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Abstract
BACKGROUND 
Chronic hepatitis B (CHB) virus infection is a major cause of liver-associated 
morbidity and mortality, particularly in low-income countries. A better under-
standing of the epidemiological, clinical, and virological characteristics of CHB 
will guide appropriate treatment strategies and improve the control and 
management of CHB in Ethiopia.

AIM 
To investigate the characteristics of CHB in Eastern Ethiopia and assess the 
efficacy and safety of antiviral treatment.

https://www.f6publishing.com
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METHODS 
This cohort study included 193 adults who were human immunodeficiency virus-negative with CHB between June 
2016 and December 2019. Baseline assessments included chemistry, serologic, and viral markers. χ2 tests, Mann-
Whitney U tests, and logistic regression analyses were used to identify the determinants of cirrhosis. Tenofovir 
disoproxil fumarate (TDF) was initiated using treatment criteria from the Ethiopian CHB pilot program.

RESULTS 
A total of 132 patients (68.4%) were men, with a median age of 30 years [interquartile range (IQR): 24-38]. At 
enrollment, 60 (31.1%) patients had cirrhosis, of whom 35 (58.3%) had decompensated cirrhosis. Khat use, hepatitis 
B envelope antigen positivity, and a high viral load were independently associated with cirrhosis. Additionally, 66 
patients (33.4%) fulfilled the treatment criteria and 59 (30.6%) started TDF. Among 29 patients who completed 24 
months of treatment, the median aspartate aminotransferase to platelet ratio index declined from 1.54 (IQR: 0.66-
2.91) to 1.10 (IQR: 0.75-2.53) (P = 0.002), and viral suppression was achieved in 80.9% and 100% of patients after 12 
months and 24 months of treatment, respectively. Among the treated patients, 12 (20.3%) died within the first 6 
months of treatment, of whom 8 had decompensated cirrhosis.

CONCLUSION 
This study highlights the high prevalence of cirrhosis, initial mortality, and the efficacy of TDF treatment. Scaling 
up measures to prevent and control CHB infections in Ethiopia is crucial.

Key Words: Chronic hepatitis B; Cirrhosis; Cohort study; Resource-limited settings; Sub-Saharan Africa
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Core Tip: In this study, we investigated the characteristics and efficacy of antiviral treatment in 193 patients who were human 
immunodeficiency virus-negative and participated in a pilot chronic hepatitis B treatment program in Eastern Ethiopia. 
Notably, one-third of the patients had cirrhosis at enrollment, reflecting poor access to hepatitis B virus services in the study 
area. Tenofovir disoproxil fumarate treatment was highly effective in achieving viral suppression and improving the levels of 
liver fibrosis markers. However, the initial mortality rate was high owing to the high proportion of patients with 
decompensated cirrhosis. This finding highlights the importance of scaling up national hepatitis B virus prevention and 
control programs.

Citation: Ismael NY, Usmael SA, Belay NB, Mekonen HD, Johannessen A, Orlien SM. Chronic hepatitis B virus infection in Eastern 
Ethiopia: Clinical characteristics and determinants of cirrhosis. World J Hepatol 2024; 16(7): 995-1008
URL: https://www.wjgnet.com/1948-5182/full/v16/i7/995.htm
DOI: https://dx.doi.org/10.4254/wjh.v16.i7.995

INTRODUCTION
Hepatitis B virus (HBV) infection is a public health concern, affecting approximately 296 million people worldwide. 
Annually, 1.5 million new infections and an estimated 820000 deaths are attributable to HBV infection[1]. The prevalence 
of HBV infection varies geographically, with East Asia and sub-Saharan Africa having the highest rates[2].

The natural course of chronic hepatitis B (CHB) varies from an inactive carrier state to the development of liver 
cirrhosis, hepatic decompensation, and hepatocellular carcinoma (HCC). The estimated 5-year progression rate from CHB 
to cirrhosis is 12%-20%[3]. In patients with cirrhosis, the 5-year risks of developing hepatic decompensation and HCC are 
estimated to be 20%-23% and 6%-15%, respectively[4-7]. The greatest risk of progression occurs in patients in the immune 
clearance phase, those with delayed hepatitis B envelope antigen (HBeAg) seroconversion, and those with reactivation of 
HBV replication after HBeAg seroconversion[8-12].

The natural course of HBV infection is influenced by viral factors such as HBV DNA level, HBeAg status, hepatitis B 
surface antigen (HBsAg) level, and genotype, as well as non-HBV related factors such as host factors (e.g., age, sex, 
obesity, diabetes), lifestyle factors (e.g., alcohol abuse), and co-infection with other viruses, including hepatitis C virus 
(HCV), hepatitis D virus (HDV), or human immunodeficiency virus (HIV)[8,13-16]. Ethiopia is endemic for HBV infection 
with an intermediate-to-high prevalence[17]. The estimated prevalence of HBsAg is 7.4%, and HBV and HCV infections 
account for 60% and 80% of chronic liver disease (CLD) and HCC[18]. In a large Ethiopian CHB cohort in Addis Ababa, 
the majority (90.7%) of patients were HBeAg-negative, one-third (38.9%) were inactive carriers, and one-third had 
significant fibrosis at enrollment[19]. However, information on CHB characteristics in Eastern Ethiopia is lacking. In a 
study of patients with CLD in Eastern Ethiopia, CHB accounted for one-third of the cases[20]. Clinical and virological 
features of patients with CHB remain poorly documented in this area. Moreover, the limited diagnostic facilities, 
restrictions on antiviral drugs, and inadequate public funding are barriers to CHB prevention and control in Ethiopia.

