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Abstract

Background: Our aim was to investigate dynamic changes in hepatitis B virus (HBV) surface antibody (HBsAb) titer
and the associated risk of HBV reactivation and clinical course in patients with HBV surface antigen negative/core
antibody positive (HBsAg−/HBcAb+) serostatus during antirheumatic therapy with biologic agents.

Methods: In a prospective study from January 2013 to June 2017, we monitored the HBV serostatus of HBsAg−/
HBcAb+ patients undergoing biologic therapy for rheumatic diseases. From HBsAb titers at baseline and subsequent
time points, we calculated the person-years (PY) contributed by patients with different HBsAb levels: < 10 mIU/mL
(negative); 10–100 mIU/mL (low); and > 100 mIU/mL (high). We analyzed the incidence of detectable HBV DNA and
HBV reactivation in each group, and documented the clinical courses of patients.

Results: Among 380 participants, 83 (21.8%) had baseline HBsAb < 10 mIU/mL, 156 (41.1%) HBsAb 10–100 mIU/mL,
and 141 (37.1%) HBsAb > 100 mIU/mL. Total PY at study end were 169.3 PY from the HBsAb-negative group, 362.7
PY from the low-titer group, and 285.8 PY from the high-titer group. Seventeen patients had detectable HBV DNA,
with respective incidence rates in negative, low- and high-titer groups of 4.7/100 PY, 2.5/100 PY, and 0/100 PY. Two
HBsAb-negative patients subsequently developed HBV reactivation, an incidence of 1.2/100 PY.

Conclusions: The risk of HBV reactivation varied with HBsAb titer, which changed during biologic therapy. Neither
HBV DNA nor reactivation were detected in patients with HBsAb > 100 mIU/mL, whereas HBV DNA without
reactivation occurred periodically in patients with HBsAb 10–100 mIU/mL; HBsAb-negative serostatus was associated
with a risk of HBV reactivation.
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Background
Hepatitis B virus (HBV) reactivation has emerged as a
major complication in patients with hepatitis B surface
antigen-negative/core antibody-positive serostatus (HBsAg−

/HBcAb+; which indicates a past HBV infection since re-
solved) who receive biologic agents to treat rheumatic dis-
eases such as rheumatoid arthritis, ankylosing spondylitis,
and psoriasis/psoriatic arthritis [1–6]. HBV reactivation in-
cidence rates from 2% to 11% have been reported, depend-
ing on how HBV reactivation was defined and in which
patient population [7]. The clinical spectrum of HBV re-
activation ranges from asymptomatic to fulminant hepatitis,
liver failure, and even death [8].
HBV surface antibody (HBsAb) has conventionally

been thought to ward off HBV reactivation; loss of
HBsAb precedes HBV DNA manifestation and HBV re-
activation [8]. A large study in Japan showed recently
that negative or low HBsAb titer (< 100 mIU/mL) at
baseline in HBsAg−/HBcAb+ patients receiving immuno-
suppressive therapy for rheumatic diseases appeared to
increase the likelihood of HBV reactivation [9]. On the
other hand, patients with high baseline HBsAb titer (>
100 mIU/mL) preceding chemotherapy or immunosup-
pressive therapy had lower risk of HBV reactivation [10,
11]. Therefore, stratifying the risk of HBV reactivation
according to baseline HBsAb has been proposed [5–7].
In addition, other studies showed that HBsAb titer de-
creased after chemotherapy [11–13] or biologic therapy
[14, 15]. However, there has been no study exploring if
the risk of HBV reactivation varies followed by the
change of HBsAb titer during biologic therapy.
Given that the HBsAb titer changes after administer-

ing biologic agents, the risk of HBV reactivation might
also vary, depending on the changing HBsAb titer over
time, rather than remaining at the level associated with
the baseline titer. To investigate this hitherto unexplored
hypothesis, we monitored the dynamic changes in
HBsAb titer during treatment for rheumatic diseases
with biologic agents, and the associated risk of HBV
reactivation.

