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Background. Hepatitis delta virus (HDV) coinfects with hepatitis B virus (HBV) causing the most severe form of viral hepatitis.
However, its exact global disease burden remains largely obscure. We aim to establish the global epidemiology, infection modestratified disease progression, and clinical outcome of HDV infection.
Methods. We conducted a meta-analysis with a random-effects model and performed data synthesis.
Results. The pooled prevalence of HDV is 0.80% (95% confidence interval [CI], 0.63–1.00) among the general population and
13.02% (95% CI, 11.96–14.11) among HBV carriers, corresponding to 48–60 million infections globally. Among HBV patients with
fulminant hepatitis, cirrhosis, or hepatocellular carcinoma, HDV prevalence is 26.75% (95% CI, 19.84–34.29), 25.77% (95% CI,
20.62–31.27), and 19.80% (95% CI, 10.97–30.45), respectively. The odds ratio (OR) of HDV infection among HBV patients with
chronic liver disease compared with asymptomatic controls is 4.55 (95% CI, 3.65–5.67). Hepatitis delta virus-coinfected patients
are more likely to develop cirrhosis than HBV-monoinfected patients with OR of 3.84 (95% CI, 1.79–8.24). Overall, HDV infection
progresses to cirrhosis within 5 years and to hepatocellular carcinoma within 10 years, on average.
Conclusions. Findings suggest that HDV poses a heavy global burden with rapid progression to severe liver diseases, urging
effective strategies for screening, prevention, and treatment.
Keywords. cirrhosis; disease progression; epidemiology; hepatitis delta virus; hepatocellular carcinoma.
Hepatitis delta virus (also known as hepatitis D virus [HDV]) is
a defective subvirus that requires hepatitis B virus (HBV) surface antigens (HBsAgs) to propagate. After its discovery in the
1970s, HDV has been largely neglected over the past decades,
and establishing HDV status has been relatively uncommon in
routine clinical practice. Early reported global prevalence of
HDV was estimated at 15–20 million infections, corresponding
to approximately 5% of HBV carriers [1]. This relatively complacent view on the HDV public health problem was challenged
in 2017, when a study targeting sub-Saharan Africa estimated
the presence of 7 million infections in this specific region alone
[2]. Indeed, a subsequent study in 2018 estimated the worldwide number of HDV infections at approximately 62–72 million [3], and this number was recently upwardly revised to 74
million [4]. Thus, the public health problem posed by HDV infection appears much bigger than initially assumed. However,
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there is ongoing debate regarding the exact global prevalence
of HDV [5, 6], and regional estimates remain largely lacking.
Globally, viral hepatitis causes approximately 1.34 million
deaths annually, with 66% of the deaths attributed to HBV infection [7]. However, which fraction of the HBV-associated mortality
involves disease complicated by HDV infection remains uncertain. Despite being a defective virus, HDV is generally associated
with the most severe forms of acute and chronic viral hepatitis in
humans. Patients infected with both HDV and HBV display apparently dramatically accelerated progression to cirrhosis and
development of hepatocellular carcinoma compared with those
patients displaying HBV infection alone [8–10]. Thus, it is likely
that HBV complicated by HDV infection is associated with alternative disease progression, treatment response, and patient outcome compared with non-HDV-complicated HBV infection, but
quantitative data on the contribution of HDV infection on outcome of HBV infection are largely lacking [11–13]. It is interesting
to note that HDV infection can occur either via simultaneous
coinfection with HBV of a susceptible individual or through superinfection of an HBV carrier [14]. These 2 transmission modes
may also lead to distinct clinical outcome, but, again, systematic
analysis of such an effect has not been performed [14]. By performing a systematic review, meta-analysis, and additional data
synthesis, we aimed to generate a high-confidence estimate of the
global prevalence of HDV infection and its relation to outcome
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HBV infection in the context of both HBV/HDV coinfection as
well as of HDV superinfection in an existing HBV infection.
MATERIALS AND METHODS
Literature Search and Selection Criteria

