb the morbidity and mortality rate. Chronic HBV infection is known to have different

phases which can be identified via the simultaneous use of some virologic, serologic and bio-

chemical markers directly involved in monitoring the progression of the disease. [3]. An

understanding of these markers and how they can be exploited in determining the phase of the

disease is quite crucial in making relevant treatment and management decisions.

The assessment of patients with chronic hepatitis B (CHB) infection is quite complex

because it requires an in-depth knowledge of the natural history of the disease [4]. CHB infec-

tion has been classified into different phases which include immunotolerant, immune clear-

ance, immune control and immune escape phase. These phases do not always follow a

chronological order and not all chronically infected patients go through all phases. The phases

have varying durations and may share a lot in common making it quite complex to distinguish

between them in clinical practice [5]. Treatment is usually recommended for patients who are

in the immune clearance and immune escape phases of the infection [5–9].

HBV antiviral therapy is meant to prevent, halt or even reverse the progression of liver

injury towards cirrhosis, liver decomposition and liver cancer, which are the major causes of

HBV related death in older patients with the infection [10,11]. This is achieved by controlling

viral replication, either with direct acting antiviral therapy (lamivudine, telbivudine, tenofovir,

emtricitabine) or indirectly using interferon (IFN) to stimulate immune control [12,13]. The

term “cure” is usually not used in the treatment of CHB infection, given that there is always

persistence of covalently closed circular DNA of viral origin in the nucleus of hepatocytes,

even in persons with evidence of resolved infection. This poses a lifelong risk of reactivation of

the infection [14].

The decision to treat is usually clear in persons who present with life-threatening or

advanced liver disease, such as acute liver failure and cirrhosis. Persons with minimal fibrosis
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and low risk of CHB progression are not usually considered for treatment but such people

need to be identified and monitored over time [10].

According to the World Health Organisation (WHO), the following group of people should

be treated: (1) Everybody with an Aspartate aminotransferase/platelet ratio (APRI) score >2

(evidence of cirrhosis) irrespective of ALT and HBV DNA levels. (2) Chronically infected

adults> 30 years of age with APRI�2, persistently abnormal ALT levels and HBV DNA>20

000 IU/mL regardless of HBeAg status [10,15].

The European Association for the Study of the Liver (EASL) and the American Association

for the Study of Liver Diseases (AASLD) all have treatment guidelines for CHB infection

[16,17] which are generally based on the fact that patients in the immune clearance and

immune escape phases of the infection should be considered for treatment. However, the 2018

update of the AASLD guideline [18] recommends treatment for HBeAg (Hepatitis B e antigen)

positive patients with ALT value�2 times ULN (upper limit normal) and HBV DNA levels

>20,000IU/ml as well as for HBeAg negative patients with ALT value�2 times ULN and HBV

DNA levels� 2,000IU/ml.

The management of HBV infection turns out to be very much of a challenge and this is

partly because it may require long term clinical follow up (by a health specialist) in order

to identify those who need treatment. Despite being an HBV endemic country, Camer-

oon does not yet have a national algorithm or guideline for the management and treat-

ment of HBV infected patients. Different international guidelines [10,16–20] have been

formulated to address this issue and all of them have as goal to identify and administer

treatment to HBV infected patients with significant liver fibrosis, cirrhosis, liver failure

or at risk of liver cancer. This study was aimed at characterizing HBV infected patients

(based on their viral load, liver aminotransferases, HBeAg status and APRI score) and

exploiting some international treatment guidelines in order to identify those that can be

more relevant in our setting. This information could be an important tool in the formula-

tion of a national guideline for the management and treatment of HBV infected patients

in Cameroon.

Materials and methods

Ethical considerations

The National Ethics Committee of Research for Human Health (Number 2016/10/819/CE/

CNERSH/SP) and the administrative authority of Buea Regional Hospital approved the study.

Each participant submitted a signed consent form before enrolment. The parents or guardians

of minors gave their consent before enrolment into the study. For those who could not read

nor write, a trained counsellor explained the content of the informed consent and presented

the purpose of the research.

Study design and study area

This was a longitudinal study where HBV chronically infected patients were enrolled and

monitored for possible changes 6 months after their enrolment. The study lasted for 5 years

(2012–2017) and it was carried out in the Buea Regional Hospital. This is a secondary level ref-

erence hospital in Buea, the capital of the South West region of Cameroon. It is a multi-disci-

plinary hospital that offers cores in surgery, internal medicine, gynaecology/obstetrics,

Ophthalmology etc. It has a well-equipped blood bank unit and an ISO 15189 accredited medi-

cal laboratory (South African National Accreditation system -SANAS).

HBV chronically infected patients and treatment eligibility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203312 September 5, 2018 3 / 19

https://doi.org/10.1371/journal.pone.0203312


Study population and sampling technique

HBV chronically infected participants (� 18 years old) were enrolled from the following

groups of people: i) Individuals who came to donate blood at the blood transfusion unit and

tested positive for HBsAg. ii) Individuals who came for premarital tests as well as general

screening for sexually transmitted diseases (STD) and tested positive for HBsAg. iii) Patients

who came for consultation and tested positive for HBsAg following doctor’s request. iv)

Admitted patients who tested positive for HBsAg following doctor’s request. v) The snowball

sampling technique was also used where already enrolled participants proposed and linked us

to other eligible participants from among their acquaintances, friends and family members. vi)

Some of the participants were HBsAg positive individuals we identified following a free screen-

ing exercise we conducted.

The following people were excluded from the study: (1) Any HBV infected participant co-

infected with HIV or HCV. (2) Any pregnant HBV infected female. (3) Any person who did

not sign the informed consent form.

Sample size calculation

The sample size was estimated using the formula for sample size calculation described by

Swinscow [21] as follows [22];

n ¼
Z2x p ð1 � pÞ

e2

Z ¼ 1:96

p ¼ Prevalence of HBV infection in Cameroon ¼ 11:2%

e ¼ error rate ¼ 0:05

n ¼
1:962x 0:112 ð1 � 0:112Þ

0:052
¼ 152:8

Thus, we recruited 283 participants to adjust for dropout.

