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management of co-infections may improve HBV treatment outcomes.
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Introduction

A major contributor to liver infections, including both
acute and chronic hepatitis, is the Hepatitis B virus
(HBV), a tiny, extremely contagious DNA virus. lts
capacity to infect host cells is aided by the lipid bilayer
that surrounds it, protecting its internal components.
With only 3,200 base pairs of partly double-stranded
DNA, the viral genome is rather small. HBV may still
synthesize a number of vital proteins, such as the
surface antigen (HBsAg), core antigen (HBcAg), and
enzymes like DNA polymerase, which are critical for
the virus's replication cycle and persistence in host
cells, despite its diminutive size (1). An estimated 296
million people worldwide have a chronic HBV
infection, and an additional 1.5 million people contract
the virus each year. This has serious repercussions,
including about 820,000 fatalities annually (2).
Different regions have different rates of HBV infection.
Approximately 6.1% of adults in Africa have chronic
HBV infection, which is the second-highest frequency
of any continent (3). Based on the prevalence of
hepatitis B surface antigen (HBsAg), HBV endemicity
is categorized into three groups: high =8%),
intermediate (2-8%), and low (<2%) (4). Sub-Saharan
countries including Ethiopia are under a high
prevalence of HBV which is > 8% (3). Individuals with
chronic HBV serve as major reservoirs for HBV
transmission among the mode of transmission the
primary mode of transmission is through perinatal
infection (5). HBV infection is still a major worldwide
health concern, especially in sub-Saharan Africa,
where it is quite common. Hepatocellular carcinoma,
liver cirrhosis, and chronic liver disease are all caused
by HBV, which significantly increases morbidity and
mortality globally. Ethiopia is thought to have a high
prevalence of HBV, which presents a significant
public health concern (6). The virus poses are
characterized by a substantial disease burden,
mortality rates, and economic implications (7). It
affects over 6 million children under the age of 5
worldwide, with more than 2 billion people having
been infected, and 248 million developing chronic
infections (8). Cirrhosis or liver cancer claims the lives

of 15% to 25% of those with chronic HBV infections,
contributing to over 800,000 fatalities globally in 2017
(9). Despite vaccination attempts, 56.95% of children
in Africa have sero protection against BHV. There are
notable differences; in Ethiopia, sero-protection is as
low as 51.99%. The urgent need for better
vaccination tactics and focused therapies is
highlighted by the high prevalence of hypo-
responders (35%) and heterogeneity (10-12). Co-
infections with viruses such as hepatitis C (HCV),
HIV, and other infectious agents can significantly
impact the clinical course of HBV, alter immune
responses and potentially lead to increased viral
replication or liver damage (13). Additionally,
conditions such as diabetes mellitus, obesity, and
liver fibrosis can further complicate the management
of HBV, contributing to variability in viral load and the
overall health outcomes of affected individuals (14).
With an estimated 60 million carriers in the WHO
African Region, hepatitis B virus (HBV) infection is a
major burden in Africa. In the majority of African
nations, where the overall HBsAg carriage rate is
11%, higher in rural (13%) than urban (9%) areas,
horizontal transmission is common, especially among
children. (15). Viral load variability, a key determinant
of HBV progression, remains underexplored,
complicating personalized treatment (16). Co-
infections and comorbidities impact HBV progression,
but insufficient local data hinder the development of
tailored clinical guidelines. Addressing these gaps is
essential for more effective management and public
health strategies (17).

For the infection to be effectively managed and
treated, it is essential to comprehend the variables
that affect HBV viral load levels. One important
indicator of the course of the illness and the
effectiveness of treatment is the viral load. Viral load
levels in HBV-infected people may be significantly
influenced by a number of behavioral and
demographic characteristics, including age, sex,
socioeconomic status, and lifestyle choices (18). The
purpose of this study was to examine the effects of
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co-infections and other medical conditions on HBV
viral load, as well as the examination of viral load
variability and related factors at SPHMMC. This study
aims to advance knowledge of HBV pathogenesis
and guide focused therapies to improve patient
outcomes by pinpointing the precise variables linked
to elevated viral load levels. The project aims to
significantly influence co-infection and other
parameters on viral multiplicaton and the
management of HBV infection in Ethiopia, in addition
to improving individual patient outcomes.

