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Abstract
Background: Hepatitis D is caused by the hepatitis D virus 
(HDV) and affects those who have already been infected with 
the hepatitis B virus (HBV). The epidemiology of hepatitis D in 
Fars Province, Iran, is poorly understood. This study aimed to 
investigate the epidemiology of HDV and its associated factors 
in patients attending Shahid Motahari Clinic, affiliated with 
Shiraz University of Medical Sciences (Shiraz, Iran).
Methods: This prospective cohort study was conducted in Shiraz, 
Iran, from 2001 to 2023. This study screened individuals with low 
HBV viral load and elevated liver enzymes for HDV. Pearson Chi 
square, Fisher’s exact, and Mann-Whitney U tests were used to 
examine the univariate associations between hepatitis D and various 
risk factors. Risk factors with P<0.2 were analyzed using multiple 
logistic regression to estimate odds ratios and 95% confidence 
intervals. P<0.05 was considered statistically significant.
Results: The variables were compared between the HDV+ 
(29) and HDV- (108). The variables of age (P=0.002) and 
using hookah (P=0.040) were statistically significant. The 
other variables examined in this study were not statistically 
significant. Increasing age (OR=1.06, 95% CI=[1.019, 1.102], 
P=0.003) was identified as a risk factor, while dental visits 
(OR=0.290 95% CI=[0.101, 0.836], P=0.022) were assessed as a 
protective factor.
Conclusion: Age was a significant risk factor for HDV 
infection, while a history of dental procedures appeared to be 
a protective factor. To better understand the epidemiology of 
HDV, further comprehensive research is necessary, focusing on 
diverse demographic groups in different regions.
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What’s Known

• Considering the low hepatitis D virus 
(HDV) prevalence and its importance in 
hepatitis B virus (HBV) treatment, this is 
the first focused prospective study (2001-
2023) in the southern region. A cohort 
study of 137 HBV patients with low viral 
load and elevated liver enzymes was 
conducted to screen for HDV. Patients 
received treatment and consultations.

What’s New

• The epidemiology of hepatitis D in 
South Iran is unclear. This study could help 
people make health-related decisions. 
Among 137 participants, 29 (21.1%) 
were HDV positive. The risk factors 
include age, single status, low education, 
underweight, a family history of hepatitis 
B, blood transfusion, dental procedures, 
tattooing, multiple partners, IV drug use, 
smoking, and drinking alcohol. Hepatitis B 
immunization is protective.
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Introduction

Hepatitis D, caused by the hepatitis D virus (HDV), the 
smallest known human-infecting virus, is entirely dependent 
on the hepatitis B virus (HBV) for its life cycle, earning it the 
classification of a “satellite virus” since infection with hepatitis 
D is only possible in individuals already infected with hepatitis 
B.1-3 This disease is clinically significant as it increases the 
risk of cirrhosis and liver cancer in patients with hepatitis B 
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and can manifest as the most severe form of 
hepatitis.4 Hepatitis D can present as an acute 
or chronic infection and can arise in two ways: 
co-infection, in which an individual acquires 
both hepatitis B and hepatitis D simultaneously, 
or superinfection, in which a person who is 
already chronically infected with HBV becomes 
infected with HDV.5 Co-infection in adults 
rarely proceeds to chronic hepatitis D and 
usually cures spontaneously (98%), whereas 
superinfection leads to chronic infection in 
nearly 90% of cases.6 Chronic hepatitis delta 
(CHD) is the most severe form of hepatitis 
caused by HDV.7 Vaccination against hepatitis 
B has proven effective in preventing hepatitis D, 
and global vaccination efforts have contributed 
to a reduction in its incidence.2, 8 Symptoms of 
hepatitis D include fatigue, nausea, vomiting, 
fever, loss of appetite, dark urine, pale stools, 
jaundice, and in severe cases, fulminant 
hepatitis. These symptoms typically appear 3-7 
weeks after infection and are not exclusive to 
hepatitis D.4, 9 Hepatitis D is transmitted through 
the same routes as hepatitis B, primarily 
through exposure to the blood and body fluids 
of an infected individual.10 The diagnosis of 
the disease involves detecting high levels of 
immunoglobulin G (IgG) and immunoglobulin M 
(IgM) in individuals, confirmed by the presence 
of HDV RNA in serum.9 Specific populations, 
including intravenous drug users, individuals 
with a family history of hepatitis B, migrants 
residing in high-prevalence areas, hemodialysis 
patients, men who engage in sexual activity 
with other men, individuals with a history of oral 
and dental procedures, blood recipients, and 
commercial sex workers, are at a higher risk of 
contracting hepatitis D.9, 11 The findings of a meta-
analysis that reviewed 282 studies from nearly 
100 countries indicated that approximately 0.16% 
of the global population, amounting to about 12 
million people, were infected with hepatitis D. 
They reported that the prevalence of hepatitis 
D among hepatitis B patients was found to be 
4.5%, which corresponded to approximately 
0.16% of the global population or around 16 
million people affected by the disease.12 Regions 
with the highest prevalence of hepatitis D 
include West Africa, Central Africa, the Pacific 
Islands, the Middle East, Eastern Europe, South 
America, and parts of Asia, specifically Central 
and Northern Asia.10, 12, 13 Hepatitis D infection 
exists in Iran and neighboring countries, and 
the prevalence rate varies across different 
regions of the country.14 For example, studies 
conducted in East-Azerbaijan and Kermanshah 
Provinces estimated the prevalence of hepatitis 
D among patients with hepatitis B at 2.17% and 

