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Anti-HBc impacts on the
 risk of hepatitis B
reactivation but not on survival of solid-organ
transplant recipients
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Abstract
Immunosuppression can lead to hepatitis B virus (HBV) reactivation in hepatitis B core antigen antibodies (anti-HBc) positive patients,
especially those undergoing chemotherapy, although there is limited data on solid organ recipients, especially lung transplantation.
Our aim was to analyze the risk of HBV reactivation and the potential impact of anti-HBc-positive status (both donors and recipients)
on prognosis in a lung, kidney, and liver transplantation cohort.
Retrospective analysis including data from all transplants in adults (2011–2012) in a tertiary hospital, with prospective HBV

serology study to assess the risk of reactivation and its possible impact on survival.
In total, 392 transplant recipients were included (196 kidney, 113 lung, 83 liver). Pre-transplantation anti-HBc screening was more

frequent in liver recipients (P< .001) and donors (P< .001) than in kidney or lung. Fifty-five (14%) recipients were anti-HBc-positive
andwere not undergoing antiviral prophylaxis. Three (5.4%) cases of HBV reactivation occurred: 2 in pre-transplant anti-HBc-positive
recipients and 1 with prior unknown anti-HBc status. All were HBeAg+ with HBV deoxyribonucleic acid (DNA)>10E8 IU/mL and only
mild fibrosis. Baseline recipient anti-HBc positive status was the only factor associated with HBV reactivation. No reactivation cases
occurred in lung or kidney recipients of anti-HBc positive grafts. Survival was lower in lung transplants, especially in human
immunodeficiency virus-infected patients and those with prior immunosuppression.
Anti-HBc positive status is a risk factor for HBV reactivation in solid organ recipients. Anti-HBc testing is highly recommended in

solid-organ transplant recipients in order to identify those anti-HBc positive and therefore candidates for periodical hepatitis B surface
antigen (HBsAg) and HBV DNA screening after transplant.

Abbreviations: ALT = alanine transferase, anti-HBc = hepatitis B core antigen antibodies, anti-HBs = hepatitis B surface
antibody, BMI= body mass index, CI= confidence interval, DNA= deoxyribonucleic acid, HBsAg= hepatitis B surface antigen, HBV
= hepatitis B virus, HCV = hepatitis C virus, HIV = human immunodeficiency virus, IQR = interquartile range, NUC = nucleos(t)ides
analogs, OR = odds ratio, SD = standard deviation.
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1. Introduction

Hepatitis B virus (HBV) infection is a global health problem.
Some 257 million people worldwide have chronic HBV infection,
and roughly 2 billion show evidence of current or past HBV
infection.[1] Despite the relatively low percentage of hepatitis B
surface antigen (HBsAg) carriers in Western countries, up to 9%
of the population test positive to hepatitis B core antigen
antibodies (anti-HBc) and negative to HBsAg.[2]

The presence of anti-HBc positive alone is associated with a
minimal risk of cirrhosis and hepatocellular carcinoma, and
clearly greater survival.[3] However, immunosuppression may
lead to HBV reactivation in these individuals. The importance of
HBV reactivation lies in its clinical presentation, which ranges
from transient acute hepatitis to chronic infection and acute liver
failure, the latter associated with a high mortality rate.[4] Risk of
reactivation varies according to HBV status and the type and
duration of immunosuppressive therapy.[5,6]

In the transplantation setting, it is well recognized that the risk
of HBV reactivation is very low in recipients receiving an anti-
HBc-positive solid organ, with the exception of liver grafts.[3]

Kidney, lung, and heart transplantation with anti-HBc-positive
grafts has been proven safe in several studies,[7–10] with a

mailto:mar.riveiro@gmail.com
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000019407


Álvarez-López et al. Medicine (2020) 99:9 Medicine
estimated risk of reactivation around 0.3%.[11] HBsAg monitor-
ing is advocated to identify the few cases of HBsAg seror-
eversion.[3] Liver transplantation from anti-HBc-positive donors
is linked with a high risk of de novo HBV infection and therefore,
lifelong prophylaxis with nucleos(t)ides analogs (NUC) is
recommended.[3,12]

