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1 | INTRODUCTION

3,4 +1,2,6

| Seyed Mohammad Jazayeri

Abstract

Background: The prevalence of occult hepatitis B infection (OBI) among Iranian liver
transplant recipient patients has not been explored yet. The present study aimed to
determine the OBI prevalence among Iranian liver transplant recipients.

Methods: This study encompassed 97 patients having undergone liver transplanta-
tion due to several clinical backgrounds in the Liver Transplantation Center, Tehran,
Iran. After serological evaluation, two different types of PCR methods were applied
for amplification of HBV DNA, followed by the direct sequencing of whole hepatitis
B virus (HBV) surface genes.

Results: At the time of admission, none of the patients were positive for HBsAg.
However, 24 (25%), 12 (12.3%), and 5 (5.1%) cases were positive for anti-HBc, hepatitis
C virus (HCV), and hepatitis delta virus (HDV) antibodies, respectively. Moreover, two
males were positive for OBI (2.1%). Both were positive for anti-HBc and negative for
anti-HBs, anti-HCV, and anti-HDV. HBV-related cirrhosis was the underlying reason
for their liver transplantation. HBsAg sequences revealed no amino acid substitution.
Conclusions: The prevalence of OBI in the Iranian liver transplantation patients was
relatively low. Future longitudinal studies with a larger sample size are suggested to
explore the significance of this clinical finding, including the reactivation of cryptic
HBV DNA, in liver transplant subjects.
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contribute to the acute exacerbation and development of hepatitis B

virus (HBV) associated diseases such as liver diseases, cirrhosis, and
Occult hepatitis B infection (OBI) refers to detecting HBV DNA in hepatocellular carcinoma (HCC).%? OBI has been described in various
the absence of hepatitis B surface antigen (HbsAg). Due to its cryp- clinical settings,2 and one of the main clinical implications of OBl is

tic nature, OBI still retains the same pro-oncogenic features. It may usually observed in the setting of liver transplantation. In particular,

Azam Khamseh and Vahdat Poortahmasebi contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2022 The Authors. Journal of Clinical Laboratory Analysis published by Wiley Periodicals LLC.

J Clin Lab Anal. 2022;36:€24614.
https://doi.org/10.1002/jcla.24614

wileyonlinelibrary.com/journal/jcla 10f8


www.wileyonlinelibrary.com/journal/jcla
https://orcid.org/0000-0001-5409-2121
https://orcid.org/0000-0003-3369-0856
mailto:﻿
http://creativecommons.org/licenses/by/4.0/
mailto:jazayerism@tums.ac.ir

KHAMSEH ET AL.

20of 8
2 | WILEY

livers from donors with OBI carry a risk of HBV transmission, with
infection arousing in 25%-95% of the liver grafts donated from pa-
tients being HbsAg-negative and anti-HBc-positive. This infection
route cannot be distinguished from the chronic HbsAg-positive
carrier state.? The significance of OBI in post-orthotopic liver trans-
plantation settings is controversial. Upon the analysis of intrahepatic
HBV DNA, some patients show high liver or serum HBV DNA levels
and a high reactivation rate,>* whereas some others have revealed
low HBV reactivation rates.’” In this regard, the main goal is to
maintain anti-HBs above the protection level (>10 IU/mL) in vaccine
recipients. In 1993, the Iranian Ministry of Health launched an HBV
vaccination program in all provinces, leading to the 98% coverage of
all infants across the country. It is mandatory for neonates born after
this time to be vaccinated using a recombinant HBsAg with classic
three consecutive doses. According to recent statistics, Iran is clas-
sified as a low HBV prevalence area (<2%), indicating the effective-
ness of the preventive measures in Iran.? It is postulated that OBI
can be found in most recipients of livers from HBsAg-negative and
anti-HBc-positive donors. The likelihood of HBV reactivation would
be minimized by immunization and preemptive treatment with nu-
cleos(t)ide analog drugs as a standard strategy to prevent hepatitis B
infection.’? Accordingly, liver transplant recipients currently receive
pre-, during, and post-transplantation hepatitis B immune globulin
(HBIG) with different options along with antivirals according to dif-
ferent global protocols.’® This study aimed to estimate the preva-
lence of HBsAg carriers and occult HBV infection among the Iranian

liver transplant recipients.