1.7%, respectively.15, 16 However, a study in Sari 
reported no cases of hepatitis D among patients 
with hepatitis B, suggesting that the disease 
is not endemic in that area.17 This study aimed 
to investigate the epidemiology of HDV and its 
associated factors in the Fars Province, Iran.

Patients and Methods

This prospective cohort study was conducted 
at Shahid Motahari Clinic, affiliated with Shiraz 
University of Medical Sciences (Shiraz, Iran), 
from 2001 to 2023. The study was approved 
by the Ethics Committee of Shiraz University 
of Medical Sciences (code: IR.SUMS.
REC.1402.375). 

Two trained researchers, overseen by a 
physician, utilized a data gathering form and 
collected demographic data and risk factors from 
a database comprising 3787 patients diagnosed 
with hepatitis B virus (HBV). Written informed 
consent was obtained from all participants 
to ensure the confidentiality of the collected 
information. The inclusion criteria were providing 
written informed consent and being at least 18 
years old. The exclusion criteria were incomplete 
questionnaires and refusal to participate. 

The participants’ demographic information 
was recorded, including age, sex, race, 
nationality, place of residence, marital status, 
weight, height, and education. Furthermore, 
various risk factors were investigated, such as 
a family history of hepatitis B, multiple sexual 
partners, hemodialysis and blood transfusion, 
cupping, dental procedures, cigarette smoking, 
hookah use, drug abuse (drug injection), alcohol 
consumption, war injuries, and tattooing.

To detect HDV antibodies, a competitive 
enzyme immunoassay (ELISA) diagnostic kit 
(DIA.PRO Diagnostic Bioprobes Srl, Italy) was 
utilized. These kits were designed to detect 
antibodies to the HDV in human serum and 
plasma. The operational principle of the kit 
involved the following steps:

The study involved the collection of serum or 
plasma samples from the patients. To determine 
the presence of HDV antibodies, a competitive 
assay was conducted. For this purpose, the 
patient’s sample was incubated which labeled 
polyclonal IgG antibodies specific to HDV. These 
HDV antibodies competed with a fixed amount of 
HDV antigen coated on a microplate. Following a 
washing step, an enzyme-conjugated polyclonal 
antibody to HDV was added, which bound to the 
unoccupied HDV antigen on the microplate. To 
detect enzyme activity, a chromogen/substrate 
mixture was dispensed into the microplate, and 
the subsequent color change was measured. 
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The concentration of the enzyme bound to 
the solid phase had an inverse correlation 
with the number of HDV antibodies present in 
the sample. By comparing the sample’s HDV-
specific antibody concentration to a predefined 
cut-off value, the semi-quantitative detection 
of anti-HDV antibodies was achieved. It had 
a sensitivity of more than 98%, indicating a 
strong capacity to accurately identify samples 

containing HDV antibodies.
All analyses were performed using SPSS 

software, version 24 (IBM, USA). Descriptive 
statistics were presented as mean±SD or 
numbers and percentages. Pearson Chi square, 
Fisher’s exact, and Mann-Whitney U tests 
were performed to univariately investigate the 
relationship between hepatitis D and the risk 
factors. Moreover, those risk factors with P<0.2 