Methods
Study participants
This prospective study included patients with HBsAg−/
HBcAb+ serostatus who attended Changhua Christian
Hospital Department of Rheumatology from January
2013 through June 2017 to receive biologic therapy
(Fig. 1). Of 384 such patients, four were excluded: one
with Behcet’s disease, one with baseline HBV DNA >
10 IU/mL, and two immunized against HBV during
follow-up. All 380 enrolled HBsAg−/HBcAb+ patients
tested negative for HBV DNA, and none had received
antiviral prophylaxis. Twenty-four of these patients had

hepatitis C virus co-infection. The status of autoimmune
hepatitis was not screened in this cohort.

Data collection
Blood counts, serum alanine transaminase, and HBV ser-
ostatus, including HBsAg, HBsAb, and HBV DNA, were
assayed at baseline and monitored according to contem-
porary Taiwan guidelines [7, 16] approximately every 6
months. HBsAg, HBcAb, and HBsAb were quantified
using the Architect i2000sr System chemiluminescent
microparticle immunoassays (Abbott Laboratories, Ab-
bott Park, Illinois, USA), and HBV DNA using the
m2000rt RealTime™ HBV system (Abbott Laboratories),
which has a detection limit of 10 IU/mL.

Changes in HBsAb titer during follow-up
At each follow-up time point, patients were divided into
groups of HBsAb titers: < 10 mIU/mL (denoted ‘nega-
tive’, or loss of antibody); 10–100 mIU/mL (denoted
‘low’); and > 100 mIU/mL (denoted ‘high’). The
person-years (PY) that each patient contributed to differ-
ent HBsAb titer groups during follow-up were summed.

Primary outcomes
The primary outcomes were detectable HBV DNA, de-
fined as viral load > 10 IU/mL (since HBV DNA < 10 IU/
mL was considered negative), and HBV reactivation,
defined as conversion from HBsAg− to HBsAg+ seros-
tatus with an absolute increase in HBV DNA >
2000 IU/mL [17, 18].

Statistical analyses
The demographic characteristics of participants were
summarized. Continuous variables are expressed as
mean ± standard deviation. For the interval between
each follow-up time point, patients were assigned into
‘negative’, ‘low’, and ‘high’ groups, depending on their
HBsAb titers; patients could switch between groups if
their HBsAb titer changed during a subsequent interval.
PYs of each HBsAb group were calculated from enrol-
ment until study end, detection of HBV DNA, or HBV
reactivation, whichever occurred first. Incidence rates of
detectable HBV DNA and HBV reactivation per 100 PY,
with 95% confidence interval (CI), were calculated.

Results
Participant characteristics
Table 1 summarizes the baseline data of the 380 partici-
pants who were predominantly female, older than 50
years of age, and with rheumatoid arthritis. Etanercept
and adalimumab were the most commonly used biologic
agents.
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HBsAb titer changes, HBV DNA, and HBV reactivation
during follow-up
Figure 1 tracks the changes of HBsAb titer and PYs con-
tributed to the ‘negative’, ‘low’, and ‘high’ groups through-
out the study. The HBsAb titer varied during follow-up;
most participants remained in the same titer group as at
baseline, and a proportion exhibited a declining trend in
HBsAb titer, while the titer rose in a few.
Additional file 1: Figure S1 illustrates the titers of

HBsAb from baseline to the end of follow-up of all pa-
tients. In the patients with HBV reactivation (two pa-
tients), the mean titer of HBsAb at baseline and the end
of follow-up was 50.2 mIU/mL and 1.9 mIU/mL, while
it was 185.3 mIU/mL and 153.5 mIU/mL in the patients
without HBV reactivation (378 patients), respectively.

HBV DNA was detected in 17 patients: eight in the
‘negative’ group, and nine in the ‘low’ group; two of 17,
both in the ‘negative’ group, had subsequent HBV reacti-
vation. Figure 1 shows the incidence rates of detectable
HBV DNA and reactivation in each group. The inci-
dence rate of HBV reactivation is 1.2/100 PY in the
‘negative’ group, while it is zero in both the ‘low’ and
‘high’ groups.