Clinical evaluation and data collection

An interviewer based standard questionnaire was administered to all participants to find out if

they have been on HBV treatment. A medical doctor clinically examined the participants for

presence of some signs and symptoms like jaundice, swollen stomach, right upper quadrant

abdominal pain, fever, fatigue, loss of appetite, nausea etc.

Sample collection, processing and laboratory analysis

Venous blood was aseptically collected from all participants by a trained phlebotomist into 2

tubes (5 mls each): one containing Potassium Ethylenediaminetetraacetic acid (K3EDTA) and

one dry tube with no anticoagulant. The sample from the tube with the anticoagulant was used

to perform Full Blood Count (FBC) with the Auto Haematology Analyzer (Mindray model

BC-2800, Mindray Bio-Medical Electronics, Nanshan, Shenzhen, P.R. China) following manu-

facturer’s instructions.

HBV chronically infected patients and treatment eligibility
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The sample in the tube with the anticoagulant and the sample in the dry tube were then cen-

trifuged at 3000rpm for 5 minutes to obtain plasma and serum respectively. The serum was

used for the following tests:

HBsAg, HCV and HIV test. Using immuno-chromatographic tests strips (Diaspot for

the detection of HBsAg, Acon1 Laboratories Inc for HCV antibody detection and Abbot

Determine for HIV antibody detection) following manufacturer’s instructions. These tests

were done at baseline (enrolment) and after 6 months (follow up visit) for each participant to

confirm HBV chronicity (HBsAg positivity for more than 6 months) and negativity for HIV

and HCV.

Liver aminotransferase measurement. AST [AST-(GOT)-Human reagent] and ALT lev-

els [ALT-(GPT)-Human reagent] were measured by spectrophotometry (Mindray1 BA-88

Biochemistry analyser) following the manufacturer’s instructions. Normal value for ALT was

<32 U/l for females and <42 U/l for males while normal value for AST was <31 U/l for

females and<37 U/l for males. These tests were done at baseline (enrolment) and after 6

months (follow up visit) for each participant to identify possible elevation or changes over

time for easy classification into the various CHB phases.

HBV serologic profile test. This was done using immunochromatographic panel kit

(Blue Cross Bio-Medical Co., Ltd) for the qualitative detection of HBsAg, anti-HBs, HBeAg,

anti-HBe and anti-HBc following manufacturer’s instructions.

The plasma obtained after centrifugation was packed and shipped in dried ice (as biological

substance category B following international standards) to Biocollections worldwide Miami in

USA for the following analysis:

ELISA tests for the detection of HBsAg, HIV and HCV antibodies. Shipped plasma

specimens were further screened for HBsAg, HCV and HIV using Genetic systems Hepatitis B

surface antigen enzyme immuno-assay (Bio-Rad Laboratories, Washington DC, USA), Chiron

RIBA HCV 3.0 strip immuno-blot assay (Ortho Diagnostic Systems, New Jersey, USA) and GS

Western blot respectively according to manufacturer’s instructions.

HBV Viral Load determination. The Abbott Real Time HBV automated m2000 system

was used to extract as well as determine HBV DNA levels following manufacturer’s

instruction.

Calculation and interpretation of APRI score

In order to determine level of fibrosis, APRI score was used [10]. This was calculated by insert-

ing the corresponding AST value, Upper limit normal (ULN) AST value and Platelet count in

the following formula [23]:

APRI ¼
AST level � ULN�

Platelet count ð�109=LÞ
� 100

�ULN is the upper limit normal of AST for the reagent used.

An APRI score >1.5 denoted significant fibrosis (SF), between 0.6 and 1.5 denoted mild

fibrosis (MF), between 0.5 and 0.6 denoted progressive fibrosis (PF) and APRI scores <0.5

were considered to have no fibrosis [24,25]. An APRI score of>2 was used to denote cirrhosis

[10].

Classification into the different phases of chronic HBV infection

Chronic HBV infection phases were classified based on Croagh and Lubel [5], EASL [16] and

AASLD [18].

HBV chronically infected patients and treatment eligibility
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Immune tolerant Phase: HBeAg-Positive, HBV DNA levels�20,000IU/ml, ALT-Persis-

tently normal.

Immune clearance phase: HBeAg-Positive or seroconversion transitional stage with HBeAg-

negative and HBeAb negative, HBV DNA levels -between 2000 and 20,000 IU/ml, ALT-persis-

tently elevated (Abnormal) or fluctuating (one abnormal and one normal result)

Immune control phase: HBeAg-negative, HBeAb-Positive, HBV DNA levels <2000 IU/ml,

ALT-persistently normal.

Immune escape phase: HBeAg-negative, HBeAb-Positive, HBV DNA levels�2000 IU/ml,

ALT-persistently elevated (Abnormal).

Identification of CHB patients who need treatment based on WHO

guideline

HBV infected participants were divided into 2 groups based on their APRI score value (<2.0

and� 2.0). Those who had APRI score value� 2.0 were considered fit for treatment. Those

with APRI<2.0 were further divided into two groups based on their ages (�30 years and>30

years of age). Those who were>30 years of age and who had abnormal ALT (higher than

upper limit normal) and HBV DNA levels>20,000 IU/ml were considered fit for treatment

[10].

Identification of CHB patients who need treatment based on AASLD

guideline

HBV infected participants were divided into 2 groups based on their HBeAg status. The partic-

ipants with ALT values� 2 times ULN (Upper limit normal of ALT for healthy adults) were

selected from amongst the HBeAg positive and HBeAg negative participants. HBeAg positive

participants with ALT values� 2 times ULN and HBV DNA levels�20,000IU/ml were con-

sidered eligible for treatment. HBeAg negative participants with ALT values� 2 times ULN

and HBV DNA levels�2000 IU/ml were also considered eligible for treatment [18].

Statistical analysis

Data was analyzed using SPSS version 21.0 (Statistical Package for the Social Sciences, Chicago,

Illinois) and presented as number of cases, percentages and mean ± standard deviation (SD).

Categorical comparisons were done using Chi-square test and a two-sided p value < 0.05 was

considered significant for all analyses.