https://www.wjgnet.com/1948-5182/full/v16/i7/995.htm
https://dx.doi.org/10.4254/wjh.v16.i7.995
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Previous studies have shown that antiviral therapy for CHB reduces the risk of disease progression, prevents or 
reverses liver fibrosis, and prevents HCC development[21-23]. However, in Ethiopia, particularly in the eastern region, 
treatment for viral hepatitis is rarely available in the public sector. Consequently, patients infected with HBV alone 
cannot access this life-saving drug and remain untreated. This study aimed to address the gaps in current knowledge by 
investigating the characteristics of chronic HBV infection and evaluating the efficacy and safety of antiviral treatment in 
Eastern Ethiopia.

MATERIALS AND METHODS
Study setting and participants
This observational cohort study was conducted at Hiwot Fana Specialized University Hospital, Harar, Eastern Ethiopia, 
from June 2016 to December 2019. In June 2016, a CHB treatment program was established, and healthcare providers at 
other hospitals and clinics were informed of the new services provided. Therefore, patients who were HBsAg-positive 
were referred to various health facilities for evaluation and treatment. Consenting adults (aged > 18 years) with CHB 
were included in this study. CHB was defined as a persistently positive HBsAg test result for more than 6 months. 
Patients without a previous HBsAg test or with the first positive result less than 6 months ago retested to distinguish 
from acute hepatitis B. Patients with HCC and other terminal illnesses were excluded from the study. Similarly, patients 
who had HIV infection were not included and were sent to the closest HIV treatment facility.

The study was approved by the National Research Ethics Review Committee (Ref. No. 3.10/829/07) in Ethiopia and by 
the Regional Committees for Medical and Health Research Ethics (Ref. No. 2014/1146) in Norway. This study was 
conducted in accordance with the principles of the Declaration of Helsinki[24]. Written informed consent was obtained 
from all the study participants.

Patient assessment
All the patients were interviewed and examined using a standardized form. Sociodemographic information, including 
sex, age, marital status, residence area, and occupation, was collected. Pregnancy and breastfeeding statuses were 
recorded. Past medical history included previous liver disease, hepatitis serology, and ingestion of alcohol, khat, and 
other substances. Harmful alcohol use was defined as consuming > 30 g/day for men and 20 g/day for women[25], and 
khat abuse was defined as the current use of khat, regardless of the quantity. Clinical examinations included liver disease 
stigmata (palmar erythema, spider angiomas, jaundice, ascites, and hepatosplenomegaly) as well as weight or height.

Laboratory tests
Blood samples were collected at enrollment and every 3 months for local testing of hematology, biochemistry, and 
serology. HBsAg was detected onsite using a World Health Organization (WHO)-approved rapid diagnostic test 
(Determine, Alere Inc., United States), and an antibody against HCV (anti-HCV) was detected onsite using another rapid 
diagnostic test (Nantong Diagnos Technology Co., Ltd., China). Routine laboratory investigations were performed using 
the following kits and assays: Complete blood cell counts were conducted using a hematology analyzer (Sysmex, Kobe, 
Japan), and biochemical tests were carried out using a semi-automatic biochemistry analyzer DR-7000D (DIRUI, 
Changchun, China) and a HumaLyzer 3000 (HUMAN, Wiesbaden, Germany).

HIV testing was performed following the national algorithm using a WHO-approved rapid test kit [HIV 1 + 2 
Antibody Colloidal Gold (KHB), Shanghai Kehua Bio-engineering Co., China] for screening and another rapid test kit 
(HIV 1/2 STAT-PAK, Chembio Diagnostics, United States) for confirmation.

Aspartate aminotransferase to platelet ratio index (APRI) was calculated from standard blood test results using the 
following formula 1.

Using 1.5 as an indicator of significant fibrosis[26] and the fibrosis-4 (FIB-4) score was calculated as using a threshold of 
3.25 as the following formula 2, an indicator of advanced fibrosis or cirrhosis[27].

Serological tests for HBV markers were conducted at the International Clinical Laboratory of Addis Ababa. HBeAg and 
anti-HBeAg antibodies (anti-HBe) were analyzed using an enzyme-linked fluorescent immunoassay (VIDAS HBe/anti-
HBe; BioMérieux, Marcy l’Etoile, France). Viral load testing was performed using the Abbott Real-time HBV assay 
(Abbott Molecular, Des Moines, United States), following the manufacturer’s instructions. A complete blood count, 
routine chemistry [bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and creatinine], and 
serological tests (HIV antibody, HBsAg, anti-HCV, HBV DNA viral load, HBeAg, and anti-HBe antibody) were 
performed on all patients at the first visit.

Radiology
Abdominal ultrasound was performed locally in order to detect cirrhosis, ascites, and/or HCC.



Ismael NY et al. CHB in Eastern Ethiopia

WJH https://www.wjgnet.com 998 July 27, 2024 Volume 16 Issue 7

Criteria to start antiviral treatment
Treatment decisions were made by a dedicated physician using the treatment criteria provided by a simplified CHB 
treatment protocol adopted from an Ethiopian CHB pilot study[28]. Patients who met any of the following criteria were 
considered eligible for treatment: (1) Decompensated cirrhosis; (2) Compensated cirrhosis (confirmed with ultrasound, 
APRI score > 2 or both); (3) Significant fibrosis (APRI score > 1.5) and viral load > 2000 IU/mL; (4) Moderate or severe 
liver inflammation (ALT > 80 U/L) and viral load > 2000 IU/mL; and (5) HCC among first-grade relatives and viral load 
> 2000 IU/mL.