2 | MATERIALS AND METHODS

2.1 | Patients

The present cross-sectional study encompassed 97 patients under-
going liver transplantation at the Liver Transplantation Center, Imam
Khomeini Hospital, Tehran, during 2005-2018. They had the fol-
lowing clinical backgrounds as candidates for liver transplantation:
cryptogenic cirrhosis (49, 50.6%), HBV-related cirrhosis (13, 13.4%),
HCV-related cirrhosis (12, 12.4%), HBV/HCV-related cirrhosis (1,
1%), cirrhosis due to autoimmune hepatitis (17, 17.6%), fulminant
hepatitis (1, 1%), Budd-Chiari (1, 1%), and primary sclerosing chol-
angitis (3, 3%). Most of the patients were transplanted during the
last 3years. Blood samples were collected during 2017-2018. The
study was evaluated and approved by the Ethics Committee of the
Tehran University of Medical Sciences. The patients' history for the
HBV vaccination before the transplantation time was unknown, and
the authorities assumed that the transplant recipients had not re-
ceived the HBV vaccine before transplantation. According to the
routine guidelines in this center, all LT candidates received poly-
clonal HBIG 10000 international unit (IU) intramuscularly immedi-
ately before transplantation, followed by 50001U for the first seven
postoperative days. Then, the patients received 10001U for 4 weeks
and then monthly to maintain 2501U. All HbsAg-positive patients

also received Tenofovir (300mg daily) before transplantation and
after transplantation as long as anti-HBs achieved 3001U. Finally,
all transplant patients received daily Prograf (6 mg), Cellcept (2 mg),
and Prednisolon (10 mg).

2.2 | Serological assessments

The viral markers of HBYV, including HBsAg, anti-HBs, anti-HBc,
and anti-hepatitis delta virus (HDV; Diaper), were measured by the
enzyme-linked immunosorbent assay according to the manufactur-
er's protocol.

2.3 | DNA extraction, polymerase chain
reaction, and DNA sequencing

HBV DNA was extracted from 200 uL of the aliquot of serum using
the Qiagen Mini Blood Kit (Qiagen) according to the manufacturer's
instruction. Regardless of the serologic results, a quantitative real-
time PCR was applied for all subjects using Fast-track diagnostics/
SIEMENS kits (Luxembourg) following the manufacturer's recommen-
dations. The dynamic range of the assay claimed by the manufacturer
was 10%-1071U/mL [2-9 log,,] 1U/mL, and the lower detection limit of
the assay was 85IU/mL. Those samples negative in primary screen-
ing by real-time PCR were re-checked for OBI using another HBsAg
gene-nested PCR approach, which was recommended by Taormina
expert meeting on occult HBV infection.!! Subsequently, a nested
PCR was carried out for positive cases, as described previously.?

The nucleotide sequences of the HBsAg encoding component
were determined bilaterally by the 3130 Genetic Analyzer (Genetic
Analyzer ABI-3130 DNA Sequencer). The sequences were com-
pared, and edited, and the extra sections were deleted with Chromas
software. Finally, the sequences encompassing the 681 nucleotides
of the gene encoding HBsAg were transferred to BioEdit software
version 7.0.9 in FASTA format. Seven HBV genotype D-matched se-
quences (namely CQ183486, AY161150, AB0335591, AF061523.1,
X80925, X65259, and X65259 were obtained from the NCBI site) to
study the mutations in the HBsAg region. Genotyping was performed
by the phylogenetic analyses for the reference sequences of the HBV
genotypes A-H. A maximum likelihood (ML) tree was created using
the alignment of the HBsAg gene of the subjects by rooting with a
Woodchuck hepatitis virus. The phylogenetic tree was generated
with MEGA X software, and the genetic distance was calculated using
Kimura's two-parameter matrix.'3 Bootstrap resampling and recon-
struction were carried out 1000 times to confirm the reliability of the
phylogenetic tree.!*

