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Original Article

Background/Aims: Hepatitis D virus (HDV) is a defective RNA virus that is dependent on hepatitis B surface 
antigen (HBsAg) for transmission and replication. HDV significance arises from the possibility of poor 
prognosis of hepatitis B virus (HBV) infection. In Saudi Arabia, HDV prevalence varied from 8 to 32% before 
the HBV vaccination program and ranged from 0 to 14.7% after the vaccination program was started. The 
last study, performed in 2004, showed a prevalence of 8.6% in hospital-based HBV cases and 3.3% in healthy 
donors. The aim of this study was to investigate the prevalence and molecular characterization of HDV 
in chronic hepatitis B (CHB) patients at the King Abdulaziz University Hospital in Jeddah, Saudi Arabia by 
molecular and serological techniques. To the best of our knowledge, this is the first study to detect HDV 
at the molecular level in Saudi Arabia. 
Patients and Methods: The study included samples from 182 CHB patients from Jeddah; 13 samples with 
HBsAg negative were excluded. Samples were tested for HDV-Ab, viral RNA by reverse transcriptase–
polymerase chain reaction (RT-PCR) in the HDV L-Ag region and sequence analysis. 
Results: The mean age of the participants was 44.36 years; 75.1% of the participants were Saudi nationals, 
58% were males. Nine samples were positive for HDV-Ab and four were borderline; all were subjected to 
RT-PCR amplification. Three of the positive HDV-Ab cases and 1 borderline case were positive by RT-PCR. 
All the positive cases had HBV genotype D, and the positive RT-PCR cases were positive for HBV DNA. One 
of the HDV viremic samples was of genotype 1 by sequencing. The prevalence of HDV in the study was 
7.7%, which was lower in Saudis (6.3%) than in non-Saudis (11.9%). 
Conclusion: HDV coinfection does not seem to have an effect on the clinical status of the recruited CHB 
cases in this study. More studies are needed to investigate the genetic diversity in other areas such as the 
southern parts of the Kingdom.
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INTRODUCTION

Viral hepatitis is a significant public health problem, 
which affects hundreds of  millions worldwide with 
significant morbidity and mortality via acute and chronic 
infections. Chronic viral hepatitis infections are associated 
with the development of  cirrhosis and hepatocellular 
carcinoma (HCC).[1]

Hepatitis Delta virus (HDV) was first detected by Rizzetto[2] 
among patients with a severe form of  infection with 
hepatitis B virus (HBV). HDV is a defective RNA virus 
that is dependent on hepatitis B surface antigen (HBsAg) 
for transmission and replication.[3,4] HDV infection is 
significant because it can cause severe liver disease that 
includes fulminant liver failure and rapid progression to 
cirrhosis, as well as increased risk of  HCC.[5]

HDV has a small circular RNA genome of  approximately 
1700 bases (smallest human RNA virus); the genome is 
single‑stranded negative sense and forms a covalently 
closed circle.[6] The RNA encodes a protein called the delta 
antigen, which is subsequently encased in an envelope 
embedded with HBsAg.[6] The viral RNA genome encodes 
single open reading frame (ORF) that codes for the small 
delta antigen (SDAg) and large delta antigen (LDAg). Two 
major specific patterns of  HDV/HBV infection have 
been described – coinfection and superinfection; while 
coinfection is the concurrent infection with both HBV and 
HDV, superinfection is the infection by HDV in chronic 
HBV cases. Both coinfection and superinfection with HDV 
result in more severe complications compared to infection 
with HBV alone.[7,8]

In the last few years, a study estimated that there were 
18 million individuals who were infected with HDV from 
the 350 million HBV carriers worldwide.[9] The study 
showed that countries such as Pakistan and Iran had an 
increase in HDV prevalence whereas countries such as 
Japan, Australia, Turkey, China, India, and Taiwan have 
shown a decline in the incidence rate, although some of  
them have high prevalence rates.[9] HDV infection affects 
all age groups. The highest prevalence is found in the 
Middle East, Mediterranean basin, western and central 
Africa, central and northern Asia, the Amazon basin, the 
Pacific islands,[10,11] and Vietnam.[12] Similar to HBV, HDV 
infection can be acquired parenterally, sexually, or vertically 
from positive mothers.[13]

Latest studies suggested at least eight HDV clades, which 
are phylogenetically distinct and have predominance in 
different regions worldwide.[14,15] The most prevalent HDV 

genotype worldwide is genotype 1,[16] which is related to 
a broad spectrum of  pathogenicity and is predominant 
in the USA, Middle East, and Europe.[17,18] Genotype 2 is 
predominant in the Far East.[16] Genotype 3 is associated 
with severe forms of  hepatitis and is predominant in 
Northern South America.[8] Genotype 4 in Taiwan and 
Japan and Genotypes 5 through to 8 are predominant in 
Africa.[19,20]

