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chronic carriers of the virus.™” Chronic HBV infection is a

Introduction

Approximately one-third of the world’s population has sero-
logical evidence of current or previous hepatitis B virus (HBV)
infection, and approximately 350-400 million individuals are
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dynamic process.” The spectrum of the disease and the natu-
ral history of chronic HBV infection are diverse and heteroge-
neous, ranging from inactive carrier state to progressive
chronic hepatitis B, which can progress to cirrhosis and hepa-
tocellular carcinoma.”

HBV is an enveloped DNA virus belonging to the family
Hepadnaviridae, genus Orthohepadnavirus, species Hepatitis B
virus.®> The viral genome is circular, and the partially double-
stranded DNA encompasses approximately 3,200 base pairs
divided into four partially overlapping genes: preS/S, preCore/
Core, Pol and X>. These genes encode seven different proteins:
three surface proteins (small, medium and large S), two core
proteins (core antigen (HBcAg) and e-antigen (HBeAg)), viral
polymerase and regulatory X protein.’ Ten genotypes (A-))
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have been described and are divided into several subgeno-
types and subtypes, with different ethnic-geographical distri-
butions among genotypes.*®

Several definitions of occult HBV infection (OBI) or occult
hepatitis B have been suggested. In 2008, the European Asso-
ciation for the Study of the Liver defined OBI as the presence
of HBV DNA in the liver (with or without the presence of HBV
DNA in the serum) of hepatitis B surface antigen (HBsAg)-neg-
ative individuals tested with routine laboratory assays.® In
these individuals, HBV DNA in the serum can be detected or
undetected, and when it is detected, levels are usually very
low (< 200 IU/mL).° The prevalence of OBI ranges from 1% to
95% in different parts of the world. These prevalence rates are
influenced by several factors, such as 1) geographic differen-
ces (endemicity); 2) different patient characteristics (risk
groups); and 3) differences in diagnostic techniques used (dif-
ferent sensitivities).*’

OBI may have clinical impacts, such as the possibility of
virus transmission (mainly through blood transfusion and
liver transplantation), risk of reactivation of the disease, con-
tribution to the progression of liver disease, and development
of hepatocellular carcinoma.? *° Due to these possible clinical
implications, there is currently an increase in the number of
studies involving OBI, especially with respect to its prevalence
and the molecular mechanisms involved in this type of infec-
tion.

Detection rates for hepatitis B in Brazil showed little varia-
tion in the last 10 years, with slight downward trend from
2015, reaching 6.6 cases per 100,000 inhabitants in 2019."
From 2009 to 2019, detection rates in the South, North and
Center-West regions were higher than the national rate, while
the lowest rates were observed in the Northeast region.’
Information about the situation regarding OBI in Northern
Brazil is still scarce due to lack of molecular studies investi-
gating this type of infection. The present study aimed to
determine the prevalence of OBI at a reference center in
Northern Brazil for the diagnosis of viral hepatitis and to iden-
tify the mutations involved in the nondetection of the virus
by commercial serological tests.

Materials and methods
Samplem

The present descriptive and cross-sectional study was
approved by the Research Ethics Committee of Evandro Cha-
gas Institute (approval number 1,476,122). The selection of
samples for the study was based on a retrospective survey
conducted through an active search of the Database of the
Hepatology Department of the Evandro Chagas Institute (IEC,
for its initials in Portuguese). The IEC is located in the city of
Belém, state of Pard and is considered a regional reference
center (Northern Brazil) in the diagnosis of viral hepatitis. In
the period from 2005 to 2015 a total of 18,889 serum samples
were evaluated by enzyme immunoassays, and the selected
samples were those that were reagent (positive) to total anti-
HBc but non-reagent (negative) to HBsAg and anti-HBs and
were screened for HBV-DNA to identify the presence of occult
HBV infection. All serological tests for hepatitis B (HBsAg,

anti-HBs and total anti-HBc) were based on enzyme-linked
immunosorbent assay (ELISA) using commercial kits com-
monly employed in routine clinical laboratory testing.
According to availability, storage conditions and serum vol-
ume, a total of 110 samples with suggestive serological profile
(anti-HBc alone) of occult HBV infection were analyzed by
molecular biology tests.

