SEROLOGICAL AND MOLECULAR DETECTION
OF SEROPOSITIVE OCCULT HEPATITIS B VIRUS
INFECTION IN HEPATITIS B SURFACE ANTIGEN-
NEGATIVE SERA AT HOSPITAL USM, KELANTAN

DR. ATHIRAH BINTI MOHAMMAD

DISSERTATION SUBMITTED IN PARTIAL
FULFILMENT OF THE REQUIREMENT FOR THE
DEGREE OF MASTER OF PATHOLOGY

(MEDICAL MICROBIOLOGY)

UNIVERSITI SAINS MALAYSIA

2022



SEROLOGICAL AND MOLECULAR DETECTION
OF SEROPOSITIVE OCCULT HEPATITIS B VIRUS
INFECTION IN HEPATITIS B SURFACE ANTIGEN-

NEGATIVE SERUM AT HOSPITAL USM,
KELANTAN

DR. ATHIRAH BINTI MOHAMMAD

Dissertation Submitted in Partial Fulfilment Of The
Requirement For The Degree Of Master Of Pathology

(Medical Microbiology)

UNIVERSITI SAINS MALAYSIA

2022

SUPERVISOR : DR. NIK HASZROEL HYSHAM BIN

NIK HASHIM

CO-SUPERVISOR: DR. NABILAH BT. AWANG @
ISMAIL



ACKNOWLEDGEMENTS

Bismillahirrahmanirrahim

All praises to Allah S\W.T. The Most Gracious and The Most Merciful for giving me the
strength and courage to complete my thesis and academic career goals.
I want to thank and express my gratitude to everyone who has been a part of my life and this

journey.

My utmost gratitude and appreciation to my principal supervisor Dr. Nik Haszroel Hysham
Bin Nik Hashim, my co-supervisor Dr. Nabilah Bt. Awang @ Ismail and Microbiology &
Parasitology Head of Department Professor Dr. Zakuan Zainy Deris for their relentless
support and patience in guiding me in my journey and not forgetting my co-researchers Dr.
Mohd Nazri Bin Hassan and Dr. Muhammad Imran Bin Kamarudin for their cooperation

and expert guidance.

Special thanks to the staff of the Medical Microbiology & Parasitology Laboratory and Unit
Perubatan Transfusi(UPT) of Universiti Sains Malaysia for their assistance and contribution
to technical support. Many thanks to serology lab staff Mr Amiruddin Bin Abdullah and Mr
Raja Mohd Heirry Bin Raja Mahmood, as well as UPT’s Science Officer, Ms Khairiah Binti
Yazid, for guiding me with the specimens collection, handling and testing. My huge
appreciation also goes to post-graduate student Miss Sharmila Nehru for her patience and

dedication in providing endless help with the lab work.

My token of appreciation also goes to the Director of Hospital Universiti Sains Malaysia for
allowing me to access the medical records and publish this manuscript. Special thanks to the

Ministry  of Higher Education (MOHE) via  FRGS (grant  no:



FRGS/1/2020/SKK0/USM/02/24) and Universiti Sains Malaysia research university grant
(No: 1001/PPSP/8070011) for financial support that has made this research project

successful.

Ultimately, words cannot express how grateful I am to my husband, Ahmad Wagiuddin Bin
Rajab, for his tremendous support and compassion in helping me finish my research and
personal growth. Furthermore, Alhamdulillah, I am blessed with a very supportive family
and friends, especially my beloved parents Mohammad Bin Dalip, Nurulain Aten Binti
Abdullah and my parents-in-law Rajab Bin Salleh, Khatijah Binti Jaafar, for their support
and dua'. Last but not least, | am very grateful to my three beautiful children, Aoife Marissa,
Aman Miqdad and Amin Mikyad, for always being there to keep me driven and cheer me

up along this journey.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ...ttt I
TABLE OF CONTENTS ... 0\
LIST OF TABLES ...t vii
LIST OF FIGURES ... oo e iX
LIST OF ABBREVIATIONS ... Xi
ABSTRAK et XVi
ABSTRACT e re e Xviii
CHAPTER 1 INTRODUCTION......cuiiiiiiiieiie ettt 1
1.1 Background of the StUAY .........cccciiiiiicece e 1
1.2 HepatitisS B VIFUS (HBV) ......ooiiiie ettt 2
1.3 MOde Of TraNSMISSION ..ottt 7
LA VITAl LITE CYCIE ...t 8
1.5 Natural History and Pathogenesis of HBV Infection .............ccccocvivieiiiiinciienne, 10
1.6 Phases of Chronic HBV Infection (CHB) ........ccccccveiiiiiiiic e 13
1.7 Occult HBV infection (OBI) .......ccoiuiiiiiiiecieccie et 16



1.8 OBI in special POPUIALIONS .......ccveviiieiicic e 21

1.9 DEteCtion OF OB ....c..cviiiiiiiiec e 24
110 SUMIMAIY .ttt sttt e et e b e e e bb e e s nbe e e e bneesnnes 30
1.11 Rationale Of STUY ........coveiiiiece e 31
1.12 Objectives OF the STUAY .......cccveiieiiie e 32
L.AB RETEIEINCES ...ttt bbb 33
CHAPTER 2 METHODOLOGY AND MATERIALS ... 44
2. L Tl e e es 44
2.2 ODJECtIVES OF STUAY ....eevviciicciece et 44
P 1Y/ 1= (g ToTo (o] [T | 2SSOSR TOTI 44
2.4 RESEAICH TOOIS ... 49
2.5 List of consumables and equipment used for this study...........cccccevivieiieieiiennenn, 53
2.6 Laboratory MEthOdS ..........cccvoiiiiiiiee e 54
2.7 Data Collection Method ..o 62
2.8 Ethical CONSIAEIALION .......oviiiiiiiiiieiieee e 63
2.9 Data ENtry and ANAIYSIS.......coiuiiiiiiiieeiic et 66
2.10 StatiStiCal ANAIYSES....c.vvi it 66



2.11 StUAY FIOWCNAIT........ciiiieiece e 67

2.12 RETEIBNCES ....oveeieiietet ettt bbb 68
CHAPTER 3 MANUSCRIPT ...t 78
TN Y1 L o Vo OSSPSR 78
KB 1Y/ - g 11 S0 4 ) OSSPSR 80
BB RETEIENCES ...t 106
3.4.J0UNAI FOIMAL.....c.eiiiiiiice e 117
BTN o] o110 =SSP 119

Vi



LIST OF TABLES

Table 2.1 Studies showing prevalence of OBI according to sociodemographic characteristics

