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Abstract

Context: Hepatitis D virus (HDV) infection, as the main coinfection in patients with chronic hepatitis B, leads to progressive liver
disease. Elucidating the global distribution of HDV genotypes may be beneficial for the development of HDV vaccines and antiviral
agents.
Objectives: Through this systematic review, we aimed to present a clear picture of HDV genotype dispersal at the global and regional
levels.
Methods: A systematic search was performed in Scopus, PubMed, and Web of Science using the relevant keywords of hepatitis D and
HDV genotype. The old HDV genotype classification (HDV I, II, and III) and African HDV genotypes (HDV-5, -6, -7, and -8) were used for
showing the HDV genetic dispersion. The data of the country-level distribution of HDV genotypes were translated to the regional
and global distributions of HDV genotypes.
Results: Among all 1,318 unique titles, 71 studies were screened in the qualitative synthesis consisting of 77 records from 33 countries
(sampling locations). In Africa, the most common genotype was HDV I, followed by African HDV genotypes. In Asia, the most frequent
genotype was HDV II, followed by HDV I. In Europe and Oceania, the most common HDV genotype was HDV I, followed by HDV II and
African genotypes. In the Middle East and North America, the most frequent HDV genotype was HDV I. In South America, the most
common HDV genotype was HDV III, followed by HDV I and African genotypes.
Conclusions: We found HDV I is distributed globally. Other HDV genotypes are observed regionally: HDV II mainly in East Asia, HDV
III exclusively in South America, and African genotypes mainly in West Africa. PROSPERO #: CRD42018097296.
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1. Context

Coinfection of Hepatitis D virus (HDV) with Hepatitis B
virus (HBV) increases the risk of progression to end-stage
liver diseases such as cirrhosis and hepatocellular carci-
noma (HCC) (1, 2). The prevalence of HDV infection in in-
dividuals with HBsAg varies by their clinical presentations
of the disease (more prevalent in cirrhotic than in non-
cirrhotic patients) and geographical location (high preva-
lence in South America, Eastern Europe, and Sub-Saharan
Africa and low prevalence in Western Europe, North Amer-
ica, and Southeast Asia) (3, 4). Pegylated-interferon with
20% - 30% treatment success is the currently available stan-
dard of care for the management of HDV infection (5). So
far, there is no effective treatment against hepatitis D in-
fection. However, the hope for the development of an ef-
fective treatment for HDV infection in the near future has

been strengthened in recent years (6).

Hepatitis D virus with a 1.7 kb circular RNA genome dis-
plays high genetic variability and traditionally is classified
into three genotypes (HDV I, II, and III) (7). Hepatitis D
virus genotype I is globally distributed, HDV genotype II is
mainly detected in East and Southeast Asia, and HDV geno-
type III is exclusively observed in South America (8). How-
ever, a comprehensive phylogenetic analysis of HDV full-
length sequences including African strains showed eight
distinct clades (HDV-1 to -8), representing eight genotypes
of HDV (7, 9). In addition to the different geographical dis-
tribution, HDV genotypes differ in prognosis, clinical pre-
sentation, progression, and response to therapy (10-12).

Despite the effective improvement of therapeutic and
preventive interventions that have led to decreasing the
burden of hepatitis B-related liver diseases, HBV/HDV man-
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agement remained troublesome (13). In line with the goals
of global elimination of viral hepatitis and parallel with
the ongoing focus on hepatitis B and C viruses, HDV should
not be neglected (14, 15). Regarding the different responses
of HDV to antiviral therapy and coinfection with HBV, deep
insight into the molecular epidemiology and global distri-
bution of HDV genotypes fulfills the goal of the elimina-
tion program.

2. Objectives

This systematic review was conducted to present a
clear picture of HDV genotypes dispersal at the global and
regional levels.

3. Methods

3.1. Search Protocols, Data Resources, and Registration

Through the development of a specific search strat-
egy in three major electronic databases including PubMed,
Scopus, and Science Citation Index Expanded (Web of Sci-
ence), we covered the main parts of our topic includ-
ing “hepatitis D virus” and “HDV genotypes”. All proto-
cols were peer-reviewed transversely and parallelly by
all authors. The complete search protocols for each
database are addressed in supplementary file Appendix
1. Initially, the search was performed on September 16,
2019. However, it was updated on February 2, 2020. Fi-
nally, references of all the included studies were screened
for finding relevant titles. The protocol of the current
systematic review has been registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) under record identification CRD42018097296, avail-
able at: https://www.crd.york.ac.uk/PROSPERO/display_-
record.php?RecordID=97296.

3.2. Selection Criteria

We included all original articles whether clinical or
molecular epidemiologic studies relevant to HDV and
its genotypes. The inclusion criteria were studies on
HDV genotyping using the molecular method on blood
serum/plasma specimens, the minimum number of 10
cases (sample size) from each geographical region (coun-
try), and at least an English abstract. Review articles, let-
ters, editorials, case reports, conference abstracts, and pro-
ceedings were excluded from further processing.

3.3. Quality Assessment, Study Selection, and Data Extraction

Based on the PRISMA guidelines for reporting system-
atic reviews (16), the quality of the included studies was as-
sessed over the sampling method, coverage of the general
population, and study level (regional, national, provincial,

etc.). Using EndNote version 9, any duplicated item was re-
moved. According to the eligibility criteria, two authors
(MSR-Z and HS) screened all the studies independently at
three levels of title, abstract, and full-text, in sequence. In
the case of disagreement for including/excluding a study,
it was resolved by mutual discussion between them or
with other authors. The following data were extracted
from each included study: First author’s name, publica-
tion year, HDV genotyping method, HDV genotype classifi-
cation, sample size, the geographical location of sampling,
and prevalence of each HDV genotype. The old HDV geno-
type classification (HDV I, II, and III) and African HDV geno-
types (HDV-5, -6, -7, and -8) were used for showing the HDV
genetic dispersion to have the chance to include all stud-
ies regardless of their HDV genotype classification. The re-
sults of the new HDV genotype classification (HDV-1 to -8)
were converted to the old one (HDV I, II, and III) using the
proposal for HDV genus classification (7).

3.4. Analysis

The distribution of HDV genotypes was reported in a
table concerning the geographical location of sampling.
When there was a possibility for pooling data, the distri-
bution of HDV genotypes for each country was pooled and
translated to its global and regional distribution.

4. Results

4.1. Study Screening

The main search on September 16, 2019, resulted in the
recruitment of 2,025 published articles. After removing
duplicates and screening of titles and abstracts, 138 full-
texts were selected for inclusion in the current systematic
review. The investigation was updated on February 2, 2020,
and reached us to 71 studies on the evaluation of HDV geno-
types for the final qualitative analysis. The complete pro-
cess of screening and selection of articles is shown in Fig-
ure 1.

4.2. Characteristics of Included Studies

Among 71 studies, 43 (60.6%) used the new HDV geno-
type classification while 28 (39.4%) used the old HDV geno-
type classification. Among all, 52 (73.2%) applied sequenc-
ing as the HDV genotyping method, 10 (14.1%) used restric-
tion fragment length polymorphism (RFLP), seven (9.9%)
used sequencing and RFLP, and two (2.8%) used reverse hy-
bridization. Data extraction of the 71 studies identified
77 records (based on the geographical location of sam-
pling) in 33 countries. The sampling locations were Brazil
(17-25) with nine records, Iran (26-33) with eight records,
Turkey (34-39) and Taiwan (12, 40-44) each with six records,
Italy (33, 45-47) and Pakistan (48-51) each with four records,
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Figure 1. The flowchart of screening and selection of studies

Gabon (52-54), Mongolia (55-57), Nigeria (58-60), and Viet-
nam (61-63) each with three records, Cameroon (64, 65),
Germany (33, 66), Mauritania (67, 68), Romania (47, 69),
and Spain (33, 70) each with two records, and Albania (71),
Australia (72), Central African Republic (73), China (74),
Congo (75), Ethiopia (76), France (77), Greece (71), Israel (78),
Japan (79), Kiribati (80), Peru (81), Russia (82), Tajikistan
(83), Tunisia (84), UK (11), USA (71), and Venezuela (85) each
with one record. The characteristics of the included stud-
ies are summarized in Table 1.

4.3. Country-Level, Regional, and Global Distribution of HDV
Genotypes

In Africa, the most common HDV genotype was HDV
I. In the Central African Republic, Congo, Ethiopia, and
Tunisia, all HDV isolates belonged to HDV I. In the West
African countries including Cameroon, Gabon, Maurita-
nia, and Nigeria, in addition to HDV I, African HDV geno-

types (HDV-5, -6, -7, and -8) were observed (Table 2 and Fig-
ure 2A). In Africa and among African HDV genotypes, HDV-5
was isolated from patients in Cameroon, Mauritania, and
Nigeria, HDV-6 from patients in Cameroon and Nigeria,
and HDV-7 and -8 from patients in Cameroon and Gabon.

The most frequent HDV genotype in Asia was HDV II, fol-
lowed by HDV I. In China, Japan, and Taiwan, the most com-
mon isolate was HDV II and in Mongolia, Pakistan, Tajik-
istan, and Vietnam, the most common isolate was HDV I. In
Asia, no HDV III and African genotypes were detected (Table
2 and Figure 2A).