Data Collection and Processing

Nonredundant records were initially screened by title and abstract
according to the selection criteria independently performed by
Z.Mi. and S.L. The selected results were cross-checked to resolve
discrepancies, and the remaining disagreements were discussed
with J.L. and Q.P. and resolved by consensus. Subsequently, the
selected records were subjected full-text assessment, and data
were extracted from the primary literature independently by
Z.Mi. and S.L. Discrepancies were identified and resolved by
discussing or arbitrage by J.L. and Q.P. For exclusion of potential
duplicate data from the same geographical location, consensus
by the investigational team was achieved. Authors from primary
studies were contacted for clarification if required.
The quality of the studies included was assessed by a scoring
system [15, 16], which was independently performed by 2 investigators (Z.Mi. and S.L.) and reviewed by the other investigators (J.L. and Q.P.). Then, sensitivity analyses were performed
to assess the effects of study quality and data source. Our study
was done in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
and Guidelines for Accurate and Transparent Health Estimates
Reporting (GATHER) statements [17, 18].
Statistical Analysis

The Metaprop module in the R-3.4.2 statistical software
package was used for meta-analysis. The pooled prevalence
1678 • jid 2020:221 (15 May) • Miao et al

RESULTS
Estimates of Hepatitis D Virus Prevalence at National, Regional, and
Global Levels

Our search returned 3518 records, and 634 of these met the inclusion criteria (Figure 1). In total, 332 155 individuals of the
general populations from 48 countries and regions and 271 629
HBsAg-positive carriers from 83 countries and regions were
included (Supplementary Figure 1). For estimating the global
prevalence, we calculated that the pooled prevalence of HDV
is 0.80% (95% CI, 0.63–1.00) in the general population and
13.02% (95% CI, 11.96–14.11) among HBsAg-positive carriers,
corresponding to 48–60 million infections worldwide (Figure
2). China, India, and Nigeria are the leading countries in this
respect (Figure 2 and Supplementary Table 1). Regionally, HDV
is highly prevalent in central Asia, eastern Europe, tropical and
central Latin America, as well as central and west sub-Saharan
Africa (Table 1). Asia (44.41%–56.55%) followed by Africa
(22.30%–38.37%) are predominant with respect to global HDV
burden. Hepatitis D virus infection is especially prevalent in
low-income and lower-middle-income countries, but concomitantly data from these resource-limited countries are relatively
limited (Table 1 and Supplementary Figure 2).
Analysis of Risk Factors for Hepatitis D Virus Transmission

Further analysis of our data showed that the prevalence of
HDV is high among IDUs but low among blood donors
(Supplementary Table 2). Intravenous drug use, HIV, and HCV
are the remain risk factors for HDV transmission observed in
HBsAg-positive carriers with respective ORs of 15.44 (95%
CI, 8.68–27.49), 2.99 (95% CI, 1.84–4.88), and 3.05 (95% CI,
1.19–7.86), relative to controls (Supplementary Table 2). There
is no significant difference for the prevalence of HDV in males
(14.95%; 95% CI, 12.43–17.67) versus females (14.18%; 95% CI,
11.49–17.10) among HBsAg-positive carriers, with an OR of
1.05 (95% CI, 0.91–1.21) (Supplementary Figure 3–5).
Hepatitis D Virus Infection Presents a Distinct Epidemiological Profile
Among Hepatitis B Virus Patients

There are hardly data that comprehensively capture how and
to what extent HDV contributes to severe liver diseases. It is
interesting to note that the prevalence of HDV infection in
HBsAg-positive patients is very distinct between different
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For this systematic review and meta-analysis, we searched
EMBASE, Medline Ovid, Cochrane Database, and China
Knowledge Resource Integrated database for cross-sectional
and longitudinal observational studies measuring the prevalence and outcome of HDV infection, published in English and
Chinese languages from database inception to February 2019.
The prevalence of HDV was defined by the detection of HDV
antibodies (anti-HDV immunoglobulin [Ig]G and/or antiHDV IgM) using immunoassay, supplemented by the additional
detection of delta antigen and HDV ribonucleic acid (RNA).
Study subjects were classified either as general population or
HBsAg-positive carriers, and for further subanalysis groups
were divided into blood donors, population at large (general
group), intravenous drug users (IDUs), people with high-risk
sexual activity, human immunodeficiency virus (HIV) patients,
hepatitis C virus (HCV) patients, blood transfusion recipients,
mixed patients, patients with liver disease, and asymptomatic
HBV carriers, as per cohort information. Hepatitis B virus patients with liver disease were divided into different categories:
acute hepatitis (AH), fulminant hepatitis (FH), chronic hepatitis (CH), liver cirrhosis, and hepatocellular carcinoma (HCC).

was calculated by the DerSimonian-Laird random-effects
model with Freeman-Tukey double arcsine transformation
[19, 20]. The 95% confidence interval (CI) was estimated using
Wilson score method. Odds ratios (ORs) were pooled with
DerSimonian-Laird random-effects model. To avoid small
sample bias in the random effects model, we excluded studies
with fewer than 100 subjects for the general population and 20
for HBsAg-positive carriers. Detailed information regarding
materials, methods, and related references as well as additional
discussion are provided in the online Supplementary Data File.

