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ABSTRACT

OBJECTIVE: This prospective study aimed to determine the prevalence of anti-HDV seropositivity among subjects who had
previous hepatitis B virus (HBV) infection.

METHODS: Subjects who were admitted to the gastroenterology inpatient clinic of our hospital between August 2016 and
July 2017 were screened for previous HBV infection. The subjects who had HBV serology compatible with resolved HBV
infection were recruited in the study, and the seroprevalance of anti-HDV was studied. Participants answered a short ques-
tionnaire regarding their family history of chronic hepatitis B (CHB) and chronic hepatitis D (CHD) infection and risk factors
for transmission. Subjects who were anti-HDV positive were recalled for a control visit, and HBV-DNA and HDV-RNA were
assayed in the blood samples of the responders.

RESULTS: Among 554 subjects who had previous HBV infection, 53 (9.6%) were anti-HDV positive. The mean age was
63.1£15.4 years in the anti-HDV-positive group and 65.9+15.6 years in the anti-HDV-negative group (p=0.19). The most
common risk factor for both groups was dental procedures (89% vs 80%, p=0.33). Anti-Hbc IgG, anti-Hbs, and anti-HBeAg
seropositivity did not differ between the anti-HDV-positive and -negative groups (for all, p>0.05). Although HDV-RNA was not
detectable in all studied samples, only one subject had detectable HBV-DNA in the anti-HDV-positive group.

CONCLUSION: This study highlighted the prevalence of anti-HDV among subjects who had resolved HBV infection. Long-
term follow-up studies, including after the resolution of both infections, are needed to explore HBV-HDV interactions and the
behavioral patterns of these viruses.
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Hepatitis delta virus (HDV) is a single-stranded
circular RNA satellite virus and is the smallest
of the known mammalian viruses [1, 2]. HDV requires
the hepatitis B virus (HBV) envelope proteins for the
dissemination of virus particles [3]. Thus, hepatitis
delta infection occurs only in hepatitis B surface antigen

(HBsAg)-positive individuals.
Chronic hepatitis D (CHD) is the most severe form of

viral hepatitis, with the clinical features of accelerated
progression to cirrhosis, increased risk of hepatocel-
lular carcinoma, and early decompensation in patients
with cirrhosis. CHD affects approximately 15-20 mil-
lion patients among the approximately 400 million peo-
ple chronically infected with HBV worldwide. HDV
is found throughout the world, but its prevalence, inci-
dence, clinical features, and epidemiological characteris-
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tics vary according to the geography [4]. Turkey is one of
the high prevalence countries, and there are geographical
differences between the western and eastern regions of
Turkey. Epidemiological studies from the eastern and
southeastern Anatolia regions have reported a preva-
lence of 16%—-33% for delta hepatitis superinfection
among chronic hepatitis B (CHB) patients [5-7]. Sim-
ilarly, lower rates of CHD (2% to 7%) were reported in
the western regions of Turkey [7, 8]. Studies evaluating
antibodies to HDV (anti-HDV seropositivity) among
HBsAg positive subjects from Turkey, Italy, and Ger-
many found a prevalence of 8%—-12% [9-11].

Resolved or previous HBV infection is defined as the
clearance of HBsAg, with or without the development
of antibodies to HBsAg (anti-HBs) and with or with-
out antibodies to hepatitis B core antigen (anti-HBc).
Resolution of the infection occurs spontaneously in in-
active HBV carriers, at an annual rate of 0.5%—2.3% for
treated CHB patients [12-15]. The loss of HBsAg is the
primary end point of CHB treatment according to the
international guidelines [16, 17]. The loss of HBsAg is
also the ultimate goal in CHD treatment.

The seroprevalence of anti-HDV has been studied in
different populations including inactive HBV carriers
and patients with CHB and cirrhosis [5-7, 9, 10]. No
reports on the HDV prevalence among those who have
resolved HBV infection have been published to date in
the peer-reviewed literature. The current study aimed
to determine the anti-HDV prevalence among subjects
with resolved HBV infection in an area that is highly en-
demic for HDV.

