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Abstract

The Prevalence of Hepatitis D in Individuals Who Were Found To Be HBsAg Positive
in A University Hospital in The Turkish Republic of Northern Cyprus
Msc Luma Husni Alzubi
Supervisor: YRD .DOC .DR ESREF CELIK
PhD, Department of Microbiolgy and Medical Microbiolgy
Febrauary, 2025

Objective: Although HDV infections are present all over the world, the prevalence varies
from country to country and even from region to region. It was aimed to determine the
prevalence of hepatitis D in individuals who were found to be HBsAg positive (+) in
Turkish Republic of Northern Cyprus (TRNC).

Material and Method: 422 HBsAg(+) and outpatients were included in this cross-
sectional study, which included HBsAg (+) patients obtained from the information system
of the TRNC, Near East University Hospital between January 01, 2018 and September 31,
2022. The prevalence of HDV in HBsAg (+) patients was evaluated. For this purpose, the
anti-HDV and HDV-Ag positivity of the patients known to be positive for HBsSAg were
examined by ELISA in the serum. HDV-RNA determination was analyzed by RT-PCR
method from the samples of patients with positive anti-HDV and HDV-Ag.

Results: The ratio of both genders to each other was determined as male/female 2.64. The
mean age of HBsAg (+) patients was 33.51 + 7.2 years. We determined that the highest
HBsA(g positivity ratio was from Nigerian patients (n=176, 41.7%). HDV-Ab was positive
in only 3 (0.71%). of the 422 patients included in the current study. HDV-Ag and HDV-
RNA positivity were not detected in any of the 422 individuals.

Conclusion: Anti-HBc IgM results of three individuals with positive HDV-Ab were
negative, suggesting that HDV might have emerged as a superinfection in these
individuals. The positive anti-HBc total results of three people with HDV-ADb positivity
show that HDV is considered as superinfection in these individuals, that is, there is no
acute infection. One of the countries with no data on HDV prevalence is TRNC. National
data from countries with no data on HDV prevalence may significantly affect HDV

prevalence globally.

Keywords: Hepatitis D, prevalence, North Cyprus, HBs-Ag, Anti-HDV
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Ozet

Kuzey Kibris Tiirk Cumhuriyeti'nde Bir Universite Hastanesinde HBsAg Pozitif
Saptanan Bireylerde Hepatit D Sikhig:
Msc Luma Husni Alzubi
Supervisor: YRD . DOC .DR ESREF CELIK
PhD, Department of Microbiology and Medical Microbiology
February,2025

Amagc: HDV enfeksiyonlari tiim diinyada bulunmasina ragmen prevalansi lilkeden tilkeye
ve hatta bolgeden bolgeye degismektedir. Kuzey Kibris Tiirk Cumhuriyeti'nde (KKTC)
HBsAg pozitif (+) hastalarda hepatit D prevalansinin belirlenmesi amaglandi.
Gereg ve YOontem: 01 Ocak 2018 — 31 Eyliil 2022 tarihleri arasinda KKTC Yakin Dogu
Universitesi Hastanesi bilgi sisteminden alinan HBsAg (+) hastalarin dahil edildigi bu
kesitsel caligmaya ayakta tedavi goren ve 422 HBsAg (+) hasta dahil edildi. HBsAg (+)
hastalarda HDV prevalansi degerlendirildi. Bu amagla, HBsAg pozitif oldugu bilinen
hastalarin anti-HDV ve HDV-Ag pozitiflikleri serumda ELISA yontemi ile incelendi.
HDV-RNA tayini, anti-HDV ve HDV-Ag pozitif olan hasta 6rneklerinden RT-PCR
yontemi ile analiz edildi.
Bulgular: Her iki cinsiyetin birbirine orani erkek/kadin 2,64 olarak belirlendi. HBsAg (+)
hastalarin yas ortalamasi 33,51 + 7,2 idi. En yiiksek HBsAg pozitiflik oraninin Nijeryali
hastalarda (n=176, %41,7) oldugunu belirledik. HDV-Ab sadece 3'inde (%0,71) pozitif
saptandi. Mevcut ¢alismaya dahil edilen 422 hastanin hi¢cbirinde HDV-Ag ve HDV-RNA
pozitifligi saptanmadi.
Sonug: HDV-AD pozitif olan ii¢ kisinin anti-HBc IgM sonuclarinin negatif olmasi
HDV'nin bu kisilerde bir siiperenfeksiyon olarak ortaya ¢ikmis olabilecegini
gostermektedir. HDV-ADb pozitif olan {i¢ kisinin anti-HBc total sonuglarinin pozitif
¢ikmasi, bu kisilerde HDV'nin siiperenfeksiyon olarak kabul edildigini, yani akut
enfeksiyon olmadigimi gostermektedir. HDV prevalansina iligkin veri bulunmayan
ilkelerden biri de KKTC'dir. HDV prevalansi hakkinda verisi olmayan iilkelerden alinan

ulusal veriler, kiiresel olarak HDV prevalansini 6nemli dl¢iide etkileyebilir.

Anahtar Kelimeler: Hepatit D, prevelans, Kuzey Kibris, HBs-Ag, Anti-HDV
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CHAPTER |

Introduction

In this section, the problem, purpose, importance, hypotheses and definition

terms of the research are given.

Statement of the Problem

In short, hepatitis, known as liver inflammation, can develop due to many
reasons such as alcohol use, drugs, poisoning, bacteria, and parasites, but the most
important cause of hepatitis is viruses. Sero-epidemiological studies conducted in the
1980s reported that the prevalence of HDV in patients with HBV was 5%, and this
corresponds to an estimated 20 million people worldwide (Lempp et al., 2016;
Sureau & Negro, 2016). The prevalence of HDV in these years is in Southern
Europe, the Middle East, East Africa and Asia; It was reported to be relatively higher
than Northern Europe, South Africa and N-America (Taylor et al., 2013). HDV
infections are found all over the world, but the prevalence varies by region. In Africa,
the Middle East, and Italy (south part), anti-HDV antibodies are found in 20-40% of
HBsAg carriers. In the United States, HDV-infection is uncommon, except in drug
addicts and haemophiliacs, where prevalence ratios range from 1 to 10%. Gay men
and healthcare workers are at high risk of contracting HBV but, for unknown
reasons, are at low risk of HDV-infection. Furthermore, HDV infection is uncommon
in Southeast Asia and China, where there is a large HBsAg carrier population.
Haemodialysis patients, sexual contacts with infected people, and infants born to
infected mothers (rare) are also at high risk of contracting HDV. Until now, HDV
has infected over 10 million people worldwide.

Many other studies were conducted in the same period, and the results of
these studies generally showed differences and inequalities in prevalence ratios at the
regional level. While some studies reported that HDV prevalence could be neglected,
some studies reported the presence of hyperendemic pockets of infection around
regions where the prevalence could be neglected (Rizzetto et al., 1991). In this
process, clinical research results according to the medical classification method
revealed that hepatitis D is the main reason of cirrhosis and fulminant hepatitis
worldwide. In USA, the ratio of anti-HDV in drug addicts using intravenous injectors
with c-HBV was 50%, and anti-HDV ratio in 500 HBsAg carriers was 8%.



The results of the research also include serological findings showing that 30%
of individuals infected with HBV and HDV are also exposed to HCV (Cross et al.,
2008; Heidrich et al., 2009). In this triple-infection, HDV is the predominant-virus
because it suppresses not only HBV replication but also HCV replication (Mathurin
et al., 2000).

All the above-mentioned information shows us that the global presence of

HDV has not decreased and is probably still underestimated when considered.

Purpose of the Study
The purpose of this study was to determine prevalence of hepatitis D in
Northern Cyprus.

Research Questions / Hypotheses
Due to Hepatitis B's uncommon/low prevalence in Northern Cyprus, HDV

prevalence is expected to be low.

Significance of the Study
This is the first study on the prevalence of hepatitis D in Northern Cyprus.

Limitations

The limitation of our study is that hepatitis D genotype determination was not
performed.



CHAPTER II

General Information

Human Liver
Anatomy and Physiology

The biggest secretory tissue in the human body, the liver is situated in the
abdominal cavity (upper side) and has a dense vascular network. It comprises around
2% (= 1.2-1.7 kg) of an adult's body weight. This organ is also the largest gland in
our body (Kalra et al., 2022) (Figure 1.).

Figure 1.
Anatomy and Hepatic Blood Flow of Liver (Schulze et al., 2019)
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While the liver acts as an exocrine gland while secreting bile into the bile ducts
(BD), it acts as an endocrine gland while secreting many chemicals and proteins into
the blood. As well as functions as a gland, the liver is an organ that takes part in
digestion. Another feature of the liver is that it is the only organ with dual blood
flow. As in every organ, there is an artery that enters the liver, and the special name
of this artery is the hepatic artery (HA). The “portal vein (PV)” is name given to the
vein that emerges from liver and serves as the primary conduit for blood from
stomach, large and small intestine, spleen and pancreas to liver. After undergoing
processing in the liver, the blood flows through the hepatic vein and joins the

systemic circulation through the inferior vena cava (Rehfeld et al., 2017) (Figure 2.).



Figure 2

Blood Supply to The Liver and Portion of Liver Lobules
(https://doctorlib.info/physiology/medical/253.html)

The liver works like a biochemistry factory with numerous functions. Among

the functions of the organ, it is possible to consider (Fig 2.3):

Protein synthesis

Albumin (Alb) synthesis

Synthesis of coagulation factors

Synthesize fat, stores fat, and metabolizes fats (including fatty acids and
cholesterol).

Stores carbohydrates (glycogen), the source of fasting glucose.

Produces bile and bile salts. Bile flows into the intestine via the biliary tract.
Bile and bile salts provide fat absorption and thus the absorption of fat-
soluble vitamins.

It eliminates harmful substances released in the body in two ways. it either
metabolizes (breaks down) or secretes it into bile.

Detoxification of harmful biochemical products. The liver either metabolizes
(breaks down) toxins or excretes them into bile (alcohol, drugs, and many
poisons).

It is essential for the excretion of ferrous pigments.



o Kupffer cells, or liver macrophages, are part of the mononuclear phagocytic
system. These cells perform phagocytosis and are involved in the hepatic and

systemic response to pathogens.

Figure 3.