Among European countries, the most detected HDV
genotype was HDV I so that in Albania, Germany, Greece,
Italy, Romania, and Spain, only HDV I was identified from
patients with HDV infection. In France and the UK, in ad-
dition to HDV I, African HDV genotypes were observed, as
well. In Russia, both HDV I and HDV II were isolated (Table
2 and Figure 2A).
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In the Middle Eastern countries, the most common
HDV genotype was HDV I. Israel and Turkey observed only
HDV I among patients with HDV infection while few HDV II
isolates (genotyped by RFLP) were reported in Iranian pa-
tients (Table 2 and Figure 2A).

Only one study over HDV genotypes (with 22 isolates)
was found from North America. All these isolates belonged
to HDV I. Two studies from Oceania identified only HDV I
in Kiribati while HDV I and II and African HDV genotypes
(HDV-5) were observed in Australia (Table 2 and Figure 2A).

In South America, the most common HDV genotype
was HDV III, followed by HDV I. In Peru, only HDV III was iso-
lated from patients with HDV infection while in Venezuela,
both HDV I and III were observed. In the north of Brazil,
the most common HDV genotype was HDV III. In addition,
a proportion of patients were infected with HDV I and a few
numbers were infected with African HDV genotypes (HDV-
5). In the south of Brazil, all HDV isolates belonged to HDV
I (Table 2 and Figure 2A).

Worldwide, HDV I had global dispersion, HDV II was ob-
served mainly in East Asia and Oceania, and HDV III was re-
ported exclusively in the north of South America. African
HDV genotypes were observed mainly in the west of Africa
although these genotypes were isolated in Europe, South
America, and Australia, as well (Table 2 and Figure 2A).

5. Conclusions

This systematic review highlights the global distribu-
tion of HDV genotypes, showing that HDV I has a global
distribution and HDV II is mainly observed in East Asia. Ac-
cordingly, HDV III exclusively is circulating in South Amer-
ica and African HDV genotypes are majorly isolated in West
Africa. Still, understanding the molecular epidemiology of
infectious diseases such as HBV/HDV coinfection is crucial
for vaccine and antiviral agent development and optimal
management of the disease (86, 87).

In Africa, HDV I and African HDV genotypes were iso-
lated from patients with HDV infection (52-54, 58-60, 64, 65,
67, 68, 73, 75, 76, 84). Based on the collected data, it seems
that the African HDV genotypes originated from western
countries of Africa such as Gabon, Cameroon, and Nigeria
where the prevalence of HDV infection is high (53, 64). In
Asia, both HDV I and HDV II were the predominant geno-
types in patients with HDV infection (12, 40-44, 48-51, 55-57,
61-63, 74, 79, 83). Hepatitis D virus II was mainly observed in
China (74), Taiwan (12, 40-44), and Japan (79) while in other
Asian countries such as Mongolia (55-57), Pakistan (48-51),
Tajikistan (83), and Vietnam (61-63), HDV I was the main
genotype isolated from patients. The latter finding con-
firms that HDV II originated from the Far East. In European
countries, HDV I, II, and African genotypes were detected
in patients with HDV infection (11, 33, 45-47, 66, 69-71, 77,
82). In detail, in Albania (71), Germany (33, 66), Greece (71),

Italy (33, 45-47), Romania (47, 69), and Spain (33, 70), only
HDV I was isolated. In the study by Ivaniushina et al. (82)
in Russia, in addition to HDV I, HDV II was observed, which
is justified with the fact that the study was conducted in
Yakutia located in the east of Russia, a region near the Chi-
nese borders. In a study by Servant-Delmas et al. (77) in
France, among 14 HDV-infected patients, 12 were infected
with HDV I and two with African HDV genotypes who orig-
inated from Sub-Saharan Africa where African HDV geno-
types are prevalent. In another study by Spaan et al. (11)
from the UK, 18 were infected with HDV I and 21 with African
HDV genotypes. All those patients with African HDV geno-
type infections in this study were immigrants who origi-
nated from Africa. These two recent studies are important
since they reported the introduction of new viral strains to
Europe by immigration as previously discussed (88, 89). In
the Middle East, mainly HDV I was isolated from patients
with HDV infection (26-39, 78). Studies from Turkey (34-
39) and Israel (78) exclusively detected HDV I. All Iranian
studies (26-29, 31, 33), except two studies by Sadeghian et
al. (30) and Meysami et al. (32), found HDV I as the only
circulating HDV genotype in Iran. The study by Sadeghian
et al. (30) using RFLP found 10 patients with HDV I and
two with HDV II; however, these two cases with unexpected
HDV genotype II were not confirmed by sequencing. In a
study by Meysami et al. (32) using RFLP, 32 patients were
genotyped as HDV I, three as HDV II, and two as indeter-
minate isolates. Sequencing of one indeterminate and one
HDV II isolate resulted in HDV I; thus, the authors showed
the aberrant result by RFLP in these two cases that may be
due to unexpected polymorphisms in the restriction sites
of SmaI on the HDV genome used for genotyping (32). In
North America, the only available study by Shakil et al. (71)
showed HDV I as the only circulating HDV genotype in the
USA and North America. In Oceania, two studies from Aus-
tralia (72) and Kiribati (80) found HDV I as the main HDV
genotype isolated from patients with HDV infection; how-
ever, in Australia, HDV II and African HDV genotypes were
found, as well. In this study (72), the two patients with
HDV II originated from Vietnam and all 27 patients with
African HDV genotypes originated from Western to Central
African countries such as Sierra Leone, Liberia, and Nigeria.
In South America, HDV III was the most prevalent isolate
found in patients with HDV infection (17-25, 81, 85); how-
ever, HDV I and African HDV genotypes were isolated, as
well. In Peruvian Amazon, HDV III was the only HDV geno-
type detected in HDV-infected patients (81). In Venezuela,
both HDV I and HDV III were isolated from patients with
HDV infection (85). In Brazilian Amazon, the most detected
HDV genotype was HDV III (17-24) while in Minas Gerais
state, south of Brazil, and outside of Amazon basin, the
only isolated HDV genotype was HDV I (25). These results
confirm Amazon as the origin of HDV III.

The main limitation of the current systematic review
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Table 2. Distribution of HDV Genotypes by Countries and Continental Regions

Region, Country
Records

(N)
Isolates

(N)

HDV Genotypesa

HDV I (HDV-1) HDV II (HDV-2 or
HDV-4)

HDV III (HDV-3) Others (HDV-5, -6, -7,
or -8)

Africa

Cameroon 2 236 High Very low Very low Intermediate

The Central African
Republic

1 18 Very high Very low Very low Very low

Congo 1 12 Very high Very low Very low Very low

Ethiopia 1 12 Very high Very low Very low Very low

Gabon 3 75 Intermediate Very low Very low High

Mauritania 2 59 High Very low Very low Low

Nigeria 3 39 High Very low Very low Intermediate

Tunisia 1 11 Very high Very low Very low Very low

Total 14 462 High Very low Very low Intermediate

Asia

China 1 48 Very low Very high Very low Very low

Japan 1 33 Low High Very low Very low

Mongolia 3 169 Very high Very low Very low Very low

Pakistan 4 83 Very high Very low Very low Very low

Taiwan 6 560 Intermediate High Very low Very low

Tajikistan 1 10 Very high Very low Very low Very low

Vietnam 3 103 High Intermediate Very low Very low

Total 19 1006 Intermediate High Very low Very low

Europe

Albania 1 10 Very high Very low Very low Very low

France 1 14 High Very low Very low Low

Germany 2 114 Very high Very low Very low Very low

Greece 1 30 Very high Very low Very low Very low

Italy 4 154 Very high Very low Very low Very low

Romania 2 93 Very high Very low Very low Very low

Russia 1 29 Intermediate High Very low Very low

Spain 2 49 Very high Very low Very low Very low

UK 1 39 Intermediate Very low Very low High

Total 15 532 High Low Very low Low

Middle East

Iran 8 168 High Low Very low Very low

Israel 1 55 Very high Very low Very low Very low

Turkey 6 283 Very high Very low Very low Very low

Total 15 506 Very high Low Very low Very low

North America

US 1 22 Very high Very low Very low Very low

Total 1 22 Very high Very low Very low Very low

Oceania

Australia 1 169 High Low Very low Intermediate

Kiribati 1 14 Very high Very low Very low Very low

Total 2 183 High Low Very low Low

South America

Brazil 9 364 Intermediate Very low High Very low

Peru 1 37 Very low Very low Very high Very low

Venezuela 1 12 High Very low Intermediate Very low

Total 11 413 Intermediate Very low High Very low

World (Total) 77 3124 High Intermediate Low Low

aPrevalence of HDV genotypes: < 1%, very low; 1 - 14.9%, low; 15 - 49.9%, intermediate; 50 - 98.9%, high; ≥ 99%, very high.
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Figure 2. The global distribution of HDV genotypes; A, distribution of HDV genotypes in countries with available evidence; B, proposed worldwide distribution of HDV geno-
types (including countries without available evidence).

was the unavailability of eligible studies for many coun-
tries. Moreover, the two different HDV genotype classifica-
tions compelled us to transform the data of studies from
new HDV genotype classification to the old one. Another
limitation was the validity of RFLP for HDV genotyping, as
few studies showed the aberrant results obtained using
RFLP.