English articles 1980–2019 in medline, embase, and
cochrane CENTRAL
Medline
n = 2690
Embase
n = 2420
Cochrane CENTRAL
n = 151
Total
Before de-duplication
n = 5261
After de-duplication
n = 3018

Chinese articles 1980–2019 in China knowledge
resource integrated database
Total
Before de-duplication
n = 574
After de-duplication
n = 500

Records excluded on the basis of title and/or
abstract n = 2593

Full-text articles assessed for eligibility n = 925
Records excluded on the basis of full-text
n = 291
1) Treatment articles
2) Duplication or repeat study
3) Sample size
4) Study information
Studies included in quantitative synthesis n = 634
Figure 1.

Flowchart of study selection.

forms of liver pathology. Among acute HBV patients, the rate of
HDV infection is much higher in FH (26.75%; 95% CI, 19.84–
34.29) compared with less symptomatic cases of AH (11.70%;
95% CI, 8.90–14.81) (Figure 3A). In chronic HBV patients,
HDV infection rates are low in asymptomatic carrier (3.96%;
95% CI, 3.13–4.88), but they are high in CH (16.75%; 95% CI,
14.00–19.69), cirrhosis (25.77%; 95% CI, 20.62–31.27), and
HCC (19.80%; 95% CI, 10.97–30.45) (Figure 3B). Comparison
of symptomatic chronic HBV patients with asymptomatic controls of the same population yielded an OR for HDV infection
of 3.56 (95% CI, 2.72–4.65), 6.75 (95% CI, 4.42–10.30), and 5.61
(95% CI, 2.60–12.09) for CH, cirrhosis, and HCC, respectively
(Figure 3C). The pooled OR of these severe liver diseases is 4.55
(95% CI, 3.65–5.67), and thus HDV infection is significantly
linked to more serious pathology in HBV patients.
Different Infection Patterns of Hepatitis D Virus Infection Result in Distinct

from HDV infection (80.96%; 95% CI, 48.71–98.91), but
only a minor proportion of superinfected patients recover
(30.35%; 95% CI, 12.05–52.70). In contrast, only a relatively
small proportion of coinfected patients develop chronic disease (10.45%; 95% CI, 4.49–18.52), but a substantial proportion
of superinfected patients progress to chronic disease (77.38%;
95% CI, 55.09–93.54). The OR to recover or become chronically
infected after HDV coinfection are 5.05 (95% CI, 1.45–17.56)
and 0.05 (95% CI, 0.01–0.27), respectively, relative to HDV superinfection. Stratification according to the pattern of viral infection reveals that most patients are HDV dominant (69.28%;
range, 56.30–85.25) or HBV-HDV codominant (27.56%; range,
14.52–40.60), with only a small fraction of patients being HBV
dominant (3.16%; range, 3.10–3.23). Thus, patients with HBV
infection will clearly benefit from measures that prevent further
HDV infection.

Outcomes

Hepatitis D Virus Infection Leads to Rapid Progression to Severe Liver

Two major HDV infection patterns, coinfection and superinfection, provoke different outcomes (Figure 4A). The majority of HBV-HDV-coinfected patients spontaneously recover

Diseases

We observe that HDV infection predisposes to rapid progression into severe liver diseases (Figure 4B). Upon acute infection,
Quantifying the Global Burden of HDV • jid 2020:221 (15 May) • 1679
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Figure 2. Global prevalence of hepatitis D virus (HDV) infection. (A) General population; (B) hepatitis B virus surface antigens-positive carriers. Blank means HDV-pooled
prevalence is not applicable due to lacking HDV epidemiological data. First 10 counties for the estimates of HDV burden were listed, respectively.

