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Abstract

Hepatitis D virus (HDV) infections in HBV carriers are the most severe form of viral hepatitis.
HDV prevalence is high in the Brazilian Amazon, but studies in other regions of the country are still
scarce. This study aimed to determine the prevalence of hepatitis D and to evaluate the associated
risk factors for acquisition of HDV in Minas Gerais, Brazil. For this, we screened plasma samples
from HBV chronic carriers for anti-HD antibodies, and the prevalence was 6.2% (31/498). Blood
transfusion was the only risk factor associated with HDV infection. For 26 anti-HD positive
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patients, HDAg gene sequences were determined and in all patients HDV genotype 1 was found.
This study confirmed the circulation of HDV in Minas Gerais, an area previously considered nonendemic for hepatitis D in Brazil. These findings emphasize the importance of anti-HD testing in
HBV infected individuals, which may contribute to this disease control in Brazil.
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1. Introduction

Hepatitis D virus (HDV or delta virus) is the single specie of the genus Deltavirus. HDV is a
defective RNA virus that depends on the Hepatitis B virus (HBV) infection to complete its life
cycle (1). The helper function of HBV is to provide the surface antigen (HBsAg), which HDV use
as its envelope protein (2). Delta virus is classified in at least eight genotypes (1-8) based on the
phylogenetic analysis of the partial sequence of the HDAg ORF or the complete genome (around
1.7 kbp). Globally, around 250 million individuals live with chronic HBV infection, of whom 15
million also have been superinfected with HDV (3).

HDV infection is transmitted by the same routes as HBV infection, including sexual contact or
parenteral transmission through use of intravenous drugs, surgical procedures or blood transfusion
(4). Dual infection HDV/HBV may be acquired in two different ways. In one of these forms, called
co-infection, HDV is acquired simultaneously with HBV, coursing as an acute infection, with
minimal hepatic damage and total clearance of both viruses in the majority of cases (around 98%).
In the super-infection condition, HDV infection is acquired by an individual already infected by
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HBV. Approximately 90% of these patients will develop chronic hepatitis with a high risk to
experience severe clinical manifestations as fulminant hepatitis, liver decompensation, cirrhosis and
hepatocellular carcinoma (5). Unlike several effective therapeutic options available for HBV
infection, HDV-HBV dual infection can only be treated with high doses of interferon alpha (6).

Chronic HBV infection is marked by persistent positivity of HBsAg and can be broadly divided into
three different profiles: i) active hepatitis, which correlates with HBeAg positivity, elevation of
plasmatic transaminases and a decrease in HBV DNA levels, ii) the inactive carrier state, which is
characterized by conversion of HBeAg to anti-HBe and low or undetectable levels of plasmatic
transaminases and HBV-DNA and iii) the immunotolerant phase, which is characterized by high
levels of HBV DNA and low levels of plasmatic transaminases (7). HDV infection is diagnosed by
the detection of total or IgM anti-HD antibodies and/or viral RNA in plasma, which is a marker of
active viral replication (8).

In Brazil, HDV infection is well documented in the Amazon basin, where its prevalence is one of
the highest in the world (9–11). On the other hand, there is scant and possibly outdated information
on prevalence of HDV infections in other parts of Brazil (12–15). A recent study disclosed the
results of a national survey in Brazil, based on the prevalence of anti-HD antibodies. Prevalence
values of 1.7% were reported in the Southeastern region of Brazil and 1.96% among individuals
(1/51) of Minas Gerais state (16). However, this study did not access the disease status (active viral
replication or past infection), virus genotyping and included a limited number of individuals.

Besides epidemiological issues and their impact in control policies, genotyping of HDV is
important due to different clinical profiles associated with each genotype (17). HDV genotype 1 is
the most commonly found in Brazil, and was associated with a wide range of clinical
manifestations. HDV genotype 3, which is restricted to the Amazon basin, is associated with a
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fulminant form of hepatitis, known as Labrea fever (18). One study described the HDV genotype 8
in Maranhão state, Northeastern of Brazil (19). However, so far, there is no study describing the
molecular epidemiology of HDV in other Brazilian regions, mainly in the dense populated states of
the Southeastern region, including Minas Gerais. Therefore, this study aimed to investigate the
prevalence, associated factors and the molecular epidemiology of HDV infection in Minas Gerais
state, Brazil.