Results

A total of 292 HBV infected participants were enrolled in this study although we subsequently

excluded 6 for being HIV positive and 3 for being HCV positive. No result discrepancy was

recorded between the immunochromatographic strip tests and the confirmatory ELISA tests

for the detection of HBsAg and antibodies against HIV and HCV. The remaining 283 had a

mean age of 31.3±8.5 with ages ranging from 18 to 62. This population was made up of 101

females (35.7%) and 182 males (64.3%). Females recorded a mean age of 29.3±7.8 years while

males had 32.4±8.6 years. Age and gender distribution is presented in Fig 1. Table 1 summa-

rises the results obtained from different parameters tested.

HBV viral load<2000 IU/ml was recorded in 197 participants. Forty-seven participants

had HBV viral load between 2000 and 20,000 IU/ml while 39 participants had values

>20,000IU/ml.

HBV chronically infected patients and treatment eligibility
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There was a significantly higher proportion of patients with elevated liver aminotransfer-

ases (ALT and AST) having viral loads >20,000IU/ml as compared to the proportion of

patients with normal liver aminotransferases having viral loads >20,000IU/ml (Table 3)

Following the classification into the four different phases of chronic HBV infection, 215

(76%) of the participants were found to be at the immune control phase of the infection (Fig

2). Only 52 (18.4%) of the participants fell under the category of individuals who should be

considered for treatment (immune clearance and immune escape phases).

Fig 3 shows age distribution (�30 years of age and>30 years of age) across the different

CHB phases.

Seventeen (6%) out of the 283 HBV infected participants showed signs and symptoms of

disease. Majority (8) of those presenting clinical symptoms were at the immune clearance

phase. The immune control and immune escape phases each had 4 cases with signs and symp-

toms while immune tolerance phase had 1 case. The most recurrent clinical symptoms

recorded were jaundice, swollen stomach and fatigue.

Fig 1. Age and gender distribution.

https://doi.org/10.1371/journal.pone.0203312.g001
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At the time of enrolment, 85.2% of the participants were not on any form of treatment.

Majority of those on treatment were on traditional medication (Table 4). Six (2.1%) of the

patients were on tenofovir treatment and all of them happened to be at the immune control

phase of the infection. Out of the 29 patients on traditional remedies, 26 (89.7%) were in the

Table 1. Summary of tests results.

Test parameters Females, n = 101 Males, n = 182 General, n = 283

HB (g/dl) Mean ± SD 12.7±1.9 15.1±1.7 14.2±2.1

Median 12.9 15.2 14.5

Minimum 6.7 7.7 6.7

Maximum 17.9 19.5 19.5

WBC (103/μl) Mean ± SD 5.2±1.4 4.9±1.3 5.0±1.4

Median 4.9 4.7 4.7

Minimum 2.7 3.2 2.7

Maximum 9.3 12.0 12.0

Platelet (103/μl) Mean ± SD 251.2±67.5 200.1±50.5 218.8±62.3

Median 244.5 202.0 211

Minimum 125 104 104

Maximum 483 344 483

ALT (U/L) Mean ± SD 24.1±15.1 29.3±19.6 27.4±18.3

Median 21.0 24.0 22.5

Minimum 6.0 6.0 6.0

Maximum 89.0 172.0 172.0

AST (U/L) Mean ± SD 28.2±22.6 31.1±22.2 30.1±22.4

Median 25.0 29.0 27.0

Minimum 6.0 7.0 6.0

Maximum 214.0 254.0 254.0

HBV Viral load (Log IU) Mean ± SD 3.09±1.64 2.87± 1.33 2.95±1.45

Median 2.85 2.62 2.70

Minimum 1.0 1.0 1.0

Maximum 8.31 8.44 8.44

Patients with elevated ALT and elevated AST recorded a significantly higher mean viral load (log IU) as compared to patients with normal ALT and normal AST

respectively as seen in Table 2.

https://doi.org/10.1371/journal.pone.0203312.t001

Table 2. HBV viral load (log IU) across gender, age and liver aminotransferase.

Patient demography n Mean HBV viral load (Log IU) comparison

Mean ± SD Standard error 95% CI� P-value

Gender Male 182 2.87 ± 1.33 0.180 -0.13 to 0.57 0.222

Female 101 3.09 ± 1.64

Age (years) �30 157 2.95 ± 1.44 0.174 -0.34 to 0.34 1.000

>30 126 2.95 ± 1.48

Liver aminotransferases

AST Normal 216 2.83 ±1.36 0.200 0.11 to 0.89 0.013

Elevated 67 3.33 ± 1.65

ALT Normal 233 2.75 ±1.23 0.216 0.75 to 1.60 <0.001

Elevated 50 3.92 ± 1.96

�Confidence interval

https://doi.org/10.1371/journal.pone.0203312.t002
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immune control phase, 1(3.4%) in the immune tolerant phase and 2 (6.9%) in the immune

escape phase.

A mean APRI score of 0.50±0.32 was recorded for all the participants with scores ranging

from 0.12 to as high as 3.10. Majority (56.2%) of the participants showed no evidence of fibro-

sis based on their APRI score (Fig 4).

The participants who were eligible for treatment based on CHB phase classification

recorded a significantly higher mean APRI score when compared to those who were not eligi-

ble for treatment (Table 5)

Only 3 cases had APRI score value >2 (possible cirrhosis). Based on WHO guidelines, 12

(4.2%) out of the 283 participants were eligible for treatment (Fig 5).

Fig 2. Classification into the different chronic hepatitis B phases.

https://doi.org/10.1371/journal.pone.0203312.g002

Table 3. Grouped HBV viral loads across gender, age and liver aminotransferase.