Although anti-HBc positivity has been associated with a high
risk of HBV reactivation, especially in patients with hematologi-
cal disease receiving rituximab-including chemotherapy regi-
mens, its impact on solid organ recipients receiving
immunosuppressive therapy has been scarcely explored. In fact,
the international guidelines differ on the management of anti-
HBc-positive solid-organ recipients. The European Association
for the Study of the Liver (EASL)[3] recommends regular
monitoring of both HBsAg and HBV deoxyribonucleic acid
(DNA) without prophylaxis, whereas the American Association
for the Study of Liver Diseases proposes limiting the duration of
prophylaxis to 6 to 12 months after transplantation and during
periods of intensified immunosuppression.[6]

The aim of this study was to analyze the risk of HBV
reactivation and the potential impact of anti-HBc positive status
(either donor or recipient) on survival in a real-world cohort of
kidney, lung, and liver transplant recipients.
2. Patients and methods

2.1. Study population and design

This is a retrospective-prospective study carried out in a tertiary
hospital in Spain. All lung, kidney, and liver transplantations
performed in adults at least 18 years of age between January 2011
and December 2012 were included. The following variables were
retrospectively collected from recipients: sex, date of birth, organ
and date of transplantation, prior immunosuppressive therapy
and type, body mass index (BMI), analytical data <6 months
before the procedure, including alanine transferase (ALT) levels,
anti-hepatitis C virus (HCV), human immunodeficiency virus
(HIV), and HBV serology (anti-HBc, HBsAg, hepatitis B surface
antibody [antiHBs], and HBV DNA in the case of positive
HBsAg), immunosuppressive regimen, antiviral prophylaxis, last
ALT value, post-transplantation HBV serology if available,
history of organ rejection, and mortality. Donor variables: age,
sex, BMI, HBV serology (anti-HBc, HBsAg, and anti-HBs if anti-
HBc-positive). When evidence of HBV reactivation was detected
during post-transplantation follow-up, data collected at that time
point included ongoing immunosuppressive regimen, prior
administration of rituximab, ALT level, HBV markers, and liver
biopsy or elastography findings, if available.
Between October and December 2017 (5 or 6 years after

transplantation) all living recipients with no HBV serology within
the last 6 months were prospectively tested for HBsAg, anti-HBc,
andHBVDNA in the case of presence of positive anti-HBc in either
the donor or recipient. In patients who had died or were lost to
follow-up, the last availableHBVserologywasused in the analysis.
HBV reactivation after transplantation was defined as a rise in

HBV DNA compared with baseline or reappearance of HBsAg in
patients previously testing negative (reverse seroconversion).[6]

All recipients of an anti-HBc-positive liver graft received antiviral
prophylaxis with NUC according to the international guide-
lines.[3,6] This study was conducted in accordance with the
Declaration of Helsinski guidelines and the principles of Good
Practice. Ethics committee was not requested since this is a
2

retrospective study. Concerning the prospective its prospective
part, periodical check-up of HBsAg and HBV DNA in anti-HBc
positive recipients is recommended by the international guide-
lines for daily clinical practice.
2.2. Laboratory measurements

Serological markers for HBV (HBsAg, anti-HBc, and anti-HBs),
HCV (anti-HCV), and HIV (anti-HIV) were analyzed by
commercial enzyme immunoassays. The lower limit of quantifi-
cation of anti-HBs was 10mIU/mL and the upper, 500mIU/mL.
SerumHBVDNAwas PCR-quantified with a COBAS 6800HBV
system (Roche Diagnostics, Mannheim, Germany): lower limit of
quantification, 20IU/mL and lower limit of detection, 10 IU/mL.
2.3. Statistical analysis

All statistical analyses were performed using IBM SPSS, 20 (SPSS
Inc., Armonk, NY). Normally distributed quantitative variables
were compared with the Student t test and expressed as the mean
± standard deviation (SD) or analyzed with theMann–WhitneyU
test and expressed as the median and interquartile range (IQR) if
non-normal distributed. Categorical variables were compared
between groups using the chi-square or Fisher exact test, as
appropriate. Variables showing statistical significance or with
P< .10 in the univariate model were entered in a multivariate
logistic regression model. The odds ratio (OR) and 95%
confidence interval (CI) were calculated for independent
predictive factors. Only patients with available data for all the
variables were included in the multivariate analysis. A P-value
< .05 was considered statistically significant.
3. Results

