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In 18 countries the adjusted anti-HDV prevalence was lower
than the published estimates

•

In all but two countries (Canada and France), the HDV-RNA
prevalence was lower than the literature anti-HDV prevalence

•

China had the highest absolute number of HDV-RNA+ individuals•

Adjusted prevalence of hepatitis delta virus (HDV) in 25 
countries and territories

Highlights Impact and implications
� Previous studies have focused on the risk groups and re-
gions that carry the highest HDV burden.

� HDV prevalence among people living with HBV in 25
countries/territories was often (18/25) lower than previ-
ous estimates.

� The highest prevalence was in Mongolia, but the largest
absolute number of HDV-RNA+ individuals was in China.
https://doi.org/10.1016/j.jhep.2023.10.043

© 2023 The Author. Published by Elsevier B.V. on behalf of European Association f

license (http://creativecommons.org/licenses/by-nc-nd/4.0/). J. Hepatol. 2024, 80, 2
There is a great deal of uncertainty surrounding the prevalence
of hepatitis delta virus among people living with hepatitis B
virus at the population level. In this study, we aimed to better
understand the burden in 25 countries and territories, to refine
techniques that can be used in future analyses. We found a
lower prevalence in the majority of places studied than had
been previously reported. These data can help inform policy
makers on the need to screen people living with hepatitis B
virus to find those coinfected with hepatitis delta virus and at
high risk of progression, while also highlighting the pitfalls that
other researchers have often fallen into.
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Background & Aims: Hepatitis delta virus (HDV) is a satellite RNA virus that requires the hepatitis B virus (HBV) for assembly and
propagation. Individuals infected with HDV progress to advanced liver disease faster than HBV-monoinfected individuals. Recent
studies have estimated the global prevalence of anti-HDV antibodies among the HBV-infected population to be 5-15%. This study
aimed to better understand HDV prevalence at the population level in 25 countries/territories.
Methods: We conducted a literature review to determine the prevalence of anti-HDV and HDV RNA in hepatitis B surface antigen
(HBsAg)-positive individuals in 25 countries/territories. Virtual meetings were held with experts from each setting to discuss the
findings and collect unpublished data. Data were weighted for patient segments and regional heterogeneity to estimate the
prevalence in the HBV-infected population. The findings were then combined with The Polaris Observatory HBV data to estimate
the anti-HDV and HDV RNA prevalence in each country/territory at the population level.
Results: After adjusting for geographical distribution, disease stage and special populations, the anti-HDV prevalence among the
HBsAg+ population changed from the literature estimate in 19 countries. The highest anti-HDV prevalence was 60.1% in
Mongolia. Once adjusted for the size of the HBsAg+ population and HDV RNA positivity rate, China had the highest absolute
number of HDV RNA+ cases.
Conclusions:We found substantially lower HDV prevalence than previously reported, as prior meta-analyses primarily focused on
studies conducted in groups/regions that have a higher probability of HBV infection: tertiary care centers, specific risk groups or
geographical regions. There is large uncertainty in HDV prevalence estimates. The implementation of reflex testing would improve
estimates, while also allowing earlier linkage to care for HDV RNA+ individuals. The logistical and economic burden of reflex
testing on the health system would be limited, as only HBsAg+ cases would be screened.

© 2023 The Author. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Globally, an estimated 258 million people were chronically
infected with the hepatitis B virus (HBV) in 2022.1 While only a
fraction of these individuals are infected with hepatitis delta virus
(HDV), robust epidemiology in the general population has
remained limited. HDV is a satellite RNA virus that requires the
HBV for assembly and entry of de novo viral particles.2 While the
HBV-monoinfected population are at risk of liver-related
morbidity and mortality, HDV significantly increases liver
disease progression.2,3 HDV has been demonstrated to accel-
erate the progression to liver failure or hepatocellular carcinoma
(HCC), both of which contribute to early mortality.4,5 The risk of
HCC has been found to be 3-fold higher in anti-HDV+ patients
than HBV-monoinfected patients, with mortality being twice
as high.6 In contrast to HBV monoinfection, control of HBV
infection with nucleos(t)ide analogue therapy does not improve
liver-related outcomes in patients infected with HDV.7
Keywords: Hepatitis D; Hepatitis delta virus; Hepatitis B; Prevalence; Epidemiology; Viral
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Recent studies have estimated the global prevalence of
anti-HDV among the HBV-infected population at 5-15%.8–10