2. Material and Methods

2.1- Ethical Statements

All procedures of this study were performed in accordance with standard ethical rules and were
approved by the Research Ethics Committee of Universidade Federal de Minas Gerais (protocol
number CAAE, 14253013.7.0000.5149).

2.2- Study design and subjects

This cross-sectional epidemiological study enrolled patients attending the Ezequiel Dias Foundation
(FUNED), from May 2012 to August 2013. This foundation is the Central Public Health Reference
Laboratory, responsible for performing quantification of HBV viral load, after serological diagnosis
of this infection in Minas Gerais State. So, all patients that were diagnosed with HBV in the state
have their samples sent to FUNED, regardless of the presence of clinical symptoms.

Minas Gerais state is located in the Southeastern region of Brazil. It is the fourth largest state in the
country, which occupies a land area of 586,521.235 km2, being divided into 853 municipalities. The
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estimated population is about 19,600,000 habitants, being the second most populous state in the
country (accessed at www.censo2010.ibge.gov.br).

Only samples from chronic HBV carriers (positive HBsAg for more than six months) were included
in the study (n=498). Demographic, laboratorial and clinical data were obtained from questionnaires
answered by the physician responsible for each studied patient.

2.3- Serological analyses

Plasma samples, obtained from blood collected in EDTA tube, were stored at -20 °C until
serological testing. Samples were tested in two independent experiments for the detection of total
anti-HD antibodies, using a commercial enzyme immunoassay kit (ETI-AB-2-DELTAK, DiaSorin,
Saluggia, Italy), according to the manufacturer's instructions.

2.4- Molecular analyses

For samples with detectable total anti-HD antibodies, RNA was extracted using the QIAamp Viral
RNA Mini Kit, according to the manufacturer’s instructions. The extracted RNA was previously
denatured at 95◦C for 5 min then it was reverse transcribed and the cDNA obtained was amplified
in a one-step RT-PCR, using the QuantiTect Probe RT-PCR kit (Qiagen, Germany), using the outer
primers forward 853 IU 5’ CGGATGCCCAGGTCGGACC 3’ and reverse 1302 OD 5’
GGATTCACCGACAAGGAGAG 3’ (20). The product of the first reaction was used in the second
reaction (Nested-PCR) employing inner primers HDV-E 5’
GAGATGCCATGCCGACCCGAAGAG 3’ and HDV-A 5’
GAAGGAAGGCCCTCGAGAACAAGA 3’ (21). Reactions conditions were: 95°C for 5 minutes
followed by 30 cycles of 95°C for 30 seconds, 55°C for 30 seconds and 72°C for one minute with a
final step of 72°C for ten minutes. The PCR products were analyzed by electrophoresis in 1%
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agarose gels and visualized under UV light, using SYBR Safe stain (Thermo Fisher Scientific). The
amplified DNA was purified using Wizard® SV Gel and PCR Clean-Up System (Promega
Corporation, USA), prior to sequencing in ABI Prism 3730 Genetic DNA Analyser using the ABI
Prism BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems, USA).

2.5- Phylogenetic reconstruction

The sequences generated were aligned with standard sequences stored in Gen Bank database
(https://www.ncbi.nlm.nih.gov/genbank/) using the algorithm MUSCLE implemented in the EMBL
web page (http://www.ebi.ac.uk/Tools/msa/muscle/). The phylogeny was reconstructed using the
Maximum Likelihood method in PHYML algorithm (22). The model of nucleotide substitution
used was selected by prior analysis using Smart Model Selection (SMS), implemented in PHYML
(23). The resulting trees were visualized using FigTree v.1.2.2 software
(http://tree.bio.ed.ac.uk/software/figtree/).