Association between changes in HBsAb titer and
outcomes
Table 2 summarizes the HBV serostatus at baseline and
when HBV DNA was detected, and the clinical course,
of the 17 patients with detectable HBV DNA. In 15,
none of whom received preemptive antiviral therapy,

Fig. 1 Hepatitis B virus surface antibody (HBsAb) titers, cumulative person-years (PY), and incidence rates of detectable hepatitis B virus (HBV)
DNA and reactivation. CI confidence interval, HBcAb hepatitis B virus core antibody, HBsAg hepatitis B virus surface antigen
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HBV DNA became undetectable spontaneously or per-
sisted to fluctuate without HBV reactivation. Two of
these 15 switched from rituximab to tocilizumab and an-
other discontinued rituximab after HBV DNA was de-
tected; however, the 12 others did not switch biologic
therapy when HBV DNA was detected. Two (cases 16
and 17) subsequently developed HBV reactivation.
HBsAb in case 16 remained < 10 mIU/mL; transient
HBV DNA of 12 IU/mL during rituximab therapy later
became undetectable, after which rituximab was
switched to abatacept. Positive seroconversion of HBsAg
with persistently elevated HBV DNA (7571 IU/mL) oc-
curred 5 months after initiating abatacept, and HBV re-
activation was diagnosed. HBsAb in case 17 was ‘low’
(93 mIU/mL) at baseline, with undetectable HBV DNA.
A decline in HBsAb (63 mIU/mL) accompanied with
detectable HBV DNA (90 IU/mL) was recorded
5 months after the first cycle of rituximab. A second
cycle of rituximab was given; however, at the next blood

test, 7 months after detecting HBV DNA, HBsAb had
become ‘negative’, accompanied by HBsAg+ seroconver-
sion and high HBV DNA (14,986,467 IU/mL); HBV re-
activation was diagnosed.
Figure 2 shows the trends of HBsAb titer and associa-

tions with HBV DNA load, showing four patterns: a)
persistently ‘negative’ during treatment and HBV DNA
detected periodically, without reactivation (Table 2, cases
1–6 and 15); b) persistently ‘negative’ during treatment,
with HBV DNA detection followed by reactivation (case
16); c) persistently ‘low’ during treatment and HBV
DNA detected periodically, without reactivation (cases
8–14); and d) initially ‘low’ then becoming ‘negative’
during treatment, followed by HBV DNA elevation, and
even HBV reactivation (cases 7 and 17).

Discussion
We believe this to be the first reported investigation of
dynamic changes in HBsAb titer and the associated risk
of HBV reactivation in patients with HBsAg−/HBcAb+

serostatus receiving biologic therapy for rheumatic dis-
eases. HBsAb titers changed during biologic therapy.
Negative HBsAb serostatus was associated with HBV re-
activation, whilst patients with low HBsAb titer had de-
tectable HBV DNA without overt HBV reactivation.
These findings suggest that the risk of HBV reactivation
changes over time in HBsAg−/HBcAb+ patients receiving
biologic therapy, and should be stratified according to
the present, rather than baseline, HBsAb titer; serial
HBsAb monitoring may enable earlier detection of HBV
reactivation.
Low or negative baseline HBsAb titer is an important

risk factor for HBV reactivation, whereas a high titer at
baseline is protective [9, 10, 19]. However, following bio-
logic therapy, several mechanisms may impair host anti-
viral defenses, resulting in HBsAb reduction and even
loss [5]. HBsAb titer decreased among 21 patients after
commencing anti-tumor necrosis factor (TNF) treat-
ment, especially in those with a low baseline HBsAb
[14]. In a larger observational study, HBsAb also de-
clined among patients receiving non-anti-TNF biologic
agents [15]. Although HBsAb titers in our follow-up co-
hort mostly remained little changed from baseline, some
did change, typically showing a decline during biologic
therapy. Such changes and the associated risk of HBV
reactivation during biological therapy might be missed if
HBsAb is only checked at baseline. Thus, the risk of
HBV reactivation may be stratified according to chan-
ging HBsAb serostatus by continuous monitoring in-
stead of using the baseline assessment only. First,
HBsAb titer > 100 mIU/mL is protective. Second, transi-
ent HBV DNA viremia may be detected sporadically in
patients with HBsAb 10–100 mIU/mL, which may be
benign while the HBsAb titer stays low. Finally, patients