The current systematic review collected the available
country-level evidence on the distribution of HDV geno-
types and translated it to the regional and global distribu-
tion of HDV genotypes. With a global distribution of HDV
I, we concluded that HDV II is mainly observed in East Asia
and HDV III in South America while African genotypes are
majorly detected in West Africa (Figure 2B). We also con-
firmed that immigration has a great role in changing the
pattern of HDV genetic pool worldwide.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].

Footnotes

Authors’ Contribution: Study concept and design:
Heidar Sharafi and Seyed Moayed Alavian; acquisition of
data: Heidar Sharafi, Mohammad Saeid Rezaee-Zavareh,
and Seyyed Mohammad Miri; analysis and interpretation
of data: Heidar Sharafi, Mohammad Saeid Rezaee-Zavareh,
and Seyyed Mohammad Miri; drafting of the manuscript:
Heidar Sharafi and Mohammad Saeid Rezaee-Zavareh; crit-
ical revision of the manuscript for important intellectual

6 Hepat Mon. 2020; 20(2):e102268.

http://hm.neoscriber.org/cdn/dl/6611bc58-62bb-11ea-88e2-c32c9dbb6cda
http://hepatmon.com


Sharafi H et al.

content: Seyyed Mohammad Miri and Seyed Moayed Ala-
vian; study supervision: Seyed Moayed Alavian. All authors
read and confirmed the final draft of the manuscript.

Conflict of Interests: The authors declared no conflict of
interest relevant to this study.

Funding/Support: This systematic review was supported
by Baqiyatallah University of Medical Sciences under ID 96-
03-001460.

References

1. Niro GA, Smedile A, Ippolito AM, Ciancio A, Fontana R, Olivero A, et al.
Outcome of chronic delta hepatitis in Italy: A long-term cohort study.
J Hepatol. 2010;53(5):834–40. doi: 10.1016/j.jhep.2010.06.008. [PubMed:
20800919].

2. Shirvani-Dastgerdi E, Pourkarim MR, Herbers U, Amini-Bavil-Olyaee S,
Yagmur E, Alavian SM, et al. Hepatitis delta virus facilitates the selec-
tion of hepatitis B virus mutants in vivo and functionally impacts on
their replicative capacity in vitro. Clin Microbiol Infect. 2016;22(1):98 e1–
6. doi: 10.1016/j.cmi.2015.09.020. [PubMed: 26433026].

3. Rizzetto M. Hepatitis D virus: Introduction and epidemiology. Cold
Spring Harb Perspect Med. 2015;5(7). a021576. doi: 10.1101/cshper-
spect.a021576. [PubMed: 26134842]. [PubMed Central: PMC4484953].

4. Keshvari M, Alavian SM, Aghaee B, Behnava B, Mahdavi M, Fesharaki
MG, et al. Seroepidemiology and clinical features of hepatitis delta
among HBsAg carriers: A study from Hepatitis Clinic of Iranian
Blood Transfusion Organization. Transfus Med. 2014;24(6):411–7. doi:
10.1111/tme.12163. [PubMed: 25523297].

5. Alavian SM, Tabatabaei SV, Behnava B, Rizzetto M. Standard and pegy-
lated interferon therapy of HDV infection: A systematic review and
meta- analysis. J Res Med Sci. 2012;17(10):967–74. [PubMed: 23825999].
[PubMed Central: PMC3698658].

6. Deterding K, Wedemeyer H. Beyond pegylated interferon-alpha:
New treatments for hepatitis delta. AIDS Rev. 2019;21(3):126–34. doi:
10.24875/AIDSRev.19000080. [PubMed: 31532397].

7. Deny P. Hepatitis delta virus genetic variability: From genotypes I, II,
III to eight major clades? Curr Top Microbiol Immunol. 2006;307:151–71.
doi: 10.1007/3-540-29802-9_8. [PubMed: 16903225].

8. Alexopoulou A, Dourakis SP. Genetic heterogeneity of hepatitis
viruses and its clinical significance. Curr Drug Targets Inflamm Allergy.
2005;4(1):47–55. doi: 10.2174/1568010053622867. [PubMed: 15720236].

9. Le Gal F, Gault E, Ripault MP, Serpaggi J, Trinchet JC, Gordien E,
et al. Eighth major clade for hepatitis delta virus. Emerg Infect Dis.
2006;12(9):1447–50. doi: 10.3201/eid1209.060112. [PubMed: 17073101].
[PubMed Central: PMC3294742].

10. Wu JC. Functional and clinical significance of hepatitis D virus geno-
type II infection. Curr Top Microbiol Immunol. 2006;307:173–86. doi:
10.1007/3-540-29802-9_9. [PubMed: 16903226].

11. Spaan M, Carey I, Bruce M, Shang D, Horner M, Dusheiko G, et al. Hep-
atitis delta genotype 5 is associated with favourable disease outcome
and better response to treatment compared to genotype 1. J Hepatol.
2020. doi: 10.1016/j.jhep.2019.12.028. [PubMed: 31981726].

12. Su CW, Huang YH, Huo TI, Shih HH, Sheen IJ, Chen SW, et al. Genotypes
and viremia of hepatitis B and D viruses are associated with outcomes
of chronic hepatitis D patients. Gastroenterology. 2006;130(6):1625–35.
doi: 10.1053/j.gastro.2006.01.035. [PubMed: 16697726].

13. Keshvari M, Alavian SM, Sharafi H, Karimi G, Gholami Fesharaki M.
Interferon alpha-2b therapy in chronic hepatitis delta. Hepat Mon.
2014;14(3). e15729. doi: 10.5812/hepatmon.15729. [PubMed: 24744790].
[PubMed Central: PMC3989544].

14. Pourkarim MR, Razavi H, Lemey P, Van Ranst M. Iran’s hepatitis elimi-
nation programme is under threat. Lancet. 2018;392(10152):1009. doi:
10.1016/S0140-6736(18)31810-5. [PubMed: 30264697].

15. World Health Organization. Combating hepatitis B and C to reach elim-
ination by 2030: Advocacy brief. WHO; 2016.

16. Moher D, Liberati A, Tetzlaff J, Altman DG; Prisma Group. Pre-
ferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med. 2009;6(7). e1000097. doi:
10.1371/journal.pmed.1000097. [PubMed: 19621072]. [PubMed Central:
PMC2707599].

17. Parana R, Kay A, Molinet F, Viana S, Silva LK, Salcedo JM, et al. HDV geno-
types in the Western Brazilian Amazon region: A preliminary report.
Am J Trop Med Hyg. 2006;75(3):475–9. [PubMed: 16968924].

18. Gomes-Gouvea MS, Pereira Soares Mdo C, Guedes de Carvalho
Mello IM, Brito EM, Pereira Moia Lde J, Bensabath G, et al. Hep-
atitis D and B virus genotypes in chronically infected patients
from the Eastern Amazon Basin. Acta Trop. 2008;106(3):149–55. doi:
10.1016/j.actatropica.2008.02.009. [PubMed: 18420172].

19. Braga WS, de Oliveira CM, de Araujo JR, Castilho Mda C, Rocha JM, Gi-
maque JB, et al. Chronic HDV/HBV co-infection: Predictors of disease
stage-a case series of HDV-3 patients. J Hepatol. 2014;61(6):1205–11. doi:
10.1016/j.jhep.2014.05.041. [PubMed: 24905491].

20. Crispim MA, Fraiji NA, Campello SC, Schriefer NA, Stefani MM,
Kiesslich D. Molecular epidemiology of hepatitis B and hepatitis delta
viruses circulating in the Western Amazon region, North Brazil. BMC
Infect Dis. 2014;14:94. doi: 10.1186/1471-2334-14-94. [PubMed: 24555665].
[PubMed Central: PMC3936897].

21. Kay A, Melo da Silva E, Pedreira H, Negreiros S, Lobato C, Braga W,
et al. HBV/HDV co-infection in the Western Brazilian Amazonia: An
intriguing mutation among HDV genotype 3 carriers. J Viral Hepat.
2014;21(12):921–4. doi: 10.1111/jvh.12267. [PubMed: 25040045].

22. Botelho-Souza LF, Souza Vieira D, de Oliveira Dos Santos A, Cunha
Pereira AV, Villalobos-Salcedo JM. Characterization of the genotypic
profile of hepatitis delta virus: Isolation of HDV genotype-1 in the
Western Amazon Region of Brazil. Intervirology. 2015;58(3):166–71. doi:
10.1159/000431040. [PubMed: 26112316].

23. Borzacov LM, de Figueiredo Nicolete LD, Souza LF, Dos Santos AO,
Vieira DS, Salcedo JM. Treatment of hepatitis delta virus genotype 3 in-
fection with peg-interferon and entecavir. Int J Infect Dis. 2016;46:82–8.
doi: 10.1016/j.ijid.2016.03.017. [PubMed: 27005283].

24. Melo Da Silva E, Kay A, Lobato C, Muwonge R, Zoulim F, Brites C, et
al. Non-F HBV/HDV-3 coinfection is associated with severe liver dis-
ease in Western Brazilian Amazon. J Med Virol. 2019;91(6):1081–6. doi:
10.1002/jmv.25411. [PubMed: 30695106].

25. Scarponi CF, Kroon EG, Vieira DS, Fernandes AP, Gomes KB, Mota BE.
Molecular epidemiology of Hepatitis delta virus infection in Minas
Gerais state from Brazil, an area outside the hyperendemic region
of the Amazon Basin. Mem Inst Oswaldo Cruz. 2019;114. e190074. doi:
10.1590/0074-02760190074. [PubMed: 31460570]. [PubMed Central:
PMC6707758].