2.6- Statistical analysis

Sample size estimation was based on HDV 5% prevalence rate, with 2% margin of error and 95%
confidence level, by StatCalc software, v.7.1.4.0 (Epi Info, CDC, Georgia, USA). Data were
analyzed using STATA software, v.12.0 (Stata Corp LP, Texas, USA). Continuous variables were
described by median and interquartile range (IIQ), being analyzed by Mann-Whitney test.
Categorical variables were represented as frequency distribution and percentage, being compared
using the Chi-square test or Fisher's exact test. Those variables that presented p-value below 0.2 (in
univariate analysis) were included into the multivariate logistic regression model (Reverse
stepwise). Significant differences were considered for p-value <0.05.
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3. Results
3.1- HDV Prevalence in Minas Gerais state, Brazil.

Of the 498 samples tested, 31 were positive for total anti-HD antibodies, resulting in an overall
prevalence of HDV infection of 6.22% among the chronic HBV carriers. The difference of median
age of patients with positive and negative HDV antibody showed a significant association [37 years
old (IIQ: 28-44) and 42 (IIQ: 33-52), respectively], in a preliminary univariate analysis (p=0.033),
but no evidence of association was observed after stratification by age range. The proportion of men
and women were similar when compared positive and negative HDV antibody patients (p=0.872).
The proportion of HDV-infected men (54.8%) and women (56.2%) were similar among the chronic
HBV carriers. Most HBV patients, as well as HDV-positive antibody patients had a low educational
level (≤8 years), measured by years of schooling. However, presence of anti-HD antibodies could
not be associated with age range, gender or with the educational level of the patients included in the
study (Table 1).

Clinical profile of HDV positive cases

Regarding the clinical profile of chronic HBV carriers, there is no difference between the two
groups (HBV mono-infected versus HDV/HBV dual infection). More than half of positive
HDV/HBV patients (57.14%) included in our study were inactive carriers, compared to 67.33% of
inactive carriers in negative HDV population, while active hepatitis was reported for 19.02% of
negative HDV patients versus 21.43% of HDV infected individuals (p=0.198). The frequency of
positive anti-HBe marker (25/27, 92.59%) was higher than positive HBeAg (2/25, 7.41%) in the
infected HDV patients. However, this pattern was not significantly different from the frequencies
among uninfected HDV patients (p=0.402). Alanine aminotransferase (ALT) levels in HDV
infected individuals were within normal reference values (5-60 U/L) for 19 patients (70.37%), but
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up to two times higher than the reference value in five patients (18.52%) and more than two times
higher than normal limit (ULN) in three patients (0.11%); a similar pattern was detected in
uninfected HDV patients (p=0.098). These data are shown in Table 2.

HBV-DNA was undetectable in 12.90% of samples from patients with dual HDV-HBV infection.
In 74.07% of these samples, HBV-DNA load was in the range of 20 to 2,000 IU/mL, and in 13.03%
viral load was higher than 2,000 IU/mL, with median viral titer of 2.04 log IU/mL (IIQ: 1.30-3.25).
The median HBV-DNA titer among negative HDV samples was 2.10 log IU/mL (IIQ: 1.30-3.08)
and was not significantly different between the two groups (p=0.906, data not shown).

Regarding antiviral therapy, 24 out of the 31 infected HDV patients (77.42%) reported to be
treatment-naïve for HBV infection at the time of the study. Seven patients had a prior history of
antiviral treatment, four with entecavir (4/7, 57.14%), one with lamivudine, one with tenofovir and
one with adefovir (14.28% each one). None of them was previously subjected to therapy with
Interferon.

3.2- Risk factors for HDV infection in Minas Gerais state, Brazil

The analysis of potential risk factors for HDV acquisition in Minas Gerais showed that there is no
significant association between HDV infection and the risk factors traditionally described for these
infections, such as contact with HBV infected individuals, use of injectable medicines or
intravenous drug use, multiple sexual partners and medical procedures like surgery, organ
transplantation and hemodialysis. Additionally, no association was found between the detection of
anti-HD and any type of institutionalization or occupation of the patients. However, blood
transfusion or blood products recipients was the single variable displaying statistical association
with HDV infection among the studied sample (p=0.004, Table 3).
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To exclude possible confounding factors, all variables that displayed a p-value <0.2 in the
univariate analysis were included into the logistic regression model. After multivariate analysis,
only the variable blood or blood products transfusion history remained statistically associated with
HDV infection (p=0.007). The risk ratio of HDV infection for individuals who have received blood
products is 3.73 compared to those patients that have not received blood transfusion (95% CI: 1.44
to 9.65).