2.4 | Statistical analysis

Data were analyzed with the Statistical Package for the Social
Sciences (SPSS-21, SPSS Inc.). The continuous variables were
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TABLE 1 General characteristics of patients with history of liver disease

Patient Code

1
2
3
4

10
11
12
13
14
15
16

17

18
19
20

21

22
23
24
25

26
27
28
29

31
82
33

34
35
36

Age
55
60
27
29

15

33

56

45
52

52
62
54
2
24
59
37

25

23
47
46

40

35
32
62
37

50
57
65
50
38
46
63
30

21
35
48

Date
Link

1394
1393
1394
1394

1394

1394

1394

1392
1392

1394
1394
1393
1393
1394
1392
1384

1389

1389
1389
1393

1394

1391
1392
1394
1393

1394
1394
1394
1391
1393
1391
1898
1391

1393
1386
1391

Date
Link

2015
2014
2015
2015

2015

2015

2015

2013
2013

2015
2015
2014
2014
2015
2013
2005

2010

2010
2010
2014

2015

2012
2013
2015
2014

2015
2015
2015
2012
2014
2012
2014
2012

2014
2007
2012

Real
time

Positive

HBs
Ag

HBs
Ab

3.99
82
251

263

252
0.11

274
68

301

10

283

67
23
305

48
280

20
19
17

17

HBc Ab

Positive

Positive

Positive

Positive

Positive

Positive

Positive
Positive
Positive

Positive

HBe Ag and
HBe Ab

HCV Ab

Positive

Positive

Positive

HDV Ab

Positive

Positive

WI LEYM

Etiology

HCV cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis

Autoimmune
Hepatitis- cirrhosis

Autoimmune
Hepatitis- cirrhosis

Autoimmune
Hepatitis- cirrhosis

Autoimmune
Hepatitis- cirrhosis

HBYV cirrhosis

Hepatitis C - Hepatitis
B

HCV cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis

Autoimmune
Hepatitis- cirrhosis

Autoimmune
Hepatitis- cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis

Autoimmune
Hepatitis- cirrhosis

Autoimmune
Hepatitis- cirrhosis

Cryptogenic cirrhosis
Budd-Chiari cirrhosis
Cryptogenic cirrhosis

Primary sclerosing
cholangitis,
cirrhosis

HCV cirrhosis
Cryptogenic cirrhosis
HBV cirrhosis
HBYV cirrhosis
HBV cirrhosis
Cryptogenic cirrhosis
HBV cirrhosis

Autoimmune
Hepatitis- cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis

Cryptogenic cirrhosis

(Continues)
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TABLE 1 (Continued)

Patient Code Age
37 44
38 21
39

40 50
41 53
42

43 52
44 60
45 63
46 52
47 50
48 46
49 43
50 26
51 42
52 63
53 27
54 24
55 55
56 63
57 25
58 60
59 46
60 38
61 31
62 55
63

64 53
65

66

67 40
68 42
69

70

71

72 24
73

74

75 60
76

77 55

Date
Link

1392
1392

1391

1394
1394
1394
1392
1389
1391
1395
1394
1394
1394
1394
1393
1395
1394

1385
1389
1392
1391
1394
1392
1391
1390

1393
1394
1395
1387
1394
1394

1391
1388
1392
1389
1391
1395
1394
1393

1393

Date
Link

2013
2013

2012

2015
2015
2015
2013
2010
2012
2016
2015
2015
2015
2015
2014
2016
2015

2006
2010
2013
2012
2015
2013
2012
2011

2014
2015
2016
2008
2015
2015

2012
2009
2013
2010
2012
2016
2015
2014

2014

Real
time

Positive

HBs
Ag

HBs
Ab

0
1.2

1.6

104
53
79
0.17

3.8
32
25
12
0.84
73
1.3
3.7
126

254
0.5
0.2

11
4/0
17/3
19

9/2
135
258

13

5/3
4/2
34

7/0
211

9/0
273
i3

7/6

HBc Ab

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

HBe Ag and
HBe Ab

HCV Ab

Positive
Positive

Positive
Positive

HDV Ab

Positive

Positive

Etiology
HBV cirrhosis

Autoimmune
Hepatitis- cirrhosis

Autoimmune
Hepatitis- cirrhosis

Cryptogenic cirrhosis
HCV cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
HBV cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis
HCV cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis

Primary sclerosing
cholangitis,
cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis

Autoimmune
Hepatitis- cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis
HBV cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis

Autoimmune
Hepatitis- cirrhosis

HBV cirrhosis
HCV cirrhosis
Cryptogenic cirrhosis
HBV cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis
HCV cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis

Autoimmune
Hepatitis- cirrhosis
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TABLE 1 (Continued)

Date Date  Real HBs HBs
Patient Code Age Link Link time Ag Ab
78 57 1393 2014 - = 17
79 45 1395 2016 - - 2/1
80 37 1394 2015 - = 40
81 55 1388 2009 - - 9/1
82 44 1394 2015 - = 2/4
83 40 1389 2010 - - 11
84 37 1392 2013 - = 48
85 55 1390 2011 - - 1/8
86 57 1393 2014 - = 8/0
87 44 1393 2014 - - 7/0
88 54 1395 2016 - = 4/0
89 40 1395 2016 - - 1/1
90 40 1388 2009 - = 3/0
91 32 - - - - 5/4
92 = = = = 171
93 30 1393 2014 - - 6/8
94 1395 2016 - = 22
95 56 1393 2014 - - 8/4
96 30 1391 2012 - = 4
97 51 1394 2015 - - 5/7

Etiology of liver transplantation in patients studied case

\VILEY—LS—OE

HBe Ag and
HBc Ab HBe Ab HCVAb HDVADb Etiology
Positive - - - Cryptogenic cirrhosis
- - - - Fulminant Hepatitis
Positive = = = HBV cirrhosis
- - Positive - HCV cirrhosis
Positive - - - Cryptogenic cirrhosis
- - - Positive  HBV cirrhosis
- - - - Cryptogenic cirrhosis
Positive - Positive - HCV cirrhosis
= = Positive - HCV cirrhosis
- - Positive - HCV cirrhosis
= = Positive - HCV cirrhosis

Autoimmune
Hepatitis- cirrhosis

Autoimmune
Hepatitis- cirrhosis

Primary sclerosing
cholangitis,
cirrhosis

HBV cirrhosis

Cryptogenic cirrhosis
Cryptogenic cirrhosis
Cryptogenic cirrhosis

Autoimmune
Hepatitis- cirrhosis

Cryptogenic cirrhosis

The cause of liver Transplantation

Cryptogenic cirrhosis

HBV- cirrhosis

HCV- cirrhosis

Autoimmune hepatitis cirrhosis
Fulminant hepatitis cirrhosis
Budd-Chiari cirrhosis

Primary sclerosing cholangitis (PSC) cirrhosis

expressed as mean + standard deviation or median, and the categori-

cal variables were expressed as percentages.

3 | RESULTS

Of the 97 patients, 57 (58%) and 40 (42%) individuals were male
and female, respectively. The participants' age ranged from 15 to
65years old, with the mean age of 47.66+11.71 for males and
38.72 +13.07 for females (P = .002). At the time of presentation,
no case was positive for HBsAg; however, 24 (25%), 12 (12.3%),
and 5 (5.1%) cases were positive for anti-HBc, anti-HCV, and

Number (percent)