26. Mohebbi SR, Zali N, Derakhshan F, Tahami A, Mashayekhi R, Amini-
Bavil-Olyaee S, et al. Molecular epidemiology of hepatitis delta virus
(HDV) in Iran: A preliminary report. J Med Virol. 2008;80(12):2092–9.
doi: 10.1002/jmv.21326. [PubMed: 19040284].

27. Esmaeili R, Alavian SM, Hajibeigi B, Sabouri E, Edalat R, Adeli A, et al.
Phylogenetic analysis of twenty-six cases of hepatitis delta virus iso-
lates in Tehran, Iran. Hepat Mon. 2009;9(3):196–200. en.

28. Mirshafiee H, Mahmoodian-Shooshtari M, Sharifi Z, Hosseini SM.
Genotype analysis of hepatitis delta virus from hepatitis B surface
antigen-positive patients using PCR-RFLP in Tehran, Iran. Arch Iran
Med. 2009;12(3):238–43. [PubMed: 19400600].

29. Ghamari S, Alavian SM, Rizzetto M, Olivero A, Smedile A, Khedive A, et
al. Prevalence of hepatitis delta virus (HDV) infection in chronic hep-
atitis B patients with unusual clinical pictures. Hepat Mon. 2013;13(8).
e6731. doi: 10.5812/hepatmon.6731. [PubMed: 24098308]. [PubMed
Central: PMC3787685].

30. Sadeghian H, Varasteh N, Esmaeelzadeh A, Nomani H, Alimardani
M, Davoodnejad M, et al. Distribution of hepatitis delta virus geno-
types in Mashhad, Northeast Iran. Jundishapur J Microbiol. 2015;8(2).
e14908. doi: 10.5812/jjm.14908. [PubMed: 25793092]. [PubMed Central:
PMC4353030].

31. Shirvani-Dastgerdi E, Amini-Bavil-Olyaee S, Alavian SM, Trautwein C,
Tacke F. Comprehensive analysis of mutations in the hepatitis delta

Hepat Mon. 2020; 20(2):e102268. 7

http://dx.doi.org/10.1016/j.jhep.2010.06.008
http://www.ncbi.nlm.nih.gov/pubmed/20800919
http://dx.doi.org/10.1016/j.cmi.2015.09.020
http://www.ncbi.nlm.nih.gov/pubmed/26433026
http://dx.doi.org/10.1101/cshperspect.a021576
http://dx.doi.org/10.1101/cshperspect.a021576
http://www.ncbi.nlm.nih.gov/pubmed/26134842
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4484953
http://dx.doi.org/10.1111/tme.12163
http://www.ncbi.nlm.nih.gov/pubmed/25523297
http://www.ncbi.nlm.nih.gov/pubmed/23825999
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3698658
http://dx.doi.org/10.24875/AIDSRev.19000080
http://www.ncbi.nlm.nih.gov/pubmed/31532397
http://dx.doi.org/10.1007/3-540-29802-9_8
http://www.ncbi.nlm.nih.gov/pubmed/16903225
http://dx.doi.org/10.2174/1568010053622867
http://www.ncbi.nlm.nih.gov/pubmed/15720236
http://dx.doi.org/10.3201/eid1209.060112
http://www.ncbi.nlm.nih.gov/pubmed/17073101
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3294742
http://dx.doi.org/10.1007/3-540-29802-9_9
http://www.ncbi.nlm.nih.gov/pubmed/16903226
http://dx.doi.org/10.1016/j.jhep.2019.12.028
http://www.ncbi.nlm.nih.gov/pubmed/31981726
http://dx.doi.org/10.1053/j.gastro.2006.01.035
http://www.ncbi.nlm.nih.gov/pubmed/16697726
http://dx.doi.org/10.5812/hepatmon.15729
http://www.ncbi.nlm.nih.gov/pubmed/24744790
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3989544
http://dx.doi.org/10.1016/S0140-6736(18)31810-5
http://www.ncbi.nlm.nih.gov/pubmed/30264697
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707599
http://www.ncbi.nlm.nih.gov/pubmed/16968924
http://dx.doi.org/10.1016/j.actatropica.2008.02.009
http://www.ncbi.nlm.nih.gov/pubmed/18420172
http://dx.doi.org/10.1016/j.jhep.2014.05.041
http://www.ncbi.nlm.nih.gov/pubmed/24905491
http://dx.doi.org/10.1186/1471-2334-14-94
http://www.ncbi.nlm.nih.gov/pubmed/24555665
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3936897
http://dx.doi.org/10.1111/jvh.12267
http://www.ncbi.nlm.nih.gov/pubmed/25040045
http://dx.doi.org/10.1159/000431040
http://www.ncbi.nlm.nih.gov/pubmed/26112316
http://dx.doi.org/10.1016/j.ijid.2016.03.017
http://www.ncbi.nlm.nih.gov/pubmed/27005283
http://dx.doi.org/10.1002/jmv.25411
http://www.ncbi.nlm.nih.gov/pubmed/30695106
http://dx.doi.org/10.1590/0074-02760190074
http://www.ncbi.nlm.nih.gov/pubmed/31460570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6707758
http://dx.doi.org/10.1002/jmv.21326
http://www.ncbi.nlm.nih.gov/pubmed/19040284
http://www.ncbi.nlm.nih.gov/pubmed/19400600
http://dx.doi.org/10.5812/hepatmon.6731
http://www.ncbi.nlm.nih.gov/pubmed/24098308
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3787685
http://dx.doi.org/10.5812/jjm.14908
http://www.ncbi.nlm.nih.gov/pubmed/25793092
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4353030
http://hepatmon.com


Sharafi H et al.

virus genome based on full-length sequencing in a nationwide co-
hort study and evolutionary pattern during disease progression. Clin
Microbiol Infect. 2015;21(5):510 e11–23. doi: 10.1016/j.cmi.2014.12.008.
[PubMed: 25656625].

32. Meysami P, Alavian SM, Monavari SH, Mozhgani SH, Taghizadeh M,
Farahani M, et al. Molecular characterization of hepatitis D virus
genotypes circulating in Iran. Future Virology. 2018;13(4):265–73. doi:
10.2217/fvl-2017-0156.

33. Karimzadeh H, Usman Z, Frishman D, Roggendorf M. Genetic diver-
sity of hepatitis D virus genotype-1 in Europe allows classification
into subtypes. J Viral Hepat. 2019;26(7):900–10. doi: 10.1111/jvh.13086.
[PubMed: 30801877].

34. Bozdayi AM, Aslan N, Bozdayi G, Turkyilmaz AR, Sengezer T, Wend U,
et al. Molecular epidemiology of hepatitis B, C and D viruses in Turk-
ish patients. Arch Virol. 2004;149(11):2115–29. doi: 10.1007/s00705-004-
0363-2. [PubMed: 15503201].

35. Kaymakoglu S, Karaca C, Demir K, Poturoglu S, Danalioglu A, Badur
S, et al. Alpha interferon and ribavirin combination therapy of
chronic hepatitis D. Antimicrob Agents Chemother. 2005;49(3):1135–
8. doi: 10.1128/AAC.49.3.1135-1138.2005. [PubMed: 15728914]. [PubMed
Central: PMC549218].

36. Altuglu I, Ozacar T, Sertoz RY, Erensoy S. Hepatitis delta virus
(HDV) genotypes in patients with chronic hepatitis: Molecular epi-
demiology of HDV in Turkey. Int J Infect Dis. 2007;11(1):58–62. doi:
10.1016/j.ijid.2005.10.012. [PubMed: 16678465].

37. Le Gal F, Badur S, Hawajri NA, Akyuz F, Kaymakoglu S, Brichler S, et
al. Current hepatitis delta virus type 1 (HDV1) infections in central
and eastern Turkey indicate a wide genetic diversity that is proba-
bly linked to different HDV1 origins. Arch Virol. 2012;157(4):647–59. doi:
10.1007/s00705-011-1212-8. [PubMed: 22241621].

38. Karaca C, Soyer OM, Baran B, Ormeci AC, Gokturk S, Aydin E, et
al. Efficacy of pegylated interferon-alpha treatment for 24 months
in chronic delta hepatitis and predictors of response. Antivir Ther.
2013;18(4):561–6. doi: 10.3851/IMP2381. [PubMed: 22976528].

39. Bulut Y, Bahcecioglu IH, Aygun C, Oner PD, Ozercan I, Demirdag K.
High genetic diversity of hepatitis delta virus in eastern Turkey. J Infect
Dev Ctries. 2014;8(1):74–8. doi: 10.3855/jidc.3910. [PubMed: 24423715].

40. Wu JC, Choo KB, Chen CM, Chen TZ, Huo TI, Lee SD. Genotyping of hep-
atitis D virus by restriction-fragment length polymorphism and re-
lation to outcome of hepatitis D. Lancet. 1995;346(8980):939–41. doi:
10.1016/s0140-6736(95)91558-3. [PubMed: 7564729].

41. Wu JC, Chiang TY, Sheen IJ. Characterization and phylogenetic anal-
ysis of a novel hepatitis D virus strain discovered by restriction frag-
ment length polymorphism analysis. J Gen Virol. 1998;79 ( Pt 5):1105–13.
doi: 10.1099/0022-1317-79-5-1105. [PubMed: 9603325].

42. Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis D virus genotypes in
intravenous drug users in taiwan: Decreasing prevalence and lack
of correlation with hepatitis B virus genotypes. J Clin Microbiol.
2002;40(8):3047–9. doi: 10.1128/jcm.40.8.3047-3049.2002. [PubMed:
12149376]. [PubMed Central: PMC120675].

43. Chang SY, Yang CL, Ko WS, Liu WC, Lin CY, Wu CH, et al. Molecular
epidemiology of hepatitis D virus infection among injecting drug
users with and without human immunodeficiency virus infection
in Taiwan. J Clin Microbiol. 2011;49(3):1083–9. doi: 10.1128/JCM.01154-10.
[PubMed: 21191061]. [PubMed Central: PMC3067682].

44. Lin HH, Lee SS, Yu ML, Chang TT, Su CW, Hu BS, et al. Changing hep-
atitis D virus epidemiology in a hepatitis B virus endemic area with
a national vaccination program. Hepatology. 2015;61(6):1870–9. doi:
10.1002/hep.27742. [PubMed: 25677884].

45. Niro GA, Smedile A, Andriulli A, Rizzetto M, Gerin JL, Casey JL. The
predominance of hepatitis delta virus genotype I among chron-
ically infected Italian patients. Hepatology. 1997;25(3):728–34. doi:
10.1002/hep.510250339. [PubMed: 9049226].

46. Pollicino T, Raffa G, Santantonio T, Gaeta GB, Iannello G, Alibrandi
A, et al. Replicative and transcriptional activities of hepatitis B virus
in patients coinfected with hepatitis B and hepatitis delta viruses. J
Virol. 2011;85(1):432–9. doi: 10.1128/JVI.01609-10. [PubMed: 20962099].
[PubMed Central: PMC3014152].

47. Ricco G, Popa DC, Cavallone D, Iacob S, Salvati A, Tabacelia D, et al.
Quantification of serum markers of hepatitis B (HBV) and Delta virus
(HDV) infections in patients with chronic HDV infection. J Viral Hepat.
2018;25(8):911–9. doi: 10.1111/jvh.12895. [PubMed: 29577518].

48. Moatter T, Abbas Z, Shabir S, Jafri W. Clinical presentation and
genotype of hepatitis delta in Karachi. World J Gastroenterol.
2007;13(18):2604–7. doi: 10.3748/wjg.v13.i18.2604. [PubMed: 17552010].
[PubMed Central: PMC4146823].

49. Perveen S, Nasir MI, Shahid SM, Azhar A, Khan OY. Phylogenetic analy-
sis of HDV isolates from HBsAg positive patients in Karachi, Pakistan.
Virol J. 2012;9:162. doi: 10.1186/1743-422X-9-162. [PubMed: 22894717].
[PubMed Central: PMC3493343].

50. Butt FA, Amin I, Idrees M, Iqbal M. Hepatitis delta virus genotype-
1 alone cocirculates with hepatitis B virus genotypes A and D
in Pakistan. Eur J Gastroenterol Hepatol. 2014;26(3):319–24. doi:
10.1097/MEG.0000000000000007. [PubMed: 24129252].

51. Aftab M, Amin I, Idrees M, Ali A, Rafique S, Naz S. Molecular epidemi-
ology of hepatitis delta and hepatitis B viruses circulating in two
major provinces (East and North-West) of Pakistan. Infect Genet Evol.
2018;64:65–9. doi: 10.1016/j.meegid.2018.06.013. [PubMed: 29906637].

52. Makuwa M, Mintsa-Ndong A, Souquiere S, Nkoghe D, Leroy EM,
Kazanji M. Prevalence and molecular diversity of hepatitis B virus
and hepatitis delta virus in urban and rural populations in north-
ern Gabon in central Africa. J Clin Microbiol. 2009;47(7):2265–8.
doi: 10.1128/JCM.02012-08. [PubMed: 19439548]. [PubMed Central:
PMC2708505].

53. Francois-Souquiere S, Makuwa M, Bisvigou U, Kazanji M. Epidemiolog-
ical and molecular features of hepatitis B and hepatitis delta virus
transmission in a remote rural community in central Africa. Infect
Genet Evol. 2016;39:12–21. doi: 10.1016/j.meegid.2015.12.021. [PubMed:
26747245].

54. Groc S, Abbate JL, Le Gal F, Gerber A, Tuaillon E, Albert JL, et al. High
prevalence and diversity of hepatitis B and hepatitis delta virus in
Gabon. J Viral Hepat. 2019;26(1):170–82. doi: 10.1111/jvh.12991. [PubMed:
30141209].

55. Takahashi M, Nishizawa T, Gotanda Y, Tsuda F, Komatsu F, Kawabata
T, et al. High prevalence of antibodies to hepatitis A and E viruses and
viremia of hepatitis B, C, and D viruses among apparently healthy
populations in Mongolia. Clin Diagn Lab Immunol. 2004;11(2):392–8.
doi: 10.1128/cdli.11.2.392-398.2004. [PubMed: 15013993]. [PubMed Cen-
tral: PMC371212].

56. Tsatsralt-Od B, Takahashi M, Endo K, Buyankhuu O, Baatarkhuu
O, Nishizawa T, et al. Infection with hepatitis A, B, C, and delta
viruses among patients with acute hepatitis in Mongolia. J Med Virol.
2006;78(5):542–50. doi: 10.1002/jmv.20574. [PubMed: 16555292].

57. Tsatsralt-Od B, Takahashi M, Nishizawa T, Endo K, Inoue J, Okamoto H.
High prevalence of dual or triple infection of hepatitis B, C, and delta
viruses among patients with chronic liver disease in Mongolia. J Med
Virol. 2005;77(4):491–9. doi: 10.1002/jmv.20482. [PubMed: 16254981].

58. Andernach IE, Leiss LV, Tarnagda ZS, Tahita MC, Otegbayo JA, Forbi JC,
et al. Characterization of hepatitis delta virus in sub-Saharan Africa. J
Clin Microbiol. 2014;52(5):1629–36. doi: 10.1128/JCM.02297-13. [PubMed:
24599979]. [PubMed Central: PMC3993620].

59. Opaleye OO, Japhet OM, Adewumi OM, Omoruyi EC, Akanbi OA,
Oluremi AS, et al. Molecular epidemiology of hepatitis D virus circu-
lating in Southwestern Nigeria. Virol J. 2016;13:61. doi: 10.1186/s12985-
016-0514-6. [PubMed: 27044424]. [PubMed Central: PMC4820959].

60. Ifeorah IM, Faleye TOC, Bakarey AS, Adewumi OM, Gerber A, Le Gal
F, et al. Characterization of hepatitis delta virus strains spreading in
Abuja, Nigeria. J Med Virol. 2019;91(9):1688–92. doi: 10.1002/jmv.25503.
[PubMed: 31081541].

61. Sy BT, Ratsch BA, Toan NL, Song le H, Wollboldt C, Bryniok A, et al. High
prevalence and significance of hepatitis D virus infection among
treatment-naive HBsAg-positive patients in Northern Vietnam. PLoS
One. 2013;8(10). e78094. doi: 10.1371/journal.pone.0078094. [PubMed:
24205106]. [PubMed Central: PMC3799775].

62. Nguyen HM, Sy BT, Trung NT, Hoan NX, Wedemeyer H, Velavan TP, et al.
Prevalence and genotype distribution of hepatitis delta virus among