Participants eligible for treatment were counseled on adherence and education about the disease (the natural course of 
HBV infection, its long-term consequences, the benefits and possible side effects of therapy, the risk of resistance to 
irregular treatment, the risk of hepatitis flares if treatment was interrupted, and the need for life-long follow-up). The 
patients were advised to consume excess alcohol. Preventive measures such as condom use and HBV vaccination for 
patients’ partners and children are recommended. Tenofovir disoproxil fumarate (TDF) 300 mg once daily was used in 
this program because of its efficacy, safety, and high resistance barrier. This program does not offer treatment for HCV or 
HDV co-infections.

Follow-up of patients
Patients with signs or symptoms of decompensated liver disease (ascites, jaundice, history of upper gastrointestinal (GI) 
bleeding, and confusion) were re-examined 1-2 weeks after the initial examination. Patients without signs or symptoms of 
advanced liver disease were included after 3 months, following the availability of viral load test results. Individuals 
receiving treatment were re-evaluated after 2 weeks and 4 weeks, and subsequently every 3 months. Monitoring 
adherence and side effects were prioritized at each visit. Untreated individuals were followed up at 3-month intervals. 
The laboratory tests performed during the follow-up period are summarized in Table 1. If untreated patients at a later 
stage during follow-up fulfilled the treatment criteria, antiviral treatment was initiated after proper adherence 
counseling, and HIV infection was excluded.

Assessment of adherence to therapy
TDF was initially dispensed for 1 month and subsequently at 3-month intervals. The ‘pharmacy refill’ or ‘pill count’ 
method was used to assess adherence. Adherence was classified into three categories: Excellent adherence, if they took 
more than 95% of their tablets; medium adherence, if they took 80%-95% of their tablets; and poor adherence, if they took 
less than 80% of their tablets. Patients who missed scheduled appointments for more than 1 month were traced via 
telephone or through questioning their relatives. Participants were recorded as dropping out of the study if they refused 
or withdrew their consent. If a patient died, the cause and approximate date of death were registered in their file.

Classification of patients with CHB into the various phases
The diagnostic criteria from the EASL 2017 guidelines were used to define the phases of patients with CHB as follows[29]: 
(1) HBeAg-positive chronic infection: HBeAg-positive, HBV DNA levels > 20000 IU/mL, persistently normal ALT levels; 
(2) HBeAg-positive chronic hepatitis: HBeAg-positive, HBV DNA levels > 10000 IU/mL, and ALT levels intermittently or 
persistently elevated above the upper limit of normal; (3) HBeAg-negative chronic infection: HBeAg-negative, anti-HBe-
positive, HBV DNA levels < 2000 IU/mL, and persistently normal ALT levels; and (4) HBeAg negative chronic hepatitis: 
HBeAg-negative, HBV DNA level > 2000 IU/mL, and ALT level intermittently or persistently elevated above the upper 
limit of normal. The upper limit of normal for ALT was defined according to the traditional cutoff value of 40 U/L.

Definition of terms
Cirrhosis is defined as any of the following: (1) Current or past evidence of ascites, confirmed by ultrasound or clinical 
examination; (2) Nodular or irregular liver surface on ultrasound; and (3) APRI score ≥ 2. Decompensated cirrhosis is 
defined as the current or past evidence of ascites, detected through ultrasonography or clinical examination, or the 
current or past evidence of upper GI bleeding, jaundice, encephalopathy, or coagulopathy. Compensated cirrhosis is 
defined as a cirrhotic liver with a U/S, APRI score ≥ 2, or both in the absence of clinical signs of decompensation. 
Virological suppression is achieved when HBV DNA level < 69 IU/mL. Virologic failure or persistent viremia is indicated 
by HBV DNA level > 69 IU/mL 12 months after treatment. Major virologic failure is characterized by HBV DNA level > 
1000 IU/mL at 12 months after treatment.

Statistical analysis
Descriptive statistics summarized the patient demographics and baseline characteristics. Categorical variables were 
reported as frequencies, and continuous variables as medians and interquartile ranges (IQR). Comparisons between 
groups were performed using the χ2 test for categorical variables and Mann-Whitney U-tests for continuous variables. 
Logistic regression analyses identified the factors that were independently associated with cirrhosis. Variables with a P 
value < 0.2 in the bivariable analysis were exported to the multivariable analysis using a forward stepwise method. 
Statistical significance level was set at P < 0.05. Statistical analyses were performed using SPSS 27 software (SPSS Inc., 
Chicago, IL, United States).
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Table 1 Follow up schedule of enrolled chronic hepatitis B patients, Harar, Eastern Ethiopia

Laboratory test On treatment Not on treatment

After 4 weeks CBC, ALT, AST, creatinine

Every 3 months CBC, ALT, AST, creatinine 
HIV rapid test

CBC, ALT, AST, creatinine

Every 6 months HBsAg, HBV DNA viral load, HBeAg/anti-HBe (only if HBeAg-
positive previously)