Patient demography HBV DNA levels (IU/ml)

Comparison between cases with <2000IU/ml and 2000–

20,000IU/ml

Comparison between cases with <2000IU/ml and 20,000IU/

ml

n <2000 2000–20,000 P-value n <2000 >20,000 P-value

Gender

n (%)

Male 160 128 (80.0) 32 (20.0) 0.687 150 128 (85.3) 22 (14.7) 0.310

Female 84 69 (82.1) 15 (17.9) 86 69 (80.2) 17 (19.8)

Age

n (%)

�30 years 137 113 (82.5) 24 (17.5) 0.434 133 113 (85.0) 20 (15.0) 0.484

>30 years 107 84(78.5) 23 (21.5) 103 84 (81.6) 19 (18.4)

Liver aminotransferases

AST

n (%)

Normal 192 157 (81.8) 35 (18.2) 0.432 181 157 (86.7) 24 (13.3) 0.014

Elevated 52 40 (76.9) 12 (23.9) 55 40 (72.7) 15 (27.3)

ALT

n (%)

Normal 213 176 (82.6) 37 (17.4) 0.050 196 176 (89.8) 20 (10.2) <0.001

Elevated 31 21 (67.7) 10 (32.3) 40 21 (52.5) 19 (47.5)

https://doi.org/10.1371/journal.pone.0203312.t003
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Based on the 2018 AASLD guideline, 15 (5.3%) of the 283 participants were eligible for

treatment (Fig 6).

All the participants eligible for treatment with the 2018 AASLD and WHO guidelines were

also part of the 52 cases eligible for treatment based on chronic HBV phases (immune clear-

ance and immune escape phases) as seen in Fig 7.

Discussion

HBV infection is known to affect millions of people worldwide cutting across all age groups

and gender. About 2/3 of the study population happened to be males as they dominated in all

Fig 3. Grouped age distribution across the different CHB phases.

https://doi.org/10.1371/journal.pone.0203312.g003

Table 4. HBV infected participants on treatment.

Treatment Number of participants Percentage

Tenofovir (Hepazol) 6 2.1

Traditional remedies 29 10.2

Immune boosters 7 2.5

None 241 85.2

Total 283 100

https://doi.org/10.1371/journal.pone.0203312.t004
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the different age groups in this study. Other studies have as well shown that there are more

HBV infected males than females [26–28]. Some studies have also shown that males are even

more prone to liver disease complications when compared to females and this has nothing to

do with behavioural or environmental risk factors [29]. Some hormones like estrogen pro-

duced mainly during the reproductive ages of females have been suggested to play a protective

role in females when it comes to contracting the disease or developing complications following

contraction of the disease [26,30]. In addition to this, some researchers in China noticed the

Fig 4. Degree of fibrosis based on APRI score.

https://doi.org/10.1371/journal.pone.0203312.g004

Table 5. Chronic hepatitis B phase and APRI score.

CHB Phase of infection APRI score

Stage of Fibrosis Mean score ±SD

Fibrosis No Fibrosis Per phase Grouped� P-Value

SF MF PF

Treatment not recommended Immune tolerance (16), n (%) 0 1 (6.2) 6 (37.5) 9 (56.3) 0.33±0.13 0.43±0.20 <0.001

Immune control (215), n (%) 0 21 (9.8) 26(12.1) 168 (78.1) 0.44±0.20

Treatment recommended Immune clearance (22), n (%) 0 12(54.5) 6 (27.3) 4 (18.2) 0.66±0.27 0.71±0.51

Immune escape (30), n (%) 3 (10) 12 (40) 10(33.3) 5 (16.7) 0.76±0.63

SF: Significant fibrosis, MF: Mild fibrosis, PF: Progressive fibrosis

�Grouped based on treatment necessity (Immune tolerance +immune control and immune clearance +immune escape)

https://doi.org/10.1371/journal.pone.0203312.t005
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presence of some abnormal liver apolipoprotein found only in males which may be acting as a

route to facilitate the contraction or the development of complications once the disease has

been contracted [31].

The classification of CHB patients into 4 different phases (immune tolerance, immune

clearance, immune control and immune escape phases) can be used as a guide in determining

treatment necessity [17]. The challenge for the clinician is to determine the phase of the infec-

tion and anticipate the natural history for an individual patient, so that therapy can be directed

to those likely to benefit. Out of the 283 participants in this study, 215 (76%) of them fell under

the immune control phase also referred to as the inactive carrier phase. Although this huge

Fig 5. Participants eligible for treatment based on WHO guidelines.

https://doi.org/10.1371/journal.pone.0203312.g005
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proportion is similar to what some studies have shown [17,32,33], others had very low propor-

tion of patients classified under the immune control phase [34]. In addition to the fact that the

study sites/populations differ, some of these discrepancies may come about because there is

still a controversy regarding the HBV DNA cut off point when classifying patients under the

immune control or inactive carrier phase of the disease. Some researchers consider HBV DNA

levels <2000IU/ml while others consider <20,000IU/ml. We considered HBV DNA levels

<2000IU/ml and recorded a percentage as high as 76%. The high percentage of patients in the

immune control phase also tells us that a good number of HBV infected people in our study

area are HBeAg negative, have very low viral loads and should not be considered for treatment

since they probably have minimal or no liver injury. Interestingly, the results we had from

APRI actually tied with this concept as majority (56.2%) of our participants had no evidence of

fibrosis based on APRI.

Our study showed that participants who were in the immune clearance and immune escape

phases had a significantly higher APRI score (most likely to have fibrosis) than those in the

other phases. This further explains why treatment should be considered for people who fall in

Fig 6. Participants eligible for treatment based on the 2018 AASLD guideline.

https://doi.org/10.1371/journal.pone.0203312.g006
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the immune clearance and immune escape phases as they are more at risk of developing cir-

rhosis and HCC [5,9,35]. Our study identified 22 and 30 participants in the immune clearance

and immune escape phases respectively. This made a total of 52 (18.4%) patients who should

be considered for treatment. Unfortunately, none of these patients in question were on any

form of treatment at their time of enrolment into this study. Instead, all the participants who

happened to be on some form of treatment prescribed by a medical doctor (Antiviral Nucleo-

tide analogs or Interferon) during this study were all in the immune control phase of the

infection.

HBV infection turns out to be asymptomatic in most HBV infected patients as seen in our

study and other studies [36–38]. Our study identified only 17(6%) symptomatic infected cases

with majority of them being in the immune clearance phase (necessitating treatment) implying

that presence of signs and symptoms may as well play a role in determining whether a patient

needs treatment or not. Unfortunately, the asymptomatic nature of the disease that can persist

for several years makes it very difficult to identify people who have the disease (or people who

are at risk of having the disease) talk less of people who need treatment. In fact, the asymptom-

atic nature of the disease gives us enough reason to believe that the known prevalence of the

disease in Cameroon may actually be an underestimation.