Two of these studies report high prevalence estimates and
have been criticized for their wide inclusion criteria.11,12 The
single study with a lower estimate of 4.5% has been criticized
for not having wide enough inclusion criteria.13 While the study
by Stockdale et al. aims to estimate the population-level
prevalence of anti-HDV, unfortunately when calculating the
global prevalence, the regional prevalence of HBV was used as
opposed to the country-level HBV prevalence.9 This can have a
major impact, particularly with respect to investigating coun-
tries with high HBV prevalence, but a relatively low HDV
prevalence, such as China.

One of the challenges in attempting to estimate the
population-level prevalence of HDV is the high level of bias
inherent in most studies. There are few national serosurveys.
Instead, most studies are performed either in risk groups or
hepatitis.
r 2023; available online 27 November 2023
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among diagnosed individuals who are accessing care.14

Analyses in either of these groups lead to higher prevalence
estimates than would be expected in the general population.
This is further complicated by the fact that many regional
serosurveys are performed in regions with high prevalence,
again skewing estimates of HDV at the national population
level. These biases are compounded by the lack of standard-
ized tests for anti-HDV and the lack of HDV RNA data in many
HBV studies.

Reflex testing, i.e. automatically testing all HBsAg+ speci-
mens for anti-HDV at the laboratory level, is not performed
nationally. Even with strong patient registry systems, the lack of
reflex testing results in cases of HDV not being diagnosed. For
example, recent data from centers in Spain indicate that the
consistent implementation of reflex testing may increase the
detection rate for HDV-infected cases by 8-10 times.15

Additionally, the prevalence reported in registry systems are
likely to be overestimates, since testing only occurs among
patients for whom HDV is suspected.

The current study aimed to overcome these inherent biases
in the HDV data. This was accomplished by collecting all
available data, and then working with in-country experts to find
the optimal way to estimate the adjusted HDV prevalence in
their country. This exercise was undertaken in 25 countries
and territories.
Materials and methods
A comprehensive literature review was conducted for HDV
(including detection of anti-HDV and HDV RNA) prevalence in
25 countries and territories. These papers were then scored
and combined with a Delphi process which involved seeking
out expert input to fill gaps and to confirm data when available.1

The literature review was conducted in PubMed using the
search terms “[Country Name] AND [(hepatitis d) or HDV]
AND [prevalence]” and “[Country Name] AND (’prevalence’/
exp OR prevalence) AND (’hepatitis D’/exp OR ’hepatitis D’
OR ’hdv’/exp OR ’hdv’)”. Abstracts were reviewed for rele-
vance, and only studies that included anti-HDV and/or HDV
RNA prevalence were included. Grey literature, including, but
not limited to, Ministry of Health reports, working papers,
theses, conference presentations, local journals, and publi-
cations in local languages were also included in the analysis.
Studies solely in non-representative populations (blood do-
nors, people who inject drugs, hemophiliacs, ethnic groups,
etc.) were excluded from the initial analysis. All studies
considered after the exclusion criteria were applied can be
found in the supplementary information.

The results of the review were scored utilizing a multi-
objective decision analysis approach, resulting in a score of
1–3 for each study, with 1 representing the lowest quality
studies.1 Once scored, two epidemiologists independently
reviewed the literature in order to pick the most representative
study (supplementary information).

