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Abstract
Hepatitis delta virus (HDV) is considered a satellite virus that 
requires hepatitis B virus surface antigen for infectivity. HDV 
is endemic in some Pacific Island (PI) countries, including 
Kiribati and Nauru, with a unique genotype 1, “Pacific clade.”
The aims of this study were to determine the HDV genotypes 
in New Zealand and investigate the link of strains to other PI 
countries and the rest of the world through phylogenetics. 
Sequencing and phylogenetic analyses were performed on 
16 HDV-positive serum samples from 14 individuals collect-
ed between 2009 and 2014 at Auckland Hospital. Thirteen of 
14 strains were confirmed as genotype 1 and 1 was genotype 
5. Eleven of the 13 genotype 1 strains clustered with the Pa-
cific clade. These were isolated from subjects born in Samoa, 
Kiribati, Tuvalu, and Niue. Another genotype 1 strain isolated 
from a Maori health-care worker clustered most closely with 
a European strain. There was an African genotype 1 and gen-
otype 5 from African-born subjects with HIV coinfection. This 
study supports the probable transmission of HDV Pacific 

clade around the PI from Micronesia to Polynesia. The data 
also confirm the need to screen hepatitis B surface antigen-
positive individuals for HDV. © 2021 S. Karger AG, Basel

Introduction

Hepatitis delta virus (HDV) is a small incomplete hu-
man hepatotropic virus that requires hepatitis B virus 
(HBV) surface antigen (HBsAg) for assembly, release 
from the infected cell, and infectivity [1]. HDV infects 
2–8% HBsAg carriers [2] or 15–20 million people world-
wide [3]. Recent publications, however, estimate that this 
may be closer to 48–72 million persons as it is largely un-
derdiagnosed [4, 5]. HBV/HDV coinfection causes the 
most severe forms of viral hepatitis with increased risk of 
cirrhosis, hepatic decompensation, hepatocellular carci-
noma, and fulminant hepatitis [2, 6–9].

HDV is transmitted by the parenteral route and may 
be acquired as a coinfection, simultaneous exposure/in-
fection of HBV and HDV, or superinfection where an in-
dividual with an established HBV infection is exposed to 
HDV. Superinfections are more likely to develop into 
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chronic HBV/HDV. The incubation period ranges from 
weeks to months, and the infection may present clinical-
ly as a worsening of hepatitis symptoms. Exposure to 
HDV is determined by antibody detection; however, 
HDV RNA detection in serum confirms current infection 
[10]. Until recently, HDV treatment has relied on admin-
istration of interferon-alpha but with limited success [11, 
12]. Newer therapies are in development and should be 
available soon. Entry inhibitors such as bulevirtide, pre-
nylation inhibitors such as lonafarnib, and capsid inhibi-
tors are in clinical trials and should provide a more tar-
geted sustained response [12].

HDV is found universally and with endemic pockets 
in Central and West Africa, northern Asia, Middle East, 
eastern Europe, Amazon Basin, and the Pacific Islands 
(PIs) [13–15]. Mongolia has an extremely high preva-
lence with a reported 6.7% blood donors and 56.5% of 
patients with chronic hepatitis with detectable HDV RNA 
[16]. There are 8 HDV genotypes, 1–8, which have up to 
40% divergence in nucleotide sequence of the genome 
[17, 18].

The incidence of HDV in New Zealand (NZ) has not 
been documented recently, but a past report suggested 

that around 6.7% of HBsAg-positive subjects in Auckland 
had antibodies to HDV (anti-HDV) and that 61% of these 
were from the PI of Samoa [19]. NZ and Samoa are lo-
cated in Polynesia, 1 of the 3 regions of the PIs. Polynesia 
also incorporates Hawaii, Tonga, Tuvalu, and Tokelau. 
Melanesia incorporates Papua New Guinea, Solomon Is-
lands, Fiji, Vanuatu, and New Caledonia, while Microne-
sia includes Kiribati, Nauru, Guam, and Marshall Islands. 
There is historical serological evidence of HDV in the PIs 
implicating all 3 regions including Solomon Islands, Mar-
shall Islands, and Niue [20, 21]. However, a paucity of 
recent publications and testing for current infection with 
HDV RNA assays precludes an assessment of the true 
prevalence in these PIs, with the exception of Kiribati. 
Studies from Kiribati have revealed a unique clonally de-
rived subtype of HDV genotype 1, the Pacific clade, which 
infects up to 37.5–41% HBsAg-positive individuals in this 
small Micronesian country [14, 15]. A previous study 
documented the presence of this Pacific clade in Australia 
[22]. Thus, the aims of this study were to determine the 
HDV genotypes in NZ and investigate the link of strains 
to other PI countries and the world through phylogenet-
ics.