Summary of Essential Functions of Liver
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Cellular Structure

The liver's structural organization, which is made up of parenchymal and
vascular elements, is tailored to specific functions as a strategically important
protector located between the intestinal tract and the rest of the organism (Elias,
1949). The liver's strategic localization ensures the processing of nutrients (via food
and water) entering the body. This functional tissue is made up of at least seven
different types of cells, including hepatocytes, cholangiocytes, lymphocytes,
sinusoidal endothelial, Kupffer, stellate, and pit cells (Sanz-Garcia et al., 2021, Miao,
Z., et.al.2022). ) (Figure 4). Its structural unit is the polyhedral hepatic lobule. Nearly
2 mm long and 0.7 mm wide, the hepatic lobule has hepatic tracts and central venules
(Fawcett, 1955). The liver's functional unit is a lobule, which is hexagonal in shape
and has a triad of portals (PV, HA, BD) at each corner. The lobule consists of

hepatocytes.



Figure 4.

Schematic Representation of The Cell Types Which Plays A Critical Role in
Maintaining The Liver's Physiological Functions Found in A Normal Liver (Sanz-
Garcia et al., 2021).
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Large polygonal cells, hepatocytes, are responsible for many of the synthetic
and metabolic functions that take place in the liver. These cells, which constitute the
majority of liver cells, constitute approximately 80% of the mass/volume ratio of the
liver. Hepatocytes have physiologically different apical and basolateral membranes.
Therefore, hepatocytes are functionally divided into three regions:

e Zone-l (Z-1) is the best perfused and first regenerated zone. Since it is
considered as the peri-portal location of hepatocytes, it is the closest region to
oxygenated blood and nutrients. This region has an important role in
oxidative metabolism (e.g., bile formation).

e Z-llis the pericentral area, located among areas | and I11.

e Z-l1l has the least perfusion because it is farthest away from the portal triad.
A major role in the following processes: detoxification, glycogen synthesis,
drug biotransformation, glycolysis, and glutamine formation
(https://www.ncbi.nlm.nih.gov/books/NBK535438/).


https://www.ncbi.nlm.nih.gov/books/NBK535438/

Bile and blood flow are diametrically opposed. The liver's bile exits through ducts
(formed by the apical membranes of adjacent hepatocytes), while the dual blood
supply enters to perfuse the liver (Schulze et al., 2019, Miao, Z., et.al.2022). Thus, it
reaches the HV located in the centre of the lobule through the sinusoidal lumens of
the lobule (Fig 2.5). The space between the basolateral membrane surrounding
hepatocytes and the sinusoidal lumen is called the space of Disse. This cavity
contains an extracellular matrix that helps provide the scaffold for the lobule. The
matrix is composed of various collagens, proteoglycans and other proteins. The area
of Disse also contains Kupffer cells (macrophages), which are tasked with filtering
out unnecessary or pathological substances from the circulation, and Ito cells (star
cells), which both act as fat stores and help the liver regenerate (Saxena et al., 1999;
Si-Tayeb et al., 2010, Rizzetto, M. 2022).

Figure 5.
Sinusoid Diagram (Schulze et al., 2019)
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Related Testing and Imaging Methods

Clinicians request liver function tests to help them evaluate a patient's liver.
The components of this panel are helpful both portrait of the processes occurring in
the liver and in assessing the extent of any damage to the liver. Elevations in



circulating levels of enzymes such as AST, ALT, alkaline phosphatase, and GGT are
indicative of hepatocyte damage, while alterations in bilirubin (Blb) concentrations
serve as an additional marker of potential liver injury (Hoekstra et al., 2013, Miao,
Z., et.al.2022).Among these enzymes, specific than AST, which is found in a variety
of tissues. Alkaline phosphatase (ALP), like AST, can be found in bone as well as
the biliary tree, indicating that it is not as unique for the liver as ALT, but when
combined with other components of the panel, it does provide evidence of
hepatocellular (HC) damage. Elevated ALP, for example, indicates biliary tract

lining damage (Table 1).

Table 1.

Assessment of Liver Function
(https://www.semanticscholar.org/paper/Liver-function-tests-in-chronic-viral-hepatitis-
Haklar/1646a4h60f58908f33a4210fe15df537f5b807hb1).

Test Usage

ALP diagnosing cholestatic disorders

AST sensitive evaluation for HBD (AST > ALT in alcoholic diseases)
ALT sensitive and more specific test for HBD

PT impaired synthesis functions in acute cases, indicative of the severity

of cholestasis
Alb indicator of chronicity and severity
Blb diagnosis cholestasis and space-occupying lesions
(direct and indirect)

Total Blb diagnosis jaundice, modest correlation with severity

* PT: prothrombin time, HBD: hepatobiliary disease

In order to evaluate the functions of the liver, it is also necessary to evaluate
its ability to synthesize proteins. Alb, one of the body's main proteins, is made in the
liver. Its obligation is to keep the fluid in the vein in place. In liver diseases, Alb

production is impaired and its amount in the blood decreases. As a result, the fluid in


https://www.semanticscholar.org/paper/Liver-function-tests-in-chronic-viral-hepatitis-Haklar/1646a4b60f58908f33a4210fe15df537f5b807b1
https://www.semanticscholar.org/paper/Liver-function-tests-in-chronic-viral-hepatitis-Haklar/1646a4b60f58908f33a4210fe15df537f5b807b1

the vein escapes and this causes swelling/edema in the abdomen. The change in the
level of Alb, an important protein produced by the liver, not only provides
information about how the liver works, but also varies depending on the patient's
nutritional status and nephrotic symptoms. The half-life of 15-20 days generally
prevents the use of Alb alone in the determination of acute liver dysfunctions.
Therefore, when assessing liver function, Alb level and coagulation factors are
evaluated together.

Ultrasound is also widely used in the evaluation of the liver because it is non-
invasive and inexpensive. This imaging method can reveal the liver's border pattern,
the location of cystic localization, and various pathologies. In the diagnosis and
characterization of liver lesions, computed tomography or magnetic resonance

imaging techniques are used (Scheidler et al., 1995; Brehmer et al., 2018).

Pathophysiology of Diseased Liver

The etiology of liver diseases has a wide spectrum. The wide variety of
functions that the organ undertakes and the different types of cells in its structure are
important factors that cause this. Type B and C hepatitis, alcoholic liver disease, and
liver cirrhosis are among the most common liver diseases (Tsutsumi et al., 2017,
Miao, Z., et.al.2022).
Although jaundice has a wide variety of causes, it is usually indicative of altered Blb
metabolism (Nishikawa & Osaki, 2015). It is evaluated by fractional Blb obtained
from the measurement of indirect and direct Blb. When expired red blood cells are
broken down, the hemoglobin in them is converted to Blb and removed from the
liver via bile. Blb, which cannot be eliminated from the body during liver diseases,
accumulates in the blood and causes jaundice.

Cirrhosis occurs as a result of sustained liver damage, inflammation, fibrosis,
and necrosis. Causes of cirrhosis often include alcoholism, chronic (c-) hepatitis B
and C. Since cirrhosis is represented as end-stage-liver disease, the function of liver
is greatly compromised. Symptoms of portal hypertension, hyperestrinism, and
hypoalbuminemia occur due to the reduced ability of the liver to produce protein and
remove toxic substances. Decreased coagulation factor synthesis results in
coagulopathy.

Various viruses can cause liver damage. Hepatitis viruses A (HAV) and E

(HEV) cause acute hepatitis. These types of hepatitis occur in people who travel a
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lot, and in individuals who consume unclear water or seafood. Symptoms of these
self-limiting diseases include vomiting and jaundice (Thuener et al., 2017, Brunetto,
M. et.al 2023, Miao, Z., et.al.2022). Hepatitis B, C, and D are viruses (HBV, HCV
and HDV) that can cause acute hepatitis that results in c-hepatitis. Hepatitis D relies
on Hepatitis B to replicate. In people with hepatitis B, it can occur as a co- or super-
infection, resulting in more severe symptoms. HBV and HCV can be spread through
injection equipment or intravenous drug use, while Hepatitis B can also be spread
from person to person through sexual contact (Ramachandran et al., 2019). The best
treatment for HAV, HBV, and HCV are actually vaccination. Immunoglobulin-G
(IgG) is an indicator of vaccination or previous exposure, while Immunoglobulin-M

(IgM) is an indicator of acute infection.

Viral Hepatitis Types

Hepatitis can be briefly called inflammation of the liver. Individuals may
develop hepatitis due to many reasons: alcohol use, drugs, poisoning, bacteria,
parasites, but viruses represent the most important cause of hepatitis. Viral hepatitis
is hepatitis caused by viruses. There are numerous viruses that cause liver
inflammation, but the following five are the most common: HAV, HBV, HCV, HDV
and HEV (Table 2).

Table 2.
Characteristics of A-E Hepatitis

Disease Pathogen Symptons Incubation Transmission Diagnostic test
period
Hepatitis A HAV, Fever, headech, 2-6 w Ingestion IeM
picornaviridae malaise, jaundice andibodies
Hepatitis B HBV, Several liver damage, 3-26 w Parenteral, IgM
hepadnaviridae chronic disease occurs sexual contact andibodies
Hepatitis C HCV, flaviviridae =~ Same as HBV, more 2-33 w parenteral PCR/viral
chronic RNA
Hepatitis D HDV., Severe liver damage,  6-26 W Parenteral IeM
deltaviridae high mortality whenco- andibodies
infected with
HBV
Hepatitis E HEV, Pregnant women may 2-6 w Ingestion IgeM
caliciviridae be high risk and show andibodies,
high mortality chronic PCR/viral

disease RNA
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Hepatitis A: A disease caused by the hepatitis A virus, also known as
infectious hepatitis and infectious jaundice. HAV does not become chronic,
individuals infected with HAV recover in an average of 6-10 weeks. Since it
is spread through the faeces and urine of the patient, it causes epidemics in
environments where the sewage system is bad. Since HAV is a vaccine
against it, it is a disease that can be prevented by vaccination.

Hepatitis B: Hepatitis B virus (HBV), also referred to as serum hepatitis, is
the causative agent of hepatitis B, which can develop into a chronic condition
in 10-15% of infected individuals. This disease is transmitted through
exposure to infected blood and bodily fluids, including mother-to-child
transmission during childbirth, unprotected sexual contact, and the use of
unsterilized instruments during medical procedures such as dental work,
dialysis, and surgery. Vaccination against HBV is available, making hepatitis
B a vaccine-preventable disease.