39.20% (95% CI, 13.14–69.16) of HDV-infected patients develop
CH within a mean of 1.5 years (range, 1.0–1.7), and 30.44% (95%
CI, 13.32–50.99) will progress to cirrhosis within 3 years (mean;
range, 1.5–4.0). For established chronic infection, 76.47% (95%
CI, 63.98–86.98) of HDV-infected patients develop CH within a
mean of 3 years, and 29.74% (95% CI, 19.43–41.22) will progress
to cirrhosis within 3.1 years (mean; range, 0.5–12.0). With respect
to patients with CH, 53.79% (95% CI, 35.16–71.88) of the patients
with CH will progress to cirrhosis within a mean of 3.3 years
(range, 0.5–8.0), and 14.04% (95% CI, 9.51–19.30) of the cirrhotic
patients will progress to HCC within a mean of 3.7 years (range,
1.0–9.0). In general, HDV infection progresses to cirrhosis, on average, within 5 years and to HCC, on average, within 10 years.
Compared with HBV monoinfection, double infection with
HDV results in more severe clinical outcome. Among doubleinfected patients, only 14.99% (95% CI, 2.87–34.22) are asymptomatic but 38.85% (95% CI, 31.57–46.39) are cirrhotic (Figure
5A). In contrast, from the HBV-monoinfected patients, 14.36%
(95% CI, 10.04–19.30) are cirrhotic, whereas 57.2% (95% CI,
1680 • jid 2020:221 (15 May) • Miao et al

26.10–85.42) are asymptomatic. For double-infected patients,
the ORs for being asymptomatic or having a diagnosis of cirrhosis, HCC, or mortality are 0.12 (95% CI, 0.06–0.21), 3.90
(95% CI, 2.94–5.18), 1.97 (95% CI, 1.02–3.78), and 2.05 (95%
CI, 1.18–3.56), respectively, relative to HBV-monoinfected patients (Figure 5B). The observed probability for cirrhosis development is much higher among double-infected patients
(40.50%; 95% CI, 22.09–60.43) than HBV-monoinfected patients (14.22%; 95% CI, 8.46–21.17), with an OR of 3.84 (95%
CI, 1.79–8.24) (Figure 5C). It is interesting to note that the positive rates of either HBeAg and HBV deoxyribonucleic acid in
serum of double-infected patients are lower than those observed
in HBV-monoinfected patients with respective ORs of 0.74 (95%
CI, 0.06–0.93) and 0.47 (95% CI, 0.30–0.74) (Figure 5D).
Quality and Sensitivity Analyses

In our quality and sensitivity analyses (Supplementary Tables 3
and 4, Supplementary Figures 6–11), the exclusion of low-scoring
studies or the data from literature of Chinese language only
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Table 1.

Estimates of HDV Infection Prevalence by GBD, WHO, or World Bank Region
General Population

Regions

Population,
Thousand

HDV Prevalence
(95% CI)a

HBsAg + Carrier

HDV Population,
Thousand

HBsAg Population,
Thousand (Prevalence)

HDV Prevalence
(95% CI)a

HDV Population,
Thousand

GBD Region
182 909

0.65% (0.02–2.12)1

1189 (37–3878)

2561 (1.40%)

90 018

8.31% (4.15–13.73)1

7481 (3736–12 359)

5851 (6.50%)

Asia, east

1 455 952 0.69% (0.24–1.36)1 10 046 (3494–19 801)

Asia, south

1 712 556 0.36% (0.02–1.12)

Asia Pacific, high income
Asia, central

Asia, southeast

660 824

Australasia

29 909

Europe, central

113 765

0.26% (0.05–0.61)
0.09% (0.00–0.38)

5.55% (2.86–9.06)

142 (73–232)

51.27% (33.69–68.69)

3000 (1971–4019)

106 284 (7.30%)

10.16% (8.50–11.95)1

10 799 (9034–12 701)

6165 (343–19 181)

53 089 (3.10%)

17.53% (12.08–23.74)

9307 (6413–12 603)

1718 (330–4031)

56 831 (8.60%)

6.62% (2.13–13.33)

3762 (1210–7576)

359 (1.20%)

5.13% (3.94–6.46)1

18 (14–23)

2275 (2.00%)

5.64% (1.82–11.38)

128 (41–259)

102 (0–432)

211 400

1.40% (0.71–2.32)1

2960 (1501–4904)