In Saudi Arabia, HDV frequency was found to be 8.0% 
in a sample of  36 HBsAg carriers in 1986.[21] Another 
large study conducted among 488 HBsAg positive cases 
in 1986[22] showed that the frequency in Riyadh area was 
22.2% in patients with chronic HBV (superinfection), 
7.9% in those with acute HBV (coinfection), and 6.7% 
in HBsAg inactive carriers. In Najran, the frequency was 
9.6% and in Al‑Hafouf  it was 5.3%. This study showed 
that no HDV‑Ab was detected in the areas of  Khaiber 
and Jizan. In 1987, a high HDV prevalence of  32% was 
found in HBsAg‑positive Saudi patients with liver disease 
in Riyadh.[23] In 1988, the prevalence was 8% in HBsAg 
carriers in Jizan.[24] The prevalence in HBsAg pregnant 
women was 9.7% in 1988; however, follow‑up of  17 of  their 
infants showed no evidence of  perinatal transmission.[25] 
In 1991, HDV prevalence in HBsAg‑positive patients was 
found to be 17.6%;[26] while a study in Jeddah performed in 
1998 showed HDV prevalence to be 14.7% in intravenous 
drug abusers (IVDAs)/HBsAg carriers and 0.0% in 
non‑IVDAs HBsAg positive cases.[27] In 2004, Al‑Traif  
et al. showed that HDV prevalence among healthy HBsAg 
positive blood donors was 3.3% whereas the prevalence in 
hospital and clinic‑based HBsAg patients was 8.6%, with 
expected decline in HDV infection in Saudi Arabia due to 
global vaccination.[28] All the studies conducted so far in 
Saudi Arabia were serological studies and did not attempt 
molecular detection of  the viral genome.

PATIENTS AND METHODS

One hundred eighty‑two blood samples were collected 
from chronically infected hepatitis B patients, including 
eight blood samples collected from HCC patients during 
their routine visit to King Abdulaziz University Hospital, 
Jeddah, Saudi Arabia. The samples were collected between 
March 2013 and December 2015. Blood samples were 
transferred to Special Infectious Agents Unit, King Fahd 
Medical Research Center, King Abdulaziz University 
for laboratory analysis and storage. Blood samples were 
centrifuged and separated and serum samples were kept 
at −80°C until laboratory analysis. Inclusion criteria were 
age >18 years, chronic HBV cases, no coinfection with 
HCV or HIV.
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Serological markers
All serum samples were analyzed using commercial 
enzyme‑linked immunosorbent assay (ELISA) kits for the 
detection of  HBsAg (ABBOTT Murex HBsAg version 3, 
Germany), total anti‑HBc (ABBOTT Murex HBcAb, 
Germany), HBeAg (ABBOTT Murex HBeAg, Germany), 
HCV Ab (ABBOTT Murex anti‑HCV version 4.0, 
Germany), and HIV Ab (ABBOTT Murex HIV Ab, 
Germany) following the manufacturer’s instructions. HBsAg 
positive serum samples were analyzed for anti‑HD using 
commercial ELISA kit (ETI‑AB‑DELTAK‑2 DiaSorin, 
Italy) following the manufacturer’s instructions. This assay 
is a simultaneous competitive assay. Anti‑HD present in 
the sample and a labeled anti‑HD antibody compete for 
a fixed quantity of  HDAg bound to the solid phase. The 
quantity of  enzyme tracer bound to the solid phase and 
consequently the enzyme activity are inversely proportional 
to the anti‑HD concentration present in samples or controls.

Molecular detection of hepatitis B virus infection
DNA was extracted from 200 μl of  serum sample using 
QIAamp® DNA Mini kit (QIAGEN GmbH, Hilden, 
Germany) according to the manufacturer’s instructions. 
HBV genome was detected by nested‑polymerase 
chain reaction (PCR) for amplification of  HBV S‑gene 
nucleotide (nt) 181‑619, according to Kao et al.[29] HBV 
viral load was determined using Abbott RealTime HBV 
kit (Abbott, Germany).