The molecular study for the detection of HBV DNA was
developed using previously extracted and isolated samples of
viral DNA, which were stored under freezing conditions (-20°
C). Viral DNA was extracted, stored and identified according
to the standard procedure of the molecular biology laboratory
of the IEC's Hepatology Department. DNA extraction was
performed in an automated manner according to the manu-
facturer's instructions (Abbott, USA), using magnetic micro-
particles to isolate the nucleic acid.

PCR detection of HBV DNA

Molecular analysis was performed using in-house nested PCR,
as previously described.’*'® Surface antigen (S), polymerase
(Pol) and core (C) partial regions of the HBV genome were
amplified by nested PCR (S-Pol region and C region) to detect
HBV DNA. The S-Pol region was amplified by nested PCR using
specific primers, yielding a fragment of 734 base pairs (bp).
The amplification conditions were as follows: initial denatur-
ation at 94°C for 1 min; followed by 34 cycles at 94°C for 30
sec, 56°C (first PCR)/50°C (second PCR) for 30 sec and 72°C for
30 sec; and a final extension step at 72°C for 7 min.

For the amplification of the C region, specific primers were
used, yielding a fragment of 248 bp. For the amplification
reaction, the following conditions were used: initial denatur-
ation at 94°C for 2 min; followed by 25 cycles at 94°C for 1 min,
42°C (first PCR)/50°C (second PCR) for 30 sec and 72°C for 1
min; and a final extension step at 72°C for 7 min. The PCR
products were separated by horizontal electrophoresis on a
1% agarose gel with SYBR Safe DNA gel stain (Invitrogen, USA)
and observed under ultraviolet light.

Nucleotide sequencing and phylogenetic analysis

Samples with HBV DNA detected by nested PCR were sub-
jected to direct DNA nucleotide sequencing to identify the
viral genotype and mutations associated with occult HBV
infection. The PCR products were sequenced using the
BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
systems, Foster City, CA, USA), following the manufacturer’s
instructions. Direct DNA sequencing was performed with an
ABI 3500 genetic analyzer (Applied Biosystems, USA). The
DNA sequences obtained for the S-Pol region were edited and
aligned with the Geneious software version 9.1.5, along with
sequences from the different HBV genotypes and subgeno-
types available in GenBank. Subsequently, phylogenetic trees
were constructed using the maximum likelihood method in
the Geneious software. Bootstrap analysis with 1,000 replica-
tions was performed to evaluate the reliability of the branches
(values > 70) of the phylogenetic tree. For the identification of
mutations that escaped detection by enzyme immunoassays,
amino acids were deduced from the sequencing of nucleoti-
des in the S-Pol region using Geneious software version 9.1.5.
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Table 1 - Identification of HBV genotype in samples with anti-HBc alone and HBV DNA detected in Northern Brazil.

Sample Risk factor Origin/city HBV DNA HBV Genotype
1 Hemodialysis Ananindeua/PA Detected D (D3)

2 Area of high endemicity for HBV Parauapebas/PA Detected D (D4)

3 Hemodialysis Benevides/PA Detected =

4 Chronic HCV infection Ananindeua/PA Detected -

5 Chronic HCV infection Belém/PA Detected A (A1)

6 Chronic HCV infection Belém/PA Detected A (A1)

7 Chronic HCV infection Belém/PA Detected -

8 Chronic HCV infection Paragominas/PA Detected -

9 Chronic HCV infection Alenquer/PA Detected =

In samples 3,4,7,8 and 9 it was not possible to identify the HBV genotype. PA: state of Pard/Brazil.

The sequences obtained were aligned with wild-type HBV
sequences and visually analyzed to detect S gene mutations.
Mutations in the gene encoding the viral polymerase were
also investigated.

Results

A total of 18,889 serum samples were selected from individu-
als who underwent serological tests for hepatitis B in the Hep-
atology Department of the Evandro Chagas Institute from
January 2005 to December 2015. A prevalence of 4.1% (793/
18,889) for anti-HBc alone was identified during this period. A
total of 110 samples with anti-HBc alone were selected. These
samples were tested for the presence of viral nucleic acid,
and HBV DNA was detected in 8.1% (9/110), indicating an
occult HBV infection prevalence of 0.04% (9/18,889). Samples
with HBV DNA detected were identified in individuals who
underwent hemodialysis (two samples), infected with the
hepatitis C virus (HCV) (six samples), and from an area of high
endemicity for HBV (one sample).