After these data were collected, virtual meetings were held
with experts from each setting to discuss the findings, collect
additional information, and estimate the population-level
prevalence of anti-HDV and HDV RNA positivity among the
HBV-infected population (HBsAg+). These data were then
combined with The Polaris Observatory HBV national data to
estimate the population-weighted prevalence of anti-HDV and
Journal of Hepatology, Febru
HDV RNA in each country/territory at the general population
level. The modeled HBV data account for historical and current
prophylaxis measures, as well as the impact of treatment.16

The quantity and quality of data availability, combined with
the known risk factors and drivers of HDV within each country/
territory, necessitated additional country/territory-specific
methods to estimate the prevalence at the population level.

Results
The results of the literature review and subsequent final estimate
by country and territory can be found in Table 1. Of the 25
countries/territories examined, 8 (Mainland China, Canada,
Hong Kong, Republic of Korea, Mongolia, Pakistan, Türkiye, and
the USA) had published studies that were agreed to be repre-
sentative of the prevalence at the population level, 8 (Albania,
Bulgaria, Brazil, Italy, Mexico, Portugal, Romania, and Spain)
were based on weighted averages, 3 (Colombia, Israel, and
Sweden) were based on notification data, 3 (France, Germany,
and Taiwan) were based on unpublished data, and 3 (England,
Japan, and Saudi Arabia) were based on expert opinion.

The highest anti-HDV prevalence among the HBV-infected
population (HBsAg+) was recorded in Mongolia at 61.0%
(Table 1, Fig. 1A). However, once adjusted for the HBV+
population and HDV RNA positivity, due to the high burden of
HBV, China had the highest absolute number of HDV RNA+
cases, represented by the largest blue circle (Table 1, Fig. 1A).
In order to better examine the differences between countries
and territories, Pakistan and Mongolia were excluded from
Fig. 1B since they have significantly higher burden.

None of the countries included have implemented national-
level laboratory-based reflex testing following an HBsAg+ test.

The anti-HDV prevalence estimates were then utilized to
calculate how many HBsAg+ individuals need to be tested to
find one anti-HDV+ case. Results showed that Mongolia would
only need to test 1.6 HBV+ individuals to find 1 anti-HDV+ case,
but Hong Kong would need to test almost 667 individuals
(Table 1, Fig. 2).

Of the 25 countries and territories reported, 13 had general
population estimates published in the 2020 article by Stockdale
et al.9 The current study had higher estimates for France, Italy,
Mongolia, and Pakistan but lower estimates for Brazil, Mainland
China, England, Japan, Romania, and the USA when compared
to Stockdale et al. (Fig. 3).9 The results in the current study and
the aforementioned study for Germany, Türkiye and Saudi
Arabia were similar.

By country

Albania
The highest scoring study from Albania reported an anti-HDV
prevalence of 9.0% among patients admitted to a hospital in
Tirana.17 Additional data were collected through discussions
with the expert panel, and an overall anti-HDV prevalence of
3.3% was estimated by weighting the HBV-infected population
by disease stage (supplementary information). The HDV RNA
prevalence (in patients who were anti-HDV positive) was
estimated to be 63% based on expert clinical experience.

Brazil
In Brazil, the prevalence of both HDV and HBV are highly
dependent on the region in which an individual is from. While
ary 2024. vol. 80 j 232–242 233



Table 1. Anti-HDV and HDV RNA prevalence in 25 countries and territories.

