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ABSTRACT
Hepatitis D virus (HDV) infection is known to be one of the infections that causes the most severe forms of 
hepatitis, having the worse outcome with higher rates of fulminant hepatitis and liver failure. At the present, 
there are 8 major clades of HDV known. Considering the involvement of different genotypes in the clinical 
outcome of hepatitis D, an ideal patient approach would contain with HDV genotyping. 
The aim of this study was to better understand each HDV genotyping method described in recent years. The 
objectives were: to identify the techniques used for HDV genotyping, to make a comparative approach to the 
genotyping techniques, to appreciate the best method of HDV genotyping and to estimate the likelihood of 
practical application of these techniques.
In order to make a comprehensive approach on the genotyping methods of HDV, we’ve carried out a search 
on the main databases and included the studies that were original, peer-reviewed research studies and 
were performed on human subjects. We found 4 genotyping methods described in several studies over the 
years. The methods were: hybridization, RT-LAMP (Reverse Transcription-Loop-Mediated Isothermal Ampli-
fication), PCR-RFLP (Polymerase Chain Reaction- Restriction Fragment Length Polymorphism) and PCR 
followed by sequencing. 
This study could be the basis for implementing the standard technique used in HDV genotyping.
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INTRODUCTION

Target condition being diagnosed – hepatitis D

Hepatitis D virus (HDV) infection is known to 
be one of the infections that causes the most severe 
forms of hepatitis, having the worse outcome with 
higher rates of fulminant hepatitis and liver failure 
(1). The discovery of HDV in 1977 by Rizzetto has 
risen many questions but not enough answers (2). 
At the present, there is no specific treatment against 
HDV infection, the Interferon-based therapy re-
maining the only weapon to fight against this dis-
ease (3,4).

HDV is a controversial subject because of its ge-
netic diversity that causes different clinical out-
comes and influences the responses to treatment 
and the prognosis (5). At the present, there are 8 
major clades of HDV known (numbered from 1 to 
8) (6). HDV-1 is prevalent worldwide, while the
rest of the clades have a specific geographical dis-
tribution: HDV-2 is more common in the Far East,
Japan, Taiwan and parts of Russia; genotype 3 is
predominantly found in the Amazon Basin, while
genotype 4 is mainly present in Taiwan and Japan
and the other genotypes 5-8 were found in African
patients who migrated to Northern Europe (7,8).
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HDV-1 is associated with both severe and mild 
forms of the disease, HDV-2 is associated with 
moderate clinical symptomatology, HDV-3 deter-
mines a very aggressive clinical picture and the as-
sociation with genotype F of HBV (Hepatitis B Vi-
rus) has determined acute fulminant hepatitis in 
most cases in South America. Regarding HDV-4, 
there are studies showing that in some areas it has 
been associated with a faster progression to cirrho-
sis (9). Lately, many studies have suggested that the 
genetic diversity of HDV also influences the quan-
tification methods of the RNA-HDV. Given that 
most tests use the genotype 1 HDV as a standard in 
validating the methods, many of them fail to esti-
mate the viral load in non-1–HDV genotype (10).

Clinical pathway – standardization of care process

The hepatitis D diagnosis consists of detection 
of total IgM anti-HDV antibodies which can be 
found both in acute and chronic infection. Still, 
several studies showed that in certain cases these 
types of antibodies were absent in some positive 
RNA-HDV samples (11). With this in mind, the 
safest way to diagnose HDV infection remains the 
quantification of RNA-HDV. In order to do this, 
many methods have been described over the years, 
some faster, others more specific, others with a 
lower risk of contamination (12). It’s hard to decide 
which method is better because most are in-house 
techniques that use different work protocols. The 
main discrepancies are encountered in primers de-
sign (hepatitis D antigen or the ribozyme region) 
(13), in the amplification techniques (performed by 
manual or automatic devices, in one or two steps, 
using hybridization or modified TaqMan probes) 
(14,15) and in internal standards (in vitro tran-
scribed RNA-HDV or plasmid DNA containing 
HDV target sequences) (16, 17). Since there are so 
many variables, a standard RNA or cDNA quantifi-
cation method is far from being implemented. This 
topic was the subject of many debates in recent 
years, and lead in 2013 to the implementation by 
World Health Organization (WHO) of a standard 
control for HDV-1 used in nucleic acid amplifica-
tion technique based assays (18). However, subse-
quent studies shown that the assay that uses this 
standard control tend to underestimate the RNA-
HDV quantification of the other genotypes (10).