Methods

Study design, setting, and period: An institutional
based cross-sectional study was conducted from
January 1st to October 31st 2024 at SPHMMC
which is located in Addis Ababa Ethiopia. SPHMMC
was established by a decree in 2010, though its
medical school began in 2007 and the hospital itself
was founded in 1968 by Emperor Haile Selassie.
Governed by a board under the Federal Ministry of
Health, the college introduced Ethiopia's first
integrated  modular,  problem-based = medical
curriculum. Over the past six years, it has rapidly
expanded from 3 to 250 faculty members and now
offers postgraduate programs. With over 3000 staff,
the college provides specialized medical services and
education, with more than 700 inpatient beds and an
average of 1,200 outpatient visits daily. It
encompasses numerous biomedical and clinical
departments, offering comprehensive healthcare and
training across diverse specialties such as surgery,
internal medicine, pediatrics, emergency care, and
laboratory services (19).

Population: The source population consisted of all
HBV-infected patients attending SPHMMC during the
study period. The study population included all HBV-
infected patients who were receiving treatment at
SPHMMC, had been requested by a laboratory for
HBV viral load testing, gave informed consent, and
voluntarily participated in the study. Patients with
missing follow-up, mislabeled samples, inadequate or

inappropriate samples, and incorrect test tubes were
excluded from the study.

Inclusion and exclusion criteria: The study
included all HBV-infected patients who were receiving
care and follow-up at SPHMMC during the study
period, had been requested for HBV viral load testing
by the laboratory, gave informed written consent, and
voluntarily agreed to participate in the study. Patients
were excluded if they had missing follow-up data,
were lost to follow-up, had mislabeled laboratory
samples, provided inadequate or insufficient
specimens, had inappropriate or compromised
samples, or if incorrect test tubes or sample
containers were used.

Sample size and sampling technique

Sample size determination: The study sample size
was determined by referring to and taking the
previous similar study finding, a 27.4 % prevalence
rate of HBV infection which was done in northwest
Ethiopia, using a single population proportion formula
(20).

Study subject selection procedure: Study
participants were selected using a convenience
sampling technique. All HBV-infected patients who
attended SPHMMC during the studyyeriod and were
requested for HBV viral load testing were approached
consecutively. Those who fulfilled the inclusion
criteria and provided informed written consent were
included in the study until the required sample size
was achieved. Patients who did not meet the
inclusion criteria or who declined to participate were
excluded.

Sample collection and laboratory testing

Sample collection: A whole blood sample was
collected using sterile techniques from eligible study
participants by senior and well-trained phlebotomist.
After confirming the patient’s identity, 2-5 mL of blood
was drawn into an EDTA. The sample is labeled with
patient information and stored at 2-8°C if not
processed immediately, ensuring transport to the lab
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within 6 hours. Proper management and
documentation were crucial to avoid contamination
and ensure accurate HBV monitoring for treatment
decisions.

Laboratory testing: The Cobas® 6800 analyzer is a
cutting-edge diagnostic tool used in the Molecular
Laboratory section of SPHMMC, which applies
sophisticated automated real-time Polymerase Chain
Reaction (PCR) technology to accurately detect HBV
DNA levels in a patient's blood, providing vital
information on disease progression and treatment
effectiveness. Blood was drawn into EDTA tubes to
ensure optimal sample integrity, and plasma was
separated by centrifugation for viral DNA extraction.
The Cobas® 6800 system automates all analytical
steps, including sample preparation, nucleic acid
amplification, and fluorescence-based detection,
ensuring highly precise and reliable results. This
platform is highly sensitive, capable of detecting viral
loads as low as 10 IU/mL, making it essential for
monitoring low-level viremia. Its high-throughput
capacity also allows rapid processing of large sample
volumes, enhancing its utility in both clinical and
research settings (21, 22). This state-of-the-art
technology is essential for the clinical management of
HBV infection. Quantification of HBV DNA is critical
for monitoring disease progression, evaluating
treatment response, and guiding therapeutic
decisions. A reduction in viral load indicates effective
antiviral ~ therapy, while persistently low or
undetectable levels are associated with improved
long-term outcomes, including reduced risk of
cirrhosis and hepatocellular carcinoma. By providing
accurate and high-quality data, the Cobas® 6800
analyzer enhances patient care and improves HBV
management outcomes (23).