Molecular detection of hepatitis delta virus infection
Viral RNA was extracted from 140 μl serum sample using 
QIAamp Viral RNA Mini Kit (QIAGEN GmbH, Hilden, 
Germany). Nested reverse transcriptase–polymerase 
chain reaction (RT‑PCR) was performed to detect HDV 
genome (nt 877–1290). For the reverse transcription and 
first round of  PCR, 10 μl of  extracted RNA were amplified 
using SuperScript® III One‑Step RT‑PCR/Platinum® 
Taq Mix (Invitrogen, life technologies, California, USA). 
Primers used for the first PCR round were 8531 U and 
1302 D.[30] PCR conditions were 45°C for 30 min, followed 
by 2 min at 94°C, 40 cycles for 1 min at 94°C, 1 min at 
56°C and 1 min at 68°C, and a final extension of  5 min at 
68°C. For the second round PCR, the primers HDV‑E and 
HDV‑A were used.[30] The cycling conditions consisted of  
2 min at 94°C, 40 cycles of  1 min at 94°C, 1 min at 54°C and 
1 min at 72°C, and a final extension for 7 min at 72°C. PCR 
products were visualized by agarose gel electrophoresis 
after staining with ethidium bromide [Figure 1].

Sequencing method
HBV was genotyped by amplifying the S‑gene and 
sequencing of  the amplified products according to Kao 

et al.[29] using an ABI 3500 Automatic Sequencer (Applied 
Biosystems, USA). Sequencing conditions were performed 
according to the instructions of  the Bigdye Terminator 
V3.1 Reaction Cycle Kit (ABI, Germany).

For HDV genotyping, PCR bands (404 bp) were agarose 
gel purified using QIAquick Gel Extraction Kit (Qiagen, 
Germany) according to manufacturer’s instructions. Cycle 
sequencing of  the PCR products was performed on an 
ABI 3500 Automatic Sequencer (Applied Biosystems, 
USA) using the Bigdye Terminator V3.1 Reaction 
Cycle Kit (ABI, Germany) according to manufacturer’s 
instructions. The viral sequence was assembled using 
Geneious software (version).[31] The assembled sequenced 
were initially searched for similarity using BLAST 
software (http://www.ncbi.nlm.nih.gov/BLAST/). 
Genbank sequences with higher similarity were selected 
for further analysis. The HDV sequence was submitted to 
Genbank and was given the accession number KX219662.

Phylogenetic analysis
Phylogenetic analysis and distance calculations were 
performed using the MEGA6 software,[32] with the 
Neighbor‑Joining method of  the Maximum Composite 
Likelihood model, gamma‑distributed rates among sites 
with 1000 bootstrap replicates [Figure 2].

Fibrosis score
We assessed the liver fibrosis using transient elastography 
(Fibroscan 502, Echosens, Paris, France 2005). The 
examination was performed by a well‑trained certified 
technician, and each test result was verified by one of  the 
two expert hepatologists. All included patients had to have 
at least 10 valid readings, success rate of  at least 70%, and 
interquartile range (IQR) of  less than 30%. The stiffness 
score was measured in Kappa. We defined the fibrosis 
stages as followoing: F1 <7, F2 7–9.5, F3 9.5–12.4, and 
F4 >12.5 kPa.[33]

Figure 1: Agarose gel electrophoresis photo showing the HDV 
PCR products; 1st lane (MM) 100bp ladder marker; 2nd lane positive 
control (PC) for HDV; 3rd lane negative control (NC); lanes no. 1,4,5,8, 
and 10 are positive HDV PCR samples with product size 404 bp and 
lanes 2,3,6,7,9,11, and 12 are negative HDV PCR samples
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Statistical analysis
Chi‑square or Fisher’s exact test were used to compare 
data. Stepwise logistic regression analysis was used to 
identify association of  independent factors with HDV‑Ab. 
Two‑sided P value of  <0.05 was used as a predictor for 
statistical significance. Statistical analysis was performed 
using the  Statistical Package for the Social Sciences (SPSS) 
version 21 (IBM corporation, USA).

RESULTS

A total of  182 CHB patients including 8 HCC cases were 
recruited from the King Abdulaziz University Hospital, 
Jeddah. Of  the recruited patients, 13 CHB patients were 
HBsAg negative and were excluded from the analysis. 
Of  the recruited patients, 63 were under HBV antiviral 
treatment. The mean age of  the participants was 44.46 years 
(19–85 years); 127 patients were Saudi nationals (75.1%) 
and 42 were non‑Saudis (24.9%). Ninety‑eight (58.0%) 
were males and 71 (42.0%) were females. One hundred and 
forty‑two samples were tested for HBeAg, 137 (96.5%) of  
them were negative and only 5 (3.5%) samples were positive. 
Eighty samples were tested for HBeAb; 77 (96.3%) of  them 
were positive and 3 (3.7%) were negative. All samples tested 
were positive for IgG class anti‑HBc. The demographic, 
clinical, and laboratory data of  the recruited patients are 
summarized in Table 1.