Hepatitis C: This disease, also known as Non-A, Non-B hepatitis, is caused
by the hepatitis C virus (HCV). 70-80% of cases become chronic. It is
transmitted by blood and body secretions. It is transmitted through
unprotected sexual contact, manicure, pedicure, tattoo, dental, dialysis,
surgery, or blood transfusion. We have no vaccine against the HCV.
Hepatitis D: Delta hepatitis is caused by the HDV. It was discovered (in
1977, Rizzetto, M. 2022) by the presence of a novel delta antigen by
immunofluorescence staining in hepatocytes of HBV patients. This virus can
only infect hepatitis B patients. If the patient does not have hepatitis B, it
cannot be transmitted. It worsens hepatitis B and accelerates the progression
to cirrhosis. We have no vaccine available for this type.

Hepatitis E: HEV, which is also known as orally transmitted non-A, non-B
hepatitis, primarily spreads by the fecal-oral route. This disease is more
prevalent in areas with inadequate sanitation infrastructure. Unlike some
other forms of hepatitis, such as HBV and HCV, HEV typically presents as
an acute infection and does not progress to a chronic state. Although no
vaccine is currently available for hepatitis E, preventative measures such as

improved sanitation and hygiene can help mitigate its spread. Pregnant
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women are particularly susceptible to severe complications from hepatitis E,
which may rarely progress to a chronic form. (Miao, Z., et.al.2022).

Overview of HDV

A liver inflammation brought on by the delta-type virus HDV requires HBV
for replication. The most severe type of C-viral hepatitis is this one. Because the
presence of co-infection further accelerates death due to liver damage. The one and

only method of avoiding HDV are to get an HBV vaccine.Rizzetto, M. 2022).

History and Classification of HDV

The last quarter of the 20th century has been the year when important
discoveries took place in hepatology. With the discovery of hepatitis B surface
antigen (HBsAg), the mysterious door of viral hepatitis was opened. In the same
years, the characterization of the HBV virion and nucleocapsid was followed by the
discovery of the HAV. HDV, on the other hand, was provided by the identification of
the delta antigen-antibody system in HBsAg carriers (Rizzetto et al., 1977, Stoll, F.,
etal 2022, Rizzetto, M.2022). The findings of an Italian study found that while the
delta antigen is distinct from other known antigenic properties of HBV, it is related
to HBV infection since HBsAg is also detected in the blood of all patients with the
novel antigen. Due to the topic's popularity, a study with chimps in the United States
disclosed that delta is not an HBV antigen, and instead HDV, a new and distinct
human RNA (ribonucleic acid) virus (Rizzetto, 2015, Brunetto, M. et.al 2023). HDV
is the only virus in the deltaviridae family. The rarest human infectious agent is
HDV, which possesses a circular RNA genome of 170 bases (Rizzetto, 1983,
Rizzetto, M. 2022). ). The 8 identified genotypes are common in the following
regions: Genotype (Gt) 1: worldwide, but especially in Europe, the Middle East,
North (N) America and N-Africa (Le Gal et al., 2017; Stockdale et al., 2020). Gt 2-8,
is more localized. Gt 2 and 4: in Asia. Gt 3: in America (especially the Latin). Gt
5,6,7 and 8: in Africa (Taylor et al., 2013; Stockdale et al., 2020).
HDV infection is transmitted by parental exposure, just like HBV, and the most
effective transmission route is HBsAg-positivity [HBsAg (+)]. The HBsAg is found
in the envelope of HDV particles. HDV is thought to be a satellite virus of HBV.

HDV, on the other hand, does not similar homologies with HBV and can replicate
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independently of HBV. Transmission to HBsAg (+) animals has been reported,
including results from studies in HDV-positive animal serum using very low
titrations (1/10211). Factors such as vertical transmission from mother to child, and
homosexual random intercourse, which are among the important risk factors in HBV
transmission, seem to be risk factors that are not considered in HDV-infection
(Rizzetto, 2015). In comparison to HBV mono-infection, HDV-infection, which is
recognized as the most severe form of viral hepatitis in humans, aggravates route of
HBV infection and causes early decompensation of liver function (Rizzetto &
Alavian, 2013). In contrast, research from several nations has linked HDV with
benign clinical problems like normal liver function. This also suggests that it might
be linked to various HDV-infection subtypes (Rizzetto & Ciancio, 2012, Rizzetto, M.
(2022).).

Virology

In terms of replication time and structure, HDV, the sole member of the
genus Deltaviridae, resembles viroids and virusoids. (Rizzetto, 2015, Stoll, F., et al
(2022). In order to maintain the stability of the HDV life cycle, which is
schematically depicted in Figure 6, post-translocation alterations are essential.

Figure 6.
Viral Life Cycle (Chen et al., 2021)
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Inside the HDV virion is the RNP complex consisting of two isoforms of HD-
Ag, S- and L-HD-Ag, and outside is an HBV-derived envelope. This envelope
contains small (S-), medium (M-), and large (L-) HBsAg proteins. HDV genome is
single-stranded and circular RNA virus. However, it has a rod-like structure with
base pairings and branches that are folded over each other (Urban et al., 2021). When
HDV is encased by HBsAg, the same entrance method as HBV is used and it
multiplies in hepatocyte cells. The virus binds to heparan sulphate proteoglycans
(HSPG) found on the hepatocyte surface, and the pre-S1 domain of L-HBsAg binds
to the HBV receptor (Yan et al., 2014 , Stoll, F., et al (2022). . After the hepatocytes
are infected with HDV, the hepatocytes produce polymers, and then the ribozyme
activity of the virus allows the virus to self-lyse and finally circularise. Viral mRNA
virus migrates to the cytoplasm to synthesize L- and S-HD-Ag. Protein products
combine with viral genomic RNA to form RNP (Urban et al., 2021) (Figure 7).

Figure 7.

Diagram of Virion and Genome for HDV
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Researchers working towards elucidating the unusual and complex
replication of HDV also suggested from their data that viruses other than HBV, such
as flavivirus and hepacivirus, may package the HDV-RNP (Yan et al., 2014, Perez-
Vargas et al, 2019 , Rizzetto, M. 2022).

Outcomes

The outcome of the disease is frequently determined by whether HDV is
regarded as a co-infection or a super-infection. There are two acute HDV infection
scenarios: individuals infected with HBV and HDV at the same period /
synchronously, or individuals who are HBsAg transmitters who are subsequently
infected with HDV. There are differences in the course of the disease between these
two acute HDV phases: In the latter case, the disease enters a more severe and
chronic course. In co-infection, both HBV and HDV occur simultaneously. HDV and
HBV co-infections are often acute and self-limited-infections. The biphasic increase
in serum aminotransferase is one of the indicators that can help differentiate between

individuals with coinfection and patients with acute HBV. Less than 5% of
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HBV/HDV co-infected patients have c-HDV infection. Table 3 shows the clinical

characteristics of people who have HDV co- and super-infection

Table 3.

Clinical Characteristics of Individuals with HDV Co-Infection and Super-Infection

Coinfection Superinfection
HBV infection Acute Chronic
HDV infection  Acute Acute

Serum markers

HBsAg Positive and transient  Positive and persistent
IgM anti-HBc  Positive Negative
Anti-HBs Positive in recovery Negative
phase
Anti-HDV Late acute phase, low  Rapidly increasing,
titer high titer
IgM anti-HDV  Positive, transient Rapidly increasing,
high titer
HDV RNA Positive, early and Positive, early and
~transient _persistent
ALT level Biphasic elevation Monophasic elevation
Chronicity <5% 70-90%
Outcomes Recovery with Usually persistent
seroclearance infection

Super-infection: This happens when c-HBYV carriers become infected with

HDV. In 80% of cases, this results in severe acute hepatitis and c- HDV infection.

The viral fulminant form, the most severe form of acute illness, occurs 10 times more

commonly in HDV infections as compared to other types. It is characterized by

personality changes, sleep problems, confusion, poor concentration, and occasionally

hepatic encephalopathy, expressed by abnormal behaviour and coma. Fulminant

hepatitis has an 80% mortality ratio. In approximately 60-70% of patients, c-hepatitis

D infection progresses to liver cirrhosis. Cirrhosis can develop as soon as 2 years

after infection or as late as 5-10 years later. HC carcinoma occurs at the same ratio in

chronically infected HDV patients as in normal HBV patients. Overall, HDV

infections have a mortality ratio of 2% to 20%, which is ten times higher than HBV.

The manifestation of HDV sickness is fairly broad; acute co-infection may generate

more severe reactions than mono-infection HBV. These responses also may include
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acute liver failure. The situation is slightly different in individuals with c-HBV, HDV
super-infection usually results in c-HDV in these patients, while the natural course of
the disease continues with the course of HBV in some patients (Hughes et al., 2011).
As a result of a study, it was reported that HBsAg was cleared in 10% of patients
with anti-HDV antibodies after 4 years of follow-up (Niro et al., 2001, Brunetto, M.
et.al 2023). Figure 8 depicts the evolution of serological markers in superinfected
patients. The progression of serological and virological markers in patients with
super-infection can be observed in various scenarios. In simultaneous co-infection,
both viruses are cleared in almost all patients. However, as shown by a break in the
x-axis in the case of HDV super-infection of an HBV carrier, spontaneous clearance
of HDV-RNA may take years to occur and, in some cases, may result in the loss of
HBsAg. In contrast, a chronic illness brought on by HDV-super-infection of an HBV

carrier is more typical.

Figure 8.

Markers in Super-Infected Patients. A) Simultaneous co-infection results in
clearance of both viruses (B) HDV super-infection of an HBV carrier (C) HDV
super-infection of a chronic HBV carrier
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An undetected HBsA(g carrier may experience acute hepatitis from super-
infection. However, it's frequently misinterpreted as acute or c-HBV-related liver
ilIness that's getting worse. Evaluations indicate that patients with HDV super-
infection often have advanced severe hepatitis. These patients may progress to
cirrhosis or die more rapidly than mono-infected HBV patients. Although the ratio of
progression to cirrhosis is high, studies also report that there is no increase in the
ratio of HC carcinoma due to suppression of HBV replication by HDV (Cross et al.,
2008). Initially, HDV was thought to persist after transplantation as an isolated or
latent infection; whereas, later research results indicated that the 5-year survival ratio
after liver transplantation for HDV was more than 80% (Samuel et al., 1995; Lerut et
al., 1999).