Data collection and measurement: Data were
collected by trained Laboratory professionals. The
identification of HBV-positive patients who had a
laboratory request for a viral load test at SPHMMC
was used to gather data for this investigation. Two
main methods were used to collect data in real time

during the study period. First, patients' clinical
histories were methodically documented using a
checklist, relevant data was extracted from their
medical records, and interviews were conducted.
Additionally, the Cobass6800 analyzer was used to
test the patients' viral load level. Second, the HBV
viral load levels of the patients were recorded, which
allowed for a dynamic analysis of changes over time
and a contemporaneous view of the virus's dynamics.
People who met the study's inclusion criteria were
encouraged to independently fill out every element of
the questionnaire in order to guarantee inclusivity.
When help was needed, data collectors conducted
interviews using a methodical methodology to
guarantee a thorough grasp of the topics being
studied.

Quality control and quality assurance: Pre-
analytical data quality control: To prevent
identification errors, specimens were carefully tagged
with dates, Medical Record Numbers (MRNSs), and
patient names. The participants had a suitable
amount of blood drawn from them. Hemolysis,
clotting, and specimen contamination were closely
monitored.

Analytical data quality control: Control samples for
Cobass6800 are performed at predetermined
intervals for monitoring during the analytical phase of
the quality control procedure, which involves periodic
checks of instruments and reagents. For the
Cobass6800 analyzer, low, medium, and high control
reagents were used each day prior to the sample
being run in order to preserve the reagents' quality
and preventive maintenance.

Post-analytical data quality control: During this
stage, results were carefully checked for accuracy
before to publication, and correlations with clinical
data were created to guarantee consistency and
relevance.
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Data analysis and interpretation: Robust statistical
software, SPSS version 26, was used for data entry,
coding, cleaning, sorting, and analysis. Extensive
validation procedures were put in place, examining
variables' integrity, precision, consistency, frequency,
and missed values. Frequencies, proportions, and
summary statistics were used to describe the study
population, offering a thorough description of
pertinent data. To evaluate the relationship between
independent and dependent variables, bivariate and
multivariate logistic regression analyses were carried
out. A p-value of less than 0.05 was used to define
statistical ~ significance.  Assessment of  This
methodical methodology guarantees a thorough
analysis of the research results, including both
statistical rigor and useful benchmarks for insightful

interpretation.

Operational definition

— Low viral load: HBV amount < 20,000
IU/ml, American Association for the Study of
Liver Diseases (AASLD) Guidelines.

— High viral load: HBV amount >20,000
|U/ml, American Association for the Study of
Liver Diseases (AASLD) Guidelines.

— Co-infection: The presence of hepatitis B
virus (HBV) infection together with at least
one additional infectious condition in the

same individual.

— Drinkers: Participants who reported current
alcohol consumption at the time of data
collection, regardless of frequency or

amount.

Ethics approval and consent to participate: The
study was conducted after an ethical letter was
obtained from the institutional review board of
SPHMMCIPM24.1065. Informed written consent was
obtained from the study participants before enroliment
in the study. Then, the objective of this research was
explained to the study participants, and those willing
to participate were included. To ensure the
confidentiality of the data, the study subjects were
identified using codes, and unauthorized persons

were not able to access the collected data.

Results

Socio-demographic  characteristics:  This  study
included 305 patients, with a median age of 36 years
(IQR: 25-43 years). 170 (55.7%) of them were
women. In terms of co-infection status, 216 (70.8%)
did not have a co-infection, whereas 89 (29.2%) did.
There were just 5 (1.6%) smokers and 300 (98.4%)
non-smokers, indicating a low smoking prevalence.
Of the individuals, 28 (9.2%) reported drinking
alcohol, while 277 (90.8%) did not. Of the female
participants, 165 (54.1%) were married, whereas 31
(18.2%) were pregnant (Table 1).
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Table 1: socio demographic characteristics of study participants at SPHMMC, 2024(N=305)

Variables Number Percent
Sex Male 135 44.3
Female 170 55.7
Age in year 19-25 26 8.5
26-33 89 29.2
33-41 96 315
42-49 64 21.0
50-57 20 6.6
58-65 8 2.6
>66 2 0.7
Single 63 20.7
. Madrid 165 54.1
Marital status Separated 45 14.8
Divorced 32 10.5
Presence of Co-infection Yes 89 29.2
No 216 70.8
Smoking status Smoker 5 1.6
Non smoker 300 98.4
Alcohol consumption Drinker 28 9.2
Non drinker 277 90.8
Pregnant status Pregnant 31 18.2
Non- pregnant 139 81.8

HBV viral load statics for participants

As indicated in table 2 the total range of the viral load was =1.43x108 1U/ml, with a range of 16 IU/ml to 1.43x108
|U/ml. The participants' viral loads varied widely, with a mean of 2.12x106 IU/ml and a standard deviation of 1.1x107
|U/ml (Table 2).