All the positive and negative samples for HBsAg were 
tested for anti‑HDV antibodies. HBsAg negative samples 
were found to be negative for HDV‑Ab and were excluded 
from the analysis. Of  the 169 HBsAg positive samples, 
9 samples representing 5.3% tested positive for anti‑HDV 
with sample/cutoff  (s/cutoff) values ranging from 0.23 to 
0.86. Four other samples were borderline having s/cutoff  
ranging from 0.97 to 1.06; these samples when repeated 
gave comparable s/cutoff  results. All the positive and 
borderline HDV‑Ab samples were tested for HDV‑RNA 
by RT‑PCR; 3 of  the positive HDV‑Ab cases and 
1 borderline cases were positive for HDV RNA. Because 
one of  the borderline samples was positive for HDV 
RNA, we assumed the borderline cases to be positive for 
HDV‑Ab and made the calculations on this assumption. 
The remaining samples were negative for HDV‑Ab with 
s/cutoff  ranging from 1.23–2.35.

HBV genotyping was done by phylogenetic analysis of  
the S‑region of  the HBV viral genome on 106 samples, 
which showed that the samples were 88.5% genotype D, 
5.2% genotype C, 3.1% genotype A, 2.1% genotype B, 
and 1.0% genotype E. We were only able to sequence one 

Figure 2: Phylogenetic tree of the positive HDV sample from 
this study represented by a red square. Bold face red font taxa 
represent isolates originating from the same country collapsed 
to save space. The evolutionary history was inferred using the 
Neighbor‑Joining method. The bootstrap consensus tree inferred 
from 1000 replicates is taken to represent the evolutionary history of 
the taxa analyzed. Branches corresponding to partitions reproduced 
in less than 50% bootstrap replicates are collapsed. The percentage 
of replicate trees in which the associated taxa clustered together in 
the bootstrap test (1000 replicates) are shown next to the branches. 
The evolutionary distances were computed using the Maximum 
Composite Likelihood method and are in the units of the number of 
base substitutions per site
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HDV‑RNA positive sample (CHB077) that clustered with 
genotype 1 sequences from Genbank; this sample had 
HBV genotype D.

Characteristics of the HDV‑Ab positive patients
Positive cases for HDV‑Ab (13 cases) were all positive for 
HBsAg and negative for HBeAg; these included 7 males 
and 6 females; there were 8 Saudi nationals, 3 Yemenis, and 
2 Palestinians. The positive HDV‑Ab cases had a fibrosis 
score ranging from F1–F2 to F2–F3, and one case with 
confirmed HCC. The mean value of  ALT was 39.55 U/L 
which showed no significant difference compared to the 
mean of  the negative cases (33.38). Liver function tests did 
not show a significant difference between HDV‑Ab positive 
versus HDV‑Ab negative cases (39.55 vs 33.38 for ALT, 
25.91 vs 27.35 for AST, 36.45 vs 36.48). Of  the positive 

HDV‑Ab cases (1 sample positive for HDV RNA), 6 were 
under treatment with no significant difference between 
HDV‑Ab positive and HDV‑Ab negative cases.

No significant association was found with age, nationality, 
HBV genotype, AFP levels, duration of  HBV infection, 
HBV DNA viral load, and fibrosis score [Table 1].

All of  the positive cases had HBV infection of  genotype D. 
The HDV RNA positive cases were also positive for HBV 
DNA. Compared to the closest strain, AM779584, the 
Saudi strain (KX219662) showed 8 (NT) mutations, 5 of  
which were non‑synonymous and resulted in amino acid 
substitution at positions K5E, R11G, A42D, E46D, and 
I89M of  the HDV L‑Ag.

DISCUSSION

HDV has gained importance in the clinical and 
epidemiological setting since it was reported to contribute 
to severe liver diseases in HBsAg carriers. The virus 
has different prevalence rates in different geographical 
locations. [34] In Saudi Arabia, several reports have 
investigated the seroprevalence of  HDV in different 
clinical and epidemiological settings. These studies were 
old and most were performed before the introduction of  
the mandatory HBV vaccination program in 1990. Results 
of  the studies performed so far showed a difference in 
prevalence in the different populations and different time 
periods; while in the 1980s[21‑25] studies showed a prevalence 
ranging from 5.4% in apparently healthy individuals to 
22.2% in CHB cases in Riyadh; in 2004, a study showed 
a decline in HDV prevalence to 3.3% in HBsAg healthy 
blood donors and 8.6% in chronic HBV hospital‑based 
patients with expected decline due to mandatory HBV 
vaccination.[28] The present study, to the best of  our 
knowledge, is the first to attempt molecular detection and 
genotyping of  HDV in Saudi Arabia.