.................................................................................................................................... 47
Table 2.2 Operational definitions used in this StUAY ..........ccccceriiiniiiiiiere e 49
Table 2.3 List of apparatus and equipment used for this study ..........cccccevvvvnierennne. 53
Table 2.4 List of consumables used for this Study ..........cccocvririniiiiiiieniees 53

Table 2.5 Results and Clinical Interpretation of Anti-HBs titre by manufacturer .....57

Table 2.6 The volume and concentration of the reagents for nested PCR ................. 60

Table 2.7 Oligonucleotides used for nested PCR identification of HBV DNA ......... 61

Table 2.8 The PCR temperature and cycle conditions ............ccoovveienencienincnns 61

Table 3.1 Oligonucleotides used for nested PCR identification of HBV DNA ......... 86

Table 3.2 Demographic characteristic of study population (HBsAg-negative) in Hospital

USM, from the year 2021 10 2022 2..........cccooviieieeeeieese e 89

Table 3.3 Serological markers and molecular detection of HBV DNA .................... 91

Table 3.4 Sociodemographic characteristic of reactive anti-HBc subjects with/without occult

HBV iNfECION (OBI) ..o 93

Table 3.5 Associated factor of reactive anti-HBc subjects with/without occult HBV infection

vii



Table Table 3.6 Blood parameters of reactive anti-HBC SUDJects ..............ccocevvrenens 96

Table 3.7 Clinical Characteristic of OBI cases in Hospital USM, from the year 2021 to 2022

viii



LIST OF FIGURES

Figure 1.1 Schematic representation of the HBV virion and non-infectious empty subviral

particles (filaments and SPNEIES). .......ccviiiiiiiiiriee e 5

Figure 1.2 Hepatitis B virus (HBV) genome organization, map of viral transcripts, and

ST 0] T TSRO PO P UTUPUPRPRPRON 6
Figure 1.3 HBV replicative life CYCle.........coiiiiiiiice e 10
Figure 1.4 Typical course of hepatitis B...........cccceoiiiiiiiiinrseeee e 13

Figure 1.5 Natural history and assessment of patients with chronic HBV infection based

upon HBV and liver disease MArkers. .......cccceeiieiieresieseene e 15

Figure 1.6 Schematic representation of OBI and “false OBI” ........c..cccceovviriiinnnnne. 19

Figure 1.7 Description of serological/molecular marker and genomic variability of HBV ;

Figure 1.8 Proposed algorithm for the management of patients with IAHBc and

Immunosuppressive treatment or CONAITION. .........cceieieienenireeeee s 29

Figure 3.1 Distribution of HBsAg serum samples selected for this study in Hospital USM

TrOM 2021-2021. ... bbb 88

Figure 3.2 Risk factors of HBV transmission among 955 HBsAg-negative subjects selected

for this study in Hospital USM from August 2021-2022. ..........ccccccevvvereeiervernannenns 90



Figure 3.3 Positive nested PCR result from hepatitis B surface-negative, anti-HB core

POSTEIVE SAMPIES. ...ttt 92



LIST OF ABBREVIATIONS

Symbols / Abbreviations

%

v

IA

I+

Meaning

Negative or subtraction

Positive or addition

Times

Division or ‘or’

Percentage

Degree

Micro

More than or equal to

Less than or equal to

More than

Less than

Plus-minus

Alpha

Beta

Xi



= Equal to

uL Microlitre

ml Millilitre

min Minutes

U International Unit

nm Nanometre

C Celcius

sec Seconds

ALT Alanine aminotransferases

ALP Alkaline phosphatase

AST Aspartate aminotransferase

Au Australian

bp Basepair

CLEIA Chemiluminescence enzyme immunoassay
CLIA Chemiluminescence immunoassay
CHB Chronic HBV infection

xii



CKD

CLD

cccDNA

CRP

DNA

ECLIA

ESR

EASL

EPI

GHSS-H

Anti-HBc

HBCAg

HBeAg

anti-HBs

HBsAg

HBV

Chronic kidney disease

Chronic liver disease

Covalently closed circular DNA

C-reactive protein

Deoxyribonucleic acid

Electrochemiluminescence immunoassay

Erythrocytes sedimentation rate

European Association for the Study of the Liver

Expanded Programme of Immunisation

Global health sector strategy on viral hepatitis

Hepatitis B core antibodies

Hepatitis B core antigen

Hepatitis B e antigen

Hepatitis B surface antibodies

Hepatitis B surface antigen

Hepatitis B virus

Xiii



HCV

HCC

Hospital USM

HIV

ID-NAT

INR

IAHBC

LIS

LHBs

LOQ

LOD

MHBs

MRNA

NAFLD

NTC

NR

Hepatitis C virus

Hepatocellular carcinoma

Hospital Universiti Sains Malaysia

Human immunodeficiency virus

Individual-donation nucleic acid testing

International normalised ratio

Isolated anti-HBc

Laboratory Information System

Large hepatitis B surface protein

Level of quantification

Limit of detection

Medium hepatitis B surface protein

Messenger RNA

Non-alcoholic fatty liver diseas

Non-template control

Normal Range

Xiv



NAT Nucleic acid test

OBl Occult hepatitis B virus infection
ORFs Open reading frames

PCR Polymerase chain reaction

PC Positive control

PT Prothrombin time

PDN Pusat Darah Negara

RC Relaxed circular

SHBs Small hepatitis B surface protein
NTCP Sodium taurocholate co-transporting polypeptide
WBC Total white blood cell count

TMA Transcription-mediated amplification
TT-HBV Transfusion-transmitted HBV

UPM Universiti Putra Malaysia

WHO World Health Organization

XV



ABSTRAK

Pengenalan: Kebelakangan ini, terdapat peningkatan bukti berkenaan keberjangkitan dan
implikasi klinikal yang bersangkutan jangkitan okult hepatitis B virus (OBI). Ancaman OBI
mampu menghalang usaha  eliminasi jangkitan hepatitis B virus
(HBV).Walaubagaimanapun, tiada ujian piawai yang ditetapkan bagi mengesan jangkitan
ini. Tujuan kajian kami adalah untuk menentukan kadar jangkitan OBI di Malaysia dengan

menggunakan anti-HBc sebagai penanda serologi bagi jangkitan HBV.

Metodologi Sejumlah 955 HBsAg- negatif sera yang memenuhi kriteria kajian dipencilkan
daripada sampel Kklinikal yang dihantar untuk saringan jangkitan hepatitis B virus (HBV)
menggunakan ujian sensitif imunoasai Electrochemiluminescence (ECLIA) di Makmal
Mikrobiologi dan Unit Perubatan Transfusi Hospital Universiti Sains Malaysia dari Ogos
2021 hingga Ogos 2022. Ujian lanjutan anti-HBc dijalankan ke atas 955 sampel tersebut,dan
sample yang didapati reaktif terhadap Anti-HBc seterusnya diproses untuk ujian
pengenalpastian HBV DNA menggunakan teknik tindak balas berantai polimeras tersarang
“nested PCR”. Data berkenaan sosiodemografik,sejaran kesihatan,dan faktor-faktor

penyumbang kepada penyakit OBI didapatkan secara retrospektif.