4439 (2.10%)

29.15% (14.70–46.19)

1294 (653–2051)

Europe, western

400 667

0.25% (0.11–0.47)

1002 (441–1883)

2404 (0.60%)

14.72% (13.11–16.40)

354 (315–394)

Latin America, Andean

56 667

227 (0.40%)

65.52% (55.26–75.09)1

149 (125–170)

Latin America, central

225 750

1.76% (1.06–2.62)

3973 (2393–5915)

1355 (0.60%)

40.57% (18.57–64.80)

550 (252–878)

Latin America, tropical

196 250

1.13% (0.24–2.66)1

2218 (471–5220)

1178 (0.60%)

12.86% (6.21–21.47)1

151 (73–253)

110 (0.20%)

2.91% (0.89–6.03)1

13 035 (2.60%)

8.58% (7.07–10.21)

Latin America, southern

1

55 000

0.48% (0.00–3.95)

North Africa and Middle East 501 333

0.35% (0.14–0.65)

1755 (702–3259)

North America, high income

368 667

0.20% (0.15–0.26)

737 (553–959)

1106 (0.30%)

13.01% (8.54–18.25)

144 (94–202)

11 065

4.04% (3.53–4.58)

447 (391–507)

1217 (11.00%)

44.22% (13.58–77.58)

538 (165–944)

26.18% (14.81–39.46)

3989 (2257–6013)

11.6% (6.78–17.51)

3997 (2336–6033)

Oceania

264 (0–2173)

Sub-Saharan Africa, central

120 941

1.32% (0.68–2.16)

1596 (822–2612)

15 239 (12.60%)

Sub-Saharan Africa, east

436 157

1.03% (0.34–2.09)

4492 (1483–9116)

34 456 (7.90%)

Sub-Saharan Africa, southern

80 671

0.00% (0.00–0.02)1

Sub-Saharan Africa, west

399 653

1.38% (0.84–2.03)

0 (0–16)
5515 (3357–8113)

3 (1–7)
1118 (922–1331)

12 423 (15.40%)

11.41% (0.00–43.96)

1417 (0–5461)

47 159 (11.80%)

16.55% (11.56–22.24)

7805 (5452–10 488)
15 769 (11 510–20 555)

WHO Region
AFRO

103 136 (9.50%)

15.29% (11.16–19.93)

EMRO

1 085 639 1.02% (0.61–1.52)
707 500

0.7% (0.34–1.20)

4953 (2406–8490)

1107 (6622–16 502)

21 225 (3.00%)

12.56% (9.56–15.91)

2666 (2029–3377)

EURO

901 625

0.23% (0.12–0.36)

2074 (1082–3246)

18 033 (2.00%)

13.81% (12.38–15.31)

2490 (2232–2761)

PAHO

990 250

0.92% (0.46–1.52)

9110 (4555–15 052)

5942 (0.60%)

14.82% (10.96–19.16)

SEARO

1 969 943 0.17% (0.01–0.50)

3349 (197–9850)

78 798 (4.00%)

WPRO

1 906 526 1.47% (0.77–2.40) 28 026 (14 680–45 757)

135 363 (7.10%)

881 (651–1138)

8.98% (4.95–14.07)

7076 (3900–11 087)

11.14% (9.59–12.78)

15 079 (12 981–17 299)

World Bank Region
High income

1 145 222 0.30% (0.17–0.47)

12 597 (1.10%)

12.38% (10.91–13.93)

Upper-middle income

2 670 725 0.59% (0.38–0.85)

15 757 (10 149–22 701)

128 195 (4.80%)

11.04% (9.71–12.44)

Lower-middle income

2 974 795 1.73% (0.98–2.70) 51 464 (29 153–80 319)

157 664 (5.30%)

18.39% (14.67–22.42) 28 994 (23 129–35 348)

Low income
Global

704 758

1.02% (0.54–1.64)

7 486 974 0.80% (0.63–1.00)

3436 (1947–5383)

1560 (1374–1755)
14 153 (12 448–15 947)

7189 (3806–11 558)

57 085 (8.10%)

14.46% (10.10–19.44)

8255 (5766–11 097)

59 896 (47 168–74 870)

366 862 (4.90%)

13.02% (11.96–14.11)

47 765 (43 877–51 764)