8 Hepat Mon. 2020; 20(2):e102268.

http://dx.doi.org/10.1016/j.cmi.2014.12.008
http://www.ncbi.nlm.nih.gov/pubmed/25656625
http://dx.doi.org/10.2217/fvl-2017-0156
http://dx.doi.org/10.1111/jvh.13086
http://www.ncbi.nlm.nih.gov/pubmed/30801877
http://dx.doi.org/10.1007/s00705-004-0363-2
http://dx.doi.org/10.1007/s00705-004-0363-2
http://www.ncbi.nlm.nih.gov/pubmed/15503201
http://dx.doi.org/10.1128/AAC.49.3.1135-1138.2005
http://www.ncbi.nlm.nih.gov/pubmed/15728914
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC549218
http://dx.doi.org/10.1016/j.ijid.2005.10.012
http://www.ncbi.nlm.nih.gov/pubmed/16678465
http://dx.doi.org/10.1007/s00705-011-1212-8
http://www.ncbi.nlm.nih.gov/pubmed/22241621
http://dx.doi.org/10.3851/IMP2381
http://www.ncbi.nlm.nih.gov/pubmed/22976528
http://dx.doi.org/10.3855/jidc.3910
http://www.ncbi.nlm.nih.gov/pubmed/24423715
http://dx.doi.org/10.1016/s0140-6736(95)91558-3
http://www.ncbi.nlm.nih.gov/pubmed/7564729
http://dx.doi.org/10.1099/0022-1317-79-5-1105
http://www.ncbi.nlm.nih.gov/pubmed/9603325
http://dx.doi.org/10.1128/jcm.40.8.3047-3049.2002
http://www.ncbi.nlm.nih.gov/pubmed/12149376
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC120675
http://dx.doi.org/10.1128/JCM.01154-10
http://www.ncbi.nlm.nih.gov/pubmed/21191061
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067682
http://dx.doi.org/10.1002/hep.27742
http://www.ncbi.nlm.nih.gov/pubmed/25677884
http://dx.doi.org/10.1002/hep.510250339
http://www.ncbi.nlm.nih.gov/pubmed/9049226
http://dx.doi.org/10.1128/JVI.01609-10
http://www.ncbi.nlm.nih.gov/pubmed/20962099
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3014152
http://dx.doi.org/10.1111/jvh.12895
http://www.ncbi.nlm.nih.gov/pubmed/29577518
http://dx.doi.org/10.3748/wjg.v13.i18.2604
http://www.ncbi.nlm.nih.gov/pubmed/17552010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4146823
http://dx.doi.org/10.1186/1743-422X-9-162
http://www.ncbi.nlm.nih.gov/pubmed/22894717
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3493343
http://dx.doi.org/10.1097/MEG.0000000000000007
http://www.ncbi.nlm.nih.gov/pubmed/24129252
http://dx.doi.org/10.1016/j.meegid.2018.06.013
http://www.ncbi.nlm.nih.gov/pubmed/29906637
http://dx.doi.org/10.1128/JCM.02012-08
http://www.ncbi.nlm.nih.gov/pubmed/19439548
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2708505
http://dx.doi.org/10.1016/j.meegid.2015.12.021
http://www.ncbi.nlm.nih.gov/pubmed/26747245
http://dx.doi.org/10.1111/jvh.12991
http://www.ncbi.nlm.nih.gov/pubmed/30141209
http://dx.doi.org/10.1128/cdli.11.2.392-398.2004
http://www.ncbi.nlm.nih.gov/pubmed/15013993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC371212
http://dx.doi.org/10.1002/jmv.20574
http://www.ncbi.nlm.nih.gov/pubmed/16555292
http://dx.doi.org/10.1002/jmv.20482
http://www.ncbi.nlm.nih.gov/pubmed/16254981
http://dx.doi.org/10.1128/JCM.02297-13
http://www.ncbi.nlm.nih.gov/pubmed/24599979
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3993620
http://dx.doi.org/10.1186/s12985-016-0514-6
http://dx.doi.org/10.1186/s12985-016-0514-6
http://www.ncbi.nlm.nih.gov/pubmed/27044424
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4820959
http://dx.doi.org/10.1002/jmv.25503
http://www.ncbi.nlm.nih.gov/pubmed/31081541
http://dx.doi.org/10.1371/journal.pone.0078094
http://www.ncbi.nlm.nih.gov/pubmed/24205106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799775
http://hepatmon.com


Sharafi H et al.

chronic hepatitis B carriers in Central Vietnam. PLoS One. 2017;12(4).
e0175304. doi: 10.1371/journal.pone.0175304. [PubMed: 28403190].
[PubMed Central: PMC5389633].

63. Binh MT, Hoan NX, Van Tong H, Giang DP, Sy BT, Toan NL, et al.
HDV infection rates in northern Vietnam. Sci Rep. 2018;8(1):8047. doi:
10.1038/s41598-018-26446-w. [PubMed: 29795302]. [PubMed Central:
PMC5966401].

64. Foupouapouognigni Y, Noah DN, Sartre MT, Njouom R. High preva-
lence and predominance of hepatitis delta virus genotype 1 infection
in Cameroon. J Clin Microbiol. 2011;49(3):1162–4. doi: 10.1128/JCM.01822-
10. [PubMed: 21209162]. [PubMed Central: PMC3067734].

65. Butler EK, Rodgers MA, Coller KE, Barnaby D, Krilich E, Olivo A, et
al. High prevalence of hepatitis delta virus in Cameroon. Sci Rep.
2018;8(1):11617. doi: 10.1038/s41598-018-30078-5. [PubMed: 30072752].
[PubMed Central: PMC6072717].

66. Hofmann J, Frenzel K, Minh BQ, von Haeseler A, Edelmann A, Ross
SR, et al. Quantitative detection and typing of hepatitis D virus in
human serum by real-time polymerase chain reaction and melt-
ing curve analysis. Diagn Microbiol Infect Dis. 2010;67(2):172–9. doi:
10.1016/j.diagmicrobio.2010.02.003. [PubMed: 20466196].

67. Mansour W, Bollahi MA, Hamed CT, Brichler S, Le Gal F, Ducancelle A,
et al. Virological and epidemiological features of hepatitis delta in-
fection among blood donors in Nouakchott, Mauritania. J Clin Virol.
2012;55(1):12–6. doi: 10.1016/j.jcv.2012.05.011. [PubMed: 22704272].

68. Mansour W, Malick FZ, Sidiya A, Ishagh E, Chekaraou MA, Veillon P, et
al. Prevalence, risk factors, and molecular epidemiology of hepatitis B
and hepatitis delta virus in pregnant women and in patients in Mauri-
tania. J Med Virol. 2012;84(8):1186–98. doi: 10.1002/jmv.23336. [PubMed:
22711346].

69. Popescu GA, Otelea D, Gavriliu LC, Neaga E, Popescu C, Paraschiv S, et
al. Epidemiology of hepatitis D in patients infected with hepatitis B
virus in bucharest: A cross-sectional study. J Med Virol. 2013;85(5):769–
74. doi: 10.1002/jmv.23524. [PubMed: 23408537].

70. Cotrina M, Buti M, Jardi R, Quer J, Rodriguez F, Pascual C, et al. Hep-
atitis delta genotypes in chronic delta infection in the northeast
of Spain (Catalonia). J Hepatol. 1998;28(6):971–7. doi: 10.1016/s0168-
8278(98)80345-0. [PubMed: 9672172].

71. Shakil AO, Hadziyannis S, Hoofnagle JH, Di Bisceglie AM, Gerin
JL, Casey JL. Geographic distribution and genetic variability of
hepatitis delta virus genotype I. Virology. 1997;234(1):160–7. doi:
10.1006/viro.1997.8644. [PubMed: 9234957].

72. Jackson K, MacLachlan J, Cowie B, Locarnini S, Bowden S, Higgins N, et
al. Epidemiology and phylogenetic analysis of hepatitis D virus infec-
tion in Australia. Intern Med J. 2018;48(11):1308–17. doi: 10.1111/imj.13967.
[PubMed: 29761607].

73. Komas NP, Ghosh S, Abdou-Chekaraou M, Pradat P, Al Hawajri
N, Manirakiza A, et al. Hepatitis B and hepatitis D virus infec-
tions in the Central African Republic, twenty-five years after a ful-
minant hepatitis outbreak, indicate continuing spread in asymp-
tomatic young adults. PLoS Negl Trop Dis. 2018;12(4). e0006377. doi:
10.1371/journal.pntd.0006377. [PubMed: 29698488]. [PubMed Central:
PMC5940242].

74. Chen F, Zhang J, Guo F, Wen B, Luo S, Yuan D, et al. Hepatitis B,
C, and D virus infection showing distinct patterns between injec-
tion drug users and the general population. J Gastroenterol Hepatol.
2017;32(2):515–20. doi: 10.1111/jgh.13460. [PubMed: 27248508].

75. Makiala-Mandanda S, Le Gal F, Ngwaka-Matsung N, Ahuka-Mundeke
S, Onanga R, Bivigou-Mboumba B, et al. High prevalence and di-
versity of hepatitis viruses in suspected cases of yellow fever in
the Democratic Republic of Congo. J Clin Microbiol. 2017;55(5):1299–

312. doi: 10.1128/JCM.01847-16. [PubMed: 28202798]. [PubMed Central:
PMC5405249].

76. Aberra H, Gordien E, Desalegn H, Berhe N, Medhin G, Mekasha B, et al.
Hepatitis delta virus infection in a large cohort of chronic hepatitis B
patients in Ethiopia. Liver Int. 2018;38(6):1000–9. doi: 10.1111/liv.13607.
[PubMed: 28980394].

77. Servant-Delmas A, Le Gal F, Gallian P, Gordien E, Laperche S. Increasing
prevalence of HDV/HBV infection over 15 years in France. J Clin Virol.
2014;59(2):126–8. doi: 10.1016/j.jcv.2013.11.016. [PubMed: 24365475].

78. Shirazi R, Ram D, Rakovsky A, Bucris E, Gozlan Y, Lustig Y, et al. Char-
acterization of hepatitis B and delta coinfection in Israel. BMC Infect
Dis. 2018;18(1):97. doi: 10.1186/s12879-018-3008-x. [PubMed: 29486716].
[PubMed Central: PMC6389180].

79. Watanabe H, Nagayama K, Enomoto N, Chinzei R, Yamashiro T, Izumi
N, et al. Chronic hepatitis delta virus infection with genotype IIb vari-
ant is correlated with progressive liver disease. J Gen Virol. 2003;84(Pt
12):3275–89. doi: 10.1099/vir.0.19499-0. [PubMed: 14645909].

80. Han M, Littlejohn M, Yuen L, Edwards R, Devi U, Bowden S, et al.
Molecular epidemiology of hepatitis delta virus in the Western Pa-
cific region. J Clin Virol. 2014;61(1):34–9. doi: 10.1016/j.jcv.2014.05.021.
[PubMed: 24973283].

81. Casey JL, Niro GA, Engle RE, Vega A, Gomez H, McCarthy M, et al. Hep-
atitis B virus (HBV)/hepatitis D virus (HDV) coinfection in outbreaks
of acute hepatitis in the Peruvian Amazon basin: The roles of HDV
genotype III and HBV genotype F. J Infect Dis. 1996;174(5):920–6. doi:
10.1093/infdis/174.5.920. [PubMed: 8896491].