Cameroon’s minister of Public health signed a communique in July 2016 reducing the

prices of HBV and HCV treatment and stated that the treatment centres as of that time would

Fig 7. Relationship between the different guidelines used to determine treatment eligibility among the 283 participants.

https://doi.org/10.1371/journal.pone.0203312.g007
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all be based in Douala and Yaoundé. This happens to be a good move because HBV infection

is more common among people of low social status characterized with poverty and unemploy-

ment [39]. However, the limited treatment centres here is a major challenge. Medically trained

specialist (gastroenterologist and hepatologist) in the field of liver disease are quite few in

Cameroon and majority of them are based in Douala and Yaoundé making it difficult for

everyone across the national territory to have access to them in time or whenever the need

arises. As a result, Most HBV infected patients have access only to healthcare workers who are

not specialist in the field and who may end up taking irrelevant decisions like prescribing anti-

viral therapy to patients who are inactive carriers (immune control phase).

Some researchers believe that the descriptions given to the 4 identified phases (immune tol-

erant, Immune clearance, immune control and immune escape) are not fully supported by

immunological data [40]. The phases have been shown to have variable duration and are not

necessarily sequential. Moreover, they do not always relate directly to criteria and indications

for antiviral therapy [10]. For these reasons, WHO modified and came up with new treatment

eligibility criteria in 2015 and based on these criteria, only 12 (4.2%) of our participants were

eligible for treatment (Fig 5). A study carried out in The Gambia had a similar proportion

(4.4%) of HBV infected patients eligible for treatment although they used a different criteria to

identify the cases [41]. The 12 cases eligible for treatment in our study based on WHO guide-

line also happened to be part of the 52 cases earlier identified as people eligible for treatment

based on the CHB phases. The difference in number between the two criteria is quite signifi-

cant and judging from the WHO guideline, very few people would at any given point in time,

be eligible for treatment. This could be because WHO guideline considers cirrhosis only when

APRI score >2 and very few people had scores higher than 2 in our study. A study by Li et al
in 2017 [3] showed that APRI>2 cannot be used to represent cirrhosis especially in HBeAg

negative patients who have ALT values�2 ULN (upper limit normal) as this greatly underesti-

mates the number of cases with cirrhosis. Majority of the HBsAg positive participants in our

study happened to be HBeAg negative with ALT values�2 ULN. Based on this, using an APRI

score >2 happens not to be an appropriate criterion to depict cirrhosis or determine treatment

necessity in our study population.

All the participants eligible for treatment based on the 2018 AASLD and the WHO guide-

lines were either in the immune escape or the immune clearance phase of the infection. This

implies that according to our study, considering treatment for HBV infected patients in the

immune escape and immune clearance phases of the infection can be a useful and relevant

decision since other treatment guidelines would most likely recommend treatment for these

patients as well. However, it may not necessarily be the case for all patients because the deci-

sion to treat some patients may require the expertise of the health specialist and some complex

considerations (age of the patient, family history of hepatocellular carcinoma, risk of transmis-

sion, extrahepatic manifestations, etc.) that can only be assessed when patients are followed up

individually especially for patients who do not really fall into any of the phases or patients who

cannot be clearly categorized based on their results [16]. Unfortunately, we did not take into

account some of these conditions which if met, may require that we consider treatment even

for a patient in the immune control phase (inactive carrier) [16]. Another limitation for our

study could be the fact that we had just one HBV viral load results (at baseline) for all the

patients. A follow-up for both HBV viral load and liver aminotransferases over a period of 6

months or more is usually considered when classifying chronic HBV infected patients into the

different phases [16,17].

In conclusion, only 52 (18.4%) patients were eligible for treatment and none of them were

among the 2.1% of patients put on tenofovir based treatment. Considering treatment for

patients in the immune clearance and immune escape phases of the infection can be a reliable
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strategy to implement in our setting as this may probably tie with the considerations from

other treatment guidelines (WHO and AASLD). Identifying CHB infected patients who need

treatment is quite a challenge in Cameroon bearing in mind that this exercise requires a series

of tests which must be done periodically and interpreted by a specialist simultaneously before

a conclusion can be arrived at. Some of these tests are quite expensive and not very much com-

mon in our setting. Majority of HBV infected patients in our study population do not need

antiviral therapy but need to be engaged in a life time follow-up commitment with a trained

health specialist given that hepatitis B is unstable and can change its phase or inactivate at any

time. Unfortunately, the recommended health specialist for this purpose are quite few in Cam-

eroon. The health sector needs to train more specialist in liver disease management and dis-

tribute them over the national territory so that CHB infected patients can easily have access to

them. This would increase the chances of identifying (in time) those who need treatment and

those who need monitoring. This would also increase the chances of providing relevant coun-

selling and advice to all CHB infected patients and thus improve on the control and manage-

ment of the disease.

Supporting information

S1 File. Questionnaire.

(PDF)

S2 File. Raw data files.

(XLSX)

Acknowledgments

We wish to thank the administration of the Buea Regional Hospital and Biocollections world-

wide (USA) for providing the necessary facilities to carry out this study. We would remain for-

ever grateful to all the participants who sacrificed their time and effort to take part in this

study.

Author Contributions

Conceptualization: Kukwah Anthony Tufon.

Data curation: Kukwah Anthony Tufon, Henry Dilonga Meriki, Tebit Emmanuel Kwenti.

Formal analysis: Kukwah Anthony Tufon, Henry Dilonga Meriki, Tebit Emmanuel Kwenti.

Investigation: Kukwah Anthony Tufon, Youmbi Sylvain Kouanou, Nyeke James Tony, Ndze

Henry Wung.

Methodology: Kukwah Anthony Tufon, Henry Dilonga Meriki, Teuwafeu Denis Georges,

Mouladje Maurice, Youmbi Sylvain Kouanou, Ayah Flora Bolimo, Nyeke James Tony,

Tebit Emmanuel Kwenti, Ndze Henry Wung.