Table 1 Baseline characteristics of patients with HBsAg−/HBcAb+

serostatus

Number of patients 380

Mean age (years) 56.3 ± 12.3

Sex (female) 242 (63.7%)

Number (%) with disease

Rheumatoid arthritis 272 (71.6%)

Ankylosing spondylitis 69 (18.2%)

Psoriasis/psoriatic arthritis 39 (10.3%)

Mean disease duration (years)

Rheumatoid arthritis (n = 156) 8.7 ± 7.1

Ankylosing spondylitis (n = 33) 13.3 ± 9.1

Psoriasis/psoriatic arthritis (n = 24) 11.5 ± 8.8

Number (%) using biologic agents

Etanercept 124 (32.6%)

Adalimumab 106 (27.9%)

Golimumab 63 (16.6%)

Abatacept 18 (4.7%)

Tocilizumab 16 (4.2%)

Rituximab 44 (11.6%)

Ustekinumab 8 (2.1%)

Tofacitinib 1 (0.3%)

Number (%) using methotrexate 250 (65.8%)

Average dose of methotrexate (mg/week) 12.8

Number (%) using glucocorticoids 250 (65.8%)

Average dose of glucocorticoid (mg/day) 6.3

Number (%) using sulfasalazine 265 (69.7%)

Number (%) using hydroxychloroquine 216 (56.8%)

Number (%) using cyclosporine 81 (21.3%)

HBcAb hepatitis B virus core antibody, HBsAg hepatitis B virus surface antigen

Tien et al. Arthritis Research & Therapy          (2018) 20:246 Page 4 of 8



Ta
b
le

2
H
BV

se
ro
st
at
us

an
d
cl
in
ic
al
co
ur
se

of
17

ca
se
s
w
ith

de
te
ct
ab
le
he

pa
tit
is
B
vi
ru
s
(H
BV
)
D
N
A
du

rin
g
bi
ol
og

ic
th
er
ap
y

ID
D
is
ea
se

Ba
se
lin
e

A
t
H
BV

D
N
A
de

te
ct
io
n

C
lin
ic
al
co
ur
se

af
te
r
H
BV

D
N
A
de

te
ct
ed

H
BV

se
ro
st
at
us

A
LT

(IU
/m

L)
D
M
A
RD

s
M
on

th
s

si
nc
e

en
ro
lle
d

H
BV

se
ro
st
at
us

A
LT

(IU
/m

L)
D
M
A
RD

s
M
ed

ic
at
io
n

ch
an
ge

on
de

te
ct
in
g

H
BV

D
N
A

Pr
ee
m
pt
iv
e

an
tiv
ira
l

th
er
ap
y

Se
ria
lH

BV
D
N
A
an
d
ou

tc
om

e

sA
g

(+
/−
)

sA
b

(m
IU
/m

L)
D
N
A

(IU
/m

L)
sA
g

(+
/−
)

sA
b
(m

IU
/m

L)
D
N
A
(IU

/m
L)