3.1. Baseline characteristics of the recipients and HBV
screening prior to transplantation

A total of 392 solid organ transplants were carried out during the
period of study: 196 kidney (50%), 113 lung (29%), and 83 liver
(21%). Baseline characteristics of the recipients are summarized
in Table 1. Overall, 248 (63%) were men and mean age was 54
years. There were no differences in the recipients’ characteristics
by type of organ transplant except for the BMI, which was
statistically lower in lung recipients than in kidney or liver (25 vs
26.4 vs 26.5kg/m2, respectively; P< .001). Pre-procedure
immunosuppressive therapy wasmore common in lung recipients
(P< .001). Seven (2%) patients were HIV-infected, with a higher
rate in liver transplantation than kidney or lung (6% vs 1% vs
0%, respectively; P= .004). The percentage of anti-HCV-positive
patients was also higher in liver transplantation (P< .001). All
recipients were screened for HBsAg prior to the transplant
procedure (mandatory testing). Five (1.3%) were HBsAg-
positive: 2 (2.4%) liver and 3 (1.6%) kidney recipients. All
received antiviral therapy for HBV infection before and after
transplantation. Anti-HBc antibodies were tested in 368 (94%)
recipients (Fig. 1). Positive testing to anti-HBc was more common
among men (18.6% vs 10.9%, P= .034) and liver recipients.
Overall, 58 recipients were anti-HBc positive alone. Anti-HBs
levels were determined in 44 (80%) of these patients and 33
(77%) showed values ≥10mIU/mL (median 57mIU/mL, IQR
22–338), with a higher percentage in lung and kidney recipients
than liver (83% vs 86% vs 56%, P= .044).



Table 1

Baseline characteristics of transplant recipients (N=392).
Age, y, mean±SD 54±13
Kidney 58±16
Lung 56±14
Liver 48±14

Male, n (%) 248 (63%)
Kidney 125 (64%)
Lung 69 (61%)
Liver 54 (65%)

Transplant type
Kidney 196 (50%)
Living donor 74 (38%)
Deceased donor 122 (62%)

Lung 113 (29%)
Single lung 53 (47%)
Bilateral lung 60 (53%)

Liver 83 (21%)
Deceased donor 83 (100%)

Underlying disease for transplantation
Kidney
Immune-mediated glomerular disease 33 (17%)
Diabetic nephropathy 23 (12%)
Nephroangiosclerosis 18 (9%)
Obstructive uropathy 11 (6%)

Lung
Chronic obstructive pulmonary disease 33 (29%)
Cystic fibrosis 8 (7%)
Idiopathic lung fibrosis 3 (3%)
Pulmonary arterial hypertension 3 (3%)

Liver
Alcohol liver disease 28 (32%)
Hepatitis C 27 (33%)
Hepatitis C and alcohol liver disease 7 (8%)
Autoimmune hepatitis 3 (4%)

HIV infection, n (%) 7 (2%)
HBsAg positive, n (%) 5 (1%)
Anti-HBc positive, n (%) 58 (16%)
Kidney 27 (16%)
Lung 13 (14%)
Liver 18 (22%)

Anti-HCV positive, n (%) 53 (14%)
Kidney 13 (7%)
Lung 2 (2%)
Liver 38 (46%)

Immunosuppressive therapy before transplant, n (%) 79 (20%)
Kidney 15 (8%)
Lung 59 (52%)
Liver 5 (6%)

anti-HBc=hepatitis B core antigen antibodies, HBsAg=hepatitis B surface antigen, HBV=hepatitis B
virus, HCV=hepatitis C virus, HIV=human immunodeficiency virus.