82. Ivaniushina V, Radjef N, Alexeeva M, Gault E, Semenov S, Salhi M, et al.
Hepatitis delta virus genotypes I and II cocirculate in an endemic area
of Yakutia, Russia. J Gen Virol. 2001;82(Pt 11):2709–18. doi: 10.1099/0022-
1317-82-11-2709. [PubMed: 11602783].

83. Khan A, Kurbanov F, Tanaka Y, Elkady A, Sugiyama M, Dustov A, et al.
Epidemiological and clinical evaluation of hepatitis B, hepatitis C,
and delta hepatitis viruses in Tajikistan. J Med Virol. 2008;80(2):268–
76. doi: 10.1002/jmv.21057. [PubMed: 18098133].

84. Yacoubi L, Brichler S, Mansour W, Le Gal F, Hammami W, Sadraoui A, et
al. Molecular epidemiology of hepatitis B and Delta virus strains that
spread in the Mediterranean North East Coast of Tunisia. J Clin Virol.
2015;72:126–32. doi: 10.1016/j.jcv.2015.10.002. [PubMed: 26513762].

85. Quintero A, Uzcategui N, Loureiro CL, Villegas L, Illarramendi X, Gue-
vara ME, et al. Hepatitis delta virus genotypes I and III circulate as-
sociated with hepatitis B virus genotype F In Venezuela. J Med Virol.
2001;64(3):356–9. doi: 10.1002/jmv.1058. [PubMed: 11424126].

86. Eybpoosh S, Haghdoost AA, Mostafavi E, Bahrampour A, Azadmanesh
K, Zolala F. Molecular epidemiology of infectious diseases. Electron
Physician. 2017;9(8):5149–58. doi: 10.19082/5149. [PubMed: 28979755].
[PubMed Central: PMC5614305].

87. Pourkarim MR, Vergote V, Amini-Bavil-Olyaee S, Sharifi Z, Sijmons S,
Lemey P, et al. Molecular characterization of hepatitis B virus (HBV)
strains circulating in the northern coast of the Persian Gulf and
its comparison with worldwide distribution of HBV subgenotype
D1. J Med Virol. 2014;86(5):745–57. doi: 10.1002/jmv.23864. [PubMed:
24532489].

88. Thijssen M, Trovao NS, Mina T, Maes P, Pourkarim MR. Novel
hepatitis B virus subgenotype A8 and quasi-subgenotype D12 in
African-Belgian chronic carriers. Int J Infect Dis. 2020;93:98–101. doi:
10.1016/j.ijid.2020.01.048. [PubMed: 32004688].

89. Thijssen M, Lemey P, Amini-Bavil-Olyaee S, Dellicour S, Alavian SM,
Tacke F, et al. Mass migration to Europe: an opportunity for elimina-
tion of hepatitis B virus? Lancet Gastroenterol Hepatol. 2019;4(4):315–
23. doi: 10.1016/S2468-1253(19)30014-7. [PubMed: 30860067].

Hepat Mon. 2020; 20(2):e102268. 9

http://dx.doi.org/10.1371/journal.pone.0175304
http://www.ncbi.nlm.nih.gov/pubmed/28403190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5389633
http://dx.doi.org/10.1038/s41598-018-26446-w
http://www.ncbi.nlm.nih.gov/pubmed/29795302
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5966401
http://dx.doi.org/10.1128/JCM.01822-10
http://dx.doi.org/10.1128/JCM.01822-10
http://www.ncbi.nlm.nih.gov/pubmed/21209162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067734
http://dx.doi.org/10.1038/s41598-018-30078-5
http://www.ncbi.nlm.nih.gov/pubmed/30072752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6072717
http://dx.doi.org/10.1016/j.diagmicrobio.2010.02.003
http://www.ncbi.nlm.nih.gov/pubmed/20466196
http://dx.doi.org/10.1016/j.jcv.2012.05.011
http://www.ncbi.nlm.nih.gov/pubmed/22704272
http://dx.doi.org/10.1002/jmv.23336
http://www.ncbi.nlm.nih.gov/pubmed/22711346
http://dx.doi.org/10.1002/jmv.23524
http://www.ncbi.nlm.nih.gov/pubmed/23408537
http://dx.doi.org/10.1016/s0168-8278(98)80345-0
http://dx.doi.org/10.1016/s0168-8278(98)80345-0
http://www.ncbi.nlm.nih.gov/pubmed/9672172
http://dx.doi.org/10.1006/viro.1997.8644
http://www.ncbi.nlm.nih.gov/pubmed/9234957
http://dx.doi.org/10.1111/imj.13967
http://www.ncbi.nlm.nih.gov/pubmed/29761607
http://dx.doi.org/10.1371/journal.pntd.0006377
http://www.ncbi.nlm.nih.gov/pubmed/29698488
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5940242
http://dx.doi.org/10.1111/jgh.13460
http://www.ncbi.nlm.nih.gov/pubmed/27248508
http://dx.doi.org/10.1128/JCM.01847-16
http://www.ncbi.nlm.nih.gov/pubmed/28202798
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5405249
http://dx.doi.org/10.1111/liv.13607
http://www.ncbi.nlm.nih.gov/pubmed/28980394
http://dx.doi.org/10.1016/j.jcv.2013.11.016
http://www.ncbi.nlm.nih.gov/pubmed/24365475
http://dx.doi.org/10.1186/s12879-018-3008-x
http://www.ncbi.nlm.nih.gov/pubmed/29486716
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6389180
http://dx.doi.org/10.1099/vir.0.19499-0
http://www.ncbi.nlm.nih.gov/pubmed/14645909
http://dx.doi.org/10.1016/j.jcv.2014.05.021
http://www.ncbi.nlm.nih.gov/pubmed/24973283
http://dx.doi.org/10.1093/infdis/174.5.920
http://www.ncbi.nlm.nih.gov/pubmed/8896491
http://dx.doi.org/10.1099/0022-1317-82-11-2709
http://dx.doi.org/10.1099/0022-1317-82-11-2709
http://www.ncbi.nlm.nih.gov/pubmed/11602783
http://dx.doi.org/10.1002/jmv.21057
http://www.ncbi.nlm.nih.gov/pubmed/18098133
http://dx.doi.org/10.1016/j.jcv.2015.10.002
http://www.ncbi.nlm.nih.gov/pubmed/26513762
http://dx.doi.org/10.1002/jmv.1058
http://www.ncbi.nlm.nih.gov/pubmed/11424126
http://dx.doi.org/10.19082/5149
http://www.ncbi.nlm.nih.gov/pubmed/28979755
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5614305
http://dx.doi.org/10.1002/jmv.23864
http://www.ncbi.nlm.nih.gov/pubmed/24532489
http://dx.doi.org/10.1016/j.ijid.2020.01.048
http://www.ncbi.nlm.nih.gov/pubmed/32004688
http://dx.doi.org/10.1016/S2468-1253(19)30014-7
http://www.ncbi.nlm.nih.gov/pubmed/30860067
http://hepatmon.com


Sharafi H et al.

Table 1. Characteristics of the Included Studies

Author and
Reference

Publication Year
HDV Genotyping

Method
HDV Genotype
Classification

Sampling
Location, No.

HDV Genotype, No (%)
Notes

HDV I (HDV-1) HDV II (HDV-2 or
HDV-4)

HDV III (HDV-3) Othera

Wu et al. (40) 1995 RFLP Old Taiwan, 88 24 (27.3) 64 (72.3) 0 (0) 0 (0)

Casey et al. (81) 1996 RFLP Old Peru, 37 0 (0) 0 (0) 37 (100) 0 (0)

Niro et al. (45) 1997 Sequencing Old Italy, 46 46 (100) 0 (0) 0 (0) 0 (0)

Shakil et al. (71) 1997 Sequencing Old

Greece, 30 30 (100) 0 (0) 0 (0) 0 (0)

USA, 22 22 (100) 0 (0) 0 (0) 0 (0)

Albania, 10 10 (100) 0 (0) 0 (0) 0 (0)

Cotrina et al. (70) 1998 Sequencing Old Spain, 37 37 (100) 0 (0) 0 (0) 0 (0)

Wu et al. (41) 1998 RFLP and
sequencing

Old Taiwan, 58 5 (8.6) 53 (91.4) 0 (0) 0 (0) Five samples
presumed as HDV

IIb

Ivaniushina et al.
(82)

2001 RFLP and
sequencing

Old Russia, 29 14 (48.3) 15 (51.7) 0 (0) 0 (0)

Quintero et al.
(85)

2001 Sequencing Old Venezuela, 12 7 (58.3) 0 (0) 5 (41.7) 0 (0)

Kao et al. (42) 2002 RFLP Old Taiwan, 31 11 (35.5) 18 (58.1) 0 (0) 2 (6.4) Two with mixed
HDV I and HDV II

infection

Watanabe et al.
(79)

2003 Sequencing Old Japan, 33 2 (6.1) 31 (93.9) 0 (0) 0 (0) One HDV IIa and 30
HDV IIb

Bozdayi et al. (34) 2004 RFLP Old Turkey, 59 59 (100) 0 (0) 0 (0) 0 (0)

Takahashi et al.
(55)