Keputusan: Sejumlah 5.9% ( 56/955) serum didapati reaktif terhadap anti-HBc.Sejumlah
95% (53/56) serum juga didapati reaktif terhadap anti-HBs membuktikan immuniti terhadap
HBYV yang didapati daripada hasil jangkitan HBV terdahulu manakala anti-HBc terpencil
terdeteksi pada kadar 5% (3/56) .Terdapat 14.5% (8/55) sample yang reaktif terhadap anti-
HBc ini juga terbukti positif kepada HBV DNA Kehadiran HBV DNA ini mengesahkan

OBI. Manakala 62.5% (5/8) daripada OBI in adalah sampel daripada penderma darah.
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Analisis keputusan darah mendapati paras sel darah putih dan protein reaktif-C yang rendah

dikalangan individu yang juga reaktif terhadap Anti-HBc.

Kesimpulan: Dalam kajian ini,jumlah keseluruhan OBI yang dikesan menggunakan anti-
HBc sebagai penanda jangkitan terdahulu adalah lebih kecil berbading kajian lepas
(14.5%).Perbezaan ini berkemungkinan akibat limitasi pengesanan OBl menggunakan
tindak balas berantai polimeras tersarang “nested PCR” secara tunggal dan peningkatan
kadar kepekaan ujian HBsAg.Kadar sebenar penghidap OBI di Malaysia masih tidak dapat
dipastikan berdasarkan data ini. Manakala jumlah terbesar penghidap OBI yang dikesan
adalah di kalangan penderma darah (62.5%). Sehubungan itu adopsi ujian anti-HBc sebagai
ujian pelengkap pengesanan jangkitan HBV perlu dipertimbangkan bagi mencapai kadar
sifar bagi sebaran HBV bersangkutan perawatan kesihatan. Faktor-faktor penyumbang
jangkitan OBI tidak dapat ditentukan memandangkan jumlah penghidap OBI yang dikesan

adalah sedikit.

Kata kunci: occult hepatitis B infection, Anti-HBc, Anti-HBs, tindak balas berantai

polimeras Nested (PCR)
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ABSTRACT

Introduction: Over the years, data has been gathered worldwide on occult hepatitis B virus
infection (OBI), proving its transmissibility and clinical implication. Despite the potential
threat of OBI, there are no standardised methods to screen and confirm OBI. We aimed to
determine the prevalence of OBI in Malaysia by using hepatitis B core antibodies (Anti-

HBc) as a marker of hepatitis B virus (HBV) infection.

Materials and methods: A total of 955 Hepatitis B surface antigen (HBsAQ)-negative sera
were selected from blood donors and patients screened for HBsAg using highly sensitive
electrochemiluminescence immunoassay (ECLIA) at the Microbiology Laboratory and
Blood Donation Unit, Hospital Universiti Sains Malaysia (HUSM) between August 2021
until August 2022 were tested with Anti-HBc antibodies. Highly specific HBV nested
polymerase chain reaction (PCR) was performed on samples reactive to anti-HBc to identify
seropositive OBI. In addition, the proportion of reactive anti-HBc and OBI was determined,
and data on the sociodemographic, clinical history and associated factors were gathered

retrospectively.

Results: 56 of the 955 (5.9%) were found to be reactive anti-HBc, of which 95%(53/56)
were also reactive for hepatitis B surface antibodies (anti-HBs), implying immunity from
previous HBV infection and 5% (3/56) were isolated anti-HBc.14.5% (8/55) seropositive
OBI (Anti-HBc+/Anti-HBs+) were detected by nested PCR amplification of the HBV S gene
and 62.5% (5/8) seropositive OBI were healthy blood donors. No risk factors were found to

be associated with the presence of HBV DNA among those who tested positive. Analysis of

XViii



blood parameters showed lower total white cell count and C-reactive protein level among

the reactive anti-HBc subjects.

Conclusion: This study revealed a lower proportion of seropositive OBI (14.5%) detected
by using anti-HBc as a marker of infection than prior studies, probably limited by the
advancement in sensitivity of current HBsAg assays used and lower nested PCR detection
due to single occasion HBV DNA test applied. Based on this data, the exact prevalence of
OBI in Malaysia is still undetermined. It is alarming that OBI was predominantly found
among blood donors. Adopting anti-HBc as a complementary marker of HBV infection
requires further evaluation to achieve 'zero' healthcare-related transmission of HBV.
Associated factors of OBI cannot be significantly determined due to the limited number of

OBI cases identified in this study.

Keywords: occult hepatitis B infection, anti-HBc, anti-HBs, nested polymerase chain

reaction
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CHAPTER 1 INTRODUCTION

1.1 Background of the study

Occult hepatitis B virus infection (OBI) is another spectrum of Hepatitis B virus (HBV)
infection that poses a significant risk factor for hepatocellular carcinoma (HCC) and chronic
liver disease(CLD). It can be reactivated in the immunosuppressed as well. Despite more
recent evidence gathered regarding the transmission risk and clinical impact of OBI, there
are no standardized method to screen and confirm OBI in the laboratory. World Health
Organization (WHO) strategies using hepatitis B surface antigen (HBsAgQ) as the initial
testing for HBV infection pose a risk of false negative HBsAg due to low viral load as well

as the virus present in covalently closed circular DNA (cccDNA).

Add to this, the determination of the actual OBI burden globally has been difficult and
believed to be underestimated due to non-standardised assays and definitions between
research. OBI studies conducted were mainly targeted at specific groups of population rather
than representing the general population. These factors have resulted in huge heterogenic

data on OBI globally (Im et al., 2022).

In Malaysia, OBI data has been very limited. A study conducted in 2016 by Hudu et al
detected a 5.5% prevalence of OBI among healthy blood donors whereby 100% of these
cases were missed by the current nucleic acid test (NAT) employed by the National Blood
Centre for donor screening (Hudu et al., 2016).To our best knowledge, this study design
with the evaluation of both low-risk and high-risk populations has not been conducted in this

part of Malaysia.



Given the moderate endemicity of HBV infection in our country, detection of OBI among
donors and individuals undergoing renal replacement therapy is important to reduce the risk
of HBV transmission in parallel to the adoption of the first-ever WHO global health sector
strategy on viral hepatitis (GHSS-VH) at the World Health Assembly 2016, to stop HBV

infection by 2030.