Álvarez-López et al. Medicine (2020) 99:9 www.md-journal.com
3.2. Characteristics of the donors and HBV screening prior
to transplantation

As to the donors, 173 (51%) were men (data available from 340
cases), mean age was 55 years, and mean ALT value was 48IU/
mL. Donor age was significantly younger in lung transplants than
in liver or kidney (49 vs 56 vs 58 years, respectively; P< .001).
There were no differences in ALT levels according to the
transplanted organ (P= .82). At the time of the study, HBsAg-
positive donors were excluded from organ donation in Spain so
no donor tested positive. Screening for anti-HBc was carried out
more often in liver graft donors (Fig. 1).
3

3.3. Recipients’ mortality rates and associated factors

The overall survival rate was 73%, with a higher percentage in
kidney than liver or lung transplant (83% vs 68% vs 59%,
P< .001) (Fig. 2). Mean survival time was 80 months (95%
CI 77–84) in kidney transplantation, 67 months (95% CI 60–75)
in liver, and 63 months (95% CI 57–70) in lung (P<0.001).
Table 2 summarizes the factors associated with lower survival.
Factors associated with lower survival included variables
related to host (age >55 years, BMI<30kg/m2, HIV infection,
positive anti-HBc, or positive anti-HCV), to donor (positive
anti-HBc), transplanted organ and clinical evolution (graft
rejection and ALT levels). However, on multivariate analysis,
HIV infection and previous immunosuppressive therapy were
the only factors associated with higher mortality (Table 3).
Five of the 7 (71%) HIV-infected patients undergoing transplan-
tation died during follow-up: 4 liver transplant recipients
(1 due to liver failure, 1 Pneumocystis jirovecii pneumonia,
1 lymphoma complicated with gastrointestinal bleeding, and
1 laryngeal neoplasm) and 1 kidney recipient due to retroperito-
neal bleeding.

3.4. HBV reactivation

The risk of HBV reactivation was calculated according to the pre-
transplantation HBV status of recipients (N=392): 305 (78%)
were anti-HBc negative, 58 (15%) HBsAg negative/anti-HBc
positive, 5 (1.2%) HBsAg positive, and 24 (6%) unknown.
Concerning the 305 anti-HBc-negative recipients, prospective
data on HBsAg status were collected in 290, and there were no
cases of HBV infection (Fig. 3). In the 24 patients without anti-
HBc data before transplantation, prospective HBV reactivation
screening was available in 6, and 1 of them showed HBV
reactivation (HBeAg positive, HBV DNA >10E8IU/mL, and
anti-HBc IgM negative).
Overall, 58 recipients were anti-HBc positive before trans-

plantation. However, 3 underwent antiviral prophylaxis (2 HIV-
infected patients treated with a nucleotide analogue-containing
antiretroviral regimen and 1 patient given lamivudine after
receiving an anti-HBc-positive liver graft). Therefore, the risk of
HBV reactivation at 5 years after transplantation was assessable
in 55 anti-HBc-positive recipients without prophylaxis. HBV
reactivation screening could be performed in 51 (93%) of these
patients, and 2 (4%) cases of reactivation occurred (Fig. 4).
Characteristics of the 3 patients experiencingHBV reactivation

are summarized in Table 4. All had detectable HBV DNA
(>10E8IU/mL), HBsAg tested positive (reverse seroconversion),
HBeAg was also positive, and ALT values were �2 times upper
limit of normality. Liver fibrosis was assessed in 2 patients, one by
elastography and the other by biopsy, and was found to be mild
in both cases. The 2 latter initiated therapy with NUC with later
normalization of ALT values but persistence of HBsAg. The other
patient died from multiorgan failure before the beginning of
NUC. None of these patients had undergone treatment with
rituximab. It should be noted that 1 patient with HBV
reactivation was an anti-HBc-positive liver recipient who also
received an anti-HBc-positive graft. He was initially treated with
lamivudine, but discontinued treatment by personal decision.
Hence, de novo HBV infection rather than reactivation cannot be
definitely ruled out. The single factor associated with HBV
reactivation on univariate analysis was anti-HBc-positive status
of the recipients (P= .003).

http://www.md-journal.com


Figure 1. Percentage of recipients and donors screened in each graft type and percentage testing anti-HBc positive. anti-HBc=hepatitis B core antigen
antibodies.

Table 2

Univariate analysis of factors associated with mortality.