Abbreviations: AFRO, Regional Office for Africa; CI, confidence interval; EMRO, Eastern Mediterranean Regional Office; EURO, Regional Office for Europe; GBD, Global Burden of Diseases;
HBsAg, hepatitis B virus surface antigen; HDV, hepatitis D virus; PAHO, Pan American Health Organization; SEARO, South-East Asia Regional Office; WHO, World Health Organization;
WPRO, Western Pacific Regional Office.
a

Regional data of HDV infection available from only one country is marked (1); HDV prevalence equal to 0.00% standing for negative HDV infection among samples; blank means no HDV
infection data are available among the general population.

showed minor effects on the estimates of the overall prevalence of
HDV infection both among the general population and HBsAgpositive population. However, the exclusion of these Chinese
studies published in the Chinese language decreased the pooled
prevalence in China of the general population from 0.69% to
0.48%, probably due to the influence by an extremely large negative cohort study from Hong Kong, but it increased the rate of
HBsAg-positive individuals from 10.16% to 14.37%. In addition,
we noted significant heterogeneity within our meta-analysis.
DISCUSSION

In the present study, we estimate that there are 48 to 60 million
cases of HDV infection in HBV-infected individuals worldwide,

yielding a global prevalence of 0.80% in the general population
and 13.02% in HBsAg-positive carriers. A recent study reported
a global prevalence of 0.98% [3], but our study provides a more
accurate estimate (Supplementary Data), and it is in line with
the recently postulated global prevalence of 0.82% [6]. The discrepancy with earlier studies can largely be attributed to the
stratification for different populations and the exclusion of
nonrepresentative populations (eg, IDUs, HIV patients, and patients with liver diseases). This avoids overestimation as was the
criticism made with regard to the previous studies [5, 6].
The substantial global burden of HDV infection is fostered by
several factors. Although it was previously identified as the satellite virus of HBV, a recent experimental study has demonstrated
Quantifying the Global Burden of HDV • jid 2020:221 (15 May) • 1681
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Figure 3. The epidemiological profile of hepatitis D virus (HDV) infection. (A) Prevalence of HDV among acute hepatitis B virus (HBV) patients. (B) Prevalence of HDV among
chronic HBV patients. (C) Forest plot of HDV prevalence among patients with chronic liver diseases compared with asymptomatic controls. Data are pooled from a randomeffects model. ASC, asymptomatic carrier; CH, chronic hepatitis; CI, confidence interval; FH, fulminant hepatitis; HBsAg, HBV surface antigen; HCC, hepatocellular carcinoma.

that HBV-unrelated viruses can also act as helper viruses for
HDV transmission, such as HCV [21]. To our surprise, we observed a high prevalence rate and a 3 times increase in the odds
for HDV infection among HBV-HCV double-infected patients.
These results appear to support the experimental findings that
HCV may assist the assembly and secretion of HDV infectious
particles in patients, but it requires further confirmatory investigation [21]. Moreover, our study shows that the prevalence of
HDV is extremely high among HBV-positive IDUs. Thus, our
study fits well with previous work showing the importance of
injection drug use in driving HDV transmission [2, 3]. Also of
note, previous study reported that IDUs represent a large reservoir of HDV burden [7]. Indeed, we observe a 15 times increase
in the odds for HDV infection in HBV-positive IDUs compared
with HBV-positive nondrug using counterparts. However, we
estimate that only approximately 1.24%–1.56% and 1.04%–
1.31% of the HDV burden can be attributed to users of intravenous drugs (743 000 cases) and HIV exposure (624 000 cases),
respectively [16, 22]. Thus, strategies aimed at reducing HDV
transmission by IDUs are mainly effective in reducing HDV
1682 • jid 2020:221 (15 May) • Miao et al