HBsAg, HBV DNA viral load

Every 12 months Abdominal ultrasound as screening for HCC

ALT: Alanine aminotransferase; anti-HBe: Hepatitis B envelope antigen antibody; AST: Aspartate aminotransferase; CBC: Complete blood count; HBeAg: 
Hepatitis B envelope antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

RESULTS
Baseline patient characteristics
A total of 198 patients were screened; among the 5 who were excluded, 2 did not meet the inclusion criteria, and 3 were 
retrospectively diagnosed with resolved acute hepatitis. The final study population comprised 193 patients (Figure 1). 
Overall, the median age was 30 years (IQR: 24-38), and the majority of patients were men (68.4%), derived from the 
Oromia region (36.8%), married (63.7%), and working as farmers (17%). Alcohol abuse was reported in 35 (18.1%) 
patients, and 105 (54.4%) patients reported khat chewing (Table 2). Cirrhosis was more common among males, khat users, 
farmers, and those from the Oromia region. Otherwise, no significant difference was observed in the demographic 
features between the groups with and without cirrhosis.

Clinical presentation
A total of 115 (59.6%) patients were symptomatic, and the most common complaint was abdominal pain, followed by 
abdominal swelling. The majority (n = 159, 82.4%) had a normal physical examination; the most common abnormal 
clinical findings were underweight (body mass index < 18.5 kg/m2), splenomegaly, and ascites. Abdominal ultrasound 
was performed for 134 patients; among them, 64 (47.8%) had a normal liver surface, 49 (36.6%) had a nodular and 
irregular surface, and 11 (8.2%) had a mildly uneven surface (Table 3). Patients with cirrhosis are more likely to present 
with symptoms and signs of liver disease.

Baseline biochemical, serological, and virological data
Overall, the alterations in laboratory variables were mild (Table 3). Among the 187 patients with platelet counts recorded 
at presentation, 60 (32.1%) were below the reference range. The median ALT level was 36 U/L (IQR: 23-58), and of the 183 
patients with ALT values determined at presentation, 87 (47.5%) had an ALT level > 40 U/L. The median AST level was 
40 U/L (IQR: 29-65); among the 182 patients with AST values determined at presentation, 92 (50.5%) had an AST level > 
40 U/L. The median APRI value was 0.52 (IQR: 0.29-1.35), and 39 (22.3%) patients had an APRI score ≥ 1.5, indicative of 
liver fibrosis. The median FIB-4 score was 1.06 (IQR: 0.60-198), and 30 (17.4%) patients had a FIB-4 score ≥ 3.25, indicating 
advanced fibrosis. The HBeAg status was determined in 133 patients, 28 (21.1%) of whom were HBeAg-positive. A viral 
load test was performed on 177 patients; among them, 114 (64.4%) had a viral load below 2000 IU/mL, with a median 
viral load of 677 IU/mL (IQR: 135-7580) (Table 4). None of the patients were co-infected with HCV or HIV (patients with 
HIV were not included in this program). Patients with cirrhosis had lower platelets, higher liver transaminases, higher 
FIB-4 score, and APRI score (1.53 vs 0.38) compared to those without cirrhosis. Moreover, patients with cirrhosis were 
more likely to be HBeAg-positive and had a higher viral load than those without cirrhosis (Table 4).

Phases of CHB
Individualized analysis of HBV DNA, ALT, and HBeAg status allowed phase classification of chronic hepatitis in 132 
(68.4%) patients, as follows: 76 (57.6%) presented with HBeAg-negative chronic infection (inactive carrier), 7 (5.3%) with 
HBeAg-positive chronic infection, 19 (14.4%) with HBeAg-positive chronic hepatitis, and 21 (15.9%) with HBeAg-negative 
chronic hepatitis (Figure 2). In 61 (31.6%) patients, phase classification was not possible because of missing HBeAg or 
viral load data. Of the 60 (31.1%) patients diagnosed with cirrhosis at presentation, 35 (58.3%) had decompensated 
cirrhosis.

Factors associated with cirrhosis
Male sex, khat abuse, HBeAg positivity, and viral load > 2000 IU/mL were significantly associated with cirrhosis in the 
bivariable analysis. In the multivariate analysis, only khat abuse [adjusted odds ratio (AOR) = 2.86, P = 0.003], HBeAg 
positivity (AOR = 3.81, P = 0.022), and HBV DNA viral load > 2000 IU/mL (AOR = 5.29, P = 0.005) were independently 
associated with cirrhosis (Table 5).
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Table 2 Baseline characteristics of patients with chronic hepatitis B, by cirrhosis status, Harar, Eastern Ethiopia

Variable All patients, n = 193 No cirrhosis, n = 133 Cirrhosis, n = 60 P value

Sex, n (%) 0.020a

    Male 132 (68.4) 84 (63.2) 48 (80.0)

    Female 61 (31.6) 49 (36.8) 12 (20.0)

Age group by years, n (%) 0.852

    18-25 69 (35.8) 47 (35.3) 22 (36.7)

    26-35 70 (36.3) 47 (35.3) 23 (38.3)

    36-45 36 (18.7) 18 (13.5) 18 (30.0)

    > 45 18 (9.3) 14 (10.5) 4 (6.7)

Marital status1, n (%) 0.597

    Single 61 (31.6) 45 (33.8) 16 (26.6)

    Married 123 (63.7) 81 (60.9) 42 (70.0)

    Divorced/widowed 3 (1.6) 2 (1.5) 1 (1.7)