The first research results in which different genotypes of HDV were started to
be evaluated were that the Gt affected the course of the disease. However, because
recent research findings interpret the impact of Gt on the course of the disease
differently, it is still challenging to evaluate the association between Gt and the
disease's natural history. For example, patients with Gt 1 in Taiwan have a lower
remission ratio than Gt 2 and Gt 4 mild liver disease is generally known in patients
(Wu et al., 2006). In Japan, more cirrhosis progression has been reported in Gt 4
(Watanabe et al., 2003). In South America, information has been given regarding
outbreaks of Gt 3 acute liver failure and severe hepatitis resulting in death (Niro et
al., 1997).

Figure 9.
Serologic Course of (A) Acute HDV Infection (Healing) and (B) Chronic HDV

Infection
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In summary, HDV-super-infection can be divided into three stages: The
patient may experience severe fulminant hepatitis during the acute phase, which can
swiftly progress to cirrhosis. Almost 90% of individuals who survive the acute phase
pass into the chronic phase. The last name is last phase. As the virus becomes
chronic, the risk of patients developing HC carcinoma also accelerates (Figure 10)
(Chen, 2011).

Figure 10.

Three Different Natural History of Super-Infection. A) Acute phase (replication of
HDV and suppression of HBV) ALT level is high. B) Chronic phase (HDV
reactivated low HBV level) ALT level moderate. C) Late phase (cirrhosis and

hepatocellular carcinoma development)

*CAH: chronic active hepatitis, CPH: chronic persistent hepatitis, CHC: hepatocellular carcinoma
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Epidemiology and Geographic Distribution of HDV

Sero-epidemiological studies conducted in the 1980s reported that the
prevalence of HDV in patients with HBV was 5%, and this corresponds to an
estimated 20 million people worldwide (Lempp et al., 2016; Sureau & Negro, 2016).
The prevalence of HDV in these years is in Southern Europe, the Middle East, East
Africa and Asia; It was reported to be relatively higher than Northern Europe, South
Africa and N-America (Taylor et al., 2013, Brunetto, M. et.al 2023).

HDV infections are found all over the world, but the prevalence varies by
region. Twenty to forty percent of HBsAg carriers in Africa, the Middle East, and
Southern Italy have anti-HDV antibodies. Except for heroin addicts and
hemophiliacs, where prevalence ratios range from 1 to 10%, HDV infection is
uncommon in USA. Gay men and healthcare workers are at high risk of contracting
HBV but, for unknown reasons, are at low risk of HDV infection. Furthermore, HDV
infection is uncommon in Southeast Asia and China, where there is a large HBsAg
carrier population. Haemodialysis patients, sexual contacts with infected people, and
infants born to infected mothers (rare) are also at high risk of contracting HDV. Until
now, HDV has infected over 10 million people worldwide.

Early research in the last quarter of the 20th century showed HDV infection
to be endemic worldwide. Another important finding of the study was that there were

large differences and contrasts in HDV prevalence. It was determined that HDV was
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usually transmitted as super-infection in India, Africa and South America. Most of
the children or adolescents chronically infected with HBV contracted HDV in
adulthood, and it was reported that many of them died from periodic fulminant
hepatitis D epidemics (Hadler et al., 1991). These infections seen in the Amazon
basin were Gt 3 of HDV. Despite the implementation of vaccination, it was still a
significant health problem in Amazon, while the prevalence of anti-HDV was found
to be 41.9% in HBsAg carriers in Purusya (Braga et al., 2012). Likewise, outbreaks
of fulminant and severe hepatitis caused by high HBV endemicity were still being
recorded in Russia, Mongolia, and Greenland (Flodgren et al., 2000; Tsatsralt-Od et
al., 2006; Barresen et al., 2010). Two subtypes of Gt 1 have been identified, 1A
(predominant in Asia, common in the Mediterranean) and 1B (predominant in the

Americas, common in the Mediterranean) (Figure 11).

Figure 11.
HDV Genotype Distribution Worldwide (Hughes et al., 2011)

Notably, HDV prevalence was low in areas with low HBV prevalence in the
1980s, such as in areas with high HBV prevalence, such as Japan. In a study
conducted in Japan in 2000, the prevalence of HDV was reported as 8.5%. The
study, conducted in the Mediterranean Basin and Taiwan, revealed that HDV
infection originates from people using injection drugs and sharing contaminated

equipment. It has been observed that c-HDV case originating from its reservoir
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affects the general population as a super-infection with close contact (Sagnelli et al.,
1992). In Italy, men have been infected with HDV more than women. In Taiwan, the
ratio of anti-HDV in prostitutes was 55%, and the ratio of anti-HDV in people who
use drugs by injection was 91% (Rizzetto & Ciancio, 2012). Figure 12 displays the
principal regions of HDV dispersion in the world.

Figure 12.
Geographical Schematic Representation of Globally Distribution of Dominant HDV
Genotype (Negro, 2014)
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Many other studies were conducted in the same period, and the results of
these studies generally showed differences and inequalities in prevalence ratios at the
regional level. While some studies reported that HDV prevalence could be neglected,
some studies reported the presence of hyperendemic pockets of infection around
regions where the prevalence could be neglected (Rizzetto et al., 1991, Brunetto, M.
et.al 2023). Hepatitis D is the main risk factor of cirrhosis and fulminant hepatitis
worldwide, clinical research findings using the medical categorization approach have
shown.

In the results of studies conducted in Italy in different years, the ratios of anti-

HDV were determined as follows: 24.6% (in 1983) in carriers with liver disease;
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23% (in 1987); 14% (in 1992) and 8.3% (in 1997) (Rizzetto & Ciancio, 2012). In
Spain, it was reported that it decreased from 15% (1975-1985) to 7.9% (1986-1992).
The HDV super-infection ratio in Taiwan decreased from 23.7% in 1983 to 4.2% in
1996. According to reports, from 1980 to 2005, Turkey's prevalence of anti-HDV in
chronic HBsAg liver disease dropped from 31% to 11%. In Europe, the situation was
different. It was determined that there was no decrease in HDV prevalence over the
years. In the results of the study conducted in Italy in 2007, it was reported that there
was no decrease in HDV prevalence (8.1%). According to the results of the study
published in 2014, it was reported that the prevalence of anti-HDV in Italy was 8.4%
and HDV was found in 7.4% of Italians and 11.5% of immigrants (Brancaccio et al.
2014). In a study conducted in England, it was determined that 8.5% of 1000 HBsAg
carriers were positive for anti-HDV. In the results of these studies, it has been
reported that this virus originates from immigrants as well as the prevalence of anti-
HDV. Reports of HDV have also been reported from Northern European countries,
but it has also been stated that HDV is limited to risk groups in countries such as
Switzerland and the Czech Republic (Genné D & Rossi, 2011). Depending on the
HDV prevalence seen in risk groups, there was an increase in liver-related diseases
and mortality ratios in these populations (Soriano et al. 2011; Ionescu & Mihalescu,
2011). In a study conducted in patients with c-hepatitis B in Turkey (between 2002
and 2004), anti-HDV was determined at a ratio of approximately 28% (Bahcecioglu
et al. 2011). The prevalence among HDV (+) immigrant individuals in Europe in
2012 is given in Figure 13.

Figure 13.
Prevalence of HDV Positivity Among Immigrant Individuals in Europe in 2012
(Rizzetto & Alavian, 2013)
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Since the beginning of the 2000s, taking preventive measures such as the
initiation of vaccination against HBV and routinizing hygiene rules have also
reduced the prevalence of HDV in many regions. However, since the beginning of
the 2000s, an increase in HDV prevalence has been observed in some countries
through immigrants coming to Europe from endemic regions (Rizzetto & Alavian,
2013). For example, while 1% anti-HDV positivity was detected in France until
2005, this ratio increased to 6.5 times in 2010 (Servant-Delmas et al., 2014). A
similar situation was valid in Germany, and the prevalence of HDV increased from
7% to 14% (Wedemeyer et al., 2007, Adepoju, V. A., Udah, D. C., & Adnani, Q. E. S.
(2024).

In USA, the ratio of anti-HDV in drug addicts using intravenous injectors
with c-HBV was 50%, and the ratio of anti-HDV in 500 HBsAg carriers was 8%. In
the results of the study, it was determined that HDV-positive individuals had
cirrhosis at a higher ratio than individuals with mono-infection with HBV (almost
80% of these individuals were immigrants) (Gish et al., 2013). In Somalia, Egypt,
and Saudi Arabia, patients with c-HBsAg hepatitis had HDV prevalence ratios of
47.4%, 24.4%, and 8.2%, respectively. In the Middle East and nearby areas, HDV is
still endemic (Amini et al., 2013). HDV is endemic in Pakistan, Iran, and India.
Although the frequency of HDV is low in the majority of HBsAg in Malaysia and
Thailand people, the ratios among drug addicts are as follows: 20-34% and 21.8%

(Theamboonlers et al. 2002). The prevalence of anti-HDV in China was found to be
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variable between 13-15% (Ciancio & Rizzetto, 2002). 2006 In China, the anti-HDV
ratio among injecting drug users was determined as 2% (L. et al., 2006).

In a study in collaboration with WHO, it was stated that HDV affects
approximately 5% of individuals with chronic infection with HBV (2020). In
addition, as a result of this report, it was reported that this co-infection is responsible
for 1 in 5 cases of liver disease or liver cancer. As a result of the study, the points
with a high prevalence of HDV occurrence were identified as Mongolia, Moldova,
and countries in western and central Africa. Today, HDV infection continues to
occur worldwide. Systematic examination results report that its prevalence is almost
15% among HBsAg (+) individuals, and its global prevalence is approximately 1%
(Chen et al., 2019; Stockdale et al., 2020). The highest HDV prevalence among
HBsAg (+) individuals is reported to be in Mongolia. The regions with the highest
prevalence ratio (approximately 10%) are Moldova, West and Central African
countries (Stockdale et al., 2020). When age and gender, which are demographic
characteristics, are taken into consideration, it is reported that the elderly are more at
risk than the young and men are more at risk than women (Stroffolini et al., 2017,
Chen et al., 2019).

All the above-mentioned information shows us that the global presence of

HDV has not decreased and is probably still underestimated when considered.