MATERIALS AND METHODS

Subjects and Study Design

The current study was conducted on 2736 subjects (1396
females and 1340 males) who were admitted to the gas-
troenterology inpatient clinic of our hospital between
August 2016 and July 2017 because of several complaints
and underwent HBV and hepatitis C virus (HCV) sero-
logic testing for the assessment of previous HBV infec-
tion. If the HBV serology was compatible with one of
the following three scenarios and the HCV serology was
negative, the patient was considered to have previous
HBYV infection and was recruited in the present study:
(1] HBsAg-negative, anti-HBs antibody (ab)-positive
and anti-hepatitis B core (anti-HBc) IgG ab-positive; [2]
HBsAg-negative, anti-HBs ab-negative and anti-HBc

IgG ab-positive; and [3] HBsAg-negative, anti-HBs ab-
positive and anti-HBc IgG ab-negative (patients in the
last group were questioned to determine whether they
had been vaccinated against HBV or refused the HBV
vaccination). Previous HBV infection was detected in
554 subjects (268 females and 286 males); these subjects
were asked about their family history of CHB and CHD
and risk factors for transmission [such as prior surgery,
dental procedures, blood transfusion history, intravenous
(IV) drug use, high-risk sexual behaviors, tattoos, and
piercings]. Complete blood count; liver function tests
including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), albumin, and bilirubin levels;
international normalized ratio (INR); and anti-HDV
were assessed. The presence and absence of anti-HDV
are shown in Figure 1. Subjects positive for anti-HDV
were recalled for a control visit, and HBV-DNA and
HDV-RNA were studied in the blood samples of the
responders (39 anti-HDV-positive subjects). Subjects
who had liver cirrhosis, seroclearance of HBsAg after
the treatment of CHB and/or CHD, previous or con-
current exposure to HCV, those taking immunosuppres-
sive medications, and those with disorders causing im-
mune system dysfunction such as hematological diseases,
chronic renal failure, or rheumatologic diseases were ex-
cluded. Age <18 years and pregnancy were other exclu-
sion criteria. The current study was approved by the in-
stitutional review board. Informed consent was obtained
from all individual participants included in the study.

HBYV and HDV Serology

All blood samples were analyzed in the central clinical
microbiology laboratory at our hospital. Approximately
5 mL of venous blood was collected from 2736 subjects
and then centrifuged at 4000 rpm for 5 min for the sero-
logic testing of HBV and HCV. Serum samples were
obtained and studied on the same day. Anti-HDV was
also studied using the same method in the 554 subjects
who had previous HBV infection. The 53 subjects who
had anti-HDV seropositivity were recalled. The blood
samples of the 39 responder subjects who were anti-
HDV positive were collected into tubes with EDTA and
centrifuged at 4500 rpm. Plasma samples were separated
and stored at —20°C until the study date. Plasma samples
were kept at room temperature and dissolved before the
beginning the study for HBV-DNA and HDV-RNA
and then tested without delay.

Serum samples were tested for HBsAg, hepatitis B
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e-antigen (HBeAg), anti-HBs, anti-HBc IgG, antibody
against HBeAg (anti-HBeAg), and anti-HCV with
macro enzyme-linked immunosorbent assay (ELISA)
using Abbott Architect kits in the Abbott Architect
i2000 SR system (Abbott, Axsym, Ireland) according
to the manufacturer’s instructions. The presence of an-
ti-HDV was analyzed using micro-ELISA (HDV Ab,
Enzyme Immunoassay Test Kit, Delta Biologicals, Italy)
with the Triturus system (Triturus, Grifols, Spain) ac-
cording to the manufacturer’s instructions. This assay
has been reported to have a sensitivity over 98% and a
specificity over 98%. The values over 1.1 were accepted
as positive for anti-HDV. Isolation of HBV-DNA and
HDV-RNA in the blood samples was performed with
QIAsymphony® DSP Virus/Pathogen Midi Kit, Version
1 extraction kits (QIAGEN, Germany). The presence
of HBV-DNA and HDV-RNA was assessed by the
real-time polymerase chain reaction (PCR) method us-
ing Rotor Gene Q (QIAGEN, Germany). HBV-DNA
was tested using Artus® HBVQS-RGQ kit- 24, V1 kits
(IQAGEN, Germany); HDV-RNA was also tested us-
ing Fluorion HDV Real-Time PCR kit-HDV QNP1.0
(IONTEK, Turkey) according to the manufacturer’s in-

structions.

Statistical analysis

Statistical analyses were performed using SPSS (ver-
sion 21; SPSS Inc., Chicago, Illinois, USA). Categorical
variables are presented as frequencies and percentages.
Variables with a normal distribution are represented as
mean+SD, those with a non-normal distribution and
ordinal variables are described as median (interquartile
range). Categorical variables were compared using the x*
test or Fischer’s exact test. Differences between contin-
uous variables were analyzed using Student’s t-test and
Mann—Whitney U test in a proper approach. P<0.05

was considered statistically significant.