Address, n (%) 0.032a

    Harar 48 (24.9) 40 (30.0) 8 (13.3)

    Dire Dawa 56 (29.0) 42 (31.6) 14 (23.3)

    Oromia 71 (36.8) 34 (25.6) 37 (61.7)

    Somali 18 (9.3) 17 (12.8) 1 (1.7)

Occupation2, n (%) 0.009a

    Farmer 33 (17.1) 14 (10.5) 19 (31.7)

    Housewife 29 (15.0) 22 (16.5) 7 (11.7)

    Student 23 (11.9) 14 (10.5) 9 (15.0)

    Public servant 31 (16.1) 26 (19.5) 5 (8.3)

    Self employed 18 (9.3) 12 (9.0) 6 (10.0)

    Others 19 (9.8) 14 (10.5) 5 (8.3)

Family history of liver cancer3, n (%) 0.569

    No 183 (94.8) 125 (93.9) 58 (96.7)

    Yes 9 (4.7) 7 (5.3) 2 (3.3)

Traditional herbal medicine4, n (%) 0.220

    No 169 (87.6) 120 (90.2) 49 (81.7)

    Yes 21 (10.9) 11 (8.3) 10 (16.7)

Pregnant5, n (%) 0.085

    No 51 (89.4) 39 (86.7) 12 (100)

    Yes 6 (10.5) 6 (13.3) 0

Breast feeding, n (%) 0.110

    No 54 (94.7) 43 (95.6) 11 (91.7)

    Yes 3 (5.3) 2 (4.4) 1 (8.3)

Alcohol abuse, n (%) 0.172

    No 158 (81.9) 105 (78.9) 53 (88.3)

    Yes 35 (18.1) 28 (21.1) 7 (11.7)

Khat abuse, n (%) 0.001a

    No 88 (45.6) 71 (53.4) 17 (28.3)
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    Yes 105 (54.4) 62 (46.6) 43 (71.7)

aP < 0.05.
1A total of 6 missing values, of whom 1 had cirrhosis.
2A total of 40 missing values, of whom 9 had cirrhosis.
3Data missing in 1 patient without cirrhosis.
4A total of 3 missing values, of whom 1 had cirrhosis.
5A total of 2 missing values, of whom none had cirrhosis.

Table 3 Clinical presentation of patients with chronic hepatitis B, by cirrhosis status, Harar, Eastern Ethiopia

Variables All patients, n = 193 No cirrhosis, n = 133 Cirrhosis, n = 60 P value

Symptoms, n (%) 69 (35.8) 58 (43.6) 57 (95.0) < 0.001a

    Jaundice 34 (17.6) 14 (10.5) 20 (33.3) 0.001a

    Abdominal pain 69 (35.8) 38 (28.6) 31 (51.7) 0.003a

    Abdominal swelling 57 (29.5) 20 (15) 37 (61.7) < 0.001a

    Edema 32 (16.6) 6 (4.5) 26 (43.3) < 0.001a

    Nausea/vomiting 36 (18.7) 13 (9.8) 23 (38.3) < 0.001a

    Hematemesis 24 (12.4) 8 (6.0) 16 (26.7) < 0.001a

    Pruritus 18 (9.3) 10 (7.5) 8 (13.3) 0.199

    Muscle/joint aches 44 (22.8) 21 (15.8) 23 (38.3) 0.001a

    Confusion 13 (6.7) 9 (6.8) 4 (6.7) 0.979

    Weight loss 51 (26.4) 18 (13.5) 33 (55.0) < 0.001a

Signs, n (%)

    BMI < 18.5 kg/m2 34 (17.6) 6 (4.5) 49 (81.7) < 0.001a

    Edema 30 (15.5) 18 (13.5) 12 (20.0) 0.033a

    Jaundice 12 (6.2) 0 (0) 12 (20.0) < 0.001a

    Pale conjunctiva 10 (5.2) 1 (0.8) 9 (15.0) < 0.001a

    Palmar erythema 14 (7.3) 2 (1.5) 12 (20.0) < 0.001a

    Gynecomastia 8 (4.1) 0 (0) 8 (13.3) 0.011a

    Ascites 29 (15.0) 0 (0) 29 (48.3) < 0.001a

    Splenomegaly 34 (17.6) 1 (0.8) 33 (55.0) < 0.001a

Ultrasound findings1, n (%)

    Normal liver surface 64 (47.8) 62 (80.5) 2 (3.5) 0.022a

    Mild uneven liver surface 11 (8.2) 5 (6.5) 6 (10.5) 0.478

    Nodular and irregular surface 49 (36.6) 0 (0) 49 (86.0) < 0.001a

    Other 10 (7.5) 10 (13.0) 0 (0) 0.057

aP < 0.05.
1A total of 59 missing values, of whom 3 patients had clinical signs of cirrhosis. BMI: Body mass index.