Table 1. Clinical and epidemiological data of the patients and strains analysed

Patient/sample Patient 
age, years

Gender Country of birth/
ethnicity

Sample year of 
collection

HDV 
genotype

Clade Clinical notes

S1 70 F Samoa 2014 1 Pacific Cirrhosis at diagnosis, terminal HCC

S2 27 M Other Pacific peoples 2014 1 Pacific

S3 (duplicate = S8) 47 M Liberia 2013 5 African HIV coinfection, mild fibrosis

S4 37 M Kiribati 2013 1 Pacific Mid fibrosis

S5 (duplicate = S9) 36 F Ethiopia 2013 1 African HIV coinfection, cirrhosis

S6 49 M Tuvalu 2013 1 Pacific Cirrhosis at diagnosis, developed HCC

S7 57 F Maori 2012 1 European Cirrhosis at diagnosis, developed 
decomposition, eventually transplanted

S10 20 M Kiribati 2013 1 Pacific Cirrhosis at diagnosis

S11 33 M Kiribati 2010 1 Pacific Cirrhosis at diagnosis

S12 23 M Kiribati 2009 1 Pacific Cirrhosis at diagnosis

S13 42 M Samoan 2012 1 Pacific Mid fibrosis

S14 57 M Samoan 2012 1 Pacific Mid fibrosis

S15 65 M Niue 2011 1 Pacific Cirrhosis at diagnosis, died from HCC 2012

S16 23 M Kiribati 2009 1 Pacific Mid fibrosis

HCC, hepatocellular carcinoma; HDV, hepatitis delta virus.
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Materials and Methods

Sixteen serum samples from 14 individuals collected between 
2009 and 2014 at Auckland Hospital were coded and sent to the 
WHO Regional Reference for HBV and HDV, Melbourne, for se-
quencing, genotyping, and phylogenetic analysis. The method 
used has been described previously [14, 22] and is summarized 
here. RNA was extracted and a 420-bp product of the HDV delta 
antigen was amplified, purified, and sequenced. Sequences were 
aligned with 66 HDV sequences from GenBank [23], 7 sequences 
isolated from Kiribati samples and 8 representative sequences iso-
lated from Australian samples [11] using MAFFT [24] and then 
manually corrected using BioEdit v7.0.5 [25]. Phylogenetic analy-
ses were performed based on the maximum likelihood phyloge-
netic tree generated using the GTR + G + I substitution model, 
with 1,000 bootstrap replicates using MEGA5 [26].

Results

Clinical and epidemiological data are summarized in 
Table 1. Eight of the 14 patients had cirrhosis, and there 
were 2 patients with HIV coinfection. Strains from 13 of 
14 subjects were identified as genotype 1; the remaining 
1 (S3) was genotype 5, an African genotype. Phylogenetic 
analysis shown in Figure 1 revealed that 11 of the geno-
type 1 strains clustered with the unique Pacific clade orig-
inally identified in Kiribati and Nauru [14, 15, 22]. These 
11 NZ strains were from subjects born in Kiribati or an-
other PI (Samoa, Tuvalu, or Niue). The S5 genotype 1 
strain, isolated from an individual born in Ethiopia, clus-
tered with African genotype 1 strains. S7, isolated from a 
Maori NZ health-care worker who acquired HDV after 
occupational exposure, clustered with other genotype 1 
strains. The closest match, with 94% similarity was with 
an Italian strain. Figure 2 shows a map of the PIs where 
there is serological evidence of HDV and direct or indi-
rect current HDV infection, as revealed by Australian 
[22] and NZ isolates.
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Fig. 1. A maximum likelihood phylogenetic tree showing the in-
ferred relationship between the genotype 1 and 5 sequences iso-
lated from this study and HDV sequences of known genotype re-
trieved from GenBank (363 nt). Accession numbers and country 
of origin of the sequences downloaded from GenBank are indi-
cated on the tree. Support values for the branches >60% are indi-
cated. The HDV sequences from this study are marked in red, and 
strains from Kiribati within the Pacific clade are highlighted in 
pink. Representative samples previously described from Australia 
[11] are marked in blue. CAR, Central African Republic; HDV, 
hepatitis delta virus.
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Discussion

This study describes the HDV strains circulating in NZ 
which has a relatively low prevalence of HDV in NZ-born 
Maoris and Europeans and a high prevalence in those of 
Samoan origin [19, 27]. HDV viraemia was identified in 
3 Samoans, and the HDV isolated was confirmed to be-
long to the Pacific strain (shown in Table 1; Fig. 1). In-
deed, there were 11 individuals described here with the 
Pacific strain, which confirms the presence outside of the 
endemic Micronesian islands of Kiribati and Nauru [14, 
28–31]. Although transmission within NZ is possible, 
transmission between the PIs before arriving in NZ is 
more likely with accumulating evidence of the Pacific 
strain in individuals from the Polynesian islands of Tu-
valu (S6) and Niue (S15), as well as Samoa (S1, S13, and 
S14). This indirectly supports the historical serological 
evidence of HDV in these PIs depicted in Figure 2. Recent 
estimates suggest HDV prevalence in Samoa may be as 
high as 20% HBsAg-positive individuals (personal com-
munication).