Country/Territory 2023 HBsAg+ Literature %
anti-HDV+

Adjusted %
anti-HDV+

RNA+ cases Adjusted HDV
RNA+ prevalence

Adjusted HDV
RNA+ cases

Anti-HDV tests
to diagnose

one case

Albania 183,000 9.0% 2.4% 4,400 62.5% 2,800 41.7
Brazil 1,025,000 3.2% 1.7% 17,400 75.3% 13,100 58.8
Bulgaria 169,000 8.6% 3.2% 5,400 80.0% 4,300 31.3
Canada 214,000 1.6% 3.0% 6,400 64.8% 4,100 33.3
China Mainland 78,548,000 1.2% 1.2% 942,600 66.6% 627,800 83.3
Colombia 302,000 5.2% 1.0% 3,000 69.9% 2,100 100.0
England 418,400 2.9% 1.0% 4,200 50.0% 2,100 100.0
France 142,000 1.8% 3.5% 5,000 75.0% 3,800 28.6
Germany 215,000 5.5% 3.0% 6,500 60.0% 3,900 33.3
Hong Kong 332,000 0.2% 0.2% 500 60.0% 300 666.7
Israel 129,000 6.5% 5.4% 7,000 47.0% 3,300 18.5
Italy 336,400 8.3% 3.4% 11,300 60.5% 6,800 29.7
Japan 926,000 8.5% 0.5% 4,600 40.8% 1,900 200.0
Korea, Republic of 1,360,000 0.3% 0.3% 4,100 54.0% 2,200 333.3
Mexico 116,000 2.4% 0.2% 300 69.9% 200 444.4
Mongolia 191,000 61.0% 61.0% 116,500 61.5% 71,600 1.6
Pakistan 3,762,000 16.6% 16.6% 624,500 85.0% 530,800 6.0
Portugal 110,000 12.6% 1.5% 1,700 72.9% 1,200 66.7
Romania 568,000 23.1% 2.9% 16,500 80.0% 13,200 34.5
Saudi Arabia 570,000 5.3% 4.0% 22,800 60.0% 13,700 25.0
Spain 208,000 5.2% 2.3% 4,800 72.9% 3,500 43.5
Sweden 31,000 3.8% 2.8% 900 75.0% 650 35.7
Taiwan 1,864,000 3.3% 0.9% 16,800 60.0% 10,100 111.1
Türkiye 1,962,000 2.8% 2.8% 54,900 68.0% 37,300 35.7
United States 1,650,000 6.0% 3.0% 49,500 66.0% 32,700 33.3

HDV, hepatitis delta virus.

HDV prevalence in 25 countries/territories
many studies exist that provide estimates in the Amazon, a
region with a high burden, fewer studies exist in the major
population centers where the prevalence is quite low. The
anti-HDV prevalence in the literature was found to be 3.2%.
However, this was neither weighted by population nor HBV
infections.18 A previous analysis using data from 2016 and
2017 found that 0.6% of 5 million rapid HBsAg tests conducted
among 15-69-year-olds across Brazil were HBsAg+ positive.
After adjusting for regional populations and factoring in cases
from various special populations (prisoners, drug users, sex
workers, men who have sex with men, patients with HIV,
patients on dialysis, army conscripts and indigenous peoples),
the HBsAg+ prevalence among 15-69-year-olds was estimated
to be 0.8%.19–29 This was then combined with the regional
estimates from the aforementioned published study to estimate
an anti-HDV prevalence of 1.7%.18 The details of these
calculations can be found in the supplementary information.
Based on Ministry of Health data, it was assumed that HDV
RNA prevalence was 75%.30

Bulgaria
In Bulgaria, the only published study was conducted among
patients with chronic liver disease in 1985, reporting an
anti-HDV prevalence of 8.6%.31 Recent unpublished clinical
data provided by the expert panel was utilized to weigh the
infected population by disease stage, resulting in an anti-HDV
prevalence of 3.2% (supplementary information). The HDV
RNA prevalence was estimated to be 80% based on unpub-
lished clinical data.