Paths of Transmission

HDV is transmitted parenterally, just like HBV. Exposure to HDV-infected
blood or body fluids or through rupture of the skin (through injection, tattooing, etc.)
causes HDV transmission. Therefore, the risk of HDV is higher in individuals who
use narcotics, especially by injection. Studies also indicate that HDV is sexually
transmitted. It is reported that intra-familial transmission is also common in regions
with a high prevalence. Perinatal transmission of HDV is extremely rare, due to the
attention paid to sterilization of medicinal products used in blood transfusion or
haemodialysis procedures in developed countries. Although mother-to-child
transmission is possible, this condition is extremely rare. HBV vaccination is not
only preventive against HDV but also against HDV-co-infection. C-HBV carriers
have a higher risk of HDV infection than healthy individuals. However, individuals
who are not immune to HBV, that is, natural disease or unvaccinated individuals, are
also at risk for HDV-infection due to the risk of being infected with HBV.
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Individuals with HIV, HCV-infection are potentially at higher risk of contracting
HBV-related HDV-co-infection.

Viral Dominances among Hepatitises

Co-infection or super-infection with HDV suppresses HBV replication in
patients due to the activations of S-HDV and L-HDV proteins. These proteins induce
interferon, which by lowering mRNA efflux prevents HBV replication. Most patients
with HDV co-infection have reduced HBV DNA (deoxyribonucleic acid) and are
HBeAg negative (70-90%) (Sagnelli et al., 2000; Heidrich et al., 2009; Zachou et al.,
2010). Only when HDV infection clears, either spontaneously or after treatment with
interferon-a, is HBV replication reactivated (Castelnau et al., 2006 , Adepoju, V. A.,
Udah, D. C., & Adnani, Q. E. S. (2024).

The results of the research also include serological findings showing that 30%
of individuals infected with HBV and HDV are also exposed to HCV (Cross et al.,
2008; Heidrich et al., 2009). In this triple infection, HDV is the predominant virus
because it suppresses not only HBV replication but also HCV replication (Mathurin
et al., 2000). HCV RNA was positive in 19% of patients with anti-HDV antibody
positive, anti-HCV antibody positive and HBsAg (+) (Mathurin et al., 2000; Cross et
al., 2008; Heidrich et al., 2009). Although HBV and HCV co-infection requires long-
term follow-up, the majority of HCVV RNA-positive (negative) patients are likely to
have cleared HCV infection (Raimondo et al., 2006).

Symptoms and Incubation

When compared to hepatitis A, B, and C, HDV has a more serious medical
course. After an incubation span of 3 to 7 weeks, it appears with nonspecific clinical
signs such as exhaustion, lethargy, feeling nauseated, and eating loss. After these
non-specific symptoms, which last for 3-7 days, viral replication decreases during
this time. It can also occur after the symptoms of jaundice. In this case, while nausea
usually continues in addition to fatigue from the symptoms, colour changes may
occur in the patient's urine (dark) and stool (clay colour) due to anomalies in the Blb
level. Acute co-infection (simultaneous HBV and HDV) presents symptoms ranging
from mild to severe, indistinguishable from other acute types. In the case of super-

infection, it accelerates the progression of the disease of the patient who already has
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chronic HBV. The progression to cirrhosis is almost 10 years shorter in super-

infected individuals than in mono-infected individuals.

Diagnosis

Type D hepatitis should be considered in people who have recently been
infected with HBV or who test positive for HBsAg. Serological tests are used to
confirm the diagnosis of type D hepatitis. HDV antibody is a biomarker of HDV
infection (anti-HDV). Total anti-HDV antibody value can be measured with kits used
in RIA or ELISA tests. Increased amounts of anti-HDV 1gG and IgM are utilized to
diagnose HDV infection, which again is confirmed by the detection of HDV-RNA in
serum. For active HDV infection, immunoglobulin M (IgM) anti-HDV is the most
important diagnostic marker predicting the progression of infection or transition to c-
HDV infection. However, since IgM anti-HDV titer is found to be high in patients
with active c-HDV infection, this marker is not diagnostic in individuals with acute
HDV infection, just like in hepatitis A or B. The distinction between co-infected and
super-infected individuals can be achieved using IgM anti-HBc. In this case, the
presence of both IgM anti-HBc and IgM anti-HDV suggests co-infection, while
super-infection is considered only in individuals with high IgM anti-HDV. In
individuals with low HDV antigen levels, the amount of antigen can be determined
by Western blot analysis. In the c-HDV phase, reverse transcriptase-polymerase
chain reaction (RT-PCR) can be utilized to detect low HDV viremia 10-100
copies/ml. HDV-RNA levels are associated with liver damage and elevated ALT
levels. Liver biopsy is the clearest method of assessing the severity of the disease and
the appearance of HDV-Ag in the nuclei of hepatocytes is the gold standard of
diagnosis. Markers of HDV infection disappear within months after recovery,
including IgM and 1gG antibodies. In c-hepatitis D infection, HDV-RNA, HDV-Ag,
IgM anti-HD and 1gG anti-HD antibodies remain (Chen et al., 2011; Hughes et al.,
2011).

Diagnostic markers and processes in HDV infection can be summarized as
follows (Hughes et al., 2011):

* Anti-HDV IgG antibody: It remains positive in all individuals previously
exposed to HDV and persists long after viral clearance.
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* Anti-HDV IgM antibody: It is positive during the acute phase of infection
and negative in past infection, but may persist in a significant percentage of
chronic HDV infection patients. While it is sometimes used as a potential

marker for HDV replication, it is not completely sensitive or specific.

* HDV-RNA qualitative: It is positive in all chronic HDV patients, but

negative in either spontaneous or treatment-induced viral clearance.

* HDV-RNA quantitative: It is a reliable method for predicting or monitoring

therapeutic efficacy.
* HBsAg qualitative: It must be positive for HDV infectivity.

* HBsAg quantitative: It is positively correlated with HDV-RNA. Falling titre
could indicate HBsAg loss and thus HDV clearance, which could be used to

estimate or monitor treatment response.
* HBeAg: It is negative in about 85% of patients.

* HBV-DNA quantitative: Due to HDV suppression, the level is usually
negative or low. However, it may be elevated in patients with detectable

HBeAg. It can reactivate after natural or treatment-induced HDV clearance.

* ALT: Although it is typically elevated, it does not strongly correlate with

the degree of histological liver damage.

Prevention and Treatment

HDV infection prevention is based on HBV infection prevention because
HDV did require the HBV-Ag to cause infection. There is a high-yielding HBV
vaccination but no HDV vaccine. To prevent, HDV-HBYV co-infection, one can use
the HBV vaccine or post-exposure prophylaxis (Hepatitis B Immune Globulin).
Educating c-HBYV carriers about transmission and dangerous behaviors is the only
way to prevent HBV-HDV superinfection. Blood and blood products, sexual contact,
sharing needles, and mother-to-child transmission are among the ways that HDV can

spread.
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HDV infection has no particular treatment option, and also
Immunosuppressive therapy has no clinical benefit. There is no scientific proof that
antiviral medications such as ribavirin are also potent. High doses of a-interferon for
infected patients have remission of disease, but most patients still have positive
HDV-RNA, with or without improvement in disease conditions. The most difficult
and complex aspect of HDV treatment is that the ideal treatment should be effective
not only against HDV virus, but also against HBV virus that HDV uses as host.
Research into recombinant therapy has demonstrated its effectiveness in treating
HDV by reducing serum aminotransferase levels. However, treatment response tends
to diminish after treatment discontinuation. Reports on interferon therapy indicate
that high doses of interferon can lead to HBsAg loss (Farci et al., 2004). While some
research results advocated the prolongation of the applied interferon treatment, some
research results showed that prolonging the treatment period did not provide any
additional benefit (Yurdaydin et al., 2007). Interferon-induced clearance of HDV-
RNA has been linked to a decrease in HBsAg concentrations and, in some cases,
HBsAg loss, with no reduction in HBSAg in treatment-resistant patients (Manesis et
al., 2007). Interferon therapy appears to have an indirect effect, possibly through an
effect on HBV or the immune function to infection. Orthotopic liver transplantation
has been shown to be effective in the treatment of fulminant acute and advanced c-

hepatitis D infections.

Key Facts

e HDV needs HBV for replication

e Affects approximately 5% of individuals with c-HBV

e HDV occurs in humans in two ways: i) co-infection or ii) super-infection.

e With the HBV vaccination program that started in the 1980s, the number of
HDV infections decreased due to the decrease in the HBV risk of individuals.

e Co-infection is considered the most severe form of chronic viral hepatitis as it
increases the risk of liver-related death.

e The most effective way to prevent HDV is to be vaccinated against HBV.
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CHAPTER |11
Material and Method

Research Design

We accessed primary records regarding the incidence of HBsAg (+) patients
using the information in the Near East University Hospital (NEU-H) database. The
patients included in the study consisted of outpatients, who came to the hospital for
various complaints and routine examinations, and who did not have severe liver
disease. This cross-sectional study, conducted in TRNC NEU-H between January 01,
2018 and September 31, 2022, included 422 HBsAg (+) and outpatients.

Patient Groups and Ethics

This study was carried out from serum samples diagnosed with Abbott
Diagnostic Divison, HbsAg Qualitative Germany Kits used in the diagnosis of
HBsAg in the microbiology laboratory of our hospital. HBSAg positive sera were
reserved for this study at -80 degrees Celsius. The study period spanned from
January 2018 to December 2022, and HDV patients were identified using the B18.0
code from the International Classification of Diseases (ICD)-10 codes. A total of 422
HBsAg-positive outpatients were included in this cross-sectional study, which was
conducted at NEU-H in TRNC between January 01, 2018 and September 31, 2022.
The data of this patient group were accessed using the Microbiology laboratory
patient information system and evaluated retrospectively. The following information
was verified/used from the NEU-H information system used to determine the patient
group to be included in the study: Demographic characteristics of HBV cases with
confirmed HBsAg (+), such as age, gender, nationality and region of residence.
Ethics committee approval was obtained from the NEU Ethics Committee with the
date of 22.10.2020 /84

HDV Prevalence

HDV occurs as either co-infection or super-infection in HBsAg (+) patients.
In both co- and super-infection cases, the standard determining parameter in clinical
screening for diagnosing a patient as HDV- (+) is the positive detection of HDV
antibody (anti-HDV) and/or HDV-Ag. Serum HDV- RNA measurement by RT -
PCR is the method used to confirm the presence of HDV active infection. In this
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study, the prevalence of HDV in HBsAg (+) patients was evaluated. For this purpose,
the anti-HDV and HDV - Ag positivity of the patients known to be positive for
HBsAg were examined by ELISA in the serum (Figure 14). HDV- RNA
determination was analysed by RT- PCR method from the samples of patients with
positive anti-HDV and HDV — Ag.