49 (50.5)
14 (14.4)
13(13.4)
17 (17.5)

anti-HDV, respectively (Table 1). Moreover, 21 (27%) and 3 (7.5%)
males and females were positive for anti-HBc, respectively. Of
the anti-HCV-positive cases, 9 (15.7%) and 3 (7.5%) individuals
were male and female, respectively. Finally, 4 (7%) and 1 (2.5%)
cases of the HDV-positive patients were male and female, respec-
tively. Two 44 and 45 year-old males were positive for OBI (2.1%),
both of whom were diagnosed by the real-time and standard
PCR methods. Both OBI-positive samples contained HBV DNA
levels <500 copies/mL. The OBI diagnosis was reached 2years
after transplantation. Both cases were positive for anti-HBc and
negative for anti-HBs, anti-HCV, and anti-HDV. Furthermore,
HBV-related cirrhosis was the underlying reason for their liver
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FIGURE 2 Details of two HBsAg sequences from OBIl-positive cases. Seven HBV genotype D-matched sequences (namely CQ183486,
AY161150, AB0335591, AF061523.1, X80925, X65259, and X65259) were obtained from the NCBI site) to evaluate mutations in the
HBsAg region. Amino acid substitutions are shown in different colors by the BioEdit program. Seven top sequences belonged to the HBsAg
sequences from a genotype D-matched isolate.
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transplantation. The phylogenetic tree results revealed that both
isolates were HBV genotype D and subtype awy2 (Figure 1). In
comparison to seven HBV genotype D sequences, the HBsAg
gene and also “a” determinant region (amino acid positions 124-
147) revealed no amino acid substitution (Figure 2). Both se-
quences have been submitted to the GenBank under accession
numbers: MT003226-MT003227. During the follow-up period
(started in 2005), none of the patients, including the OBI-positive

cases, developed the evidence of HBV reactivation.

4 | DISCUSSION

One of the main clinical implications of OBl is usually observed in
the setting of liver transplantation. In particular, livers from donors
with OBI carry a risk of HBV transmission, with infection arousing
in 25%-95% of the liver grafts donated from patients being HBsAg
negative and anti-HBc positive.? The present study documented
the relatively low prevalence of OBl among the Iranian liver trans-
plant recipients (2.1%). OBI is one of the causes of cryptogenic
cirrhosis, and there is 38% OBl among Iranian patients diagnosed
with this type of clinical setting.’®> Another Iranian study reported
14% OBI in this clinical setting.}® However, using two different
sensitive molecular approaches, we found no symptom of HBV
DNA in 49 patients diagnosed with cryptogenic cirrhosis before
LT. Itis suggested that no cccDNA exists after LT and the resection
of the liver with the lack of the primary source for HBV replica-
tion. However, cccDNA could have existed in other extrahepatic
sources such as PBMC.Y

Two OBI patients in the present study were positive for anti-
HBc and negative for anti-HBs. The hypothesis behind the low
prevalence of OBl among Iranian liver transplant recipients remains
elusive. However, several factors have been attributed to the evo-
lution of HBV around the globe, of which the HBV genetic varia-
tions with the highest frequency have been the most underlying
factor. Several HBV mutations within the “a” determinant of HBsAg
have been reported in association with OBI.'® However, in the
present study, no mutation was found in this regard in any patient.
According to the findings released by the Iran Hepatitis Network,
all Iranian HBV-positive carriers contained genotype D, and 61.9%
of the Iranian chronic HBV carriers had mutations in their HBsAg
genes.'? However, of 542 amino acid variations, 404 (74.5%) cases
were naturally occurring mutations. This unique pattern has not
been reported for other HBV-infected populations yet.

On the other hand, the HBV genotypes B and C are preva-
lent among Southeast Asian chronic HBV populations.20 Those
genotypes contained the highest heterogeneity, including sub-
genotypes (inter-host variations) and mutational drifts (intra-host
variations).?! Nevertheless, the HLA-related genetic background
of these populations contributed to a high HBV chronicity rate and
the relevant consequences of the HBV infection, including cirrho-
sis and HCC.?2%3

7 of 8
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5 | CONCLUSIONS

The prevalence of OBl among Iranian patients referred to one
of the two Iranian referral centers for liver transplantation was
relatively low. Future longitudinal studies are required to employ
a larger sample size to explore the significance of this clinical find-
ing, including the reactivation of cryptic HBV DNA, in liver trans-

plant subjects.
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