Considering the involvement of different geno-
types in the clinical outcome of hepatitis D, an ide-
al patient approach would contain with the determi-
nation of the HDV genotype. Thereby, in this article 
we focus on the next step in diagnosing the HDV 
infection, the genotype HDV identification. As 
seen in viral load quantification, there is also a var-
iation in HDV genotyping techniques. At the mo-
ment, genotyping is only used in the research ap-
proach. A rapid and efficient method of genotyping 
that can be used in clinical practice would improve 
the patient management and it could be the starting 
point of developing targeted therapies. Until now, 
there are no standard methods for HDV genotyp-
ing. Several studies shown different ways to iden-
tify the HDV clade, but we cannot say certainly 
which method is best. 

OBJECTIVES

The aim of this study is to understand better 
each HDV genotyping method described in recent 
years. The objectives are: to identify the techniques 
used for HDV genotyping and to make a compara-
tive approach in the techniques found; to appreciate 
the best method of HDV genotyping and to esti-
mate the likelihood of practical application of the 
methods as a standard of genotyping of the RNA-
HDV genome.

MATERIALS AND METHODS

Electronic searches

For making a comprehensive approach about the 
genotyping methods of HDV, we’ve carried out a 
search of PubMed, Google Scholar, Cochrane li-
brary and Embase. Through the searching task, we 
entered the following “HDV genotyping”, “hepatitis 
D genotype”, “RT-PCR AND HDV”, “RLFP AND 
HDV”, “direct sequencing AND HDV”, “RT-LAMP 
AND HDV” and „Hybridization AND HDV”.

Inclusion criteria

In order to select these methods, we have 
searched original, peer-reviewed studies describing 
genotyping techniques performed on human sub-
jects. We didn’t take into account the study proto-
cols, reported cases, reports of experts’ opinion and 
those that were performed on animals subjects.
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 RESULTS

In our research we managed to find four geno-
typing methods described in several studies. The 
methods are: hybridization, RT-LAMP (Reverse 
Transcription Loop Mediated Isothermal Amplifi-
cation), PCR-RFLP (Polymerase Chain Reaction - 
Restriction Fragment Length Polymorphism) and 
PCR followed by sequencing  (Table 1).

TABLE 1. Research studies and each method described
Genotyping method Studies

PCR-RFLP
Wu 1995 (19)
Mirshafi ee 2009 (20)
Souza 2015 (21)

Hybridiza� on 
microarray Sun 2004 (22)

PCR + direct 
sequencing

Altuğlu 2005 (23)
Shang 2012 (24)
Coller 2018 (25) (qRT-PCR on automated 
pla� orm)

RT-LAMP Wang 2012 (26)

DISCUSSION

Various methods have been described over the 
time to achieve this goal, methods from Hybridiza-
tion, RT-LAMP (Restriction Fragment Length Pol-
ymorphism) to RFLP and PCR followed by se-
quencing. Although there are studies that analyze 
each method from the point of view of the accuracy 
and applicability in clinical laboratories, no com-
parison has yet been made to all these techniques.

The first method described for HDV genotyping 
was the hybridization technique, made by Gupta in 
1989 (27). Since then, another 5 clades were identi-
fied and at least 2 genotyping techniques had been 
discovered (28). Genotyping by hybridization is a 
method that uses known sequences of DNA to hy-
bridize a complementary sequence in the studied 
DNA, sequences that will be determined by fluo-
rescent labeling. This method uses short DNA se-
quences (oligonucleotides) taken from a database 
to construct the target sequence to be identified 
(29).

There are no studies to identify the accuracy of 
the hybridization in HDV genotyping. In 1994, 
Gallenger et al. described a method of hybridiza-
tion for quantification of HDV, and not for geno-
typing (30). In 2004 Sun et al. presented a combi-
nation between PCR and hybridization, resulting in 
a DNA microarray that offers a potential solution 

for diagnosis of different HDV genotypes. Hybridi-
zation is known to have a good specificity, but a 
low sensitivity, and PCR having an increased risk 
of contamination (22). As time went on, the PCR-
based assays improved and now there are one-step 
PCR methods described having lower risk of con-
tamination and higher sensitivity and specificity 
(15). In addition, Sun et al. described the method as 
a very simple and cost-effective technique that uses 
clinical diagnostic gene chips (22). Until now, there 
are no hybridization techniques verified on all the 
HDV genotypes. The advantage of this method is 
the ability to identify a large number of homogene-
ous targets. 