Figure 14.
Working Mechanism of ELISA Test Methods

Sdnvan Product
fll.'\"'oh'h-' \ }
Detector ot
ADOSY

Capure Q4 ."." (A
Amtedy A N

 ETYE TV T

Evaluation of Anti-HDV Positivity, with ELISA

Anti-HDV, which correlates with the clinical status of the HBsAg (+)
individual, is a marker of HDV exposure. Anti-HDV positivity is not only a marker
of HDV exposure in individuals with liver disease but also an indicator of HDV
replication. Therefore, Anti-HDV positivity has almost diagnostic value for c-HDV
as well. The serological presence of HDV was determined using the ELISA method
in present study (Figure 15). Figure 15. ELISA Kit Used in the Quantitative
Determination of Anti-HDV
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The serum of HBsAg (+) patients were retrospectively tested for anti-HDV
using the ELISA kit (Dia. Pro Diagnostic Bioprobes Srl, Sesto San Giovanni (MI),
Italy) according to the manufacturer's instructions with 98.0% clinical specificity and
sensitivity for detection of total anti-HDV antibodies, as declared by the

manufacturer.

The test setup gives the critical optic density, which is a measure of positive or
negative results for the serum examined. The test was repeated for samples with

inconclusive results (grey zone).

Evaluation of HDV - Ag Positivity, with ELISA

Additional serum samples were taken from individuals who were found to be
anti-HDV positive, and the presence of HDV- Ag was retrospectively tested using an
ELISA kit (Dia. Pro Diagnostic Bioprobes Srl, Sesto San Giovanni (MI) — ltaly;
Figure 16). According to the manufacturer's written statement, the clinical sensitivity

and specificity ratio of the kit used, were as follows: > 98% (for both parameters).
Figure 16.

ELISA Kit for HDV — Ag

The test setup gives the critical optic density, which is a measure of positive
or negative results for the serum examined. The test was repeated for samples with

inconclusive results (grey zone).
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Evaluation of HDV- RNA, with PCR

Although the risk of HDV is low in a-symptomatic HBsAg (+) patents, often
anti-HDV may represent the effect of a previous infection or an
unrecognized/undetectable HDV infection. Because some of these patients may
harbour HDV infection, it is reasonable to test all carriers for HDV-RNA even in the

absence of severe or apparent liver disease.
Figure 17.

PCR Kit for HDV — RNA: Kit for the isolation of total nucleic acid (viral DNA and

RNA) from mammalian serum and plasma
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Figure 18.

RT-PCR in NEU-H
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Kit (MagNa Pure LC Total Nucleic Acid Isolation Kit, Roche) designed for
the clinical management of patients with chronic HDV infections with other
laboratory markers of disease was used. With this method, the possibility of a
permanent viral response can be evaluated as well as evaluating the viral response to
the antiviral treatment administered by measuring the changes in serum HDV-RNA
levels. The kit used can be used as a screening test for the detection of HDV-RNA in

the blood as well as to confirm the presence of HDV infection.

After the patient's blood was transferred to 5 ml EDTA tubes, it was
centrifuged at 800-1,600 g for 20 min to separate plasma/serum from blood samples,
transferred to sterile tubes and stored at -80 °C. Using the MagNa Pure LC Total
Nucleic Acid Isolation Kit (Roche) and the HP200 extraction methodology, total
nucleic acids were extracted and suspended in 100 pl volumes. Afterward, 8 pl of the
eluate was amplified in a 20 pl reaction that also contained 2 pmol of HDV probe, 14
pmol of HDV rev primer, 18 pmol of HDV fwd primer, and 5 pl of 4x Master Mix
with UDG (FVMM, Thermo Fisher Scientific) (Table 4) (Beudeker et al., 2021).

Table 4

Primers and Probes Used in HDV PCR Protocols

Name 5°-label-sequence-guencher-3’

Forward primer AGGAGGTGGAGATGCCATG

Probe FAM- TCGCGTCCTTCTTTCCTCTTCGGGT-BHQ1
Reverse primer GGGTTTCCACTCACAGGTT

RT-PCR program for LightCycler® 480 was started as given in Table 5.



Table 5.

HDV RT-PCR Stages

Profile Cycle
Reverse transcription 1

Tag activation 1
Denaturation 40
Annealing/Elongation

Cooling 1

Temperature (°C)

55

95

95

60

40

35

Time (s)
300

120

600

60

30

A LightCycler 480 11 (Roche) with the Fit points analysis module was used
for amplification. Using a RealStar HDV RT-PCR Kit 1.0 (Altona), negative RT-

PCR results from HBsAg (+) patients were verified in accordance with the

manufacturer's instructions.

Our experimental study design was summarized in Figure 19.

Figure 19.

Experimental Design
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A method was used for the qualitative determination of IgM antibodies to hepatitis B
virus core antigen (anti-HBc IgM) in serum or plasma to aid in the detection of acute
infection. Anti-HBc IgM ELISA kit (Abbott Diagnostic Division, Germany) was

carried out in accordance with the manufacturer's instructions as follows:

e The samples were waited for 15-20 min to reach room temperature.

o Dilute Wash Buffer 1:20 with distilled water.

o Wells were marked with two wells as positive control, three wells as negative
control, and one as blank.

e Diluted each sample 1:1000 with normal saline.

e 100 pl of sample was added to each well and then plate incubated for 30 min
at 37 °C.

e After incubation, each well was washed 5 times with diluted washing buffer
at the end.

e 100 pl of HRP conjugate reagent was added to each well except the blank and
incubated at 37 °C for 30 min.

e After each well was washed 5 times with diluted washing buffer, added 50 pl
of Chromogen A and Chromogen B solution into each well (including the
Blank) and incubated the plate at 37°C for 15 min.

e After the incubation period, added 50 pl stop solution into each well and
mixed gently.

e The intense yellow color was expected in the positive control and anti-HBc
IgM (+) sample wells.

e The absorbance of the plate was read at 450 nm.

e Cut-off value (C.O) = nc (the means absorbance value of three negative
controls) x 2.1

e S/C.0 < 1: Samples with an absorbance lower than the cut-off value were
considered negative. That is, it shows that no IgM class antibodies against
hepatitis B core antigen were detected with the antiHBc IgM ELISA Kit.

e S/C.0 > 1: Samples with an absorbance greater than the cut-off value were
considered positive.

e S/C.0=0.9-1.1: Samples with an absorbance to the cut-off ratio between 0.9

-1.1 were borderline samples.
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Anti-HBc Total with ELISA

Anti-HBc Total ELISA (Abbott Diagnostic Division, Germany AntiHBcTotal) is
a method for the in vitro qualitative detection of total antibody to hepatitis B virus
core antigen (Anti-HBc Total) in human serum or plasma. The ELISA method used
to detect the total antibody against anti-HBc Total was performed in accordance with

the manufacturer's instructions as follows:

e The samples were waited for 15-20 min to reach room temperature.

e Wells were marked with two wells as positive control, three wells as negative
control, and one as blank

e Added 50 pl of each sample to the wells on the plate

e Added 50 ul of Anti-HBc- Peroxidase solution to each well (excepting blank
well) and taped the plate, gently

e Plate incubated for 60 min at 37 °C

e After incubation, each well was washed 5 times with diluted washing buffer
at the end.

e Added 100 pl of the mixture solution (mixed in equal volumes Chromogenic
3,3',5,5'-tetramethylbenzidine concentrate and Substrate buffer (Citrate acid
buffer containing 0.03% H20,)] to each well (including blank well)

e After 15 min incubation at room temperature, 100 pl of stop solution was

added to each well and the absorbance of the samples was read at 450 nm.

The Cut-off Value was calculated according to the formula: Cutoff VValue = 0.4
NCx (the mean of three negative controls) + 0.6 PCx (the mean of two positive

controls)

ALT and AST levels

ALT and AST levels were measured using the Abbott Architect C16000
device (Figure 20) and Kits suitable for this device (8L92-20 and 07D8121

respectively).

Figure 20.
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Abbott Architect C16000 Device

Statistical Analysis

Data analysis were performed with the IBM SPSS (Ver. 20.0) program at a
95% confidence interval. In the study results, categorical variables were expressed as
ratio/percentage and continuous variables were expressed as mean with standard

deviation (mean x SD).
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CHAPTER IV
Results

In this section, the findings reached in the light of the data collected for the

study questions are mentioned.

Demographic Features

The gender distribution ratios of a total of 422 HBsAg (+) individuals among
the patients admitted to NEU-H between 2018 and 2022 were as follows: 116 (27%)
were female and 306 (73%) were male (Figure 21). The ratio of both genders to each

other was determined as male/female 2.64.

Figure 21.
The Gender Distribution Ratio of a Total of 422 HBsAg (+) Patients Admitted to
NEU-H between 2018-2022

Gender

B Female ®m Male

The ages of a total of 422 HBsAg (+) patients admitted to NEU-H between
2018 and 2022 ranged from 18 to 84 years old. The mean age of HBsAg (+) patients
was 33.51 + 7.2 years. The mean age of female was 36.91 + 5.1 and the mean age of
male was 32.23 + 8.2 (Figure 22).
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Figure 22.
Age Distribution of a Total of 422 HBsAg (+) Patients Admitted to NEU-H between
2018-2022

Age Distribution

N (NUMBER)

When we analysed the distribution of 422 HBsAg (+) patients admitted to
NEU Hospital between 2018 and 2022 by nationality, we determined that the highest
HBsAg (+) ratio was from Nigerian patients (n=176, 41.7%). The distribution of
other HBsA(g (+) patients by country was determined as follows: 19.1% (n=81) from
Turkey, 12.6% (n=53) from TRNC; 4.5% (n=19) from Cameron; 2.6% from Congo
and Turkmenistan (n=11, for each country); 1.4% from Bangladesh and Yemen (n=6,
for each country); 1.2% from Ethiopia, Ghana, Jordan, Zimbabwe, and Uzbekistan
(n=5, for each country); 1.0% from Iranian, Iraq, and Kyrgyzstan (n=4, for each
country); 0.7% from India, Gambia, Ivory Coast, Lebanon, and New Guinea (n=3,
for each country); 0.5% from Senegal and Somali (n=2, for each country); 0.2 %
from Ireland, Pakistan, and Russia (n=1, for each country) (Figure 23).
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Distribution of 422 HBsAg (+) Patients Admitted to NEU-H between 2018-2022 by

Nationality
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Demographic characteristics of HBsSAg (+) patients were summarized in

Table 6.