Canada
Data were sparse for Canada, with an anti-HDV estimate of
1.6% from a 1986 study conducted in Western Canada.32 After
234 Journal of Hepatology, Febru
discussions with the expert panel, it was agreed upon to use
the largest study to date, which is based on specialist referral
testing to the National Microbiology Laboratory, and reports an
anti-HDV prevalence of 3.0% from 2020-2021.33,34 The HDV
RNA prevalence was assumed to be 65% based on published
national notification data.33

China, Mainland
In China, a study based on the national HBV serosurveys in
2006 and 2008 found an anti-HDV prevalence of 1.2%.35 This
was agreed to be representative by the expert panel. Based on
their clinical experience, the expert panel estimated the HDV
RNA prevalence to be 67%.

Colombia
The literature review resulted in one study with an anti-HDV
prevalence of 5.2%.36 However, this study was not repre-
sentative of the general population, as it was conducted in
higher prevalence regions as well as among risk groups
such as indigenous peoples. There is a high heterogeneity of
HBV and HDV infections in Colombia. We estimated HDV
prevalence by dividing the number of delta patients under
care in the public system (RIPS) by the number of HBV-
infected individuals diagnosed (SIVIGILA).37,38 The anti-HDV
prevalence was found to be 1% (CI 0.6-1.2%). The expert
panel estimated an anti-HDV prevalence of �1% based on
their clinical experience. The HDV RNA prevalence was
estimated to be 70% based on a published study from the
Amazon.39

England
A Public Health England reported an anti-HDV prevalence of
2.9% from their sentinel surveillance system.40 We estimated
ary 2024. vol. 80 j 232–242
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Fig. 1. HBsAg positivity, anti-HDV positivity and HDV RNA+ cases. (A) HBsAg positivity, anti-HDV positivity and HDV RNA+ cases in 25 selected countries and
territories. (B) Excluding Pakistan and Mongolia. HBsAg, hepatitis B surface antigen; HDV, hepatitis delta virus.
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Fig. 2. Number of anti-HDV tests needed to find one positive case. HDV, hepatitis delta virus.
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Fig. 3. Comparison of anti-HDV prevalence in current study and Stockdale 2020. HDV, hepatitis delta virus.

HDV prevalence in 25 countries/territories
an anti-HDV prevalence of 1% and an HDV RNA prevalence of
50% based on expert clinical experience.

France
In 2011, a large study among blood donors found an anti-HDV
prevalence of 2.0% in France.41 When the data was discussed
with the expert panel, it was found that over 30 centers in
France participate in anti-HDV surveillance. The data from
these centers indicate an anti-HDV prevalence of 3.5% and an
HDV RNA prevalence of 75%.

Germany
The anti-HDV prevalence in Germany was initially estimated to
be 5-6% based on two previously published studies.42,43

Clinical experience and unpublished single-center data were
used to estimate an anti-HDV prevalence of 3% in Germany.
Based on expert clinical experience, the HDV RNA prevalence
was estimated to be 60%. However, the ongoing migration
236 Journal of Hepatology, Febru
movement (e.g., due to the war in Ukraine), which may sub-
stantially impact HDV prevalence in Germany has not been
factored into these estimates.

Hong Kong
HDV prevalence is known to be quite low in Hong Kong.
The highest scoring study was a territory-wide assessment
conducted between 2015-2016 which found a 0% prevalence
among 803 HBV+ individuals.44 In order to quantify preva-
lence, we used an older study based on data collected be-
tween 1988 and 1990 which found a prevalence of 0.15%.45

The HDV RNA prevalence was estimated to be 60% based
on clinical experience.

Israel
In Israel, the literature reported an anti-HDV prevalence of 6.5%
among patients with HBV.46 Based on data from the Clalit
Health Services, which covers 52% of the Israeli population,
ary 2024. vol. 80 j 232–242
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the anti-HDV prevalence is 5.4% and the HDV RNA prevalence
was estimated to be 47%.