Resources: Kukwah Anthony Tufon, Henry Dilonga Meriki, Mouladje Maurice, Ayah Flora

Bolimo.

Supervision: Damian Nota Anong, Theresa Nkuo-Akenji.

Validation: Henry Dilonga Meriki, Teuwafeu Denis Georges, Mouladje Maurice, Youmbi Syl-

vain Kouanou.

Visualization: Henry Dilonga Meriki, Mouladje Maurice, Ayah Flora Bolimo, Tebit Emman-

uel Kwenti, Theresa Nkuo-Akenji.

HBV chronically infected patients and treatment eligibility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203312 September 5, 2018 16 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0203312.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0203312.s002
https://doi.org/10.1371/journal.pone.0203312


Writing – original draft: Kukwah Anthony Tufon.

Writing – review & editing: Kukwah Anthony Tufon, Damian Nota Anong, Henry Dilonga

Meriki, Teuwafeu Denis Georges, Ayah Flora Bolimo.

References

1. Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology of hepatitis B virus infection: new

estimates of age-specific HBsAg seroprevalence and endemicity. Vaccine. 2012; 30: 2212–2219.

https://doi.org/10.1016/j.vaccine.2011.12.116 PMID: 22273662

2. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of worldwide prevalence of chronic

hepatitis B virus infection: a systematic review of data published between 1965 and 2013. Lancet (Lon-

don, England). 2015; 386: 1546–1555. https://doi.org/10.1016/S0140-6736(15)61412-X

3. Li Q, Ren X, Lu C, Li W, Huang Y, Chen L. Evaluation of APRI and FIB-4 for noninvasive assessment of

signi fi cant fi brosis and cirrhosis in HBeAg-negative CHB patients with ALT 2 ULN. 2017; 12: 1–7.

https://doi.org/10.1097/MD.0000000000006336

4. Crawford D, Phung N. Clinical assessment of patients with hepatitis B virus infection. In: Matthews G,

Robotin M, editors. All you wanted to know about Hepatitis B a guide for primary care providers. 2nd

editio. Darlinghurst: ASHM; 2014. pp. 63–72. Available: http://crmpub.ashm.org.au/product/B Positive

(2nd Edition)—all you wanted to know about hepatitis B_E1B9F9E4B28AE211B12B984BE173A384/

B_Positive.pdf

5. Croagh CMN, Lubel JS. Natural history of chronic hepatitis B: phases in a complex relationship. World J

Gastroenterol. Baishideng Publishing Group Inc; 2014; 20: 10395–404. https://doi.org/10.3748/wjg.

v20.i30.10395 PMID: 25132755

6. Livingston SE, Simonetti JP, Bulkow LR, Homan CE, Snowball MM, Cagle HH, et al. Clearance of Hep-

atitis B e Antigen in Patients With Chronic Hepatitis B and Genotypes A, B, C, D, and F. Gastroenterol-

ogy. 2007; 133: 1452–1457. https://doi.org/10.1053/j.gastro.2007.08.010 PMID: 17920063

7. McMahon BJ. The natural history of chronic hepatitis B virus infection. Hepatology. 2009; 49: 45–55.

https://doi.org/10.1002/hep.22898 PMID: 19399792

8. Wu J-F, Chang M-H. Natural history of chronic hepatitis B virus infection from infancy to adult life—the

mechanism of inflammation triggering and long-term impacts. J Biomed Sci. BioMed Central; 2015; 22:

92. https://doi.org/10.1186/s12929-015-0199-y PMID: 26487087

9. Pang J, Zekry A. Natural History of hepatitis B virus infection. In: Matthews G, Robotin M, editors. All

you wanted to know about Hepatitis B a guide for primary care providers. 2nd editio. ASHM; 2014. pp.

43–52.

10. WHO WHO. Guidelines for the prevention, care and treatment of persons with chronic hepatitis b infec-

tion [Internet]. 2015. Available: http://apps.who.int/iris/bitstream/10665/154590/1/9789241549059_

eng.pdf?ua=1&ua=1

11. Szpakowski J-L, Tucker L-Y. Causes of death in patients with hepatitis B: A natural history cohort study

in the United States. Hepatology. 2013; 58: 21–30. https://doi.org/10.1002/hep.26110 PMID: 23080403

12. Liaw Y-F, Lai C-L, Yuen M-F. Reduction of cirrhosis and hepatocellular carcinoma with antiviral therapy

in chronic hepatitis B. Hepatology. 2013; 1–5. https://doi.org/10.1002/hep.26358 PMID: 23463378

13. Hosaka T, Suzuki F, Kobayashi M, Seko Y, Kawamura Y, Sezaki H, et al. Long-term entecavir treat-

ment reduces hepatocellular carcinoma incidence in patients with hepatitis B virus infection. Hepatol-

ogy. 2013; 58: 98–107. https://doi.org/10.1002/hep.26180 PMID: 23213040

14. Moraleda G, Saputelli J, Aldrich CE, Averett D, Condreay L, Mason WS. Lack of effect of antiviral ther-

apy in nondividing hepatocyte cultures on the closed circular DNA of woodchuck hepatitis virus. J Virol.

1997; 71: 9392–9. Available: http://www.ncbi.nlm.nih.gov/pubmed/9371599 PMID: 9371599

15. WHO. Guidelines on hepatitis b and c testing. 2017.

16. EASL. EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection. J

Hepatol. 2017; 67: 370–398. https://doi.org/10.1016/j.jhep.2017.03.021 PMID: 28427875

17. Terrault NA, Bzowej NH, Chang K-M, Hwang JP, Jonas MM, Murad MH. AASLD guidelines for treat-

ment of chronic hepatitis B. Hepatology. 2016; 63: 261–283. https://doi.org/10.1002/hep.28156 PMID:

26566064

18. Terrault NA, Lok AS, McMahon BJ, Chang KM, Hwang JP, Jonas MM, et al. Update on Prevention,

Diagnosis, and Treatment and of Chronic Hepatitis B: AASLD 2018 Hepatitis B Guidance. Hepatology.