1.2 Hepatitis B virus (HBV)

1.1.1 Epidemiology

HBV infection is a serious global burden and is also the most important cause of
hepatocellular carcinoma and cirrhosis. It is estimated about 296 million people are affected
by HBV infection and its sequelae (WHO. Global progress report on HIV, viral hepatitis

and sexually transmitted infections., 2021).

Malaysia was considered a high intermediate endemicity country for HBV infection with
HBsAg prevalence of 5-7% (Schweitzer et al., 2015; Hassan & Said, 2017). A prior study
on Hepatitis B prevalence in Malaysia in 2016 by Raihan et al, revealed an estimation of 1
million people in the population are affected by chronic HBV infection(CHB) which
accounts for 80% of HCC in this country(Raihan, 2016). According to National Strategic
Plan for Hepatitis B and Hepatitis C Malaysia 2019 — 2023, the incidence rate of hepatitis B
in Malaysia was reported to have increased from 2.26 per 100,000 in 2010 to 12.65 per
100,000 population in 2015 with the predominance of Malay, male, intravenous drug user

and born in pre-vaccination era (Ministry of Health Malaysia, 2019).

The HBV consists of 10 genotypes (A-J) based on approximately 8% differences in their

genomic nucleotide sequence,with different geographic distributions. Genotype A-



Predominance of genotype A was found in northern Europe and America, and genotypes B
and C in Asia, Australia, and Oceania. Genotype D was predominant in eastern Europe and
the Mediterranean basin mostly. Genotype E is mostly found in West and South Africa,
followed by genotypes F and H in Central and South America while genotype G has been
detected in France and the US. However it was estimated that 96% of chronic HBV
infections worldwide are caused by five of the nine genotypes: genotype C is most common
(26%), followed by genotype D (22%), E (18%), A (17%) and B (14%) while less than 2%
of global chronic HBV infections were caused by genotypes F to I together.(Velkov et al.,

2018).Genotype J was found in Ryukyu Islands,Japan(Sunbul, 2014).

Global data showed a decline in the number of people developing new chronic infections
from hepatitis B, in parallel to an increase in hepatitis B vaccine among infants,
improvements in socioeconomic status, and effective antiviral treatments. (European
Association for the study of The Liver, 2017; WHO. Global progress report on HIV, viral

hepatitis and sexually transmitted infections., 2021).

Fortunately, Malaysia has been committed to eliminate Hepatitis infection through the
implementation of the nationwide hepatitis B neonatal vaccination programme in 1989 as
part of the WHO Expanded Programme of Immunisation(EPI) The prevalence of HBV
infection was lower in the post-vaccination era population. A study conducted among
university students between the year 2005 to 2011 in Malaysia by Ng et al, showed a lower
prevalence of HBsAg at 0.62% among a total of 2923 new university intakes with the
prevalence of only 0.2% (3/1533) among those born in or after 1989 ,in comparison to
1.08% (15/1390) of those born before 1989.The HBsAg prevalence was also declining by

year of testing from in 1.27% (5/394) in 2005 to 0% (0/428) in 2011 (Ng et al., 2013).



1.2.1 Virology- Historical Background

The first account of HBV was made in 1940, a distinct virus to Hepatitis A virus was found
to be associated with transient and chronic post-transfusion hepatitis, related to blood and
plasma samples (MacCallum, 1947). However, only after the discoveries of a human
antigen, known as the Australian (Au) antigen by Dr. Baruch Blumberg in 1967, this HBV
association with acute hepatitis, was established. This Au Antigen was later known as

hepatitis B surface antigen (HBsAQ) (Blumberg et al., 1967; Seeger & Mason, 2015).

1.2.2 Viral Structure

HBV is a small (42-nm) partially double-stranded DNA virus in the Hepadnaviridae family.
The structure of HBV consists of a partially duplex DNA genome enclosed together with
virus-encoded polymerase protein in a core shell or nucleocapsid. This core shell contains
hepatitis B core antigen (HBcAQ). The internal structure is further enveloped by lipoprotein
structure consisting of three HBV envelope proteins L (LHBs), S (SHBs), and M

(MHBs)collectively known as HBsAg (Kwon & Lee, 2011; Seeger & Mason, 2015).

A unique feature of HBV infection is the production of genome-free,non-infectious subviral
particles which was discovered by an electron microscopist, Dane in 1971; consisting of
spherical and filamentous HBsAg viral particles and secretory protein hepatitis B e antigen
(HBeAg) (D.S. Dane, C.H. Cameron & Moya Briggs, 1970; Kwon & Lee, 2011). High titers
of HBsAg appear within 3—4 weeks post-exposure, it peaks at ~12 weeks and becomes
undetectable after 4-6 months. These viral particles circulate in the blood and are useful
serological markers of HBV infections.(John E. Bennett, Raphael Dolin & Martin J. Blaser,

2020) (see Figure 1.1).



Hepatitis B e antigen (HBeAQ) is a secretory protein processed from the precore protein. Its
presence is usually associated with high levels of HBV DNA. It is a marker
of HBV replication and infectivity. During acute HBV infection, HBeAg appears shortly
after the appearance of HBsAg. In persons with chronic infection, HBeAg and HBsSAg may
persist for years to decades. HBsAg has been used as the primary screening for HBV
infection. HBsAg and HBeAg have also played a role in the monitoring of disease
progression, and are traditionally used to assess treatment response as well as the endpoint
of therapy. HBsAg demonstrates high immunogenicity and its purified forms were
historically used as vaccines which were later followed by the development of the current

more sustainable recombinant HBV vaccines(Kwon & Lee, 2011).
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Figure 1.1 Schematic representation of the HBV virion and non-infectious empty
subviral particles (filaments and spheres).

Adopted from(Gerlich et al., 2010)



1.2.3 Viral genome

The HBV genome as shown in Figure 1.2 is extremely compact with 3200 nucleotides (John
E. Bennett, Raphael Dolin & Martin J. Blaser, 2020). This small partially double-stranded,
relaxed circular (RC) DNA encodes for four overlapping open reading frames (ORFs): S,
for the surface antigen or envelope gene (HBsAQ); C, for the nucleocapsid (core), and “e”
antigen gene (HBcAg, HBeAQ); P, for the polymerase gene; and X, for the HBx gene
(Robinson & Greenman, 1974; Robinson, Clayton & Greenman, 1974). This unique
structure, allows HBV to efficiently uses the limited coding capacity of its genome for the

transcription and translation of HBV proteins and regulatory elements.

2.1k pre-S1 pre-S2 s
i Large S [ I P39, gp42
S

pre-S2
Middle S IR 30, gp33, gp37

S
Small S I p24, gp26
HBsAg

Figure 1.2 Hepatitis B virus (HBV) genome organization, map of viral transcripts, and
proteins.