Italy
Italy has a number of high-quality cohort studies among
patients. The literature reports an anti-HDV prevalence of
8.3%.47 However, since this study was conducted among a
cohort of patients under care, this estimate needs to be
weighted by the size of the population at the given disease
stage. The anti-HDV prevalence estimates by stage of disease
from these studies were combined with the Italian HBV
PRoGReSs Model outputs, to estimate an anti-HDV-weighted
average of 3.4% (supplementary information).1,47,48 Based on
data from the PITER cohort, the HDV RNA prevalence was
estimated to be 61%.49

Japan
In Japan, anti-HDV prevalence was found to be 8.5% in one
study on a single small island.50 However, discussions with
experts revealed that prevalence from this island is not
representative of the national HDV prevalence in Japan. Expert
consensus centered on an anti-HDV prevalence of 0.5%. The
HDV RNA prevalence was estimated to be 41%.50

The Republic of Korea
In Korea, the anti-HDV prevalence of 0.3% from the literature
was agreed to be representative by the expert panel.51 The
HDV RNA prevalence was assumed to be 54% based on
expert consensus.

Mexico
In Mexico, the highest scoring study found a prevalence of
2.4%.52 However, once it was reviewed with the experts, it was
agreed that this figure was only representative of patients with
cirrhosis under care. Thus, aweighted average based on disease
stage was calculated resulting in an anti-HDV prevalence of
0.2% (CI 0.2-0.3%). The HDV RNA prevalence was assumed to
be 70% based on expert clinical experience.

Mongolia
While many studies on HDV exist in Mongolia, the highest
scoring study found an anti-HDV prevalence of 61.0% and an
HDV RNA prevalence of 61.5% in 123 apparently healthy HBV-
positive adults.53

Pakistan
The highest scoring study found an anti-HDV prevalence of
16.6%, although it was among patients visiting a tertiary
hospital for liver-related symptoms. Similar prevalence has
been found in a serosurvey conducted in Punjab.54 Based on
data from clinics around the country, it was estimated that the
HDV RNA prevalence was 85%.

Portugal
In Portugal, an anti-HDV prevalence of 12.6% was found
among diagnosed patients attending a hepatology clinic.55 This
value was deemed far too high by the expert panel, since there
is believed to be a geographic component to the distribution of
HDV in Portugal, driven by immigration. Based on unpublished
studies, an anti-HDV prevalence of 1% was applied to the
North of Portugal and the city of Lisbon. A range of 3-14% was
Journal of Hepatology, Febru
found in unpublished studies, and so a point estimate of 5%
was assumed to be representative of the South of Portugal
(supplementary information). This results in an overall anti-HDV
prevalence of 1.5%. We arrived at an HDV RNA prevalence of
73% based on expert consensus.

Romania
In Romania, the most prominent study reported an anti-HDV
prevalence of 23.1%.56 Discussions with experts revealed
this to be representative of individuals who were hospitalized
for HDV in 2011, and so would have already progressed to
cirrhosis or a later disease stage. A national serosurvey is
currently underway in the country, and the preliminary results
from 20,000 individuals screened found an anti-HDV preva-
lence of 1% among the HBV-infected population. We applied
the 23.1% prevalence to the population with cirrhosis or later
stage disease in the Romanian PRoGReSs model, and the 1%
prevalence to all other patients to get an overall weighted
anti-HDV prevalence of 2.9%. Based on clinical experience,
HDV RNA prevalence was estimated to be 80%.

Saudi Arabia
In Saudi Arabia, the literature reported an anti-HDV prevalence
of 5.3%.57 Based on expert opinion and clinical experience, it
was estimated that the anti-HDV prevalence was 4%. HDV
RNA prevalence was estimated to be 60% based on a
2017 publication.57

Spain
A 2020 study in Spain found an anti-HDV prevalence of 5.2%
among 2,888 patients in teaching hospitals.58 Spain also
recently published a large national serosurvey to estimate the
prevalence of HDV. However, there were concerns that the
study did not consider the prevalence among specific risk
groups such as sex workers, HIV+ individuals, prisoners,
injection drug users, and immigrants from Africa. We applied
the serosurvey data to the Spanish population less the risk
groups, for whom different prevalence estimates were applied,
to reach an overall anti-HDV prevalence of 2.3%
(supplementary information). HDV RNA prevalence was esti-
mated to be 73% based on a published patient cohort.58