The samples with HBV DNA were subsequently subjected
to direct DNA sequencing to identify the viral genotype and
the presence of mutations associated with occult HBV infec-
tion. Phylogenetic analysis identified genotypes A (subgeno-
type Al) and D (subgenotypes D3 and D4) (Table 1), and the
alignment of the amino acid sequence of the S region
revealed four different mutations associated with occult HBV
infection: E164D, 1195M, P217L and P120S (Fig. 1). In the Pol

region, no mutations associated with occult HBV infection
were identified.

Discussion

The global prevalence of OBI is estimated to be between 4 and
25% among individuals who are positive for anti-HBc
alone.®'%'* In the present study, all samples analyzed had
anti-HBc as the only positive serological marker, and the
prevalence of occult HBV infection was 0.04%.

It is well known that certain groups of individuals are
at high risk of OBI. Patients on hemodialysis have a higher
risk of parenterally transmitted infections.” Due to their
immunosuppressive state, the large number of transfu-
sions they receive and the shared use of the dialysis
machine with other patients, patients on hemodialysis are
considered a risk group for OBL™ The role of OBI in
patients with chronic hepatitis C has been extensively
studied.’® Coinfection with the hepatitis C virus (HCV) is
associated with high OBI rates.'® In addition to these two
risk groups, geographical areas considered endemic for
HBV are correlated with the prevalence of OBL."

The prevalence of this type of infection differs according
to the pattern of endemicity of HBV infection in the region
analyzed. The Brazilian Amazon is one of the regions of the
world with the highest occurrences of hepatitis B, and HBV
endemicity is not uniform; there are areas of high endemic-
ity and areas with low and moderate endemicity for this
virus.’®?° In this study, HBV DNA was detected in a sample

1%0 1?0 1?0 1§0 1§0 1?0 1?0 1?0 290 2?0 2%0
Consensus SSTTSTGPCRTCTTPAQGTSHYPSCCCTKPSDENCTCIPIPSSWAFGKFEWEWASARF SWESEEV PFVOWFVGES PTVWE SVIWEEWYWGPSEY STES PFEPEEPIF FCEWY
identity
1.AY233291  SSTTSTGPCRTCTTPAQGTSHYPSCCCTKPSDGNCTCIPIPSSWPFGKFLWEWASARFSWLSLLVPFVOWFVGLSPTVWLSV IWHHWYWGPSLYSILSPFLPLLPIFFCLWV

S CDS

2.149597_D4 SSTTSTGSCRTCTTPAQGTSHYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWEWASARFSWLSLLVPFVOWEVGLSPTVWLSY IWHHWYWGPSLYSILSPFLPLLPIFFCLWV
3.186400_D3 SSTTSTGPCRTCTTPAQGTSHYPSCCCTKPSDGNCTCIPIPSSWAFGKFLWBWASARFSWLSLLYPFVQWFVGLSPTVWLSVEWHHWYWGPSLYSILSPFLPLLATFECLWY

Fig. 1- Alignment of the deduced amino acid sequence of the S (partial) gene of HBV, showing the amino acid changes (arrows)
120 (P120S), 164 (E164D), 195 (I1195M) and 217 (P217L), associated with occult HBV infection (isolates 149597 and 186400).
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from area with high endemicity for HBV in the state of
Para (Parauapebas municipality). Therefore, the expected
prevalence of OBI was expected to be higher in populations
with high exposure to HBV, i.e., those from areas with high
endemicity.

The incidence of HBV/HCV coinfection has been reported
and ranges from 1-15% worldwide.”’ The prevalence of OBI
varies among patients coinfected with HCV and is influenced
by the geographic region, population and study design.”!
Studies conducted in Spain, Italy, Japan, Taiwan, and Iran
showed that approximately 10-15% of patients infected with
HCV had HBV/HCV coinfection.?” In some Asian countries,
more than 50% of patients had HBV/HCV coinfection.? In the
present study, HBV DNA was detected in six samples from
individuals infected with HCV.