Table 2: HBV viral load statics for study participants at SPHMMC, 2024

Minimum Maximum Range Mean SD
Viral Load 161U/ml 1.43x1081U/ml ~1.43x108 [U/ml 2.12x108 IlU/ml © 1.19x1071U/ml

NB: [U/ml= International unite/millimeter, SD= Standard division

Co-infections or Disease Conditions dyspepsia, and tuberculosis each affected 4 (4.5%) of
The co-infections or illnesses found among study the study participants. Three (3.4%) of the patients
subjects are compiled in Table 3. Chronic liver had diseases such as anemia, hypertension, mixed
disease, which affected 15 (16.9%) of the 89 co- blepharitis, pneumonia, rheumatoid arthritis, and
infected or ill patients was the most common thrombocytopenia. Two (2.2%) of the patients had
condition. Human immunodeficiency virus, diabetes allergic  conjunctivitis, ~ backbone fracture,
mellitus, and chronic kidney disease affected 11 diethylstilbestrol exposure, impetigo, myomectomy
(12.4%), 10 (11.2%) and 5 (5.6%) respectively. scar, P. falciparum infection, and Symptomatic
Further, hepatitis C virus, urinary tract infections, Cholelithiasis (Table 3).
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Table 3: Co-infections or Disease Conditions of the study participants at SPHMMC, 2024(305)

Co-infection or disease condition Number Percent
Chronic Liver Disease (CLD) 15 16.9
Human Immunodeficiency Virus (HIV) 1 12.4
Diabetes Mellitus (DM) 10 11.2
Chronic Kidney Disease (CKD) 5 5.6
Hepatitis C Virus (HCV) 4 4.5
Dyspepsia 4 4.5
Tuberculosis (TB) 4 45
Urinary Tract Infection (UTI) 4 45
Pneumonia 3 34
Hypertension 3 3.4
Mixed Blepharitis 3 34
Rheumatoid Arthritis (RA) 3 34
Thrombocytopenia 3 3.4
Anemia 3 34
Allergic Conjunctivitis 2 2.2
Back Bone Fracture 2 2.2
Diethylstilbestrol (DES) exposure 2 22
Impetigo 2 2.2
Myomectomy scar 2 2.2
Plasmodium falciparum infection 2 2.2
Symptomatic Cholelithiasis 2 2.2
Total 89 100

HBV viral load level of the study participants

Based on the American Association for the Study
of Liver Diseases (AASLD) Guidelines patients' HBV
viral load was categorized as low infectiousness viral

load which is < 2 x 104 1U/ml and high infectiousness,

high viral load, which is =2 x 104 [U/ml (Table 5).
Males made up 91 (67.4%) of the total participants
with low viral load and 44 (32.6%) with high viral load,
whereas females made up 131 (77.1%) with low viral
load and 39 (22.9%) with high viral load. In terms of
age, individuals under 37 had 126 (75.0%) low viral
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loads and 42 (25.0%) high viral loads; individuals over
37 had 96 (70.1%) low viral loads and 41 (29.9%)
high viral loads. In terms of co-infection status, 46
individuals (51.7%) had a high viral load, while 43
individuals (48.3%) had a low viral load. Of those who
were not co-infected, 40 (18.5%) had a high viral load
and 176 (81.5%) had a low viral load. According to

patterns of alcohol consumption, 206 (74.4%) non-

drinkers had a low viral load and 71 (25.6%) had a
high viral load, while 16 (57.1%) drinkers had a low
viral load and 12 (42.9%) had a high viral load.
Seven (22.6%) and 724 (7.4%) pregnant women had
high and low viral loads, respectively. The distribution
of non-pregnant women was comparable, with 32
(23.0%) having a high viral load and 107 (77.0%)

having a low viral load (Table 4).