Table 1: Demographic information of the patients according to hepatitis D virus status
Total

N=137
HDV-

n=108
HDV+

n=29
P value

Age 50±13 48±12 57±13 0.002c

BMI, (Kg/m2) Underweight 50 36.49% 36 72.00% 14 28.00% 0.317a

Normal 43 31.38% 35 81.39% 8 18.61%
Overweight & 
Obesity

44 32.13% 37 84.09% 7 15.91%

Sex Male 105 76.64% 85 80.95% 20 19.05% 0.271a

Female 32 23.36% 23 71.87% 9 28.13%
Marital status Single 104 75.91% 78 75.00% 26 25.00% 0.051a

Married 33 24.09% 30 90.90% 3 9.10%
Referred by Blood Transfusion

Centers
46 33.58% 36 78.26% 10 21.74% 0.896a

Hepatitis Clinic 27 19.71% 22 81.48% 5 18.52%
Hospital 37 27.00% 30 81.08% 7 18.92%
Healthcare Facilities 27 19.71% 20 74.07% 7 25.93%

Education High school diploma 
or higher education

42 34.14% 33 78.57% 9 21.43% 0.955a

Under high school 
diploma

81 65.86% 64 79.01% 17 20.99%

Province 
Category

Fars 116 84.67% 94 81.03% 22 18.97% 0.152b

Other Province 21 15.33% 14 66.67 % 7 33.33%
Hepatitis B 
Family History

Yes 53 38.69% 42 79.25% 11 20.75% 0.925a

No 84 61.31% 66 78.57% 18 21.43%
Blood 
Transfusion

Yes 12 8.76% 11 91.67% 1 8.33% 0.460b

No 125 91.24% 97 77.60% 28 22.40%
Dental 
Procedure 

Yes 105 76.64% 86 81.90% 19 18.10% 0.111a

No 32 23.36% 22 68.75% 10 31.25%
War Injury Yes 13 9.49% 13 100.00% 0 0.00% 0.070b

No 124 90.51% 95 76.61% 29 23.39%
Sharp Trauma Yes 6 4.38% 5 83.33% 1 16.67% >0.999b

No 131 95.62% 103 78.63% 28 21.37%
Tattoo Yes 18 13.14% 15 83.33% 3 16.67% 0.764b

No 119 86.86% 93 78.15% 26 21.85%
Cupping Yes 7 5.11% 7 100.00% 0 0.00% 0.345b

No 130 94.89% 101 77.69% 29 22.31%
Multiple sexual 
partners

Yes 13 9.49% 12 92.31% 1 7.69% 0.299b

No 124 90.51% 96 77.42% 28 22.58%
Prison Yes 8 5.84% 8 100.00% 0 0.00% 0.203b

No 129 94.16% 100 77.52% 29 22.48%
Cigarette 
Smoking

Yes 22 16.06% 20 90.90% 2 9.10% 0.162b

No 115 83.94% 88 76.52% 27 23.48%
Hookah Yes 15 10.95% 15 100.00% 0 0.00% 0.040b

No 122 89.05% 93 76.23% 29 23.77%
Drug Abuse 
Addiction

Yes 19 13.87% 16 84.21% 3 15.79% 0.764b

No 118 86.13% 92 77.97% 26 22.03%
Alcohol 
Consumption

Yes 14 10.22% 13 92.86% 1 7.14% 0.300b

No 123 89.78% 95 77.24% 28 22.76%
HDV-: Hepatitis D virus negative; HDV+: Hepatitis D virus positive; BMI: Body mass index; Values are expressed as mean±SD or 
number (%). aPearson Chi square test; bFisher’s exact test, cMann-Whitney U test; P<0.05 was considered statistically significant.
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were included in a multiple logistic regression 
model to estimate the odds ratios (OR) and the 
corresponding 95% confidence intervals (CI). 
P<0.05 was considered statistically significant.