Sweden
In Sweden, a study conducted between 1997-2008 estimated
that 3.8% of the population accessing healthcare for chronic
HBV were positive for anti-HDV.59 National notification data
from 1990 to 2021 for individuals with residency status and an
identification number reported an anti-HDV prevalence of 2.0%
and an HDV RNA prevalence of 75%. Based on their clinical
experience, Swedish experts believe anti-HDV prevalence
might be higher in the migrant population without residency
status. An undiagnosed population of approximately 200-300
HDV RNA+ Mongolian migrants are believed to live in the
Stockholm region. An anti-HDV prevalence of 2.8% has
therefore been estimated.

Taiwan
Two hospital-based studies found an anti-HDV prevalence of
4.4% in Taiwan.60,61 Other data such as the older REVEAL
cohort data and recent Taiwan Biobank data were also
reviewed.62 Based on the triangulation of these sources, the
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anti-HDV prevalence was estimated to be 0.9% in Taiwan, with
an HDV RNA prevalence of 60%.

Türkiye
In Türkiye, an anti-HDV prevalence of 2.8% was found among
5,533 volunteers screened between 2009-2010.63 This was
deemed to be representative of the national prevalence by the
expert panel. The HDV RNA prevalence was assumed to be
68%, based on a study among blood donors in South-
eastern Türkiye.64

USA
In the United States, the 1999-2012 National Health and
Nutrition Examination Survey reported an anti-HDV prevalence
of 6%.65,66 The expert panel came to a consensus, supported
by data from Veteran’s Affairs and electronic medical records,
that the overall anti-HDV prevalence in the USA is approxi-
mately 3%.67,68 Based on clinical experience, it was estimated
that the HDV RNA prevalence was 66%.

Discussion
Many published HDV prevalence studies are conducted among
groups who have a higher probability of being infected with
HDV, such as patients in tertiary care centers, specific risk
groups, or high-prevalence regions. When available data are
weighted by population size at the national level, the HDV
prevalence often decreases. Thus, literature reviews may result
in a higher prevalence estimate than is likely to be seen in the
general population. Our approach in this study focused on
leveraging the best available HDV data in a country or territory
in order to determine the best possible estimate at the national/
territorial population level. However, there is a vast heteroge-
neity in the type of data available and the most common,
anti-HDV+ data, is a poor marker of active HDV infection as
evidenced by the wide variance (40%-85%) in HDV RNA pos-
itivity rates. Although new treatments have become available in
some regions, HDV continues to be neglected in research and
as a priority in public health policy setting. For example, the
global health sector strategies on HIV, viral hepatitis and
sexually transmitted infections mention the need to increase
awareness, diagnostics, and treatment options for HDV, but
define no indicators to be measured and set no targets.69 Thus,
there is clearly a strong need to improve medical education
among physicians and nurses regarding this disease and the
significant associated morbidity among infected individuals.

A couple of different factors drove high prevalence in coun-
tries like Brazil, Mainland China, England, Japan, Romania, and
the USA which, in the study by Stockdale and co-authors,
reported higher percentages compared to the current study.9

Brazil, Mainland China, and Japan all have regions with sub-
stantially higher prevalence of HDV than the national/territorial
average. While these high-prevalence regions are important and
should be part of elimination efforts, they are small in terms of
population size and thus do not have a large impact on the
national/territorial prevalence at the population level.

In England, the published sentinel surveillance data came
from high-risk groups and are not representative of what
clinicians see in their practice. This explains the lower prevalence
presented here. Meanwhile, the national study from the USA has
a very small sample size: 168 (supplementary information). Thus,
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other studies with larger sample sizes were chosen to be more
representative and in line with what is seen by clinicians.