3.3- HDV nuclei acid detection and phylogenetic analysis

Among the 31 plasma samples that showed anti-HD antibodies, 27 (87.10%) were also positive for
HDV RNA by reverse transcriptase (RT) nested-PCR assay, displaying a specific amplicon of 404
bp, corresponding to a partial fragment of HDAg gene (from nucleotide 883 to 1,287 in HDV
genome M84917.1). Sequencing and phylogenetic analysis of 26 of these samples showed that all
the HDV strains circulating in the Minas Gerais state belong to the genotype 1, as supported by high
values of bootstrap analysis (Figure). More specifically, our sequences clustered together with
viruses isolated both from Brazil (Patient_HBV_HDV_HIV_Brazil) as well from the US (US1 and
US2). For the missing sample it was not possible to determine the genotype. The sequences used in
this study were deposited in GenBank under accession numbers MK101320 through MK101345.

4. Discussion
This is the first study, to our knowledge, to describe the occurrence of active delta virus infection in
Minas Gerais, a state outside the Amazon Basin, in Brazil. Moreover, we have outlined a more
detailed epidemiological scenario of HDV infection in a Southeastern state of Brazil, with a target
population selected with the minimum bias. Our findings confirm the existence of HDV infection in
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the state, with 6.22% overall frequency (31/498) for total anti-HD antibodies in the studied
population.

The results shown herein differ from most studies performed in this region of Brazil, where no
HDV cases were detected (12,14,15). In a recent national survey, the general prevalence of anti-HD
antibodies in chronic HBV carriers in Brazil was 3.2% and in Minas Gerais state this prevalence
was 1.96%, far lower than the prevalence found in our study (16). The limited sample size and the
different criteria for inclusion of participants in other studies could explain, at least in part, the
discrepancies found in the HDV prevalence among these studies, leading to underestimated
prevalences in general.

Most notably, our results are in agreement with estimations from other non-endemic countries. In a
recent study, conducted in Northern California (USA), 42 of the 499 chronic HBV carriers (8%)
tested positive for anti-HD antibodies (24). Other data reported in the literature indicated a
prevalence of HDV of 8.3% in Egyptian patients (25), 5.5% in Belgium (26), 6.5% in Guangdong,
China (27), 7.1% in South London (28) and 7.7% in Tehran, Iran (29).

Another relevant finding is the clinical status of the HDV infected individuals in our study.
Traditionally, dual infection of HDV/HBV is marked by high levels of the plasmatic enzyme
alanine aminotransferase (ALT) and decreased HBV viral loads (11,30). However, the majority of
the HDV infected individuals in this study presented ALT levels under normal limits (70.37%,
Table 2) and HBV viral loads comparable to that of HBV mono-infected individuals. However, in
order to more accurately estimate the long-term effects of HDV-HBV infection in Minas Gerais
state, a follow-up study would be more appropriate.

Aiming to identify the probable risk factors for acquisition of HDV infection, the associations
between classic behavioral variables for transmission of viral hepatitis versus HDV status were
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analyzed in the studied population (31–33). Our results pointed that blood transfusion history was
the single risk factor independently associated with HDV infection among chronic HBV patients in
Minas Gerais. This finding is consistent with other studies, in which blood transfusion proved to be
a risk factor for HDV infection (31,32,34). Our results showed an association almost four times
higher between transfused patients versus not transfused, for hepatitis D infection (Table 3).
Currently, screening with HBV markers provides a high level of safety in the prevention of HDV
infections in blood banks. However, contaminated blood may be eventually transfused, because of
false negative detection of HBV infections, due to the ability of HDV to suppress HBV replication,
or to the immunological window, during blood bank screening (35).