Table 4: HBV viral load level of the study participants at SPHMMC, 2024

Variables Low viral load amount High viral load amount(=2x1041U//l) Total
(<2x1041U/1)
Sex Male 91(67.4) 44 (32.6) 135
Female 131(77.1) 39 (22.9) 170
Age <37 years old 126 (75.0) 42 (25.0) 168
=37 years old 96 (70.1) 41(29.9) 137
Co-infection Co-infected 89
43 (48.3) 46 (51.7)
Non-Co-infected 216
176 (81.5) 40 (18.5)
Alcohol consumption Drinker 28
16 (57.1) 12 (42.9)
Non drinker 277
206 (74.4) 71(25.6)
Pregnant Pregnant 31
24 (77.4) 7(22.6)
Non pregnant 139
107 (77.0) 32(23.0)

NB: IU/ml= International unite/millimeter

Factors contributing to the variability in HBV viral load levels

The relationship between factors and HBV viral load is shown in Table 5. In the multivariable analysis, sex, age,
alcohol consumption, and pregnancy status were not significantly associated with high viral load. However, co-
infection was significantly associated with high HBV viral load (AOR = 4.29, 95% Cl: 2.44-7.55, p = 0.01). Overall,
co-infection was the only significant determinant of elevated HBV viral load among the studied factors.

https://mjh.sphmmc.edu.et/ Millenn. j. health. 5(2), July 31, 2026


https://mjh.sphmmc.edu.et/

Table 5: Multivariable analysis of factors associated with HBV viral load at SPHMMC, 2024

HBV viral level
Variables Low N (%) High N (%) COR(95%Cl) P value AOR(95%Cl) P value
Gender Male 91(67.4) 44 (32.6) 1.62(0.98,2.70) 0.06 1.26 (0.70,2.26)  0.44
Female 131 (77.1) 39 (22.9) 1 1 1 1
Age in year <37 126 (75.0) 42 (25.0) 0.78(0.47,1.29) 0.34 1.00(0.57,1.73) : 0.99
=37 96 (70.1) 41(29.9) 1 1 1 1
Co-infection Co-infected 43 (48.3) 46 (51.7) 4.11(2.40,7.05) 0.01* 4.29 (2.44,7.55) ; 0.01*
Non co-infected | 17g (81.5) 40 (18.5) 1 1 1 1
Alcohol . drinker 16 (57.1) 12 (42.9) 2.18(0.98,4.82) 0.07 2.39(0.98,5.81) : 0.07
consumption Non drinker 206 (74.4) 71(25.6) 1 1 1 1
Pregnant pregnant 24 (77.4) 7(22.6) 0.76(0.31,1.84) 0.54 1.37 (0.52,3.63) : 0.53
Non pregnant - 107 (77.0) 32(23.0) 1 1 1 1

VL= Viral load, 1= Reference, AOR adjusted odds ratio, COR=crude odds ratio

Discussion

In the current study, it was observed that a majority of HBV-
infected individuals receiving treatment were females. Although
the exact reason is not clear, a similar trend was noted in a
previous study conducted in Mozambique and Zambia by
Wandeler G, Musukuma K, Zlrcher S, Vinikoor MJ, Llenas-
Garcia J, Aly MM (24). The higher prevalence of females in these
studies may be attributed to greater healthcare engagement
among women, particularly during routine pregnancy check-ups
and follow-up visits. This increased medical interaction provides
more opportunities for viral marker testing, resulting in higher
detection rates among females. However, in other previous
research conducted in Nigeria by Iregbu K, Nwajiobi-Princewill P
(25) and Obiomah C, Amilo G, Ndulue | (26), it was documented
that males had higher rates of infection than females. This
difference may be due to the increased financial resources
available to males for undergoing tests compared to women.

In this study, the viral load amount of HBV ranged from of 16
|U/ml to 143,000,000 IU/ml, with an overall range of 142,999,984

[U/ml. In
Uintedbkingdom by Wang T, Smith DA, Campbell C, Mokaya J,
Freeman O, Salih H, 2021 found viral loads ranging from as low
as 9 IU/ml to over 143 million 1U/ml (27). And another study
conducted by Kuhns MC, Holzmayer V, McNamara AL, Anderson
M, Cloherty GA, 2021 discussed the kinetics of HBV DNA during

acute infection, showing a range of HBV DNA levels from 115

line with similar studies conducted in the

|U/ml to as high as 2.7 billion IU/ml across different patient panels
(28). The possible reason for having a wide range of HBV viral
loads is influenced by factors like the stage of infection, where
acute phases show higher loads, and individual immune
response, which can either suppress or allow viral replication.
Genotypic differences, co-infections, effectiveness of antiviral
treatments, and natural variability among patients also contribute
to this variability.