The partially double-stranded 3.2-kilobase viral DNA is shown in the inner circle. The
single-stranded (ss) region is indicated in yellow-orange. The extent of the ss region varies
from molecule to molecule. HBV-encoded overlapping genes are indicated in the outer
circles in various colors. Four promoter regions preceding a corresponding gene are

indicated as S1p, S2p, Cp, and Xp. Two enhancer elements (I and I1) are also shown. Viral



transcripts are indicated in the outermost circles (thin lines). The three forms of HBsAg,
HBCcAg, and HBeAg (surface, core, and e antigen, respectively) polypeptides are also shown.
(Adopted from John E. Bennett, Raphael Dolin, & Martin J. Blaser. (2020). Mandell,
Douglas, and Bennett’s principles and practice of infectious diseases (9th ed.). Philadelphia

PA: Elsevier/Saunders) (John E. Bennett, Raphael Dolin & Martin J. Blaser, 2020).
1.2.4 HBV Genotype

The lack of reverse transcriptase proofreading activity contributes to frequent mutations of
the viral genome. The emergence of HBV mutants was postulated due to the interactions
between the virus and host immune response, as well as the use of antiviral treatment. To
date, based on genome-wide analysis HBV can be classified into ten genotypes (A-J) with
the identification of several other sub-genotypes (Sunbul, 2014; Seeger & Mason, 2015;

European Association for the study of The Liver, 2017) .
1.3 Mode of Transmission

HBYV is transmitted via parenteral transmission or mucosal contact with HBV-infected blood
or body fluids. The virus is found in all human body fluids, with the highest titre in the blood
(up to 10 virions/ml), especially during the acute phase of illness followed by serous
exudates, to variable degrees in other body fluids including semen, vaginal fluids as well as

saliva (Kwon & Lee, 2011; John E. Bennett, Raphael Dolin & Martin J. Blaser, 2020).

Globally, the main route of infection is due to the perinatal transmission while sexual
transmission was attributed as the major route of HBV infection in adults and adolescents of

low and moderate prevalence countries. Other modes of transmission related to infected



blood or body fluids include blood transfusion, unsafe injections such as needle sharing,

tattooing, acupuncture, and exposure to HBV during surgical procedures.

Infants born to HBeAg-positive mothers and has high HBV DNA load, of whom do not
receive perinatal HBV vaccines and immunoglobulin prophylaxis carries the highest risk of
acquisition of HBV infection (70-90% infant infection rates) with more than 90% will

progress to CHB (Okada Kiyoshi et al., 1976; Kwon & Lee, 2011).

1.4 Viral Life Cycle

HBV is a hepatotropic virus. It enters the hepatocytes via an endocytic pathway following
preS1 domain interaction with cell-bound heparan sulphate and, subsequently, with an
unknown high-affinity receptor on the hepatocyte membrane identified as Na (sodium)
taurocholate co-transporting polypeptide (NTCP) (John E. Bennett, Raphael Dolin & Martin
J. Blaser, 2020). Subsequently, the core particles are released into the cytosol and transported
to the nuclear pore complex whereby the HBV rcDNA is released into the nucleoplasm. This
is followed by the unique transformation of the HBV rcDNA into a covalently closed circular
(ccc) DNA by cellular DNA repair factors. This form of the viral genome can stay in the
nucleus and replicate via reverse transcription for the entire life span of the infected

hepatocyte (Gerlich et al., 2010).

The negative strand cccDNA served as a transcription template of viral pre-genomic RNA
which also functions as bicistronic mRNA for the core protein and the viral polymerase.

HBsAg coding mRNA is translated in the ribosomes.



The core protein, the polymerase, and their mMRNA/pregenome assemble in the cytosol into
immature core particles. DNA synthesis took place within the core by reverse transcription

of the RNA.

The mature core particles acquire envelopes by budding into the endoplasmic reticulum
where viral morphogenesis involving envelopment of the cores by membranes containing
the three HBs proteins is completed and consequently the progeny-enveloped virions are
released by exocytosis via multivesicular bodies. Alternatively, the virions are recycled into
the nucleus as a cccDNA reservoir (Gerlich et al., 2010; European Association for the study

of The Liver, 2017; John E. Bennett, Raphael Dolin & Martin J. Blaser, 2020)

Concurrent to complete virion formation, infected cells produce a large excess of genome-
free, non-infectious sub-viral particles as mentioned earlier. Hepatocyte transformation may
occur via the random occurrence of viral genome integration in the host genome.(Seeger &
Mason, 2015; Levrero & Zucman-Rossi, 2016).Figure 1.3 summarizes the HBV replicative

life cycle in hepatocytes (Moretto et al., 2020).
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Figure 1.3 HBV replicative life cycle

(Adopted from Moretto, F., Catherine, F., Blot, M., & Piroth, L. (2020). Isolated Anti-HBc :

Significance and Management, 1-16).(Moretto et al., 2020)

1.5 Natural History and Pathogenesis of HBV Infection

1.5.1 Clinical Manifestation

Hepatitis B may present with variable clinical manifestations ranging from asymptomatic

HBV carriers, transient hepatitis, CHB, or fulminant liver failure with devastating sequelae.

Incubation of HBV may last up until 4 months, and patients may present with acute hepatitis
syndrome, often accompanied by flu-like symptoms plus jaundice which are also typical of
other forms of acute hepatitis. Jaundice tends to be more prominent in adults than children

and some infected individuals can be anicteric. Laboratory parameters will show elevated
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liver enzymes level; alanine aminotransferase (ALT) and aspartate transferase (AST) with
the former tending to be more greatly affected than the latter. Another significant prognostic
marker of liver injury is prothrombin time (PT) whereby its elevation correlates with
fulminant liver injury. Recovery of HBV infection, followed by normalisation of the ALT.

A persistently elevated ALT of more than 6 months is a hint of progression to CHB.

The mechanism of viral persistence and liver injury are still unclear and most studies suggest
HBV is not directly cytopathic to the hepatocyte(Gerlich et al., 2010). CHB is proven to be

associated with progression to liver cirrhosis and HCC (Levrero & Zucman-Rossi, 2016).

Point to note, the risk of progression to CHB is higher in infants and children versus adults.
Upon acquiring primary HBV infection, 95% of the immunocompetent adult are able to
mount a successful immune response that results in a self-limiting feature of this infection
and recovery whereas this immune response occurs only in 5-10% of cases when acquired
during infancy and early childhood, result in 95% progression to CHB (World Health
Organization, 2017; John E. Bennett, Raphael Dolin & Martin J. Blaser, 2020). Recovery
however does not indicates HBV DNA clearance, as the reservoir of cccDNA in hepatocytes

remains, carrying the risk of reactivation.