Factor Variable n Exitus % P value
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Focusing on the donors’ role, among the 309 patients who
received a lung or kidney transplant, anti-HBc screening was
available in 181 (59%) donors (Fig. 1), and anti-HBcwas positive
in 13 (7%). Following transplantation, HBsAg and HBV DNA
testing could be performed in 11 of the 13 recipients of grafts
from anti-HBc-positive donors and there were no cases of HBV
infection. Seven of 78 (9%) liver grafts were from an anti-HBc-
positive donor, and reverse seroconversion to HBsAg positive
was observed in the single recipient who had stopped antiviral
prophylaxis, although, as was mentioned above, this patient was
also anti-HBc positive.
Figure 2. Mortality by type of transplanted solid organ.
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4. Discussion

The risk of HBV reactivation in anti-HBc-positive patients has
been extensively investigated in patients with hematological
malignancies diseases and in liver transplant recipients,[13–15] but
there is little related real-world information in kidney recipients
and,[16–18] scarce in lung transplantation.[19] Prospective HBsAg
Sex Male 248 74 29.8 .063
Female 144 32 22.2

Mean age, y �55 182 39 21.4 .013
>55 210 67 31.9

Transplant type Lung 113 46 40.7 .001
Kidney 196 33 16.8
Liver 83 27 32.5

BMI, kg/m2 �30 199 52 26.1 .026
> 30 49 6 12.2

ALT levels, IU/mL � 55 355 78 22 .001
> 55 37 28 75.7

anti-HBc-positive donor Negative 240 56 23.3 .035
Positive 20 9 45

anti-HBc-positive recipient Negative 305 64 21 .008
Positive 63 23 36.5

Anti-HCV positive Negative 325 82 25.2 .044
Positive 53 20 37.7

HIV infection Negative 385 101 26.2 .017
Positive 7 5 71.4

Prior immunosuppressive therapy No 313 77 24.6 .023
Yes 79 29 36.7

Graft rejection No 256 63 24.6 .086
Yes 136 43 31.6

HBV reactivation No 343 71 20.7 .505
Yes 3 1 33.3

ALT= alanine aminotransferase; anti-HBc=hepatitis B core antigen antibody; anti-HCV=hepatitis C
virus antibody; BMI=body mass index; HIV=human immunodeficiency virus



Table 3

Multivariate analysis of factors associated with mortality.

Factor OR 95% CI P value

Male sex .932
Age >55 years .305
Transplant organ (kidney vs liver vs lung) .089
BMI, >30kg/m2 .298
ALT level .085
Donor anti-HBc positive .111
Recipient anti-HBc positive .113
Anti-HCV positive .076
HIV infection 1.93 1.37–2.72 <.001
Immunosuppressive therapy before transplant 1.29 1.12–1.49 .001
Graft rejection .418

ALT= alanine aminotransferase; anti-HBc=hepatitis B core antigen antibody; anti-HCV=hepatitis C
virus antibody; BMI=body mass index; HIV=human immunodeficiency virus.
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screening detected 3 cases of HBV reactivation in almost 400
solid organ recipients and identified previous anti-HBc-positive
status as the only associated risk factor.
Two of the 3 patients with HBV reactivation had tested anti-

HBc positive before the procedure and in the third patient,
preoperative anti-HBc status was unknown, though analytical
data at the time of HBV infection diagnosed was suggestive of
HBV reactivation at the light of HBeAg positivity, anti-HBc IgM
negativity and very high HBV DNA levels, all of them typical
findings of HBV reactivation instead of acute hepatitis B.
The role of anti-HBc positivity in recipients of non-liver solid

organs has been mainly investigated in the kidney transplant
setting, likely because of the classical high prevalence of anti-HBc
in patients previously exposed to hemodialysis.[20] The 2 largest
studies in this line were carried out in Asia (Korea and China) and
included up to 1200 kidney transplant patients. The reported
HBV reactivation rates ranged from 1.2% to 5.6%.[16,19]

Research performed in Europe with smaller cohorts has reported
similar reactivation rates.[17,21] In lung transplant, previous
studies have proved the safety of anti-HBc-positive grafts but, to
our knowledge, there were no specific data on the potential role
Figure 3. Percentage of recipients who underwent prospective HBsAg screenin
status. ∗anti-HBc positive recipients without antiviral prophylaxis. anti-HBc=hep
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of anti-HBc positivity on prognosis and risk of HBV reactivation
except for a study presented in abstract form.[19]