It is reported in the literature prevalence rates of OBI rang-
ing from 0 to 58% in patients on hemodialysis.”® In Brazil, the
prevalence of OBI among hemodialysis patients ranges from
0 to 15%.” In the present study, HBV DNA was detected in
two patients on hemodialysis, and the phylogenetic analysis
identified genotype D in one of these patients.

A study involving 40 hemodialysis patients in the state of
Santa Catarina found that genotype D (57.1%) was the most
prevalent, followed by genotypes A (30.6%) and F (12.2%); in
the state of Rio Grande do Sul, there was a higher prevalence
of genotype D (60%), and genotypes A (34%) and F (5%) were
also detected; in the state of Parand, genotypes D (82.9%) and
A (14.1%) were the most frequently identified.** The literature
suggests that genotype D is more closely linked to the spread
of the virus in settings that provide hemodialysis. In addition,
genotype D HBV isolates have been reported in outbreaks in
hemodialysis units.>

Use of molecular tests with high sensitivity and specificity
is recommended for diagnosing OBI, giving preference to the
use of real-time PCR with a low limit of detection.®*° Further-
more, it is also recommended that molecular analysis be per-
formed in two or more different regions of the HBV
genome.>' In this study, the partial regions of S, Pol and C
were analyzed, but mutations associated with occult HBV
infection were only identified in the S region.

In Brazil, HBV genotypes A, D, and F are the most preva-
lent, and their distributions differ by region. A multicenter
study analyzed 1,004 samples from the North, Northeast,
Central-West, Southeast and South geographic regions, cov-
ering 24 Brazilian states and seven HBV genotypes circulating
in Brazil were identified.”® Genotype A was the most preva-
lent, identified in 589 (58.7%) of the samples, followed by gen-
otypes D (23.4%), and F (11.3%).”°

Genotype A was the most prevalent (71.6%), followed by
genotypes D (14.2%) and F (10.9%) in Northern Brazil.”® In the
present study, the phylogenetic analysis of isolates from
patients with OBI identified genotypes A (A1) and D (D3 and
D4). Although genotype D is not the most prevalent genotype
in Brazil, it is present in all Brazilian regions. The D3 subgeno-
type originates from South Africa, Asia and Europe, and the
D4 subgenotype originates from Oceania.*

Four mutations already described in the literature were
identified in the S gene: E164D, 1195M, P217L and P120S in this
study. The preS/S gene are the most variable viral genome
sequences. In particular, the “a” determinant domain, located

between amino acids 99 and 170 of the S protein, is essential
for the detection of HBsAg and the development of HBV vac-
cines. Several point mutations in this domain have been asso-
ciated with occult HBV infection.*?/?®

A molecular study conducted in Rio de Janeiro identified 15
different S gene mutations associated with OBL>° Of these, 12
substitutions (L104F, T116I, P120L, T126K, P127L, Q129H,
M133T, F134R, P142I, K160R, Y161F, and V168A) were located
in the “a” determinant. The other three mutations (L42P, L94S
and P178Q) were identified outside this region.”

G145R mutation consists of a molecular change frequently
found in the “a” determinant and is associated with occult HBV
infection and the mutant virus’s escape from the antibodies
generated by the vaccine.”””** In addition to the G145R muta-
tion, positions 120, 126, 129, 130, 133, 134, 137, 140, 143, and 144
are also considered important points for the occurrence of
molecular changes associated with occult HBV infection.?”?%2°

The substitutions E164D and 1195M, identified in this
study, are also considered resistance mutations to lamivu-
dine, since these changes in HBsAg cause a change in the
reading frame of the polymerase gene that results from the
overlap between these two regions of the HBV genome.*’?%3°
In the present study, all identified mutations associated with
OBI were located in the S gene. Out of these mutations, two
(E164D and P120S) were located in the “a” determinant, con-
firming the high mutation rate reported in the literature for
this region of the HBV genome.