Antiviral treatment
Of the 193 patients in this analysis, 66 (34.2%) met the treatment eligibility criteria and 59 (30.6%) started treatment 
(Figure 1). The majority (84.7%) started treatment based on a diagnosis of cirrhosis; among them, 32 (54.2%) had 
decompensated cirrhosis, whereas 18 (30.5%) had compensated cirrhosis. The remaining treatment was started based on 
moderate or severe liver inflammation in 5 (8.5%) patients, significant fibrosis in 2 (3.4%) patients, and a family history of 
first-degree relatives with HCC in 2 (3.4%) patients. Additionally, 4 patients reported previous exposure to antiviral 
treatment in the private sector; however, all had discontinued the therapy for financial reasons. Among those who started 
treatment, 56 (94.9%) started treatment immediately (i.e. within 4 weeks of enrollment), and the remaining 3 (5.1%) 
started more than 6 months later.
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Table 4 Baseline biochemical, serologic, and virological data of patients with chronic hepatitis B, by cirrhosis status, Harar, Eastern 
Ethiopia

Variables All patients, n = 193 No cirrhosis, n = 133 Cirrhosis, n = 60 P value

WBC as 106/L 5.9 (4.1-7.7) 6.5 (4.9-7.8) 4.2 (3.0-6.3) <0.001a

Hemoglobin in g/L 14.7 (12.4-16.6) 15.5 (13.8-16.9) 11.8 (10.0-15.2) < 0.001a

Platelet count as 109/L1 <0.001a

    Median (IQR) 218 (119-294) 253 (184-344) 118 (54-180.3)

    < 150, n (%) 60 (32.1) 20 (15.7) 40 (66.7)

    ≥ 150, n (%) 127 (67.9) 107 (84.3) 20 (33.3)

ALT (U/L)2 0.033a

    Median (IQR) 36 (23-58) 35 (22-52) 45 (27-84)

    < 40, n (%) 96 (52.5) 70 (55.6) 26 (45.6)

    ≥ 40, n (%) 87 (47.5) 56 (44.4) 31 (54.4)

AST as IU/L3 0.016a

    Median (IQR) 40 (29-65) 36 (28-57) 51 (34-81)

    < 40, n (%) 90 (49.5) 67 (53.6) 23 (40.4)

    ≥ 40, n (%) 92 (50.5) 58 (46.4) 34 (59.6)

Creatinine in mg/dL4 0.750

    Median (IQR) 0.8 (0.6-1.0) 0.8 (0.6-1.0) 0.8 (0.6-1.0)

    ≤ 1.2, n (%) 150 (90.4) 101 (91.0) 49 (89.1)

    > 1.2, n (%) 16 (9.6) 10 (9.0) 6 (10.9)

APRI score5 < 0.001a

    Median (IQR) 0.52 (0.29-1.35) 0.38 (0.26-0.70) 1.53 (0.66-2.84)

    < 1.5, n (%) 136 (77.7) 108 (91.5) 28 (49.1)

    ≥ 1.5, n (%) 39 (22.3) 10 (8.5) 29 (50.9)

FIB-4 score6 < 0.001a

    Median (IQR) 1.06 (0.60-1.98) 0.85 (0.55-1.41) 1.93 (1.03-4.08)

    ≤ 3.25, n (%) 142 (82.6) 106 (90.6) 36 (65.5)

    > 3.25, n (%) 30 (17.4) 11 (9.4) 19 (34.5)

HBeAg7 0.001a

    Negative, n (%) 105 (78.9) 80 (87.9) 25 (59.5)

    Positive, n (%) 28 (21.1) 11 (12.8) 17 (40.5)

HBV viral load in IU/mL8 < 0.001a

    Median (IQR) 677 (135-7580) 486 (105-2863) 2843 (313-805407)

    < 2000, n (%) 114 (64.4) 91 (72.2) 23 (45.1)

    2000-19999, n (%) 24 (13.6) 15 (11.9) 9 (17.6)

    ≥ 20000, n (%) 39 (22.0) 20 (15.9) 19 (37.3)

aP < 0.05.
1A total of 6 missing values, of whom none had cirrhosis.
2A total of 10 missing values, of whom 3 had cirrhosis.
3A total of 11 missing values, of whom 3 had cirrhosis.
4A total of 27 missing values, of whom 3 had cirrhosis.
5A total of 18 missing values, of whom 3 had cirrhosis.
6A total of 21 missing values, of whom 5 had cirrhosis.
7A total of 60 missing values, of whom 18 had cirrhosis.
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8A total of 16 missing values, of whom 9 had cirrhosis. ALT: Alanine aminotransferase; APRI: Aspartate aminotransferase to platelet ratio index; AST: 
Aspartate aminotransferase; FIB-4: Fibrosis-4; HBeAg: Hepatitis B envelope antigen; HBV: Hepatitis B virus; IQR: Interquartile range; WBC: White blood 
cell count.

Table 5 Factors associated with cirrhosis among patients with chronic hepatitis B, Harar, Eastern Ethiopia

Bivariable Multivariable
Baseline variables No cirrhosis, n = 133 Cirrhosis, n = 60

COR (95%CI) P value AOR (95%CI) P value

Sex, n (%) 0.022 0.308

    Female 49 (36.8) 12 (20.0) 1 1

    Male 84 (63.2) 48 (80.0) 2.33 (1.13-4.81) 1.74 (0.72-4.20)

Age group by years, n (%) 0.635

    < 40 100 (75.2) 47 (78.3) 1

    ≥ 40 33 (24.8) 13 (26.7) 0.84 (0.40-1.74)

Alcohol abuse, n (%) 0.122

    No 105 (78.9) 53 (88.3) 1

    Yes 28 (21.1) 7 (11.7) 0.49 (0.20-1.21)

Khat abuse, n (%) 0.002 0.003a

    No 71 (53.4) 17 (28.3) 1 1

    Yes 62 (46.6) 43 (71.7) 2.89 (1.50-5.59) 2.86 (1.44-5.68)