1
RA

–
<
10

<
10

18
Pd

,R
TX

9
–

<
10

31
27

Pd
,R
TX

N
o

N
o

Fl
uc
tu
at
in
g
w
ith

ou
t
re
ac
tiv
at
io
n

2
RA

–
<
10

<
10

20
Pd

,M
TX
,

ET
A

30
–

<
10

14
27

M
TX
,E
TA

N
o

N
o

Sp
on

ta
ne

ou
sl
y
be

ca
m
e
un

de
te
ct
ab
le

w
ith

ou
t
re
ac
tiv
at
io
n

3
A
S

–
N
A

<
10

13
A
D
A

27
+

<
10

99
9

A
D
A

N
o

N
o

Fl
uc
tu
at
in
g
w
ith

ou
t
re
ac
tiv
at
io
n

4
RA

–
<
10

<
10

20
Pd

,M
TX

27
–

<
10

17
18

Pd
,M

TX
,

RT
X

RT
X
→

TC
Z

N
o

Sp
on

ta
ne

ou
sl
y
be

ca
m
e
un

de
te
ct
ab
le

w
ith

ou
t
re
ac
tiv
at
io
n

5
RA

–
<
10

<
10

17
Pd

,M
TX
,

G
O
L

5
–

<
10

13
22

Pd
,M

TX
,

RT
X

N
o

N
o

Fl
uc
tu
at
in
g
w
ith

ou
t
re
ac
tiv
at
io
n

6
RA

–
<
10

<
10

30
Pd

,E
TA

20
–

<
10

46
4

17
Pd

,E
TA

N
o

N
o

Sp
on

ta
ne

ou
sl
y
be

ca
m
e
un

de
te
ct
ab
le

w
ith

ou
t
re
ac
tiv
at
io
n

7
RA

–
16
.7

<
10

18
Pd

,M
TX

36
–

<
10

14
17

Pd
,M

TX
,

RT
X

N
o

N
o

Fl
uc
tu
at
in
g
w
ith

ou
t
re
ac
tiv
at
io
n

8
RA

–
23
.8

<
10

16
M
TX
,E
TA

28
–

12
.8

30
14

M
TX
,E
TA

N
o

N
o

Sp
on

ta
ne

ou
sl
y
be

ca
m
e
un

de
te
ct
ab
le

w
ith

ou
t
re
ac
tiv
at
io
n

9
RA

–
15
2

<
10

17
Pd

,M
TX
,

RT
X

30
–

68
22

13
Pd

,M
TX
,

RT
X

N
o

N
o

Sp
on

ta
ne

ou
sl
y
be

ca
m
e
un

de
te
ct
ab
le

w
ith

ou
t
re
ac
tiv
at
io
n

10
RA

N
A

11
0

<
10

34
Pd

,R
TX

7
N
A

83
43
5

54
Pd

,R
TX

H
ol
d
RT
X

N
o

N
o
re
ac
tiv
at
io
n

11
RA

–
26

<
10

16
M
TX
,E
TA

48
–

85
11

20
Pd

,M
TX
,

G
O
L

N
o

N
o

Sp
on

ta
ne

ou
sl
y
be

ca
m
e
un

de
te
ct
ab
le

w
ith

ou
t
re
ac
tiv
at
io
n

12
RA

–
44

<
10

27
Pd

,M
TX
,

A
BA

17
–

38
11

45
Pd

,M
TX
,

RT
X

N
o

N
o

Fl
uc
tu
at
in
g
w
ith

ou
t
re
ac
tiv
at
io
n

13
RA

–
N
A

<
10

16
Pd

,M
TX

27
–

93
66

20
Pd

,M
TX
,

A
D
A

N
o

N
o

N
o
re
ac
tiv
at
io
n

14
RA

–
47
.2

<
10

26
Pd

,M
TX
,

A
D
A

24
–

26
35

36
Pd

,M
TX
,

RT
X

RT
X
→

TC
Z

N
o

Sp
on

ta
ne

ou
sl
y
be

ca
m
e
un

de
te
ct
ab
le

w
ith

ou
t
re
ac
tiv
at
io
n

15
RA

–
4

<
10

39
Pd

,M
TX

39
–

14
11

23
M
TX
,E
TA

N
o

N
o

Fl
uc
tu
at
in
g
w
ith

ou
t
re
ac
tiv
at
io
n

16
RA

N
A

<
10

<
10

36
Pd

,L
EF
,

RT
X

15
–

<
10

12
36

Pd
,L
EF

RT
X

N
o

N
o

Fl
uc
tu
at
ed

to
be

co
m
e
un

de
te
ct
ab
le

th
en

re
ac
tiv
at
ed

5
m
on

th
s
af
te
r

in
iti
at
in
g
A
BA

17
RA

N
A

93
<
10

39
A
D
A

18
–

63
90

33
RT
X

N
o

N
o

Re
ac
tiv
at
io
n
7
m
on

th
s
af
te
r
de

te
ct
in
g

H
BV

D
N
A

D
ef
in
iti
on

s:
H
Bs
A
b
<
10

m
IU
/m

L:
ne

ga
tiv

e;
H
BV

D
N
A
<
10

IU
/m

L:
un

de
te
ct
ab

le
;A

LT
<
40

IU
/L
:w

ith
in

no
rm

al
lim

it
A
BA

ab
at
ac
ep

t,
A
D
A
ad

al
im

um
ab

,A
LT

al
an

in
e
tr
an

sa
m
in
as
e,

A
S
an

ky
lo
si
ng

sp
on

dy
lit
is
,D

M
A
RD

di
se
as
e-
m
od

ify
in
g
an

ti-
rh
eu

m
at
ic
dr
ug

,E
TA

et
an

er
ce
pt
,G

O
L
go

lim
um

ab
,I
D
ca
se

co
de

nu
m
be

r,
LE
F
le
flu

no
m
id
e,

M
TX

m
et
ho

tr
ex
at
e,

N
A
no

t
av
ai
la
bl
e,

Pd
pr