1.5.2 Immunology in HBV Infection

Acute HBV (AHB) is characterized by the development of immunoglobulin M(IgM ) against
the core antigen followed by the development of immunoglobulin G (IgG) anti-HBc soon
after the appearance of HBsAg. IgM anti-HBc indicates a recent infection that lasted
approximately 6 months. Markers of viral replication, such as HBsAg and HBV DNA in
serum, are present at the same time as anti-HBc. Total Anti-HBc antibodies can be measured

using an available immunoassay. Anti-HBc (total) positivity persists in persons who have
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recovered from HBV infection, in those who progress to CHB infection, and may last for
life, thus indicating existing or past HBV infection. Add to this, Anti-HBc is not produced

after vaccination, unlike Anti-HBs antibodies.

HBeAg is released during active replication and used as a marker of infectivity.
Seroconversion from HBeAg to anti-HBe is usually associated with a marked decrease in
serum HBV DNA levels and remission of liver disease. Nevertheless, some patients continue
to have high serum HBV DNA levels and associated active liver disease despite the presence
of anti-HBe in their circulation. Such cases are often due to precore or core promoter HBV
variants that prevent or decrease the production of HBeAg (John E. Bennett, Raphael Dolin

& Martin J. Blaser, 2020).

In most cases of AHB, HBsAg is expected to last until 6 months. Loss of HBV DNA,
HBeAg, HBsAg, and IgM anti-HBc and the development of anti-HBe and anti-HBs all
characterize immunity. CHB is often described by detectable HBsAg beyond 6 months

period (Kwon & Lee, 2011).

An illustration of a typical clinical and laboratory course of AHB compared with that of

CHB as illustrated in Figure 1.4 (John E. Bennett, Raphael Dolin & Martin J. Blaser, 2020)
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Figure 1.4 Typical course of hepatitis B.

Left, Typical course of acute hepatitis B. Right, Chronic hepatitis B. HBc, Hepatitis B core;
HBe, hepatitis B envelope; HBsAg, hepatitis B surface antigen; IgM, immunoglobulin M
(Adopted from John E. Bennett, Raphael Dolin, & Martin J. Blaser. (2020). Mandell,
Douglas, and Bennett’s principles and practice of infectious diseases (9th ed.). Philadelphia

PA: Elsevier/Saunders)

1.6 Phases of Chronic HBV Infection (CHB)

According to EASL Clinical Practice Guideline 2017, the natural history of CHB has been
given new nomenclature which divided it into 5 phases with the addition of the Occult HBV

infection (traditionally classified into 4 phases) :

Phase 1: HBeAg-positive chronic HBV infection, formerly termed as ‘‘immune tolerant’’
phase; characterised by the presence of serum HBeAg, very high levels of HBV DNA, and
ALT persistently within the normal range with an upper limit of normal (ULN)
approximately 40 IU/L. The subject is also highly infective due to a high level of HBV DNA.

This phase is more prolonged in infection acquired in the perinatal period. Evident a high
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level of HBV DNA integration into the host genome and hepatocytes expansion despite
minimal inflammation nor fibrosis in the liver suggesting hepatocarcinogenesis has taken

place early on (Levrero & Zucman-Rossi, 2016)

Phase 2: HBeAg-positive chronic hepatitis B is characterised by the presence of serum
HBeAg, high levels of HBV DNA, and elevated ALT. There is moderate to severe necrosis
and inflammation in the liver, with rapid fibrosis. Phase 2 can take place early on (mainly
adult) or after several years of phase 1 with variable outcomes. Most patients are able to

reach HBeAg seroconversion and HBV DNA suppression.

Phase 3: HBeAg-negative chronic HBV infection, previously termed the ‘inactive carrier’
phase, occurs following HBeAg seroconversion and HBV DNA suppression, is
characterised by the presence of serum antibodies to HBeAg (anti-HBe), undetectable or low
(<2,000 1U/ml) HBV DNA levels and normal ALT according to traditional cut-off values
(ULN 40 IU/L). Some patients in this phase, however, may have HBV DNA levels of more
than 2,000 1U/ml (usually less than 20,000 1U/ml) accompanied by persistently normal ALT
and only minimal hepatic necroinflammatory activity and low fibrosis. Patients may remain
in this phase with a lower risk of progression to cirrhosis or HCC if the viral load remained
low. In <3 % of cases often with low levels of serum HBsAg (< 1,000 1U/ml),patient may
reach HBsAg loss (Cornberg et al., 2017; European Association for the study of The Liver,

2017).

Phase 4. HBeAg-negative chronic hepatitis B is characterised by the lack of serum HBeAg
usually with detectable anti-HBe, and persistent or fluctuating moderate to high levels of
serum HBV DNA (often lower than in HBeAg-positive patients),and fluctuating or

persistently elevated ALT values. Fibrosis and necroinflammation are common histology
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findings. Uniquely, HBeAg expression is mostly impaired or abolished as these subjects

harbour HBV variants in the precore and/or the basal core promoter region.

Phase 5: HBsAg-negative phase is characterised by serum negative HBsAg and positive
antibodies to HBcAg (anti-HBc), with or without detectable antibodies to HBsAg (anti-
HBs). This phase is also known as OBI. However, in rare cases whereby the HBV DNA
level was comparable with the overt HBV infection, the absence of HBsAg could be related
to the sensitivity of the assay used for detection. ALT values are usually normal with often
undetectable serum HBV DNA. However, HBV cccDNA can be detected frequently in the
liver. Immunosuppression in OBI may lead to the reactivation of HBV infection (European

Association for the study of The Liver, 2017).

A simplified diagram of the natural history of CHB adapted from EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus infection is shown in Figure 1.5

(European Association for the study of The Liver, 2017)

Natural history and assessment of patients with chronic HBV infection

HBV markers Liver disease
HBsAg Biochemical parameters: ALT
HBeAg/anti-HBe Fibrosis markers: non-invasive markers
HBV DNA of fibrosis (elastography or biomarkers)

or liver biopsy in selected cases

HBeAg positive HBeAg negative

Chronic infection Chronic hepatitis Chronic infection Chronic hepatitis
HBsAg High High/intermediate Low Intermediate
HBeAg Positive Positive Negative Negative
HBV DNA >107 IU/ml 10%-107 IU/ml <2,000 IU/ml*® >2,000 1U/ml
ALT Normal Elevated Normal Elevated*
Liver disease None/minimal Moderate/severe None Moderate/severe
Old terminology Immune tolerant Immune reactive HBeAg positive Inactive carrier HBeAg negative chronic hepatitis

Figure 1.5 Natural history and assessment of patients with chronic HBV infection based
upon HBV and liver disease markers.