ALT in U/L1, n (%) 0.213

    < 40 70 (55.6) 26 (45.6) 1

    ≥ 40 56 (44.4) 31 (54.4) 1.49 (0.79-2.79)

AST in U/L2, n (%) 0.099

    < 40 67 (53.6) 23 (40.4) 1

    ≥ 40 58 (46.4) 34 (59.6) 1.71 (0.91-3.22)

HBeAg3, n (%) 0.007 0.022a

    Negative 80 (87.9) 25 (59.5) 1 1

    Positive 11 (12.8) 17 (40.5) 3.61 (1.41-9.21) 3.81 (1.21-11.98)

HBV viral load in IU/mL4, 
n (%)

0.001 0.004a

    < 2000 91 (79.8) 23 (45.1) 1 1

    ≥ 2000 35 (20.2) 28 (54.9) 3.17 (1.61-6.23) 5.29 (1.72-16.33)

aP < 0.05.
1A total of 10 missing values, of whom 3 had cirrhosis at baseline.
2A total of 11 missing values, of whom 3 had cirrhosis at baseline.
3A total of 61 missing values, of whom 18 had cirrhosis at baseline.
4A total of 16 missing values, of whom 9 had cirrhosis at baseline. ALT: Alanine aminotransferase; AOR: Adjusted odds ratio; AST: Aspartate 
aminotransferase; CI: Confidence interval; COR: Crudes odds ratio; HBeAg: Hepatitis B envelope antigen; HBV: Hepatitis B virus.

A total of 12 (20.3%) patients on treatment died, 8 of whom had decompensated cirrhosis at baseline. All died within 6 
months after starting treatment. The causes of death was identified in 4 patients and were as follows: 3 from upper GI 
bleeding, and 1 from spontaneous bacterial peritonitis. A total of 18 (30.5%) patients did not complete 24 months of 
antiviral therapy; among them, 12 (20.3%) were lost to follow-up, 3 (5.1%) refused to continue treatment for various 
reasons, 2 (3.4%) were excluded from the study after 6 months of therapy because they were retrospectively diagnosed 
with resolved acute hepatitis, and 1 (1.7%) was transferred after being diagnosed with HCC.

Among the remaining 29 patients who completed 24 months of antiviral treatment, the median ALT levels were 49 U/
L (IQR: 28-88) at baseline, 35 U/L (IQR: 22-63) at 12 months, and 41 U/L (IQR: 30-48) at 24 months. The median APRI 
score steadily declined during treatment as follows: 1.54 (IQR: 0.66-2.91) at baseline, 1.41 (IQR: 0.66-3.1) at 12 months, and 
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Figure 1 Profile of chronic hepatitis B cohort study, Harar, Eastern Ethiopia. CHB: Chronic hepatitis B.

Figure 2 Clinical phase of 132 chronic hepatitis B patients with full data available, Harar, Eastern Ethiopia. Individualized analysis of hepatitis B 
virus DNA, alanine aminotransferase, and hepatitis B envelope antigen (HBeAg) status allowed phase classification of chronic hepatitis in 132 (68.4%) patients: 76 
(57.6%) presented with HBeAg-negative chronic infection (inactive carrier), 7 (5.3%) with HBeAg-positive chronic infection, 19 (14.4%) with HBeAg-positive chronic 
hepatitis, and 21 (15.9%) with HBeAg-negative chronic hepatitis. In 61 (31.6%) patients, phase classification was not possible because of missing HBeAg or viral load 
data. CHB: Chronic hepatitis B.

1.10 (IQR: 0.75-2.53) at 24 months (P = 0.002). Among the 17 patients who were HBeAg-positive and started treatment, 4 
(23.5%) experienced HBeAg loss at 24 months, while 1 (3.4%) experienced HBsAg seroconversion, defined as having two 
consecutive negative HBsAg results and positive anti-HB antibody results. Among the 21 patients who underwent a viral 
load test at 12 months, 17 (80.9%) experienced suppressed viremia (viral load 69 IU/mL), and 4 (19.1%) experienced 
virologic failure (viral load 69 IU/mL), including 1 patient with major virologic failure (viral load > 1000 IU/mL). 
However, virological suppression was achieved in all 15 patients based on viral load test data after 24 months of 
treatment. In the remaining 14 patients, viral load at 24 months of age was not determined. Of the 29 patients who 
completed 24 months of treatment, 21 (72.4%) had excellent adherence, 6 (20.7%) had medium adherence, and 2 (6.9%) 
had poor adherence.

DISCUSSION
In this study, we described the characteristics of 193 patients who were HIV-negative and participated in a CHB pilot 
treatment program in Eastern Ethiopia. Notably, cirrhosis was diagnosed in nearly one-third of the patients at enrollment, 
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with 58% exhibiting hepatic decompensation. Previous studies have found that 4%-13% of individuals who were HBV-
infected in sub-Saharan Africa have cirrhosis[30]. A study from an early treatment program in Ethiopia found that 17.6% 
of patients were diagnosed with cirrhosis[31]. The higher proportion of patients with cirrhosis in our cohort might reflect 
poor access to HBV services in Eastern Ethiopia; hence, patients with symptoms desperate for life-saving antiviral 
treatment were overrepresented in our treatment program. This finding confirms the importance of scaling up national 
HBV prevention and treatment programs to achieve the WHO elimination goals by 2030.