Table 6.

Demographic Characteristics of HBsAg (+) Patients

Features

Age groups

Gender

18-29

30-49

50<

220

153

49

116

%

52.1

36.3

11.6

27.5
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M 306 75.5
Nationality Turkey 81 19.2
TRNC 53 12.6
Nigeria 176 41.7
Cameroon 19 4.5
Congo 11 2.6
Turkmenistan 11 2.6
*QOther 71 16.8
Total 422 100

* Countries with less than 10 HBsAg (+) patients. F: Female, M: Male, TRNC: Turkish Republic of
North Cyprus

The distribution of patients with HBsAg (+) according to the years of
admission to the NEU-H was given in Figure 12. It was determined that HBSAg (+)
was detected in a total of 422 patients: 86 (20.4%) in 2018, 87 (20.6%) in 2019, 86
(20.4%) in 2020, 83 (19.6%) in 2021, and 80 (19.0%) in 2022.

Figure 24.
HBsAg (+) distribution ratio in NEU-H (2018-2022), in a total of 422 cases

1S
©
o]
S
=
(=
n
)
(72}
3+
©)

2019 2020 2021
Years




43

Anti-HDV-Ab

The results were interpreted as the ratio between the cut-off value and the
sample OD 450 nm or Co/S. The interpretations of the results were made according

to Table 7 below.
Table 7.

Interpretation of the Anti-HDV-Ab ELISA Kit Used

Col/S Interpretation
0.9 -
0.9-1.1 0
1.1 +

+: positive, -: negative, 0: Equivalent

No HDV-Ab (+) patients were detected according to the results that were
evaluated with the cut-off/interpretation values given in Table 6. HDV-Ab was
positive in only three of the 422 patients included in the current study. This means
that the HDV-Ab (+) ratio in our sample was 0.71%.

HDV-Ag

The results were interpreted as the ratio between the cut-off value and the
sample OD 450 nm or Co/S. The interpretations of the results were made according
to the Table 8 below.
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Table 8.

Interpretation of the HDV-Ag ELISA Kit Used

ColS Interpretation
0.9 -

0.9-1.1 0

1.1 +

+: positive, -: negative, 0: Equivalent

According to the results evaluated with the cut-off/interpretation values given
in Table 7, three HDV-Ag (+) patients were identified. HDV Ag positivity was not
detected in any of the 422 individuals.

HDV-RNA

HDV-RNA RT-PCR testing is requested from people who are HDV-Ab
positive. Individuals with a positive HDV-RNA result are considered to have an
active delta infection. In this study, HDV-RNA positivity was not detected by RT-
PCR in any of the HBs Ag (+) patients.

Anti HBc-1IgM

When anti-HBc IgM antibodies were evaluated by the ELISA method in the
determination of acute HBV infection in three patients who were found to be HDV-
Ab (+), IgM antibodies against hepatitis B virus core antigen were not detected in
any of the three patients. Anti-HBc IgM results of three individuals with positive
HDV-Ab were negative, suggesting that HDV might have emerged as a

superinfection in these individuals.
Anti-HBc Total

Total antibodies of three HDV Ab (+) patients against hepatitis B virus core

antigen evaluated by ELISA method were positive for all three patients. The positive
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anti-HBc total results of three people with HDV-Ab positivity shows that HDV is
considered as superinfection in these individuals, that is, there is no acute infection.

The characteristics of the three anti-HDV-Ab (+) patients, according to their

demographics and test results, are given in Table 9.
Table 9.

The Characteristics of The Three Anti-HDV-Ab (+) Patients

Anti- Anti- HDV-  Anti- Anti-

HDV HDV- RNA  HBc HBc
Gender Age Nationality

Ab Ag
IigM Total
Male 25 Nigeria + - - - + Superinfection
Female 42 TRNC + - - - + Superinfection
Male 28 Nigeria + - - - + Superinfection

Two of the three HDV-Ab (+) patients were male and one was female. The
ages of three HDV-Ab (+) patients were 25, 28, and 42 years old. Two of the three
HDV-Ab (+) patients were Nigerian and the other was Turkish Cypriot.

ALT and AST levels

When the ALT and AST levels of the patients with positive HBsSAg were
evaluated, it was determined that the mean ALT level of the patients was 25.7 £ 0.2
(n=422) and the mean AST level was 22.8 £ 0.2 (n=422). The mean ALT level of the
patients who were found to have negative anti-HDV-Ab (n=419) was 25.8 £ 0.1 and
the mean AST levels were 22.7 £ 0.2. The mean ALT level of the patients who were
found to have positive anti-HDV-Ab (n=3) was 25.2 + 0.1 and the mean AST levels
were 24.1 £+ 0.2. According to the anti-HDV-AD test results (positive or negative),
there was no significant difference between the mean ALT and AST levels of the

patients (p=n.s, Table 10).
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Table 10.

ALT and AST Distributions According to Anti-HDV-Ab Test Results

Anti-HDV-Ab (-)  Anti-HDV-Ab(+) P

n=219 n=3
ALT (U/l) mean + SD 25.8+0.1 25.2+0.1
(min-max) (25.7-26.0) (25.1-25.3) 0.982
AST (Ul mean + SD 22.7%0.2 24.1+0.2

(min-max)  (22.1-23.0) (23.9-24.3) 0.977
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CHAPTER YV

Discussion

In this section, the findings are discussed within the framework of the studies

in the literature.

Although there are reports published in different countries, especially in
many European countries, in the literature, there are no published reports on HDV
prevalence in TRNC. In this study, anti-HDV-Ab were detected in 3/422 of patients
with HBsAg-positive TRNC. Although the sex, age, and nationality information of
all patients were available in the study, the low HDV positivity ratio did not allow
the analysis of a possible relationship between anti-HDV positivity and patient
characteristics. In this study, anti-HDV-Ab was detected in only three patients. Anti-
HDV-Ag could not be detected in the serum samples of all three patients. This result
is quite consistent with the knowledge that HDV-Ag is often neutralized by anti-
HDV-Ab and thus cannot be detected in immunocompetent individuals, as stated in

previously reported reports (Alfaiate et al., 2015; Stroffolini, et al., 2016).

However, there is an inability to routinely check the anti-HDV test in
individuals with HBsAg positivity. In order to determine the true prevalence of
HDV, it is possible to determine the true prevalence values if the concept of dual
reflex testing is applied by all clinicians. The double reflex test is applied by
requesting Anti-HDV in individuals with positive HBsAg, and by looking for HDV-
RNA in individuals with Anti-HDV positive (Palom, 2022).

Detection of anti-HDV in the individual is evidence of past or ongoing HDV
infection [6]. HDV-RNA data indicate how many of the HBsAg (+) and anti-HDV
(+) cases identified in this study have ongoing HDV infection (Kamili et al., 2017;
Patel et al., 2019). Considering that the anti-HDV titters decreased over time during
the healed co-infection process and HDV became chronic during the superinfection
process, we can say that the HBsAg (+) and anti-HDV (+) cases we detected in our
study probably reflect the ongoing HDV infection. Anti HDV positivity was found at
the rate of 0.6% in the study conducted with serum samples of HBsAg positive cases
in our hospital records, and HDV-RNA positivity was not found in any of them.
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HDV infection continues to be a significant global health concern. While the
distribution of the infection is subject to change with the diffusion of the HBV
vaccine, certain geographic regions currently serve as reservoirs for the virus.
Additionally, the actual burden of the infection seems to be underestimated, both in
the general population and in at-risk populations (Niro et., 2021). The distribution of
HDV infection varies significantly across geographic regions, with particularly high
prevalence rates documented in Mongolia, the Republic of Moldova, and Western
and Middle African nations (Stockdale et al., 2020). The prevalence of HDV in
European countries such as the United Kingdom and France (not including Southern
European countries) has started to increase in recent years in parallel with the
immigration it has received (Jelen et al., 2016). In recent years, a downward trend
has started in the prevalence of HDV in most European countries, especially in
southern Europe, due to vaccination against HBV, mandatory tests applied to blood
donors, improvement of hygiene conditions, and behavioural changes (Rizzetto &
Ciancio, 2012). However, there has been a recent increase in the prevalence of HDV
in Europe (excluding southern Europe) due to migration from areas where HDV is
endemic and from areas where HBV vaccination is not widespread (Reinheimer et
al., 2012; El Bouzidi et al., 2015; Cuenza-Gomez et al., 2016). We do not have
information about the increase or decrease in the prevalence, since a study on the

prevalence of Anti-HDV has not been done before in TRNC.

In the results of the research, it is estimated that the prevalence of anti-HDV
in HBsAg (+) individuals is 4.5% worldwide (Stockdale et al., 2020). Considering
the number of HBsAg (+) individuals worldwide, we can actually accept that this
ratio corresponds to the range of 0.15-0.2 of the total population. When this ratio is
considered according to the world population, we are talking about 12 million
individuals with serological evidence of HDV. There are still limitations in the
epidemiological data of anti-HDV worldwide. More data are needed from most
countries in North America, Latin America, South Africa, and Asia before analyses
can be made to determine accurate figures for the prevalence of anti-HDV. Anti-
HDV prevalence estimation is highly heterogeneous, even among very close
geographical regions. Stockdale et al., (2020) reported that they estimated that
approximately 1 in 5 to 1 in 6 (respectively) cases of cirrhosis and HCC in
individuals with HBV are due to HDV. In the study conducted by Miao et al., (2020)



49

they reported that they estimated 48-60 million cases of HDV infection among HBV-
infected individuals worldwide. These ratios correspond to 0.8% of the general

population and 13% of HBsAg-positive carriers (Miao et al., 2020).

When the articles examining the prevalence of HBsAg in the TRNC were
examined, the prevalence of HBsAg in the country was found to be low endemicity
(Stier et al., 2012, Giiler et al., 2014, Arikan et al., 2016, Guler et al., 2018). The
incomplete determination of the prevalence of HDV globally also highlights the
neglect of HDV screening in a way. The number of reported studies on HDV
prevalence from low- and middle-low-income countries is quite limited. In fact, these
countries make up almost half of the world's population. The HBV positivity rate in
these countries is over 50% (Polaris Observatory Collaborators, 2018; Miao et al.,
2020). Therefore, reports from these countries or studies evaluating the population of

these countries are of great importance in determining global HDV prevalence.