*Persistently or intermittently. HBV DNA levels can be between 2,000 and 20,000 IU/ml in

some patients without signs of chronic hepatitis (Adopted from the European Association
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for the study of The Liver. (2017). EASL 2017 Clinical Practice Guidelines on the

management of hepatitis B virus infection. Journal of Hepatology, 67, 370-398.)

1.7 Occult HBV infection (OBI)

1.7.1 Definition

Diagnosis and screening of HBV infection has been heavily relied on presence of HBsAg,
however positivity of HBsAg depends on the stage of disease as well as host factor in
controlling HBV replication.  The application and advancement of sensitive molecular

techniques has introduced another phase of CHB, known as occult HBV infection.

Ever since it was first mentioned in 1985, it has undergone multiple changes of definition,
but the latest consensus by the European Association for the Study of the Liver (EASL) in
2018 has defined OBI according to the presence of replication-competent HBV DNA (i.e.
episomal HBV cccDNA in the liver and/or HBV DNA in the blood of people who test
negative for hepatitis B surface antigen (HBsAQ) by currently available assays. The viral
load threshold was not included in this definition considering the limited availability of this

test (Allain, 2016; Raimondo et al., 2019).

The gold standard marker is the detection of HBV DNA in serum or hepatocytes. However,
it is less practical and most research on OBI was based on serum assays. Commonly used
assay to confirm OBI was with HBV DNA PCR, with Anti HB core as the primary

serological marker (Raimondo et al., 2008; Esposito et al., 2017; Im et al., 2022).
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1.7.2 HBV DNA Copies in OBI

The prevalence of detectable HBV DNA in serum/plasma is affected by the population
studied, the sensitivity of the assay used, and whether blood samples at 1 or more time points
are tested. Many studies have found that HBV DNA is only intermittently detected in
serum/plasma, and when detectable, the concentration is low, usually less than 200 1U/ml
(about 1,000 copies/ml). Some studies of OBI have incorporated a viral threshold of less

than 200 IU/mL to define OBI (Raimondo et al., 2019).

1.7.3 Classification of OBI

OBI can be further classified according to antibodies profile:

1. Seropositive OBI: hepatitis B core antibody (anti-HBc) and/or hepatitis B surface

antibody (anti-HBs) positive.

2. Seronegative OBI: Seronegative OBI — anti-HBc and anti-HBs negative, estimated to
comprise between 1% and 20% of all individuals with OBI(Malagnino et al., 2018;

Raimondo et al., 2019).

1.7.4 Pathogenesis of OBI

The pathophysiology of occult HBV infection is not well characterised. Based on increasing
data, factors implicated in suppression of the viral activity up to the induction of OBI
includes host factor, immunological factor, and viral factor. Theories frequently mentioned

for the mechanism of OBl include:

1)HBsAg loss, loss following the resolution of acute or chronic HBV infection, while HBV

DNA is still detectable (post-window period). HBV viral load is usually less than 200
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international units [IU]/mL in the seropositive OBI. Data showed long-lasting memory CD4
and CD8 cell responses against HBV antigens after recovery from acute hepatitis B. During
the occult phase of infection, minute amounts of HBV antigens are synthesized, which are
undetectable by available technical approaches but are sufficient enough to maintain an

HBV-specific T-cell response(Raimondo et al., 2013).

2) Woodchuck hepatitis virus (WHYV) infection model. As for the seronegative OBI,
progressive loss of the hepatitis B antibodies (anti-HBc and anti-HBs) might take place or
have been hepatitis B antibody negative since the beginning of the infection. This type of
infection is still infectious and demonstrate oncogenic property as well (Raimondo et al.,

2008, 2019; Makvandi, 2016);

3)Variants of HBsAg, other mechanisms postulated include variants in HBsAg (S-variants
or so-called S-escape mutations), which result in the HBSAg not being recognised by widely
available HBsSAgQ assays at the same time impair recognition by neutralising Anti-HBs
antibodies. It is believed that the HBV DNA concentrations of these patients is similar to
those with chronic HBV infection who carry HBsAg detectable by the same HBsSAgQ assays
and therefore have a similar clinical impact (Raimondo et al., 2019). This condition also
termed “false OBI” by some authors (Yamamoto,” Minoru Horikita et al., 1994; Malagnino
et al., 2018). Mutation in the S region may result in reduced expression of HBV surface
protein (HBsAQ) Pre-S1 or pre-S2 promoter variants that affect the expression of HBsAg
often seen in OBI. Reduced replication HBV DNA could occur as a result of virus interaction
with the treatment of CHB, lamivudine may result in mutation in YMDD motif, in HBV
polymerase Q563S and in sS207R surface genes, and thus contributes to OBI while
interferon therapy may result in pre-S1 and pre-S2 region (Makvandi, 2016; Cohen et al.,

2020).
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Viral interference phenomenon, whereby the replication of HBV DNA and expression of
HBV surface protein are suppressed by hepatitis C (HCV) co-infection This is due to the
predilection of the host towards HCV genome replication rather than HBYV resulting in
below the level of detection of HBV DNA and HBsAg. The presence of HCV core antigen
strongly inhibits HBV replication (Raimondo et al., 2013). Multiple studies showed a high
prevalence of OBI in chronic HCV patients (Mandour et al., 2015). The simplified diagram

of the pathogenesis of OBI is shown in Figure 1.6(Raimondo et al., 2008)

OBl “false” OBI
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Figure 1.6 Schematic representation of OBI and “false OBI”
(Adopted from Raimondo, G., Allain, J. P., Brunetto, M. R., Buendia, M. A., Chen, D. S,
Colombo, M., ... Zoulim, F. (2008). Statements from the Taormina expert meeting on occult
hepatitis B virus infection. Journal of Hepatology, 49(4), 652-657.

doi:10.1016/j.jhep.2008.07.014(Raimondo et al., 2008) )



1.7.5 Epidemiology of OBI

Internationally, the current focus has shifted to OBI which is seen as a threat of slowing
down Hepatitis B elimination. Prevalence studies of OBI have been generated by various
parts of the world with the main focus on the population involving blood donors and those
at higher risk of hepatitis infection including hospital populations such as healthcare

workers, and hemodialysis patients.

Prevalence rates have varied from as low as <1% to as high as 87%, however, due to the
non-standardised method, variable definition used, bias in different risk groups studied, and
geographical variation of HBsAg prevalence, this data may not reliably represent the
prevalence of OBI in the general population (Raimondo et al., 2008; Allain, 2017,

Malagnino et al., 2018).

Three previous large prevalence studies of OBI in the general population have reported
prevalence rate of 0.6%-6.2% but was limited by sensitivity of the HBV NAT used or biased
due to exclusion of seronegative OBI (Jilg et al., 2001; Song et al., 2009; Kang, Kim & Lee,
2014). Two population-based surveys evaluating OBI in the general population regardless
of anti-HBc serostatus were conducted in Canada and China, with reported prevalence rates
of 5.5% and 3.3% respectively (Im et al., 2022). The largest ever series on OBI recently
published was conducted among 3996 patients attending a hospital in Paris over 7 years.
Only 47 cases of OBI were identified giving a prevalence of 1.2%(Malagnino et al., 2018).