RESULTS

Opverall, 554 subjects with a mean age of 65.7+15.5
years were screened for the presence of anti-HDV. Of
these subjects, 268 (48%) were women and 286 (52%)
were men. Among the participants, anti-HDV positiv-
ity was found in 53 subjects (9.6%) (Fig. 1). The demo-
graphic, clinical features, and laboratory findings of the
anti-HDV-positive and -negative groups are shown in

Table 1. While 11 subjects (20.8%) had a family history
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FIGURE 1. Distribution of the subjects according to the pres-
ence or absence of anti-HDV by age.

of CHB and one (1.9%) had a family history of CHD
in the anti-HDV-positive group, the ratios of CHB and
CHD family histories in the anti-HDV-negative group
were 17% and 2.6%, respectively (for all, p>0.05). Labo-
ratory parameters did not differ between the anti-HDV-
positive and -negative subjects (for all, p>0.05).

Serological analysis of participants is shown in Table
2. The presence of anti-HBs, anti-HBc IgG, and anti-
HBeAg was not different between the anti-HDV-pos-
itive group and -negative group. The participants were
neither HbeAg-positive nor anti-HBc IgM-positive.
Although HDV-RNA was undetectable, HBV-DNA
was detectable in only one subject (2.6%) among the 39
responders in the anti-HDV-positive group.

DISCUSSION

In the present study, the anti-HDV seropositivity was
9.6% among subjects who had previous HBV infection.
To our knowledge, this is the first study to investigate
HDV infection among subjects who had previous HBV

infection.

Although anti-HDYV seroprevalence has been commonly
studied in different HBV patient groups, there is little
information on the exposure of patients with resolved

HBV to HDV. Approximately 25 years ago, anti-HDV
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TABLE 1. Clinical, demographic features, and laboratory data of the participants
Anti-HDV negative Anti-HDV positive p
Patient count, n(%) 501 (90,4) 53 (9.6)
Age, years mean+SD 65.9+15.6 63.0+14.4 0.19
Sex, Female n (%) 248 (49) 24 (45) 0.64
Risk factors and transmission route, n (%)
HBV family history 85 (17) 11 (21) 0.49
HDV family history 13 (2.6) 1(1.9) 1.00
Surgery 334 (67) 35 (66) 0.92
Dental procedure 403 (80) 47 (89) 0.33
Blood transfusion 148 (30) 15 (28) 0.85
IV drug use 3(0.6) 0 1.00
Sexual partner with HBV 20 (4.0) 3(5.7) 0.48
Tatoo or piercing 0 0
Laboratory findings
White blood count 6945+1800 7170+2300 0.39
Hemoglobin 12.9+1.8 12.4+1.8 0.92
Hematocrit 39.4+5.6 37.9+4.8 0.87
Platelet, x103 250 (198-311) 237 (198-310) 0.65
ALT 21 (15-31) 22 (15-36) 0.67
AST 24 (18-31) 26 (20-31) 0.17
Albumin 3.99+0.48 4.02+0.52 0.54
Bilirubin 0.6 (0.4-0.9) 0.7 (0.6-0.9) 0.46
INR 1.06+0.11 1.09+0.15 0.11
TABLE 2. Serological analysis of the participants
Anti-HDV negative (n, %) Anti-HDV positive (n, %) p

Anti-HBs positivity 420 (84) 44 (83) 0.88
Anti-HBs titer IU/mL 0.48

10-99 218 (44) 26 (49)

100-999 153 (30) 12 (23)

>1000 49 (10) 6 (11)
HBeAg positivity 0 0
Anti-HBeAg positivity 157 (31) 21 (40) 0.22
Anti-HBc IgG positivity 407 (81) 39 (74) 0.18
Anti-HBs+Anti-HBc IgG positivity 326 (65) 30 (57) 0.37
Isolated Anti-HBs positivity 94 (19) 14 (26)
Isolated Anti-HBc IgG positivity 81 (16) 9(17)
HBV DNA* (detectable) NA 1(2.6)
HDV RNA* (detectable) NA 0

* HBV DNA and HDV RNA were studied in 39 subjects who responded to recall.
NA: Not available

positivity was first reported in HBsAg-negative IV drug ~ with resolved HBV infection (HBsAg-negative and an-
users [18, 19]. Later, a study conducted on Mongolian  ti-HBc IgG-positive) [20]. In this study on Mongolian
subjects found anti-HDV positivity among subjects  subjects, 20 of the 170 subjects (11.8%) who had pre-
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vious HBV infection were anti-HDV-positive and one
of them (0.6%) was also HDV-RNA-positive. A survey
in Switzerland also found a 13% prevalence of HBsAg
negativity and a 10% prevalence of anti-HBs positivity
among subjects who had proof of HDV infection con-
sisting of at least anti-HDV positivity [21]. These stud-
ies are evidence of HDV exposure in HBsAg-negative
subjects by anti-HDV.