2018; 67: 1560–1599. https://doi.org/10.1002/hep.29800 PMID: 29405329

HBV chronically infected patients and treatment eligibility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203312 September 5, 2018 17 / 19

https://doi.org/10.1016/j.vaccine.2011.12.116
http://www.ncbi.nlm.nih.gov/pubmed/22273662
https://doi.org/10.1016/S0140-6736(15)61412-X
https://doi.org/10.1097/MD.0000000000006336
http://crmpub.ashm.org.au/product/B
https://doi.org/10.3748/wjg.v20.i30.10395
https://doi.org/10.3748/wjg.v20.i30.10395
http://www.ncbi.nlm.nih.gov/pubmed/25132755
https://doi.org/10.1053/j.gastro.2007.08.010
http://www.ncbi.nlm.nih.gov/pubmed/17920063
https://doi.org/10.1002/hep.22898
http://www.ncbi.nlm.nih.gov/pubmed/19399792
https://doi.org/10.1186/s12929-015-0199-y
http://www.ncbi.nlm.nih.gov/pubmed/26487087
http://apps.who.int/iris/bitstream/10665/154590/1/9789241549059_eng.pdf?ua=1&ua=1
http://apps.who.int/iris/bitstream/10665/154590/1/9789241549059_eng.pdf?ua=1&ua=1
https://doi.org/10.1002/hep.26110
http://www.ncbi.nlm.nih.gov/pubmed/23080403
https://doi.org/10.1002/hep.26358
http://www.ncbi.nlm.nih.gov/pubmed/23463378
https://doi.org/10.1002/hep.26180
http://www.ncbi.nlm.nih.gov/pubmed/23213040
http://www.ncbi.nlm.nih.gov/pubmed/9371599
http://www.ncbi.nlm.nih.gov/pubmed/9371599
https://doi.org/10.1016/j.jhep.2017.03.021
http://www.ncbi.nlm.nih.gov/pubmed/28427875
https://doi.org/10.1002/hep.28156
http://www.ncbi.nlm.nih.gov/pubmed/26566064
https://doi.org/10.1002/hep.29800
http://www.ncbi.nlm.nih.gov/pubmed/29405329
https://doi.org/10.1371/journal.pone.0203312


19. Huang Y, Adams LA, Joseph J, Bulsara MK, Jeffrey GP. The ability of Hepascore to predict liver fibrosis

in chronic liver disease: a meta-analysis. Liver Int. Wiley/Blackwell (10.1111); 2017; 37: 121–131.

https://doi.org/10.1111/liv.13116 PMID: 26991726

20. Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HLY, Chen CJ, et al. Asian-Pacific clinical practice guide-

lines on the management of hepatitis B: a 2015 update. Hepatology International. Springer India; 2016.

https://doi.org/10.1007/s12072-015-9675-4 PMID: 26563120

21. Swinscow TD V, Campbell M V. Statistics at square one. I. Tabulation of data. 10th ed. British Medical

Journal. 2002. https://doi.org/10.1136/bmj.1.6020.1262

22. Bigna JJ, Amougou MA, Asangbeh SL, Kenne AM, Noumegni SRN, Ngo-Malabo ET, et al. Seropreva-

lence of hepatitis B virus infection in Cameroon: a systematic review and meta-analysis. BMJ Open.

2017; 7: e015298. https://doi.org/10.1136/bmjopen-2016-015298 PMID: 28667212

23. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, et al. A simple nonin-

vasive index can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepa-

tology. 2003; 38: 518–526. https://doi.org/10.1053/jhep.2003.50346 PMID: 12883497

24. Izzo I. The Use of Ultrasonography, Transient Elastography, APRI and FIB-4 to Measure Liver Steato-

sis and Fibrosis in HIV-Positive Patients Not Co-Infected with Hepatitis Viruses with Hypertransamina-

semia of Unknown Etiology on HAART. Open Infect Dis J. 2011; 5: 1–5. https://doi.org/10.2174/

1874279301105010001

25. McGoogan KE, Smith PB, Choi SS, Berman W, Jhaveri R. Performance of the AST-to-platelet ratio

index as a noninvasive marker of fibrosis in pediatric patients with chronic viral hepatitis. J Pediatr Gas-

troenterol Nutr. NIH Public Access; 2010; 50: 344–6. https://doi.org/10.1097/MPG.0b013e3181aed725

PMID: 20118806

26. Baig S. Gender disparity in infections of Hepatitis B virus. J Coll Physicians Surg Pak. 2009; 19: 598–

600. doi:09.2009/JCPSP.598600 https://doi.org/09.2009/JCPSP.598600 PMID: 19728952

27. Stroffolini T, Esvan R, Biliotti E, Sagnelli E, Gaeta GB, Almasio PL. Gender differences in chronic

HBsAg carriers in Italy: Evidence for the independent role of male sex in severity of liver disease. J Med

Virol. 2015; 87: 1899–1903. https://doi.org/10.1002/jmv.24243 PMID: 26037919

28. Liu W-C, Liu Q-Y. Molecular mechanisms of gender disparity in hepatitis B virus-associated hepatocel-

lular carcinoma. World J Gastroenterol. Baishideng Publishing Group Inc; 2014; 20: 6252–61. https://

doi.org/10.3748/wjg.v20.i20.6252 PMID: 24876746

29. Sun J, Robinson L, Lee NL, Welles S, Evans AA. No contribution of lifestyle and environmental expo-

sures to gender discrepancy of liver disease severity in chronic hepatitis b infection: Observations from

the Haimen City cohort. Sitia G, editor. PLoS One. 2017; 12: e0175482. https://doi.org/10.1371/journal.

pone.0175482 PMID: 28453511

30. You H, Kong Y, Hou J, Wei L, Zhang Y, Niu J, et al. Female gender lost protective effect against disease

progression in elderly patients with chronic hepatitis B. Sci Rep. Nature Publishing Group; 2016; 6:

37498. https://doi.org/10.1038/srep37498 PMID: 27892487

31. Yang F, Yin Y, Wang F, Zhang L, Wang Y, Sun S. An Altered Pattern of Liver Apolipoprotein A-I Iso-

forms Is Implicated in Male Chronic Hepatitis B Progression. J Proteome Res. 2010; 9: 134–143.