In the current study out of 305 HBV infected individuals 89
(29.2%) were con-infected or have a disease condition. This high

prevalence suggests that HBV is often accompanied by other
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health issues, necessitating comprehensive care that addresses
both HBV and its associated conditions (29).

Out of 89 co-infected or having disease condition chronic liver
disease (CLD) was the most prevalent condition, affecting 15
(16.9%) of participants. However, a study conducted in the USA
by Fung SK and Lok AS., 2005 reported that 20% of HBV
infected individuals developed the chronic liver disease(30). The
difference may be due to differences in the sample size of the
study and the tendency and behavior of early diagnosis of HBV is
different in different nations. Based on this study the prevalence
of HVL is 11(3.6%) out of 305 HBV infected individuals or 12.4%
out of 89 co-infected individuals. In line with other studies
conducted in Ethiopia, 2022, reported as 4.3% of HBV infected
individuals had HIV (31). In contrast, a systematic review
conducted by Letebrihan W, 2021 reported the global prevalence
rate of HVI-HBV co-infection is 7.4%(32). The possible reason for
this difference can be attributed to differences in study
populations, regional epidemiology, and methodological
approaches. Factors such as demographic variations, sample
size, geographical and temporal differences, and variations in
diagnostic criteria all contribute to these discrepancies. Regional
public health interventions and access to healthcare also play a
significant role, as areas with higher HIV prevalence or more
comprehensive healthcare services may report different co-

infection rates.

In the current study, co-infection status is significantly associated
with higher viral levels, with co-infected individuals having an
AOR of 4.29 (95% CI: 2.44-7.55, p=0.01), indicating a much
higher likelihood of high viral levels. Similar previous studies
conducted in Ethiopia by Teame G, Gebreyesus A, Tsegay E,
Gebretsadik M, Adane K. 2022 also had similar findings (33).

The reason for co-infected individuals had high viral load is co-

infected individuals is primarily due to the compromised immune
system's reduced ability to control HBV replication, interactions
between the co-infecting viruses, and the impact of liver damage
and treatment complexities. The current study indicates a
borderline association between alcohol consumption and the
observed outcome, with drinkers exhibiting some adjusted odds
ratio (AOR) of 2.39 (95% CI: 0.98-5.81, p = 0.05) compared to
non-drinkers. These findings align with the study by Cargiulo et
al. 2007, which reported similar results (34). Thus, the author
strongly asserts that clinical providers should consider the
findings of this study, as objective evidence will improve patient
outcomes.

Strengths and limitation of the study

The study's merits include its extensive data collection and strong
statistical analysis, which give a complete picture of the variability
of HBV viral load and its relationship to co-infections and other
medical disorders. The study provides important insights into
factors impacting viral load by classifying viral loads according to
accepted norms and looking at specific subgroups including
gender, age, and alcohol usage. However, the cross-sectional
form of the study limits the ability to demonstrate causality or
temporal correlations between variables, therefore conclusive

conclusions should be drawn with caution.
Conclusion

The study provided important new information about the
dynamics of HBV viral loads in affected people. The significant
variation in the severity of the infection within the sample is
shown by the broad range of viral loads found, from 16 1U/ml to
1.43x108 1U/ml. An adjusted odd ratio (AOR) of 4.29, which
highlights a fourfold increased chance of elevated viral levels
among co-infected patients, indicates that co-infection with other
diseases, especially HIV, is substantially related with higher HBV

viral loads. This emphasizes how crucial co-infection is to
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managing HBV and how specialized treatment strategies are
required. Drinkers have an increased, albeit not statistically
significant, risk of raised viral levels due to a borderline
connection between alcohol use and higher viral loads. Co-
infection appears to be the main factor determining HBV viral
levels in this study, while other parameters like gender, age, and
pregnancy status do not exhibit significant relationships with viral
load. In general, effective HBV therapy and management depend

on addressing co-infection and its consequences.
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