Results

Out of 3,787 individuals with hepatitis B, 137 
(3.6%) cases had a low HBV viral load but 
elevated liver enzymes and were tested for HDV. 
Among them, 29 tested positive for HDV, and 
108 tested negative. Among the 137 cases, one 
patient who tested positive for HDV progressed 
to liver cirrhosis. Additionally, 24 of the 137 
individuals had received hepatitis B vaccinations, 
with five of these testing positive for hepatitis 
D. None of the 137 participants had a history 
of diabetes, hypertension, or high cholesterol. 
Table 1 summarizes the patients’ details.

The distribution of age and hookah use was 
statistically significant between the groups. The 
mean age in the hepatitis D+ group was higher 
than in the hepatitis D- group. All hookah users 
were in the hepatitis D- group. Other factors, 
including family history of hepatitis B, blood 
transfusion, dental procedures, war injury, sharp 
trauma, tattooing, cupping therapy, risky sexual 
behavior, incarceration, smoking, drug use, and 
alcohol consumption, were more prevalent in the 
hepatitis D- group. However, these differences 
were not statistically significant.

Most cases in the hepatitis D+ group were 
related to the underweight group, accounting 
for 48.2% of all hepatitis D+ cases. In contrast, 
the majority of hepatitis D- cases (34.2%) were 
associated with overweight and obesity. Men 
comprised the majority of the population, in both 
the hepatitis D+ and D- groups.

The multiple logistic regression model 
shows that for each one-year increase in 
age, the likelihood of contracting hepatitis D 
significantly increases by approximately 6% 
(table 2). Additionally, a history of visiting a 
dentist significantly reduces the likelihood of 
contracting the disease by approximately 71%. 
No statistically significant associations were 
observed for the variables of marital status, 
province, and smoking. However, the model 
showed that married individuals had about a 

55% lower likelihood of contracting the disease 
than single individuals. Furthermore, residents 
of Fars Province were approximately 42% less 
likely to contract the disease than residents of 
other provinces in the country. Additionally, 
smokers were found to have about 59% lower 
likelihood of contracting the disease than 
non-smokers.

Discussion

The findings of this study provided insights into 
the epidemiology of HDV and its associated 
factors in the southern region of Iran. In the study 
population, 21.2% of HBV-infected patients 
tested positive for HDV (29 out of 137 screened). 
Age was identified as a significant risk factor for 
HDV infection. Specifically, the probability of 
contracting HDV increased by approximately 
6% with each one-year increase in age. Dental 
procedures were found to be a protective factor 
against HDV infection, with individuals who 
had a history of dental procedures being about 
71% less likely to contract HDV. Other factors 
investigated in this study, such as sex, race, 
nationality, place of residence, marital status, 
family history of hepatitis B, multiple sexual 
partners, hemodialysis, blood transfusions, 
cupping therapy, smoking, hookah use, 
substance abuse, alcohol consumption, war 
injuries, and tattoos, indicated no statistically 
significant association with HDV positivity.

The findings of the present study indicated that 
each one-year increase in age was associated 
with an elevated risk of HDV infection. This finding 
was consistent with previous studies conducted 
by Tahaei and colleagues, Makhlouf and others, 
and Zi and colleagues, who all reported a higher 
mean age among individuals with hepatitis 
D than those with hepatitis B who were not 
infected with hepatitis D.14, 18, 19 However, the 
findings contradicted another study conducted 
in Nigeria, which found that those who were 
positive for hepatitis D had a lower mean age 
than those who were negative for hepatitis D.20 
The underlying reason for the increased risk of 
hepatitis infection with advancing age might be 
attributed to immunosenescence, a phenomenon 
characterized by age-related changes in 