Our results evaluate the effect of HDV infection in HBV (+) individuals in
NEU-H in TRNC and, in a way, highlight the risk of HDV superinfection. Our study,
in general, emphasizes the importance of determining the HDV burden in the TRNC
as well as in the rest of the world. Due to the HDV burden, more efforts are needed
to prevent or even eliminate rapid and serious/negative progression of liver diseases

with screening, prevention and treatment.

The most critical parameter determining the epidemiology of HDV is
individuals susceptible to HBsAg. Accordingly, HDV epidemiology has shown a
downward curve in recent years due to the widespread use of vaccination against
HBV. Since the 1990s, a significant improvement in HBV control has been observed
in many countries, including low-income countries, with the introduction of
vaccination programs against HBV. As a result of vaccination, both protection
against HBV and regression in HDV epidemiology have gained It is possible to
assume that the HDV prevalence is also controlled in places where the HBsSAg
prevalence is low, and accordingly, the population is more protected against
infections. In summary, vaccination against HBV is the most effective method of
controlling HDV infection. As a result of a study evaluating the effect of HBV
vaccination on the worldwide prevalence of HBsAg and the risk of acquiring HDV,
they reported that the prevalence of HBsAg and HDV may vary within the country,
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and this situation may be important, especially in large countries (Polaris
Observatory Collaborators, 2018). As a result of the study conducted in HBsAg (+)
individuals in Turkey, anti-HDV was detected only in 2.8% of the Turkish
population. Another striking emphasis in other studies from Turkey was the regional
variation in HDV rates. For example, the anti-HDV ratio in patients with HBsAg-
positive cirrhosis in Elazig and Van, eastern provinces of Turkey, was reported as
61.4% and 18.4% (Bahcecioglu et al., 2011; Dulger et al., 2016). Iran’s situation was
not much different from Turkey's. Anti-HDV ratios in patients with HBsSAg-positive
hepatitis in Iran also differed between regions: 65.5%-21.8% (Bakhshipour et al.,
2013). HBV vaccination has become mandatory for children in the TRNC since
1999. The prevalence of hepatitis D is also relatively low, as demonstrated by their
studies showing that the prevalence is low in the TRNC. The existence of more than
20 universities in the TRNC makes this country an island of education in a way.
There are many students who come to universities to study at different levels, from
undergraduate to doctorate. When the student population is evaluated, it is known
that students of Turkish or African origin (Nigeria, Jordan, etc.) enter the island to
study. There are individuals of many different nationalities who enter the island to
work, as do the students who enter the island. Individuals entering the island both as
students and to work are required by the Ministry of Interior to complete their
immigration procedures. In order for individuals to obtain an education, residence or
work permit on the island, they must first obtain a health report. In order to obtain
these permits, HBsAg, Anti-HCV, Anti-HIV, Syphilis and tuberculosis tests must be
done. According to this law, non-TRNC citizens with HIV positivity are deported
from the island. Individuals diagnosed with hepatitis B and C, syphilis and
tuberculosis in individuals who are not TRNC citizens can reside on the island,

provided that the treatment costs are covered by the person himself.

HBsA(g load was less than 1% in the America (central and Latin). In Africa
and Asia, this rate is around 5%. HBV vaccination has been covered by the birth
vaccine in only 11 countries in Africa, which in part may explain its high prevalence
in low- and low-middle-income countries (Breakwell et al., 2017). A meta-analysis
study determined that the combined HDV seroprevalence in central and western
Africa was as follows: 25.6-33.7%, 7.3-9.5%. In the same study, it was stated that
HDV seroprevalence was 0.05% of the general population in the eastern and
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southern regions of Africa, but the data obtained from large settlements were scarce
(Stockdale et al., 2020). In our study, the detection of Anti-HDV positivity among
students who came to the TRNC for educational purposes and were found to be

positive for HBsAg also emphasizes the importance of HBV vaccination.

It is a known fact that susceptibility to HDV infection varies between regions.
The basis of these differences is mainly genetic and cultural differences. In our study,
when HDV (+) of HBsAg (+) individuals was evaluated according to their
nationality, we encountered a heterogeneous distribution. According to our findings,
the highest HDV positivity was found in HBsAg positive individuals from Nigeria.
These findings summarize the idea that Central Africa may be the main cradle of
HDV diversification, particularly for HDV-1 (Le Gal et al., 2017) The fact that we
could not make genotype determination in our research is seen as a deficiency of the
study. According to recent reports from the Asian continent, anti-HDV ratio in the
HBsA(g (+) population have been reported as 50-60% for Mongolia, 82% for
Uzbekistan, 2.1% for Afghanistan, 30-50 for Pakistan, and 42% for Kyrgyzstan
(Mumtaz et al., 2005; Khan et al., 2008; Tsatsralt-Od, 2016; Chen X et al., 2017;
Khodjaeva et al., 2019; Husseini, & Rostamzadeh, 2022;). In the results of studies
with HBsA(g (+) patients reported from India and Taiwan, the prevalence of HDV
was reported as 5% and 6.5% (Huo et al., 1997; Acharya et al., 2006). In reports
from China declared that 21 of 211 HBsAg (+) patients had HDV super-infection,
6.5% of 6.604 HBsAg (+) patients had IgM anti-HD, and 5% of these patients had
genotype-2 HDV-RNA (Fu et al., 2016). In another report from China in 2019
reported that no HDV cases were detected in the HBsAg-positive population (Liu et
al., 2019). Miao et al. underlined that there are regional differences in HDV burden
in the results of their study, but they said China, India and Nigeria as the top three
countries with the highest number of HDV-infected individuals (Miao et al., 2020).

According to our study results, we determined that age may be an effective
factor among the risk factors affecting HDV exposure. Consistent with our study
results, Groc et al. (2018) found a higher seroprevalence in individuals under 60
years of age as a result of their study. In contrast, Somi et al., (2009) reported that the
risk of HDV increases significantly after the age of 40. In our study, although the
number of cases was low, the age range was found to be 25 and 28, respectively, in
Nigerian patients and 42 in TRNC patients.
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Literature findings also reported a strong correlation between the prevalence
of anti-HDV antibodies and specific population groups, including people who inject
drugs (PWID), individuals receiving hemodialysis, commercial sex workers (CSWs),
and men who have sex with men (MSM). Additionally, a significant association is
known between anti-HDV prevalence and co-infection with HCV or HIV, which
may be attributable to shared modes of transmission (Stockdale et al., 2020). It is
well-established that the replicative activity of the HDV virus is a critical factor in
the development of liver disease. Specifically, high levels of virus replication have
been associated with the progression of cirrhosis and the onset of hepatic
decompensation (Niro et., 2021). In our study, only one patient was found to be

intravenous drug addict.

As emphasized in the results of studies on the prevalence of HDV infection in
the literature, data on HDV prevalence are not available for many countries. One of
the countries with no data on HDV prevalence is TRNC. National data from
countries with no data on HDV prevalence may significantly affect HDV prevalence

globally.
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CHAPTER VI
Conclusion and Recommendations
In this section, the results reached in line with the aims and sub-objectives of

the research and the suggestions developed based on these results are given..

Results

The ratio of both genders to each other was determined as male/female 2.64.
The mean age of HBsAg (+) patients was 33.51 £ 7.2 years. We determined that the
highest HBsAg (+) ratio was from Nigerian patients (n=176, 41.7%). HDV-Ab was
positive in only 3 (0.71%). of the 422 patients included in the current study. HDV-
Ag and HDV-RNA positivity were not detected in any of the 422 individuals.
Research examining the prevalence of HBsAg in the TRNC emphasized that the
prevalence of HBsA(g in the country is low endemic. In parallel with the results of
these studies, low HBsAg positivity can be explained as the reason for the low HDV

prevalence.

Recommendations

Although the world has opened its eyes to HDV infection, HDV persists in
countries where HBV remains endemic and with poor economies. HDV infection
seems to be under control in high-income developed countries where HBV vaccine is
administered. However, HDV infection remains a medical problem due to
immigrants and drug addicts arriving in industrial areas from areas where HDV is
endemic. Although vaccination against HBV has become widespread all over the
world, unfortunately, some regions still have not reached a sufficient level in
vaccination. Reports from around the world do not fully reflect the true burden of
HDV infection. It is clear that virus replication is a very important parameter in
HDV-induced or accelerated liver disorders. Therefore, new treatment strategies aim
to interfere with the replication cycle of the virus. Widespread vaccination, optimal
screening, comprehensive testing and timely treatment are among the main goals to

eliminate or reduce the burden of hepatitis infections on the world.
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Our results evaluate the effect of HDV infection in HBV (+) individuals in
NEU-H in TRNC and, in a way, highlight the risk of HDV superinfection. Our study
emphasizes the importance of determining the HDV burden in the TRNC, as in the
rest of the world. Because of the HDV burden, more efforts are needed to prevent or
even eliminate the rapid and severe/negative progression of liver diseases through

screening, prevention and treatment.
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COMPUTER SKILLS

- Microsoft program

- Email

- SPSS program

- Presentation program

(2015 to 2019)

JORDAN UNIVERSITY OF SCIENCE AND
TECHNOLOGY

Bachelor's Laboratory medical sciences

B. Project

CHIMERISM

Near East University /Medical Faculty/Cyprus (15-02-2019
until 21 6 -2021)

Master (M.SC.) Medical microbiology and Clinical
microbiology.

(M.SC.) Project EVALUATION OF THE CORRELATION BETWEEN
STOOL ANTIGEN TEST AND HISTOPATHOLOGY REPORT RESULTS
OF HELICOBACTER PYLORI PRESENCE IN NEAR EAST UNIVERSITY
HOSPITAL APPLICANTS

Near East University /Medical Faculty/ KKTC, Northern
Cyprus (11-11-2021 until 27-2-2025) (PhD program in

medical microbiology and clinical microbiology

(PhD) Project THE PREVALENCE OF HEPATITIS D IN
INDIVIDUALS WHO WERE FOUND TO BE HBSAG POSITIVE IN A
UNIVERSITY HOSPITAL IN THE TURKISH REPUBLIC OF
NORTHERN CYPRUS

WORK EXPERIENCE

Training for 6 months in a microbiology lab in Jordan from 1
Jan 2 24 to 1-6-2024 )

SKILLS

*  Have capacity to work under pressure and manage
personal stress levels. And Creative, open-minded,
flexible, and self-learner.

* Have a good problem-solving ability.

* Have good numerical and report writing skills.
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