2004 Sequencing Old Mongolia, 20 20 (100) 0 (0) 0 (0) 0 (0)

Kaymakoglu et al.
(35)

2005 RFLP Old Turkey, 19 19 (100) 0 (0) 0 (0) 0 (0)

Tsatsralt-Od et al.
(57)

2005 Sequencing Old Mongolia, 117 117 (100) 0 (0) 0 (0) 0 (0)

Parana et al. (17) 2006 Reverse
hybridization

Old Brazil, 40 22 (55) 0 (0) 18 (45) 0 (0)

Su et al. (12) 2006 RFLP New Taiwan, 133 51 (39.1) 82 (60.9) 0 (0) 0 (0) 74 HDV IIa and
eight HDV IIb

Tsatsralt-Od et al.
(56)

2006 Sequencing Old Mongolia, 32 32 (100) 0 (0) 0 (0) 0 (0)

Altuglu et al. (36) 2007 Sequencing Old Turkey, 26 26 (100) 0 (0) 0 (0) 0 (0)

Moatter et al. (48) 2007 RFLP Old Pakistan, 23 23 (100) 0 (0) 0 (0) 0 (0)

Gomes-Gouvea et
al. (18)

2008 Sequencing New Brazil, 14 0 (0) 0 (0) 14 (100) 0 (0)

Khan et al. (83) 2008 Sequencing Old Tajikistan, 10 10 (100) 0 (0) 0 (0) 0 (0)

Mohebbi et al. (26) 2008 Sequencing New Iran, 22 22 (100) 0 (0) 0 (0) 0 (0)

Esmaeili et al. (27) 2009 Sequencing New Iran, 26 26 (100) 0 (0) 0 (0) 0 (0)

Makuwa et al. (52) 2009 Sequencing New Gabon, 17 10 (58.8) 0 (0) 0 (0) 7 (41.2) Two HDV-7 and five
HDV-8

Mirshafiee et al.
(28)

2009 RFLP Old Iran, 13 13 (100) 0 (0) 0 (0) 0 (0)

Hofmann et al.
(66)

2010 Sequencing New Germany, 42 42 (100) 0 (0) 0 (0) 0 (0)

Chang et al. (43) 2011 Sequencing New Taiwan, 99 5 (5.1) 94 (94.9) 0 (0) 0 (0) 41 HDV-2, 51 HDV-4,
and two

HDV-2/HDV-4 mixed
infection

Foupouapouognigni
et al. (64)

2011 Sequencing New Cameroon, 25 22 (88) 0 (0) 0 (0) 3 (12) One HDV-5, one
HCV-6, and one

HDV-7

Pollicino et al.
(46)

2011 Sequencing New Italy, 21 21 (100) 0 (0) 0 (0) 0 (0)

Le Gal et al. (37) 2012 Sequencing New Turkey, 34 34 (100) 0 (0) 0 (0) 0 (0)

Mansour et al. (67) 2012 Sequencing New Mauritania, 28 25 (89.3) 0 (0) 0 (0) 3 (10.7) Three HDV-5

Mansour et al. (68) 2012 Sequencing New Mauritania, 31 28 (90.3) 0 (0) 0 (0) 3 (9.7) Three HDV-5

Perveen et al. (49) 2012 RFLP and
sequencing

New Pakistan, 22 22 (100) 0 (0) 0 (0) 0 (0)

Ghamari et al. (29) 2013 Sequencing New Iran, 12 12 (100) 0 (0) 0 (0) 0 (0)

Karaca et al. (38) 2013 RFLP Old Turkey, 32 32 (100) 0 (0) 0 (0) 0 (0)

Popescu et al. (69) 2013 Sequencing New Romania, 40 40 (100) 0 (0) 0 (0) 0 (0)

Sy et al. (61) 2013 Sequencing New Vietnam, 21 19 (90.5) 2 (9.5) 0 (0) 0 (0) Two HDV-2

Andernach et al.
(58)

2014 Sequencing New Nigeria, 15 8 (53.3) 0 (0) 0 (0) 7 (46.7) Five HDV-5, two
HDV-6
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Braga et al. (19) 2014 Sequencing New Brazil, 28 0 (0) 0 (0) 28 (100) 0 (0)

Bulut et al. (39) 2014 RFLP and
sequencing

Old Turkey, 113 113 (100) 0 (0) 0 (0) 0 (0)

Butt et al. (50) 2014 Sequencing New Pakistan, 21 21 (100) 0 (0) 0 (0) 0 (0)

Crispim et al. (20) 2014 RFLP and
sequencing

Old Brazil, 38 0 (0) 0 (0) 38 (100) 0 (0)

Han et al. (80) 2014 Sequencing New Kiribati, 14 14 (100) 0 (0) 0 (0) 0 (0)

Kay et al. (21) 2014 Reverse
hybridization

Old Brazil, 90 0 (0) 0 (0) 90 (100) 0 (0)

Servant-Delmas et
al. (77)

2014 Sequencing New France, 14 12 (85.7) 0 (0) 0 (0) 2 (14.3) One HDV-6 and one
HDV-7

Botelho-Souza et
al. (22)

2015 RFLP and
sequencing

Old Brazil, 52 4 (7.7) 0 (0) 48 (92.3) 0 (0)

Lin et al. (44) 2015 Sequencing New Taiwan, 153 13 (8.5) 140 (91.5) 0 (0) 0 (0) 54 HDV-2 and 86
HDV-4

Sadeghian et al.
(30)

2015 RFLP Old Iran, 12 10 (83.3) 2 (16.7) 0 (0) 0 (0)

Shirvani-
Dastgerdi et al.
(31)

2015 Sequencing New Iran, 34 34 (100) 0 (0) 0 (0) 0 (0)

Yacoubi et al. (84) 2015 Sequencing New Tunisia, 11 11 (100) 0 (0) 0 (0) 0 (0)

Borzacov et al. (23) 2016 Sequencing New Brazil, 22 0 (0) 0 (0) 22 (100) 0 (0)

Francois-
Souquiere et al.
(53)

2016 Sequencing New Gabon, 16 2 (12.5) 0 (0) 0 (0) 14 (87.5) 14 HDV-8

Opaleye et al. (59) 2016 Sequencing New Nigeria, 14 14 (100) 0 (0) 0 (0) 0 (0)

Chen et al. (74) 2017 Sequencing Old China, 48 0 (0) 48 (100) 0 (0) 0 (0)

Makiala-
Mandanda, et al.
(75)

2017 Sequencing New Congo, 12 12 (100) 0 (0) 0 (0) 0 (0)

Nguyen et al. (62) 2017 Sequencing New Vietnam, 25 5 (20) 20 (80) 0 (0) 0 (0)

Aberra et al. (76) 2018 Sequencing New Ethiopia, 12 12 (100) 0 (0) 0 (0) 0 (0)

Aftab et al. (51) 2018 Sequencing New Pakistan, 17 17 (100) 0 (0) 0 (0) 0 (0)

Binh et al. (63) 2018 Sequencing New Vietnam, 57 52 (91.2) 5 (8.8) 0 (0) 0 (0)

Butler et al. (65) 2018 Sequencing New Cameroon, 211 138 (65.4) 0 (0) 0 (0) 73 (34.6) 11 HDV-6, 61 HDV-7,
one HDV-8

Jackson et al. (72) 2018 Sequencing New Australia, 169 136 (80.5) 6 (3.5) 0 (0) 27 (16) 27 HDV-5

Komas et al. (73) 2018 Sequencing New Central African
Republic, 18

18 (100) 0 (0) 0 (0) 0 (0)

Meysami et al. (32) 2018 RFLP and
sequencing

Old Iran, 37 32 (86.5) 3 (8.1) 0 (0) 2 (5.4) Two indeterminate
isolates;

sequencing of one
indeterminate and
one HDV II isolate
resulted in HDV-1

genotypes.

Ricco et al. (47) 2018 Sequencing New
Italy, 69 69 (100) 0 (0) 0 (0) 0 (0)

Romania, 53 53 (100) 0 (0) 0 (0) 0 (0)

Shirazi et al. (78) 2018 Sequencing New Israel, 55 55 (100) 0 (0) 0 (0) 0 (0)

Da Silva et al. (24) 2019 Sequencing New Brazil, 54 4 (7.4) 0 (0) 48 (88.9) 2 (3.7) Two HDV-5

Groc et al. (54) 2019 Sequencing New Gabon, 42 23 (54.8) 0 (0) 0 (0) 19 (45.2) Seven HDV-7 and 12
HDV-8

Ifeorah et al. (60) 2019 Sequencing New Nigeria, 10 9 (90) 0 (0) 0 (0) 1 (10) One HDV-6

Karimzadeh et al.
(33)

2019 Sequencing New

Germany, 72 72 (100) 0 (0) 0 (0) 0 (0)

Italy, 18 18 (100) 0 (0) 0 (0) 0 (0)

Spain, 12 12 (100) 0 (0) 0 (0) 0 (0)

Iran, 14 14 (100) 0 (0) 0 (0) 0 (0)

Scarponi et al. (25) 2019 Sequencing New Brazil, 26 26 (100) 0 (0) 0 (0) 0 (0)

Spaan et al. (11) 2020 Sequencing New UK, 39 18 (46.2) 0 (0) 0 (0) 21 (53.8) 21 HDV-5

a HDV-5, HDV-6, HDV-7, HDV-8, mixed infection, and unknown genotypes.
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