A study by Han et al. [14] reported an absence of HDV 
markers in Fiji, Vanuatu, and Tonga. A recent study in 
Australia confirmed the Pacific strain in an individual 
born in Fiji [22]. Fiji has historically low serological evi-
dence of HDV [32] and is unlikely to be endemic. The 
sporadic presence of HDV in the Pacific (Fig. 2) reflects 
its irregular prevalence in the world. There are certainly 

endemic pockets with HDV viraemia confirmed in Kiri-
bati at 41% HBsAg-positive individuals [15] and highly 
suspected in Nauru, where contract workers from Kiri-
bati may have been implicated in the introduction of 
HDV [33]. There is also now circumstantial evidence of 
HDV infection in Samoa, Tuvalu, and potentially Niue, 
although the incidence of HDV in Niueans living in NZ 
appears to be very low. Serological evidence shown in Fig-
ure 1 suggests that HDV infection may be even more 
widespread in the PIs than originally thought. This is not 
surprising as there is considerable movement between the 
Pacific nations for trade, exploration, social, and eco-
nomic reasons. Tattooing, piercings, and unhygienic 
dental practices may also play a role in the transmission 
of HDV in this region [15, 28].

The potential origin of the Pacific HDV strain has been 
discussed previously [14, 15]. The strain shares a com-
mon ancestor with African and Turkish HDV strains 
(Fig. 1) yet is clearly distinct from these and other geno-
type 1’s. The PIs were exposed to European colonization 
at different times in history, offering a hypothetical source 
of introduction. However, the delta strains from Europe 
also do not cluster with the PI strain. An alternative plau-
sible theory is that there was a point introduction into 
Kiribati and the cultural practices at the time favoured 
transmission and establishment of endemicity. Almost 
half the population on Kiribati were refugees from Sa-
moa, and this may explain the similarly high endemicity 

Fig. 2. Map of the Pacific Islands highlight-
ing countries/territories with HDV RNA 
evidence, serological evidence of HDV in-
fection, and/or indirect HDV RNA evi-
dence (HDV RNA detected in NZ from PI-
born peoples). Areas with low serological 
evidence have been tested and shown to 
have little exposure to HDV. Status of 
HDV is largely unknown in un-highlighted 
countries/islands. NZ, New Zealand; PI, 
Pacific Island; HDV, hepatitis delta virus.



Jackson/Littlejohn/Gane/LocarniniIntervirology 2021;64:102–107106
DOI: 10.1159/000513685

in Samoans. The authors are hopeful that future studies 
using molecular clock analyses may enable the age of the 
Pacific strain to be determined and provide a clue on the 
time and source into the PIs.

There is certainly a need to investigate the HDV prev-
alence further in other PI countries such as Niue, the Sol-
omon Islands, Palau, Tokelau, and the Marshall Islands, 
where there is strong HDV serological evidence [34] and 
HBV infection is endemic. Investigations in Papua New 
Guinea are also needed as Brindle et al. [34] detected 
HDV antibody in 1 of 3 HBsAg-positive samples in 1987. 
The authors have detected 1 antibody-positive (HDV 
RNA-negative) sample in 50 HBsAg-positive samples 
from Popondetta (PNG) in 2019 (data not shown).

A previous study has shown that African genotype 1 
strains tend to originate from East Africa such as Sudan 
and Egypt and genotype 5 strains from West Africa in-
cluding Liberia and Sierra Leone [22]. This view was sup-
ported in this study where HDV genotype 5 was isolated 
from a Liberian-born patient (S3) and the African geno-
type 1 from an Ethiopian-born patient (S5). It is also in-
teresting to note that the 2 African-born patients in NZ 
were also coinfected with HIV. A recent study in Nigeria 
reported that triple infection with HIV/HBV/HDV is rare 
but can occur at an incidence of around 0.7% [35]. This 
was confirmed by studies carried out in Uganda [36] and 
the USA where 2.2% of HBV/HIV coinfected subjects had 
HDV RNA detected [37].

The clinical history in Table 1 documents the severity 
of HBV/HDV coinfection with 8 of 14 subjects having 
cirrhosis and 3 developing hepatocellular carcinoma. The 
severity of disease reiterates the necessity of diagnosing 
HDV coinfection, particularly as antiviral treatment be-
comes available [38]. It is recommended that all HBsAg-
positive individuals are screened for HDV, particularly 
those from the PIs and Africa.

This study reveals the presence of European and Afri-
can HDV genotypes in NZ and confirms probable trans-
mission of HDV Pacific clade throughout the PIs from 
Micronesia to Polynesia. Further studies are warranted to 
assess the prevalence in other PIs in order to provide ap-
propriate clinical management and target the prevention 
of the ongoing transmission of this serious and often ne-
glected infection.
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