The high prevalence of HBeAg-negative chronic HBV infection in our study is consistent with the findings of previous 
HBV studies. Aberra et al[19] reported that 90% of Ethiopian patients with CHB were HBeAg negative. Similarly, studies 
conducted in other sub-Saharan Africa countries found that the prevalence of HBeAg-negative chronic HBV infection 
ranged from 80%-93%[32,33]. Previous studies have reported a lower rate of HBeAg-positive chronic HBV infection in 
African patients with CHB than in those in the Far East, possibly attributed to geographical variability in HBV genotypes
[21,22,34]. This difference in genotype distribution and natural history underscores the need for longitudinal studies in 
Africa to inform local treatment guidelines.

Most patients in our CHB cohort were diagnosed in the inactive carrier phase, consistent with the findings of other 
studies from sub-Saharan Africa[35-38]. Based on studies from Asia, up to 20% of patients have one or more reversions to 
HBeAg-positive CHB (immune-reactive phase), and 20%-30% reactivate into HBeAg-negative CHB (immune-active 
phase)[10]. However, whether this occurs in African patients with CHB is unknown. Antiviral therapy is usually not 
indicated in these patients because of their excellent long-term prognosis.

In this study, khat use, HBeAg positivity, and HBV viral load greater than 2000 IU/mL were independently associated 
with cirrhosis. The strong association between HBV DNA level and cirrhosis observed in our study is similar to reports 
from other African studies[39,40]. In the REVEAL-HBV cohort study, the HBV DNA level was the strongest predictor of 
progression to cirrhosis, and the risk increased significantly with increasing HBV DNA level, irrespective of HBeAg 
status and ALT levels[41]. Early initiation of antiviral therapy in patients with CHB with sustained viral suppression has 
been shown to reduce the risk of cirrhosis, HCC, and liver-related death[42]. In this study, HBeAg positivity was 
associated with a four-fold increased risk of cirrhosis. Similar results were observed in other studies[39,43], although 
some found no association between HBeAg status and cirrhosis[19,44]. Overall, consensus is lacking regarding the effect 
of HBeAg status on liver disease progression to cirrhosis in Africa[41,45]. Whether HBeAg plays a direct biological role or 
merely represents a surrogate marker of HBV replication remains unclear[46]. Nevertheless, the worse prognosis in 
patients with HBeAg-positive CHB may be related to necroinflammation of the liver caused by recurrent episodes of 
hepatitis, which increases the risk of fibrosis, cirrhosis, and potentially carcinogenesis[47].

Interestingly, our study found an independent association between khat consumption and an increased risk of 
cirrhosis. Khat consumption has been implicated in the development of acute and CLD[48-51]. In a case-control study 
conducted in Eastern Ethiopia, Orlien et al[52] reported a strong dose-dependent association between chewing khat and 
the risk of developing CLD. CHB was noted in approximately 37% of the patients who chewed khat in this study. Our 
findings suggest that khat consumption may potentiate CHB-mediated liver damage. However, longitudinal studies are 
required to assess the causality and dose-response relationship between khat use and the risk of developing cirrhosis in 
patients with CHB. Although the exact mechanism underlying khat-related hepatotoxicity is unknown, possible explan-
ations include the direct toxic effects of khat alkaloids and their metabolites[53], induction of immune-mediated liver 
injury[54-56], and generation of reactive oxygen species[57].

In our study, 80.9% and 100% of the patients achieved viral suppression 12 months and 24 months after treatment 
initiation, respectively. This finding aligns with a previous Ethiopian CHB cohort study where 85.2% of patients achieved 
viral suppression below 69 IU/L after 12 months of treatment[28]. Additionally, studies from high-, low-, and middle-
income countries have reported similar results[58-60]. In this study, the 2-year mortality rate among treated patients was 
20.3%, consistent with previous findings[28]. The high mortality rate might be attributed to limited access to HBV services 
in Eastern Ethiopia; consequently, patients with advanced cirrhosis in critical need of life-saving antiviral treatment were 
overrepresented in our treatment program. Notably, 8 of the 12 patients who died had decompensated cirrhosis.

Our study has certain limitations. First, we used the APRI, an imperfect tool for assessing liver fibrosis and cirrhosis. 
The elevated thresholds used to identify significant fibrosis and cirrhosis were high and may have led to underestimating 
their prevalence. In a large CHB cohort study in Ethiopia, the non-invasive fibrosis test showed low sensitivity, detecting 
10% of cirrhosis cases using an APRI threshold of 2.0, as recommended by the WHO[61]. Second, the study was not 
sufficiently equipped to define the predictors of treatment response, mortality, and adherence to therapy because the 
proportion of patients on antiviral therapy was small and the study dropout rate was high. Third, co-infection with HDV 
and HBV genotypes was not determined, which would have been a useful addition to our results.

CONCLUSION
In this CHB cohort study conducted in Eastern Ethiopia, the prevalence of advanced liver disease, including 
decompensated cirrhosis, was high. Khat use, HBeAg positivity, and high HBV viral load were independently associated 
with cirrhosis. Treatment with TDF effectively achieved viral suppression and improved the levels of liver fibrosis 
markers. However, the initial mortality rate was high, which was attributed to the large proportion of patients with 
advanced cirrhosis. These findings are expected to guide appropriate treatment strategies and improve the control and 
management of this disease in Ethiopia.
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