prevalence because they prevent contagion of the population
at large.
The prevalence of HDV varied substantially between geographical regions. With respect to the general population, in 18
countries the prevalence is over 1%, and over half of the countries involved are from Africa, whereas Latin America also has
a fair number of high- prevalence countries. In particular, HDV
infection rates highly prevail in Tunisia (15.33%), Mongolia
(8.31%), and Niger (5.04%). Among HBsAg-positive carriers,
the prevalence of HDV in 13 countries exceeds 30%, whereas in
10 countries the prevalence is between 20% and 30%, and in 23
countries it is between 10% and 20%. Consistent with previous
observations, central Asia, eastern Europe, tropical and central
Latin America, as well as central and west sub-Saharan Africa
are high-endemic areas of HDV infection [3]. Our findings
show that Asia (44.41%–56.55%) and Africa (22.30%–38.37%)
constitute the largest populations hit by HDV infections. It is
interesting to note that Asia and Africa are the large reservoirs
for HBV infection and accordingly are also the worst-hit areas
with respect to HDV burden [23].
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Figure 4. Schematic diagram of hepatitis D virus (HDV) infection and disease progression. (A) Hepatitis D virus infection patterns. Coinfection is that HDV and hepatitis B
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Regarding the estimation at national level, potential bias may
be present in particular countries. Because of the limited sample
number, there could be overestimation in the general population from these countries, such as Colombia (1703), Nigeria
(1419), Pakistan (2076), Tunisia (750), and Uganda (358), compared with the estimations among HBsAg-positive carriers
(Supplementary Table 1). Moreover, the limited origin of the
samples among general population may also lead to overestimation in country like Brazil (Supplementary Data). Finally, the
national estimations of HDV prevalence are balanced by the estimations among general population and HBsAg-positive carriers (Supplementary Data). Our results show that China, India,

and Nigeria are the top 3 countries with respect to the number
of HDV-infected individuals.
The importance of highlighting the high global prevalence
of HDV infection is illustrated by the neglect in screening for
HDV. Indeed, there is a paucity of studies about HDV prevalence in low-income and lower-middle-income countries. Such
countries account for 50% of the world population, 60% of
HBV burden, but 70.34%–75.34% of HDV burden [23]. Also
in view of the observed propensity for serious liver disease in
HDV-superinfected individuals observed in the present study,
a global health need emerges for effective prevention especially
aimed at these countries.
Quantifying the Global Burden of HDV • jid 2020:221 (15 May) • 1683
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The implementation of a global HBV vaccination program
may be a cost-effective approach in this respect. Previous
studies and mathematical modeling suggest that an HBV vaccination coverage above 80% is sufficient for eventual eradication of both HBV and HDV infection [3, 24]. However, early
childhood HBV vaccination coverage is still low (globally only
39% in 2015), especially in African and Southeast Asia [7], and
it is estimated that more than 100 million people are annually
de novo infected with HBV [25, 26]. Thus, more efforts in this
respect are necessary.
An important finding of our study is the dichotomy in outcome between simultaneous coinfection with HBV/HDV and
a later HDV superinfection. The majority of the HBV-HDVcoinfected patients spontaneously recover, whereas a substantial proportion of superinfected patients progress to chronic
disease (Supplementary Data). The implication of this result
is that treatment of HBV carriers is important, to prevent later
chronic HDV infection. It is unfortunate that only 10% of HBV
infections are diagnosed, and only 5% receive antiviral therapy,
1684 • jid 2020:221 (15 May) • Miao et al

also because of the relatively high costs associated with HBVdirected antiviral therapy [23]. We find clinical evidence that
HDV and HBV actively interact with each other, resulting in
3 replicative patterns, but most patients are HDV dominant
(Supplementary Data). Mechanistically, this may be partially
explained by a previous experimental study that HDV replication can suppress HBV replication by interfering with HBV
messenger RNA synthesis and stability [11]. Furthermore,
HDV infection can induce the production of both type I and
type III interferons (IFN-β and IFN-λ), both of which inhibit
HBV infection, whereas HDV is resistant to self-induced innate
immune responses [27, 28].
Hepatitis D virus infection is associated with progression
to severe liver disease, but, intriguingly, different liver diseases
associated with HBV infection show a distinct relationship to
HDV status. Among acute HBV patients—although the vast
majority of the data were collected from the studies published
before year 2000—the rate of HDV infection is much higher in
FH (26.75%) compared with that in less symptomatic cases of
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CONCLUSIONS

In summary, we now provide a high-confidence estimate of
global HDV prevalence, although our results also show the
need for high-quality epidemiological surveys for HDV in lowincome and lower-middle-income countries. Our results quantify the effect of HDV infection in the context of HBV infection
and highlight the risk of HDV superinfection in this context.

Overall, our study shows that the global HDV burden is substantial, whereas its association to rapid progression to severe
liver disease calls for more efforts with respect to screening, prevention, and treatment.
Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author.
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