Table 2: Multiple logistic regression model
Variables OR (95% CI) P value
Age 1.06 (1.019, 1.102) 0.003
Marital status (Single) 0.446 (0.112, 1.769) 0.250
Province (Other provinces) 0.577 (0.190, 1.754) 0.333
Dental Procedure (No) 0.290 (0.101, 0.836) 0.022
Cigarette (No) 0.414 (0.086, 2.001) 0.273
The reference category was indicated within the parenthesis. P<0.2 was considered significant.
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immunological functions. Immunosenescence is 
associated with thymic involution and a decline 
in the number and activity of T and B cells. While 
the number of memory T and B cells typically 
increases, their capacity to respond effectively to 
new antigens decreases. Moreover, despite their 
normal or increasing numbers, the granulocytes, 
monocytes/macrophages, and NK cells could 
lose functionalities.21

In the population of 29 individuals, 19 (65.5%) 
patients had a history of visiting a dentist and 
undergoing dental procedures. At first glance, 
these statistics might suggest that dental visits 
could increase the risk of infection, which could 
easily be explained by the mode of transmission 
of the disease via serum and contaminated 
dental equipment, consistent with several other 
studies.22, 23 However, when this variable was 
analyzed using the multiple logistic model, it not 
only did not appear to be a risk factor, but it also 
resulted in a nearly 71% reduction in the risk of 
contracting hepatitis D infection. This could be 
explained by the fact that individuals who visit 
dentists often have a higher socioeconomic 
status, which is usually associated with better 
living conditions, diagnostic, preventive, and 
medical services, as well as a better lifestyle; all 
of which could have a protective and preventive 
effect against Hepatitis D.24, 25

Among the population of 29 hepatitis D 
cases, most individuals were men (68.9%), 
and they accounted for a larger proportion of 
those infected with hepatitis D. This finding was 
consistent with various other studies indicating 
a greater prevalence of hepatitis D among 
men.14, 26 Women typically have more powerful 
humoral and cell-mediated immune reactions 
to antigenic stimulation, vaccination, and 
infection than men.27 Nevertheless, it is crucial 
to acknowledge that the elevated risk factors in 
men, including smoking, alcohol consumption, 
tattooing, drug injection, and engaging in unsafe 
sexual practices, contribute to their increased 
vulnerability to hepatitis D.

Out of 29 individuals with hepatitis D, 26 
(89.6%) were unmarried. This finding was also 
consistent with a previous study, which showed 
that the proportion of unmarried individuals 
among those infected with hepatitis D was 
approximately 70%.28 However, the findings of 
the present study differed from those conducted 
by Kpossou and colleagues in Cotonou, which 
reported a higher incidence of hepatitis D 
infection among married individuals.29 The 
higher risk in single individuals could potentially 
be attributed to various factors. Cortisol, a 
hormone associated with stress levels, tends 
to be lower in married individuals than in single 

persons.30 This is advantageous as elevated 
cortisol levels can interfere with immune system 
function. Additionally, married individuals often 
lead healthier and mentally sound lifestyles than 
unmarried individuals, engaging in fewer risky 
behaviors such as substance abuse and alcohol 
consumption.30-32 Marriage can also promote 
health-promoting behaviors.

In both studied populations, the majority of 
the people had a high school diploma or less. 
In the group of 108 individuals, 64 (60.0%) had 
an education level lower than a high school 
diploma, and in the group of 29 individuals, 17 
(58.6%) had an education level lower than a high 
school diploma. This finding was consistent with 
the results of a study by Daw and colleagues, 
which identified low educational level as a risk 
factor.28 Additionally, in another study conducted 
in Mongolia, higher levels of education were 
associated with a lower prevalence of hepatitis D  
in the studied population, indicating that 
education and awareness played a role in 
disease prevention.33 One possible explanation 
for this association was that individuals with 
higher education levels were likely to have a 
better understanding of disease prevention 
methods, risk factors, and health interventions. 
They might be more knowledgeable about the 
importance of practicing safe behaviors and 
taking preventive measures. Furthermore, 
individuals with higher education levels tend to 
have a higher occupational status and income 
in society, which could lead to better living 
conditions and fewer health-related constraints.