Conclusions

In summary, the present study provides additional epidemio-
logical and molecular information on Northern Brazil samples
with a suggestive profile of occult HBV infection, in addition
to reinforcing the importance of molecular diagnosis for this
type of HBV infection, with a preference for the investigation
of two or more regions of the viral genome and the use of
molecular tests with high sensitivity and specificity. The
molecular analysis also identified the circulating genotypes
and mutations in the S gene, which are associated with the
nondetection of HBsAg by commercial tests. New molecular
studies with larger sample sizes that include other risk factors
for OBI are essential to help establish the prevalence of this
type of infection in Northern Brazil.

Authors’ contributions

PEBF: Conceptualization, Investigation, Writing original draft,
Writing review & editing, SRA: Data curation, Formal analysis,
Investigation, APM: Investigation, Methodology, VPS: Investi-
gation, Methodology, HMN: Supervision, Funding acquisition.

Conflicts of interest

The authors declare no conflicts of interest.



BRAZ ] INFECT DIS. 2022;26(3):102367 5

Acknowledgments

The authors thank Edivaldo Costa Sousa Junior from the
Virology Department of the Evandro Chagas Institute for his
assistance in the analysis of mutations and phylogeny. We
thank American Journal Experts for the english translation of
this manuscript. Finally, they thank researcher Dr. Manoel do
Carmo Pereira Soares, former head of the Hepatology Depart-
ment of the Evandro Chagas Institute, for his constant sup-
port in the development of studies in the field of hepatology.
This research was financially supported by the Institutional
Program for Scientific Initiation Scholarships of the Evandro
Chagas Institute and the Hepatology/IEC Department in the
performance of laboratory tests.

REFERENCES

1. European Association for the Study of the Liver. Hepatitis B
surface antigen quantification: why and how to use it in 2011
— a core group report. ] Hepatol. 2011;55:1121-31.

2. European Association for the Study of the Liver. Clinical
Practice Guidelines: management of chronic hepatitis B virus
infection. ] Hepatol. 2012;57:167-85.

3. Raimondo G, Saffioti F, Cacciola I, Pollicino T. Hepatitis B virus
PreS/S gene variants: pathobiology and clinical implications. J
Hepatol. 2014;61:408-17.

4. Zehender G, Ebranati E, Gabanelli E, Sorretino C, Lo Presti A,
Tanzi E. Enigmatic origin of hepatitis B virus: Na ancient
travelling compananio or a recent encounter? World J
Gastroenterol. 2014;20:7622-34.

5. Sunbul M. Hepatitis B virus genotypes: global distribution and
clinical importance. World ] Gastroenterol. 2014;20:5427-34.

6. Raimondo G, Allain JP, Brunetto MR, et al. Statements from the
Taormina expert meeting on occult hepatitis B virus infection.
J Hepatol. 2008;49:652—7.

7. Kwak MS, Kim YJ. Occult hepatitis B virus infection. World J
Hepatol. 2014;6:860-9.

8. Said ZNA. An overview of occult hepatitis B virus infection.
World ] Gastroenterol. 2011;17:1927-38.

9. Pollicino T, Raimondo G. Occult Hepatitis B Infection. ]
Hepatol. 2014;61:688-9.

10. Squadrito G, Spinella R, Raimondo G. The clinical significance
of occult HBV infection. Ann Gastroenterol. 2014;27:15-9.

11. Ministério da Saude (MS). Secretaria de Vigilancia em Satde.
Epidemiological Report — Viral Hepatitis 2020. 18-9.

12. Sitnick R, Pinho JR, Bertolini DA, Bernadini AP, Da Silva LC,
Carrilho FJ. Hepatitis B virus genotype and precore and core
mutants in Brazilian patients. J Clin Microbiol. 2004;42:2455-60.

13. Gomes-Gouveéa MS, Soares MC, Bensabath G, et al. Hepatitis B
virus and hepatitis delta virus genotypes in outbreaks of
fulminant hepatitis (Labrea black fever) in the western
Brazilian Amazon region. ] Gen Virol. 2009;90:2638-43.

14. Martinez MC, Kok CC, Baleriola C, Robertson P, Rawlinson WD.
Investigation of Occult Hepatitis B Virus Infection in anti-HBc

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Positive Patients from a Liver Clinic. Plos One. 2015;10:
e0117275.

Bernieh B. Viral hepatitis in hemodialysis: an update. ] Transl
Int Med. 2015;3:93-105.