An important consideration regarding the treatment of hepatitis D is the availability of a single
alternative - interferon alpha (IFN-α), which has antiviral activity by inhibiting mRNA and protein
synthesis, besides promoting widespread activation of the immune system (6). In accordance with
prior studies, nucleoside and nucleotide analogs used in the treatment of HBV infection are
ineffective against HDV (36). Given that active HDV infection was not previously suspected, based
in the underreported or outdated epidemiological data, it is not surprising that none of the patients
have been previously tested for HDV and consequently none of them have received IFN-α. Based
on our survey, among those receiving treatment with other antiviral drugs, three patients have not
reached a sustained virological response or changed medication during treatment (data not shown).
Thus, in Minas Gerais, HDV infected patients are not receiving the most appropriate therapy for
HBV-HDV infections.

Viral RNA was detected in 27 out of 31 (87.10%) patients with positive total anti-HD antibodies.
This finding indicates that most of the patients are experiencing an active infection with delta virus.
The amplified cDNA was successfully sequenced for 25 patients. Phylogenetic analyses using the
Maximum Likelihood method showed that all these patients are infected with HDV genotype 1
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(Figure 1). Specifically, the sequences generated in this work are in the same clade that strains
isolated in Brazil from a patient with a triple HBV-HDV-HIV infection (37) and strains derived
from North American patients with fulminant liver disease (38,39). These three HDV strains,
in its turn, are closely related to European HDV (37–39). This fact suggest that Brazilian
genotype 1 strains (and other New World genotype 1 strains) may have derived from European
HDV-1 strains. This genotype is spread worldwide and may lead to a wide variety of clinical
presentations in infected patients. In our study, most patients presented clinically as inactive carriers,
with anti-HBeAg seroconversion and low levels of plasmatic ALT and HBV genomic DNA. This is
an important aspect, since the suspicion of HDV infection is often based on the presence of advanced
liver disease in individuals that came from endemic areas (such as the Brazilian Amazon).

In conclusion, the findings described herein demonstrate for the first time that HDV genotype 1 is
circulating in Minas Gerais state, Brazil and that blood transfusion is the most important risk factor
for acquisition of HDV infection in the state. This study contributes to improve the current
understanding of the epidemiological and clinical aspects of hepatitis D in Brazil, emphasizing the
relevance of future research in other areas beyond the Amazon Basin. Moreover, it suggests for the
need of better management of diagnosis, treatment and follow-up of chronic HBV carriers and
implementation of focused public health actions and control measures in the localities with high
number of cases.
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Figure: Phylogenetic analysis of HDV strains circulating in Minas Gerais state, Brazil.
Phylogenetic reconstruction was based in the partial sequence of the HDAg gene. The
sequences generated (marked with a circle) were aligned with standard sequences deposited
in GenBank database, using the algorithm MUSCLE. The model of nucleotide substitution
used (GTR + gamma) was selected using PHYML Smart Model Selection (SMS). The
phylogeny was reconstructed using the Maximum Likelihood method in PHYML algorithm.
The resulting trees were visualized using FigTree v.1.2.2 software. The GenBank accession
number for the standard sequences used are: HDV1PK (JN400348.1), HDV1Gabo (EU035520.1),
HDV1Naur (M58629), HDV1CAR5 (JX888135.1), HDV1NIE (JX888121.1), HDV1Ethi (U81989.1),

HDV1Soma (U81988.1), HDV1US1 (D01075), HDV1US2 (L22066), HDV1Braz (HQ686061),
HDV1Ital (X04451), HDV1Leba (M84917), HDV2Tw (AF104264), HDV2Taiw (U19598), HDV3Vene

(AB037948.1), HDV3Colo (EU287872.1), HDV3Braz (KC590319.1), HDV4AB11
(AB118847.1), HDV4AF20 (AF209859.1), HDV4L215 (AB088679), HDV4Tiw (AF018077),
HDV5dFr7 (AX741154), HDV5dFr4 (AX741149), HDV5dFr9 (AX741159), HDV6dFr4 (AX741164),
HDV6dFr2 (AJ583887), HDV7dFr4 (AX741164), HDV7dFr1 (AJ583885), HDV8dFr1 (AM183330.1),

HDV8dFr2 (AM183327.1), HDV8dFr6 (AX741169). Highlighted in gray is the clade
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corresponding to HDV genotype 1. The other Brazilian HDV-1 sequence deposited in Gen Bank
(HDV1Braz) is marked with a star.
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