Several hypotheses can be discussed with respect to this
issue. First, some cross-sectional studies demonstrated
the disappearance of HBsAg in patients with CHD over
time. Niro et al. demonstrated HBsAgloss in six patients
(10%) among 60 patients with CHD (HBs Ag-positive
and anti-HDV positive) who were not treated with in-
terferon (IFN) or who were non-responders to IFN af-
ter a mean of 4 years of follow-up [22]. Another long-
term follow-up study also demonstrated seroclearance of
HBsAgin 22 of 299 patients (7%, a rate of 0.25 per year)
(23]. Half of these patients were untreated, and serocon-
version to anti-HBs developed in all patients. In another
study from Spain, HBsAg seroclearance was found to be
7% among 158 CHD subjects, with a median follow-up
of 75 months [24]. The previously mentioned studies re-
veal that HBsAg loss and even anti-HBs seroconversion
have been seen in the long-term follow-up of patients
with CHD. However, participants who had any cause
of chronic hepatitis and cirrhosis were excluded in the
current study.

HDV is transmitted mainly via the parenteral route.
Considering the older age of the study participants
(mean age, 65.5 years) and data from earlier studies in
Turkey demonstrating an increasing incidence of expo-
sure to HBV with age, unsafe hospital-based medical
procedures in earlier time periods and household con-
tacts, these might be the cardinal sources of dual HBV/
HDYV infection in this endemic area. HDV was discov-
ered as an epidemic in the 1970s and 1980s [24]. This is
related to a cumulative risk of HDV exposure over time.
Thus, most of the study participants might have been in-
fected with HDV 2—4 decades ago. As shown Figure 1, it
appears that HDV exposure continued for two decades.
After the beginning of a universal vaccination program
in Turkey in 1999, there was an accelerated reduction in
HDV exposure related to HBV exposure.

The clinical scenario of HDV infection is variable, and
asymptomatic carriage or benign hepatitis is also de-
scribed in the endemic areas [1]. Resolution of dual in-
fection occurs in most co-infected cases. Based on the

current knowledge, a loss of HBsAg with the presence
of HDV is the characteristic finding of the resolution of
HBV/HDV coinfection. However, the time required for
anti-HDYV to disappear is not well known. Acute HBV/
HDV coinfection usually appears first as IgM anti-HDV
and then converts to IgG anti-HDV. In superinfection,
HDYV antibodies appear early as IgM, followed by IgG
anti-HDV [4]. Generally, anti-HDV IgM antibodies be-
come detectable approximately 4 weeks after the infec-
tion, but then disappear several weeks after the onset of
acute coinfection [25, 26]. Conversely, IgM anti-HD may
persist over time in patients whose infection progresses
to chronicity. Anti-HDV IgG antibodies persist for a
long time in the course of chronic superinfection [26].
Anti-HDV IgG remains positive for years after the suc-
cessful treatment of CHD including HBsAg clearance.
There are scarce data on the disappearance of anti-HHDV
IgG antibodies. The loss of anti-HDV was reported in
untreated patients and in patients who undergo liver
transplantation for CHD after the fifth year of seroclear-
ance of HBsAg or liver transplantation [22, 27]. Thus,
some of our subjects might be surviving cases of HBV/
HDV coinfection. Furthermore, the current study is a
cross-sectional study on subjects who had resolved HBV
infection. Thus, it was not possible to detect the duration
of HBsAg seroclearance. The lower seroprevalence of an-
ti-HDV in subjects aged >50 years might be because of
the accelerated seroclearance of anti-HDV,