Baseline anti-HBs level >100mIU/mL has been pointed out as
a protective factor in a cohort of kidney transplant recipients.[17]

More recently, a retrospective study in Korea reported that the
post-transplantation HBV infection rate was higher in anti-HBc-
positive patients and undetectable anti-HBs than in those with
detectable anti-HBs (5.6% vs 1.2%, P< .001).[22] In our study,
anti-HBs titers prior to transplantation were available in 2 of the
3 cases of HBV reactivation, and in both patients they were <10
mIU/mL.
One concept derived from the present study is the low concern

about anti-HBc positivity in recipients of solid organs other than
liver, as evidenced by the lower percentage of screening
performed in kidney and lung recipients. The same was true
for donor screening, likely because it is well established that use of
an anti-HBc-positive graft is not linked with de novo HBV
infection in non-liver solid transplantation.[7,23]

Our study has the limitation of its retrospective nature, in
which data were missing for some patients, such as the
pretransplantation anti-HBc status in 24 patients. Nonetheless,
this fact is a useful indication of real-world clinical practice
regarding HBV screening prior to transplantation. Prospective
screening for HBV reactivation was carried out 5 to 6 years after
transplantation; hence, systematic risk assessment for this event
during intensified immunosuppression, especially in the immedi-
ate post-transplantation period, was not performed. However,
the main point of the study (anti-HBc screening in recipients) was
available in 94% of the patients included. Finally, de novo HBV
infection cannot be definitely excluded in one of the patients with
reactivation, as he received an anti-HBc-positive liver graft and
abandoned lamivudine antiviral prophylaxis. An advantage of
the study is that it provides data on lung transplantation, a setting
lacking information about the potential risk of HBV reactivation
in anti-HBc-positive recipients except for an study only published
in abstract form including 33 anti-HBc-positive lung trans-
plant,[19] without no data on specific incidence of HBV
reactivation in this setting. Taking into account the results of
our study, but also the limitations, data from a prospective study
g and percentage testing positive according to their pre-transplant anti-HBc
atitis B core antigen antibodies, HBsAg=hepatitis B surface antigen.

http://www.md-journal.com


Figure 4. Percentage of anti-HBc positive recipients who underwent post-transplantation HBsAg screening and percentage testing positive according to the
transplanted solid organ. anti-HBc=hepatitis B core antigen antibodies, HBsAg=hepatitis B surface antigen.

Table 4

Characteristics of the 3 cases of post-transplantation HBV reactivation.

Period Characteristics Case 1 Case 2 Case 3

Pre-transplant Transplanted solid organ Lung Lung Liver
Age at transplant 65 56 60
Sex Male Female Male
Anti-HBc screening

Donor NA - +
Recipient + NA +

Anti-HBs, mIU/mL NA <10 <10
HBV reactivation Time since transplant, months 53 57 27

ALT, IU/L 54 92 59
HBsAg/HBeAg +/+ +/+ +/+
HBV DNA, IU/mL >10 E8 >10 E8 >10 E8
Liver elastography, kPa or liver fibrosis, ISHAK NA 5.1kPa F2
Immunosuppression Fk + MMF + steroids Fk + MMF + steroids Fk + MMF

Fk= tacrolimus, HBV=hepatitis B virus, MMF=mycophenolate mofetil, NA=not available.

Álvarez-López et al. Medicine (2020) 99:9 Medicine
with periodical HBsAg determinations would be interesting to
address the impact of anti-HBc positivity of recipients of non-
liver transplantations.
In conclusion, we report data from almost 400 solid organ

transplant patients with prospective HBsAg screening for HBV
reactivation. Three cases of reactivation were documented, and
recipient prior anti-HBc-positive status was the only factor
associated with this event. This finding highlights the importance
of pre-transplant anti-HBc screening of recipients in order to
identify patients who will benefit from post transplant periodical
testing for HBsAg and HBV DNA to rule out HBV reactivation.
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