RFLP is a simple genotyping method that 
cleaves the PCR products using restriction en-
zymes. It was first applied for HDV genotyping in 
1995, when Wu et al. used Xhol and Sacll as re-
striction enzymes (19). Following the attachment 
of such enzymes, the cDNA-HDV genome is 
cleaved, resulting in fragments of different lengths, 
that once applied in the electrophoresis gel will mi-
grate into the electric field according to their size. 
Thus, for each HDV genotype, a characteristic pat-
tern of migration of the different cDNA sections of 
HDV will be obtained. 

RFLP genotyping was compared to direct se-
quencing and proved to be a more effective tech-
nique for the identification of the 3 HDV genotypes 
known at that time. This method proved to be help-
ful in the discovery of new HDV genotypes later in 
1998 (31). Also, Mirshafiee et al. described this 
method to be a simple and reliable technique (20). 
Recently, in 2015, Souza et al. characterized a nest-
ed PCR-RFLP method capable to identify all HDV 
genotypes (21). In order to validate this technique 
they compared the results with the ones resulted 
from the phylogenetic analysis. RFLP proved to be 
another reliable method, easy to perform. It does 
not require radiolabelling and can be used for mass 
analysis in epidemiological and clinical studies.

PCR is the classic method of amplifying any 
DNA of RNA copy genome. In principle, for the 
amplification of the RNA genome it is recommend-
ed to convert it into the cDNA with the aid of a re-
verse transcriptase for greater stability of the ana-
lyzed product (18). Then, genotyping by direct 
sequencing involves sequencing of the entire RNA-
HDV genome followed by phylogenetic analysis in 
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which specific sequences of each genotype are 
tracked, identified and stored in different banks of 
genes, e.g. GeneBank.

Regarding PCR followed by sequencing, sever-
al methods had been described over the years. In 
2005, Altuglu et al. used a RT-PCR-sequencing 
method applied on chronic hepatitis infection pa-
tients from Turkey, and also described it as a relia-
ble method (23). Then, Shang et al. proposed in 
2012 a Real-Time PCR-based technique in which 
the amplicons of the quantitative HDV Real Time 
were used directly for sequencing, avoiding the 
steps of RNA extraction, RT-PCR and electropho-
resis performed in Altuglu’s study (24). Thereby, 
the latter seems to be a better choice in HDV geno-
typing considering his reduced risk of contamina-
tion. Recently, Coller et al. described an even better 
technique in which the extraction and amplification 
is being done on an automated platform.

RT-LAMP is another method of HDV genotyp-
ing described by Wang et al. in 2012 (26). Con-
trasted with conventional PCR and Real Time PCR, 
there are fewer preparation steps and less expen-
sive equipment involved. It requires only 4 special-
ly designed primers that can recognize the target 
DNA (32) and an isothermal temperature of 65º C 
for 50 minutes for the amplification reaction to take 
place. Therefore, the advantages of this method are 
simplicity, amplification efficiency and a reduced 
contamination risk. This method is less time con-
suming in contrast with PCR that needs at least 2 
hours to complete the analysis. Also, it offers the 
possibility to identify the results by using the naked 
eye. In this study, Wang et al. evaluated the poten-
tial application of RT-LAMP, testing the sensitivity 
and specificity of the method in comparison with 

real-time PCR, but the exact values of the these pa-
rameters has not been calculated. The most consid-
erable disadvantage is that this method was de-
signed only for the identification of genotype 1 
HDV (26). To sum up, this seems like a reliable 
method that should also be tested on the non-
HDV-1 genotypes.

An accurate comparison between these methods 
will be hard to make considering that all these as-
says rely on the use of a specific in-house standard. 
Of all methods, hybridization and RT-LAMP could 
be the future for a rapid diagnosis, where there is an 
urgent need for results, while RFLP and PCR-se-
quencing seems to be the basic and reliable tech-
niques that can be used in all laboratories for re-
search and clinical diagnosis. RFLP remains a good 
choice for some undeveloped countries which do 
not have an available sequencing platform.

CONCLUSIONS

In conclusion, although anti-HBV infection vac-
cination can prevent Delta infection, in many coun-
tries chronic HDV infections represent a public 
health problem and earlier diagnosis is crucial. Se-
rological markers (antigens and antibodies) are not 
enough for an accurate diagnosis. HDV genotyping 
is important because it is the only way we can bet-
ter understand the clinical outcome of the patient, 
predict the response of the treatment and formulate 
a prognosis. This study could be the basis for im-
plementing the standard technique for HDV geno-
typing. Further studies are needed to describe a 
genotyping standard of HDV and to develop tech-
niques that could be easy to use also in practice.
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