This study was performed to investigate the prevalence 
of  HDV in CHB cases in Jeddah, Saudi Arabia, 12 years 
after the last study by Al‑Traif  et al.[28] This study showed 
the prevalence of  HDV‑Ab in CHB cases with positive 
HBsAg in Jeddah, Saudi Arabia to be 7.7%. This indicates 
a slight decline in the prevalence of  HDV compared to the 
results reported by Al‑Traif  et al. in 2004,[28] which showed 
a prevalence of  8.6% in hospital‑ and clinic‑based HBsAg 
positive cases and 3.3% prevalence in HBsAg positive 
healthy blood donors. All the positive cases in our study 
were older than 30 years indicating that they might not have 
been vaccinated against HBV in the mandatory vaccination 
program. We have included HDV‑Ab borderline cases as 

Table 1: Characteristics of the recruited patients in the study
Frequency P

Gender
M 98/169 (58.0) 0.76
F 71/169 (42.0)

Age (mean) Years 44.46 (19-85) 0.079
Nationality

Saudi 127/169 (75.1) 0.24
Non Saudi 42/169 (24.9)

Blood Transfusion
Yes 23/169 (13.6) 0.48
No 137/169 (81.1)
Do not Know 9/169 (5.3)

HBsAg
Positive 169/169 (100.0)
Negative 0/69 (0.0)

HBeAg*
Positive 5/142 (3.5) 0.51
Negative 137/142 (96.5)

Anti-HBC IgG
Positive 169/169 (100.0)
Negative 0/169 (0.0)

HDV-Ab
Positive 13/169 (7.7)
Negative 156/169 (92.3)

HBV Viral Load* IU/ml 1.52×106 (0-1.7×108)
HBV Genotype

A 3/93 (3.2) 0.52
B 2/93 (2.2)
C 5/93 (5.4)
D 82/93 (88.2)
E 1/93 (1.1)

AFP*
HCC 8828.88 0.77
Non-HCC 5.33

ALT*
U/L 33.94 (15-177) 0.39

AST*
U/L 27.22 (7-409) 0.91

Fibrosis
F0-F1 51/64 (79.69) 0.072

Score
F1-F3 6/64 (9.38)
F4 7/64 (10.9)

*The remainder of the samples were not tested because of insufficient 
serum
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positive since one of  them was positive by RT‑PCR, which 
might be due to lack of  sensitivity of  the ELISA assay to 
detect them or these cases could be at an early stage of  
infection and the level of  HDV‑Ab was very low for the 
assay to detect. Another possible explanation is that the 
epitopes in the ELISA assay were not specific enough to 
detect these samples. There was not enough serum to test 
for the HDV‑IgM antibodies in these cases.

Since Jeddah is an open city with a large population of  
expatriates, this study included both Saudi nationals (75.1%) 
and expatriates working in Saudi Arabia (24.9%). The 
overall prevalence in the studied population is 7.7%; we 
found that the prevalence among Saudi nationals (6.3%) 
was lower than non‑Saudis (11.9%); the higher prevalence 
among non‑Saudis might be because 3 of  the non‑Saudi 
cases were from Yemen, which is a hyperendemic area of  
HBV. In this study, HDV coinfection did not have an effect 
on the clinical status of  the CHB cases, as indicated by the 
lack of  significant statistical association with liver function 
tests, HBV DNA viral load, AFP level, and fibrosis score. 
This indicates that HDV coinfection has a limited role in 
the progression of  HBV infection in the studied population.

Phylogenetic analysis of  the sequenced sample showed 
that it belongs to HDV genotype 1 and has highest NT 
similarities (94.9–94.1%) with strains from Iran (KJ744243, 
FJ233056) followed by Turkey (AM779584, HQ005368). 
The Saudi strain clustered away from the other 7 clades of  
HDV, as reported by Foupouapouognigni et al.[14]

CONCLUSION

This study provides more information regarding the HDV 
prevalence in Jeddah, Saudi Arabia, showing a prevalence 
of  7.7% in our study population. Phylogenetic analysis 
of  the sequenced sample showed that it is closely related 
to strains from Iran and Turkey of  genotype 1. The 
coinfection with HDV in CHB cases of  this study did not 
seem to have an effect on the clinical status of  the cases. 
More studies are needed to investigate the prevalence and 
genetic diversity of  HDV in other parts of  Saudi Arabia 
including high‑risk populations such as intravenous drug 
abusers and hemodialysis patients.
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