Based on current data, the prevalence of OBI mirrored HBV endemicity.

Unfortunately, there is still a paucity of data concerning OBI in the Malaysian general
population. In terms of HBV genotype, OBI is mainly associated with Genotype D & E,

while Genotypes B &C are more common in South East Asia (Allain, 2017)
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In general, the prevalence of OBI was higher in East Asia and West Africa, male,50 years
old and above, patients with chronic liver disease, and patients with HBsAg-negative

hepatocellular carcinoma (Allain, 2017).

1.8 OBI in special populations

1.8.1 OBI among blood donors

The significant importance of OBl among blood donors is the risk of blood/blood products
transfusion-transmitted HBV (TT-HBV) infections which could have fatal consequences,
especially in the immunosuppressed recipient (Olotu et al., 2016). The rate of HBV
transmission associated with blood transfusion was approximately 6% before 1970,
however, has declined in the past 4 decades with the implementation of more selective donor
criteria and well as the application of more sensitive assays. The residual risk of HBV
transmission was difficult to determine while HBV remained the most common etiology of

transfusion-related viral infection (Candotti & Allain, 2009).

Substantial studies in Europe and Japan have confirmed cases of OBI related TT-HBV (10
and 19 cases respectively) based on HBV DNA homology study between donor-recipient
pair. In Italy,two cases of post transfusion hepatitis were found whereby the phylogenetic

analysis confirmed the donor-recipient relation(Esposito et al., 2017).

Prevalence of OBI among blood donors was well reported, remained low and found to be
parallel to HBV endemicity of the region. Base on a recent systematic review and meta
analysis , the prevalence of OBI among blood donors was 0-06% in low-endemicity
countries, 0-12% in intermediate- endemicity countries, and 0-98% (0-44-1-72), in high-

endemicity countries (Im et al., 2022).
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In Malaysia, HBV prevalence study among blood donors attending the Transfusion
Medicine Unit at Hospital Universiti Sains Malaysia revealed HBsAg positivity at 1.1%
(Yousuf et al., 2007) while the prevalence of OBI among donors in Malaysia in 2016 was at
5.5% (Hudu et al., 2016) , however incident rate of OBI related TT-HBV in Malaysia is
unknown. Since 2019, more than 90% of blood donation in Malaysia have been screened
with NAT as part of routine screening in order to reduce the risk of TT-HBV. HBV positivity
constituted the highest prevalence of seropositive blood donation. Nevertheless, a cross
sectional study was conducted at the National Blood Centre, Kuala Lumpur reported
decreasing HBV seroconversion rate among donors from 20.83 % in year 2004 to 10.4 % in
year 2008.This findings could be as a result of “zero-transmission” steps taken nation wide
which includes stricter donor selection criteria,as well as the adoption of more sensitive

serological assay and NAT (Nafishah et al., 2014).

Globally, OBI transmission rate by blood transfusion is still limited and 10x lower than pre-
seroconversion donors(Satake et al., 2007; Esposito et al., 2017). Donors immune status
(Anti-HBs/AntiHBc),type of blood component ,viral load and recipient’s immune status
could affect OBI infectivity and clinical outcome of blood recipients. Presence of Anti-HBs
and Anti-HBc in donors reduces the infectivity risk by a factor 5(Seo et al., 2015; Allain,
2017).Nevertheless, caution should be taken as majority of blood recipient are
immunosuppressed while the residual risk of TT-HBV related to OBI still exist. The actual
incidence of OBI related TT-HBV may be underestimated ,as HBV DNA level is usually

below detection level(Raimondo et al., 2019).
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1.8.2 OBI among haemodialysis patients

Haemodialysis patients are at risk of blood borne infection including human
immunodeficiency virus (HIV),hepatitis C virus (HCV),as well as HBV as they usually
requires prolonged vascular access, blood transfusion, frequent invasive procedures and
sharing haemodialysis machine. The detection of occult hepatitis B among individuals
receiving renal replacement therapy is paramount in order to reduce the risk of transmission
and unwanted consequences. Despite the immunocompromised state, the natural history of
HBV among haemodialysis population appeared similar to the immunocompetent
individuals. The major clinical importance is the association with development of chronic
liver disease and reactivation of the disease among undiagnosed OBI after renal
transplantation (Fontenele, Filho & Ferreira, 2013).Hence the importance of detection of

OBI among this population.

Substantial studies of OBl among haemodialysis population has been conducted after it was
first reported by Cabrerizo et al in 1997. Although high prevalence of CHB infection among
this population reported, a review over 24 studies from 11 countries by Jean Pierre Allain
reported the prevalence of OBl among haemodialysis patient ranges 0-26.6% (median 3%)
and not remarkably higher than other population studied (Allain, 2017) .The results were
inconsistent in some countries. The variation of prevalence data on OBI are probably due to
non-standardise method of detection and variability of assay sensitivity(Fontenele, Filho &
Ferreira, 2013). Highly sensitive HBs Ag assay will reduced the diagnosis of OBI, while

higher sensitivity in HBV DNA detection will bring up the number.
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1.8.3 OBI among HCV patients

As mentioned earlier, HCV co-infection inhibit the replication of HBV DNA. Occurrence
OBI in chronic HCV infection ( CHC) was high. It has been documented that about one-
third of patients with chronic HCV infection had detectable serum HBV DNA yet
undetectable HBsAg (Muto et al., 2018) however worldwide prevalence of OBI in patients
with chronic HCV greatly varied, ranging from 2.2% to 52.3 % (Branco et al., 2007; Miura
et al., 2008).0n top of this, the presence of OBI in chronic HCV-infected patients increases

the risk of HCC (Makvandi, 2016).

1.8.4 OBI among HCC patients

HCC ranked as the sixth most common cancer and the top three cancer-related deaths
worldwide. Prevalence of OBl among cryptogenic HCC patients was documented at 32-
38.0% by a study conducted in Japan, whereby DNA was obtained from tumor and non-
tumor tissues of HCC patients and assessed for cccHBV DNA using polymerase chain

reaction PCR (Muto et al., 2018; Raimondo et al., 2019).

1.9 Detection of OBI

Part of the Global Strategy for Viral Hepatitis WHO is to reduce the transmission of
Hepatitis B which include blood transfusion, organ transplant, and invasive procedures.
Illustration of HBV diagnostic marker over the progression of infection after exposure and

mechanism of diagnostic escape shown in Figure 1.7
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