The studies cited for the general population in Romania in
the Stockdale 2020 study were both 0%. We assumed that the
prevalence among hospitalized patients was also considered,
thus leading to the overestimate in Stockdale.

The estimates for France, Italy, Mongolia, and Pakistan in
the current paper were higher than those reported by Stockdale
2020.9 In France, the expert panel agreed that the national
study was not representative of what they see clinically. For
Italy, our study used a weighted average of prevalence by
disease stage, whereas Stockdale used an undefined weighting
system that appears to be similar to that which they used for
Romania. There exists a great deal of uncertainty in the HDV
prevalence in Mongolia and Pakistan, with the local experts
agreeing that the estimates in our paper are representative of
the current data.

The current approach allowed for the collection and
reporting of data for countries and territories that have not been
included with specific general population data in previous
analyses. The flexible approach that was undertaken is a
strength of the study; however, it can also be a limitation as the
exact same populations are not being utilized and compared
across countries and territories. While anti-HDV and HDV RNA
positivity were the indicators utilized, there exist many different
diagnostics with varying sensitivity and specificity. This likely
contributes to the wide variability in the reported proportions of
anti-HDV+ cases that are HDV RNA+ and can result in het-
erogeneity between estimates within a country or territory.
These differences may also be due to the predominate modes
of transmission in a country, as adults who acquire HBV and
HDV simultaneously have a much higher probability of clearing
both viruses when compared to individuals who acquire HDV
via superinfection.70

Another limitation of this study is that none of the coun-
tries and territories included were in sub-Saharan Africa or
the Pacific Island countries. Both of these regions have had
reports of high anti-HDV prevalence that require addi-
tional investigation.

Additional research is necessary to better understand the
burden of HDV on the total population at the national/territorial
level. However, while HBV and HDV serosurveys in the general
population can provide strong insights, there is already a large
population of HBV-diagnosed individuals, some of whom may
be infected with and progressing from HDV. Implementing
laboratory reflex testing would increase the knowledge base on
HDV prevalence, while also allowing for earlier identification
and linkage to care for HDV RNA+ individuals.71 While this
method would not overcome the bias towards a higher preva-
lence in the absence of a national screening program, as those
being diagnosed with hepatitis B are often more likely to have
already progressed to later liver disease stages and thus are
more likely to be infected with HDV. It would, nonetheless,
overcome the major shortcoming currently inherent in notifi-
cation systems. Since this intervention would only be testing
those who are already found to be HBsAg+, the cost would be
much lower than a national serosurvey and thus an approach
scalable to many different countries and resource settings.
However, cost-effectiveness analyses are needed to empiri-
cally provide support to these claims.
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The number of HBV+ individuals who need to be tested to
find one new anti-HDV case can help inform these decisions.
This number could be decreased by focusing on the groups
and regions that are well known to have a higher probability of
anti-HDV+ cases. In countries/territories with a low HBV
prevalence, the cost burden of screening for anti-HDV is
expected to be low, as the absolute number of individuals who
would need to be screened would be relatively small. However,
a detailed cost-effectiveness study would be required for
countries/territories with a high HBV burden and a low anti-HDV
prevalence, such as the East Asian countries presented here.

Concentrating on specific risk groups and regions such as
individuals with cirrhosis, the Amazon region, HIV+ individuals,
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and immigrants from endemic countries can reduce the number
of tests needed to find a positive case. However, recent data
has shown that this method can miss upwards of 60% of those
infected with HDV.15

The countries and territories included in the current
analysis only represent 37% of the HBV-infected population
globally, and the analysis resulted in a much lower anti-HDV
prevalence, 2.0%, than previously reported. Expanding these
methods to other countries, particularly in sub-Saharan Af-
rica, will be integral to better understanding the burden of
HDV globally and thus helping local, regional, and global
partners to work towards the elimination of this devastating
disease.
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