A family history of hepatitis B, blood 
transfusions, trauma from sharp objects, tattoos, 
multiple sexual partners, cigarette smoking, and 
intravenous drug use have all been identified in 
numerous studies as risk factors for hepatitis D 
infection.6, 12, 34, 35 Since hepatitis D is primarily 
transmitted through contact with contaminated 
bodily fluids, such as blood or sexual fluids, it is 
understandable that these risk factors contribute 
to an increased risk of infection. These factors 
provide opportunities for the virus to be 
transmitted through direct contact with infected 
fluids. However, in the present study, we were 
unable to find a significant relationship between 
the aforementioned variables and hepatitis D. 
Various mechanisms have been proposed in 
different studies for the aforementioned factors, 
and the present study has reviewed some of 
them here. Several studies have mentioned 
the following factors as to why smoking a 
single cigarette is a risk factor: Cigarette 
components possess cytotoxic properties that 
can activate stellate cells in the liver, leading 
to fibrosis.36, 37 Smoking was shown to elevate 
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the levels of proinflammatory cytokines, 
including Interleukin-1 (IL-1), Interleukin-6 (IL-6), 
Interleukin-8 (IL-8), and Tumor necrosis factor-
alpha (TNF-α), which can damage liver cells.36, 38  
Additionally, smoking indirectly contributes 
to secondary polycythemia, characterized by 
increased carboxyhemoglobin levels that reduce 
tissue oxygen-carrying capacity, which triggers 
the release of elevated levels of erythropoietin, 
and results in an increase in red cell mass. 
The process of increased red cell destruction, 
along with excess erythropoietin, promotes 
additional iron absorption from the intestines, 
leading to iron accumulation in hepatocytes. 
This accumulation can cause oxidative stress 
and contribute to liver injury.38 Furthermore, 
nicotine, a component of tobacco smoke, inhibits 
lymphocyte proliferation, thereby suppressing 
antibody production.39 Smoking was found 
to induce lymphocyte apoptosis, increase 
cytotoxic T-cell levels, decrease clusters of 
differentiation 4 (CD4) levels, and impair natural 
killer cell activity.40 All of them could reduce the 
body’s defense against infections. Moreover, 
tobacco smoking was associated with reduced 
expression of p53, a tumor-suppressing gene 
involved in various types of neoplasms.38

This study had several limitations. Firstly, 
the population of hepatitis D patients in this 
study consisted of referred patients from all 
parts of Fars Province, and due to the lack of 
a random sampling procedure, they are not 
representative. The relatively small sample 
size (primarily due to the rarity of the disease) 
and the imbalance in sample size between the 
hepatitis D positive and negative groups resulted 
in the majority of factors being non-significant 
in the initial analysis. Consequently, the model 
identified only two variables as significant 
contributors. Moreover, the study was confined 
to Fars Province (Iran), making it challenging 
to generalize the findings to other regions or 
provinces due to potential variations in hepatitis 
D epidemiological characteristics. Additionally, 
although associations between risk factors and 
HDV infection were established, the presence 
of other influencing and confounding factors 
made it difficult to determine definitive causal 
relationships. It is worth mentioning that the 
rarity of this disease limits the number of cases 
available for analysis and hinders the broader 
use of multiple regression analysis, which could 
provide a more comprehensive understanding 
of the simultaneous effects of various risk 
factors. Another limitation that could increase 
the risk of errors in the study related to variables 
associated with addiction and sexual behavior. 
Participants might misreport information related 

to these variables due to reasons such as lack of 
trust, feelings of shame, concerns about social 
and legal consequences, and a fear of being 
judged. 

It is noteworthy that out of 108 individuals 
with negative HDV, similar to the 29 positive 
HDV cases, all were HBV-infected. Despite HBV 
treatment, they still had elevated liver enzymes 
and risk factors for HBV infection. They were 
compared to HDV-positive individuals in this 
study.

Conclusion

The prevalence of HDV positivity among 
individuals infected with HBV in the study 
population was high, and increasing age 
was identified as a significant risk factor for 
HDV infection. In contrast, undergoing dental 
procedures acted as a protective factor against 
HDV infection. However, to generalize these 
results and gain a better understanding of the 
epidemiology, further comprehensive research 
is required, focusing on distinct demographic 
groups in different regions. Therefore, it is 
suggested that further studies be conducted in 
this area. Such studies can contribute to better 
public health strategies, more targeted and cost-
effective screening programs, and improved 
diagnosis, ultimately leading to a reduction in the 
burden of the disease.
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