The preferred screening method for the diagnosis of
HDYV infection is the measurement of anti-HDV. The
diagnosis of HDV infection is based on the presence of
HDV-RNA after the positive test results of anti-HDV.
There are several commercial anti-HDV tests using the
method of simultaneous competitive assays [28]. In a re-
cent study, it was shown that commercially available as-
says can effectively detect antibodies to HDV [29]. Most
of these tests are qualitative measurement of anti-HDV.
Recently, quantitative microarray antibody capture (Q-
MAC) assay was shown closely related with the presence
of HDV-RNA (sensitivity, 100%; specificity, 94.3% for
Q-MAC assay) [30]. Although anti-HDV IgG is the
most commonly used tool to screen patients with CHB
for concomitant HDV infection or previous infection,
competitive assays measure all types of antibodies to
HDV [1, 28]. In the current study, we used total anti-
HDV as a screening tool to determine the exposure to
HDV. Although we could not test the participants for
anti-HDV IgM separately, they were all negative for an-
ti-HBc IgM. Thus, we considered that it was not possible
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to have acute HBV/HDYV coinfection in our study pop-
ulation. Several studies have found a higher prevalence
of HDV exposure by HDV-RNA compared with anti-
HDV IgG [9, 31]. Further, the expense of HDV-RNA
measurement compared with anti-HDV measurement
restricts the common use of this assay as a screening
modality.

Another hypothesis is that occult HBV infection may
result in undetectable HBsAg and undetectable or low
levels of HBV-DNA in dual infection, as a consequence
of the suppression of HBV by HDV. In the present
study, HDV-RNA was negative in all subjects, and
only one subject had detectable HBV-DNA. A study
by Delfino et al. demonstrated the presence of HDV
by HDV-RNA in three cases that had occult HBV in-
fection (HBsAg-negative, anti-HBc IgG-positive, and
HBV-DNA-positive in two of them) [32]. Interestingly,
all three of these subjects were anti-HDV negative, and
the authors concluded that large HD-Ag variants were
responsible for covert HDV infection in these subjects.
It can be concluded that unidentified occult HDV in-
fection might be a part of the clinical spectrum of HDV.

The clinical importance of resolved dual HBV/HDV
infection arises in cases of patients taking immunosup-
pressive agents. Data on this topic is derived from pa-
tients undergoing liver transplantation for CHD. Before
effective antiviral treatment using nucleoside analogs and
hepatitis B immunoglobulin (HBIG), the reinfection
rate after liver transplantation had reached up to 77%
and reinfection was similar to the HBV/HDV coinfec-
tion pattern [33]. Helper-independent HDV infection
was first described in patients undergoing liver trans-
plantation with isolated HDV infection in the liver and
HDV viremia [34, 35]. Although this form of HDV is
considered not to have clinical importance and isolated
HDV infection may become symptomatic only after
HBYV reactivation, one recent report from Japan drew at-
tention to this issue [36]. A patient who underwent liver
transplantation for CHD-related cirrhosis 4 years prior
was being treated with entecavir, HBIG, corticosteroid,
and mycophenolate mofetil. After the discontinuation of
entecavir treatment, a hepatitic attack with reversion of
HBsAg and HBeAg occurred. In the retrospective anal-
ysis of the patient’s serum and liver tissue, HDV-RNA
was detected. The authors of this report attributed de-
tectable HDV-RNA to the repackaging of HDV after
the beginning of HBV replication and they concluded
that long-term steroid treatment, which is clearly related
with HBV reactivation, may also cause HDV reactiva-

tion. As a result, HDV reactivation after HBV reacti-
vation should be kept in mind in patients who have re-
solved HBV infection and are given immunosuppressive
treatments, particularly corticosteroids. These subjects
should also be checked for HDV exposure in the en-

demic areas.

There are some limitations to the current study. First, we
screened a study population for HDV exposure by anti-
HDV. The replication of HDV has been detected most
efficiently using HDV-RNA measurement. Testing the
entire study population for HDV-RNA would have
been a more accurate approach for investigating HDV
replication. Second, some of the anti-HDV-positive
subjects did not respond to the request for HDV-RNA
and HBV-DNA measurements. Another limitation is
that our results cannot be generalized to the Turkish
population because of epidemiological differences in the
Eastern and Western parts of Turkey in terms of HDV
prevalence. Finally, the current study is a cross-sectional
study investigating anti-HDV seroprevalence in subjects
with previous HBV infection. Additionally, long-term
follow-up studies are needed to determine the clinical
importance of anti-HDV seropositivity.

In conclusion, the current study enables the evaluation of
the prevalence of HDV exposure among subjects surviv-
ing HBV infection in an endemic area. A prevalence of
9.6% anti-HDV was found among subjects who had pre-
vious HBV infection. The clinical course of HDV infec-
tion is variable. Though HBV/HDV coinfection is the
most severe form of viral hepatitis, milder forms of the
dual infection or the resolution of both infections have
been identified. Additional HDV testing for the detec-
tion of previous HDV exposure is required in endemic
areas and in those taking immunosuppressive medica-
tions, particularly corticosteroids.
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