Said ZNA. An overview of occult hepatitis B virus infection.
World ] Gastroenterol. 2011;17:1927-38.
Maldonado-Rodriguez A, Cevallos AM, Montes-Rojas O,
Enriquez-Navarro K, Alvarez-Munoz TM, Lira R. Occult
hepatitis B virus co-infection in human immunodeficiency
virus-positive patients: a review of prevalence, diagnosis and
clinical significance. World ] Hepatol. 2015;7:253-60.
Bensabath G, Cartagenes PRB, Dias LB, Crescente JAB, Miranda
ECBM. Hepatites por virus. In: Leao RNQ, ed. Doencas
Infecciosas e Parasitarias, Belém: Cejup: Enfoque Amazonico;
1997:313-43.

Bensabath G, Leao RNQ. Epidemiologia na Amazonia
Brasileira. In: Focaccia R, ed. Tratado de Hepatites Virais, Sao
Paulo: Atheneu; 2003:1-26.

Junior GMB, Braga WSM, Oliveira CMC, Castilho MC, Araujo JR.
Occult hepatitis B: prevalence and clinical characteristics in a
population with high endemicity of hepatitis B infection in the
western Brazilian Amazon region. Rev Soc Bras Med Trop.
2008;41:596-601.

Konstantinou D, Deutsch M. The spectrum of HBV/HCV
coinfection: epidemiology, clinical characteristics,
viralinteractions and management. Ann Gastroenterol.
2015;28:221-8.

Coppola N, Onorato L, Pisaturo M, Macera M, Sagnelli C,
Martini S, et al. Role of occult hepatitis B virus infection in
chronic hepatitis C. World J Gastroenterol. 2015;21:11931-40.
Fontenele AMM, Filho NS, Ferreira ASP. Occult hepatitis B
in patients on hemodialysis: a review. Ann Hepatol.
2013;12:527-31.

Albuquerque ACC, Coelho MRCD, Lemos MF, Moreira RC.
Occult hepatitis B virus infection in hemodialysis patients in
Recife, State of Pernambuco. Brazil. Rev Soc Bras Med Tropica.
2012;45:558-62.

Fontenele AMM, Gainer JBF, Silva e Silva DV, et al. Occult
hepatitis B among patients with chronic renal failure on
hemodialysis from a capital city in northeast Brazil. Hemodial
Int. 2015;19:353-9.

Lampe E, Mello FCA, Espirito-Santo MP, et al. Nationwide
overview of the distribution of hepatitis B virus genotypes in
Brazil: a 1000-sample multicenter study. ] Gen Virol.
2017;98:1389-98.

Zhang Z, ZhangL, Dai Y, Zhang Y, Li], Li X. Occult hepatitis B
virus infection: influence of S protein variants. Virol J.
2016;13:10.

Zhu HL, Li X, Jun Li. Zang ZH. Genetic variation of occult
hepatitis B virus infection. World ] Gastroenterol.
2016;22:3531-46.

Almeida RW, Mello FCA, Menegoy IV, et al. Detection and
molecular characterisation of a diagnosis escape variant
associated with occult hepatitis B virus in Brazil. Mem Inst
Oswaldo Cruz. 2017;112:485-91.

Zhang ZH, Wu CC, Chen XW, Li ], Lu MJ. Genetic variation of
hepatitis B virus and its significance for pathogenesis. World J
Gastroenterol. 2015;22:126-44.


http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0001
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0001
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0001
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0002
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0002
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0002
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0003
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0003
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0003
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0005
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0005
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0009
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0009
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0022
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0022
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0022
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0023
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0023
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0023
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0026
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0026
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0026
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0026
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0027
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0027
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0027
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0028
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0028
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0028
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0029
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0029
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0029
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0029
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0030
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0030
http://refhub.elsevier.com/S1413-8670(22)00055-1/sbref0030

	Molecular investigation of occult hepatitis B virus infection in a reference center in Northern Brazil
	Introduction
	Materials and methods
	Samplem
	PCR detection of HBV DNA
	Nucleotide sequencing and phylogenetic analysis

	Results
	Discussion
	Conclusions
	Authors´ contributions
	Conflicts of interest
	Acknowledgments
	References