https://doi.org/10.1021/pr900593r PMID: 19788185

32. Roos R, Sonderop MW, Smuts H, Gogela N, Setshedi M, Spearman CW. A cross sectional study of

HBeAg negative chronic hepatitis B virus infection in Cape Town, South Africa. J Viral Hepat. 2015; 22:

53–54. https://doi.org/10.1111/jvh.64_12425

33. Pita I, Horta-Vale AM, Cardoso H, Macedo G. Hepatitis B inactive carriers: An overlooked population?

GE Port J Gastroenterol. No longer published by Elsevier; 2014; 21: 241–249. https://doi.org/10.1016/

J.JPGE.2014.08.003

34. Marlen CF, Zaily DG, Conde-Eduardo Leda Patricia DS, Enrique GG, Enrique AS, Yadina MP. Current

Condition of Chronic Hepatitis B Virus Infection in Cuban Adults. Curr Ther Res. The Authors; 2017; 85:

15–19. https://doi.org/10.1016/j.curtheres.2017.04.007 PMID: 29158854

35. Chang T-T, Suh DJ. Current approaches for treating chronic hepatitis B: when to start, what to start

with, and when to stop. Hepatol Int. Springer; 2008; 2: 19–27. https://doi.org/10.1007/s12072-008-

9059-0 PMID: 19669295

36. Nwokediuko SC. Chronic hepatitis B: management challenges in resource-poor countries. Hepat Mon.

Kowsar Medical Institute; 2011; 11: 786–93. https://doi.org/10.5812/kowsar.1735143X.757 PMID:

22224076

37. Liang TJ. Hepatitis B: the virus and disease. Hepatology. NIH Public Access; 2009; 49: S13–21. https://

doi.org/10.1002/hep.22881 PMID: 19399811

38. Dixit V, Panda K, Babu A. Asymptomatic chronic hepatitis B virus infection in northern India. Indian J

. . .. 2007; 6–8. Available: http://indianjgastro.com/IJG_pdf/july2007/07july-OA1.pdf

HBV chronically infected patients and treatment eligibility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203312 September 5, 2018 18 / 19

https://doi.org/10.1111/liv.13116
http://www.ncbi.nlm.nih.gov/pubmed/26991726
https://doi.org/10.1007/s12072-015-9675-4
http://www.ncbi.nlm.nih.gov/pubmed/26563120
https://doi.org/10.1136/bmj.1.6020.1262
https://doi.org/10.1136/bmjopen-2016-015298
http://www.ncbi.nlm.nih.gov/pubmed/28667212
https://doi.org/10.1053/jhep.2003.50346
http://www.ncbi.nlm.nih.gov/pubmed/12883497
https://doi.org/10.2174/1874279301105010001
https://doi.org/10.2174/1874279301105010001
https://doi.org/10.1097/MPG.0b013e3181aed725
http://www.ncbi.nlm.nih.gov/pubmed/20118806
https://doi.org/09.2009/JCPSP.598600
http://www.ncbi.nlm.nih.gov/pubmed/19728952
https://doi.org/10.1002/jmv.24243
http://www.ncbi.nlm.nih.gov/pubmed/26037919
https://doi.org/10.3748/wjg.v20.i20.6252
https://doi.org/10.3748/wjg.v20.i20.6252
http://www.ncbi.nlm.nih.gov/pubmed/24876746
https://doi.org/10.1371/journal.pone.0175482
https://doi.org/10.1371/journal.pone.0175482
http://www.ncbi.nlm.nih.gov/pubmed/28453511
https://doi.org/10.1038/srep37498
http://www.ncbi.nlm.nih.gov/pubmed/27892487
https://doi.org/10.1021/pr900593r
http://www.ncbi.nlm.nih.gov/pubmed/19788185
https://doi.org/10.1111/jvh.64_12425
https://doi.org/10.1016/J.JPGE.2014.08.003
https://doi.org/10.1016/J.JPGE.2014.08.003
https://doi.org/10.1016/j.curtheres.2017.04.007
http://www.ncbi.nlm.nih.gov/pubmed/29158854
https://doi.org/10.1007/s12072-008-9059-0
https://doi.org/10.1007/s12072-008-9059-0
http://www.ncbi.nlm.nih.gov/pubmed/19669295
https://doi.org/10.5812/kowsar.1735143X.757
http://www.ncbi.nlm.nih.gov/pubmed/22224076
https://doi.org/10.1002/hep.22881
https://doi.org/10.1002/hep.22881
http://www.ncbi.nlm.nih.gov/pubmed/19399811
http://indianjgastro.com/IJG_pdf/july2007/07july-OA1.pdf
https://doi.org/10.1371/journal.pone.0203312


39. Stuver SO, Boschi-Pinto C, Trichopoulos D. Infection with hepatitis B and C viruses, social class and

cancer. IARC Sci Publ. 1997; 319–24. Available: http://www.ncbi.nlm.nih.gov/pubmed/9353672 PMID:

9353672

40. Bertoletti A, Kennedy PT. The immune tolerant phase of chronic HBV infection: new perspectives on an

old concept. Cell Mol Immunol. 2015; 12: 258–263. https://doi.org/10.1038/cmi.2014.79 PMID:

25176526

41. Lemoine M, Shimakawa Y, Njie R, Taal M, Ndow G, Chemin I, et al. Acceptability and feasibility of a

screen-and-treat programme for hepatitis B virus infection in The Gambia: the Prevention of Liver Fibro-

sis and Cancer in Africa (PROLIFICA) study. Lancet Glob Heal. Elsevier; 2016; 4: e559–67. https://doi.

org/10.1016/S2214-109X(16)30130-9

HBV chronically infected patients and treatment eligibility

PLOS ONE | https://doi.org/10.1371/journal.pone.0203312 September 5, 2018 19 / 19

http://www.ncbi.nlm.nih.gov/pubmed/9353672
http://www.ncbi.nlm.nih.gov/pubmed/9353672
https://doi.org/10.1038/cmi.2014.79
http://www.ncbi.nlm.nih.gov/pubmed/25176526
https://doi.org/10.1016/S2214-109X(16)30130-9
https://doi.org/10.1016/S2214-109X(16)30130-9
https://doi.org/10.1371/journal.pone.0203312