ed

ni
so
lo
ne

,R
A
rh
eu

m
at
oi
d
ar
th
rit
is
,R

TX
rit
ux
im

ab
,s
A
b
su
rf
ac
e
an

tib
od

y,
sA
g
su
rf
ac
e
an

tig
en

,T
CZ

to
ci
liz
um

ab

Tien et al. Arthritis Research & Therapy          (2018) 20:246 Page 5 of 8



with negative HBsAb serostatus (whether initial or sero-
converted) could have an increased risk for HBV
reactivation.
Although serum HBV DNA may be undetectable in

HBsAg−/HBcAb+ patients, the virus persists for life in
hepatocyte nuclei as covalently closed circular DNA
[20]. After immunosuppressive therapy and HBsAb re-
duction, HBV DNA may become detectable in sera.
Clinical studies have reported patients with detectable
HBV DNA during biological or immunosuppressive
therapy that later resolved spontaneously, without anti-
viral therapy; this transient self-limiting viremia may not
lead to HBV DNA replication or overt hepatitis [3, 21,
22]. Congruently, 17 of our patients with negative or low
HBsAb titer manifested detectable HBV DNA, most
with no HBV reactivation, without preemptive antiviral
therapy. Serial HBV DNA assays showed levels that fluc-
tuated or spontaneously became undetectable during
biological therapy without hepatitis. Furthermore, all pa-
tients with transient HBV DNA viremia without appar-
ent reactivation had low HBsAb serostatus, while two

with HBV reactivation had negative HBsAb serostatus,
which indicates that current HBsAb titer is more im-
portant than baseline HBsAb in determining the risk of
HBV reactivation. However, the clinical significance and
decisions about whether to start antiviral treatment for
patients with low HBsAb titer and transient HBV DNA
viremia require further elucidation.
This study had limitations. We could not evaluate the

risk of HBV reactivation associated with biologic therapy
for several reasons. First, the use of biologic therapy var-
ied over time in many cases. Second, combinations of
other immunosuppressive agents differed in various
rheumatic diseases, which prevented accurate estimation
of the long-term cumulative effects of biologic and im-
munosuppressive agents. Third, there is currently no
standard definition of HBV reactivation in HBsAg−/
HBcAb+ patients; therefore, the incidence rate of HBV
reactivation should be interpreted cautiously. Further-
more, although we observed that the infusion of rituxi-
mab markedly reduced the titer of HBsAb in some
patients, the small number of cases is not sufficient to

Fig. 2 Different trends of hepatitis B virus surface antibody (HBsAb) titer associated with hepatitis B virus (HBV) DNA load. a Persistently HBsAb
negative and HBV DNA detected periodically, without reactivation. b Persistently HBsAb negative, with HBV DNA detection followed by HBV
reactivation. c Persistently low and HBV DNA detected periodically, without reactivation. d HBsAb titer changed from low to negative, followed
by detectable HBV DNA, even HBV reactivation
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reach solid conclusions regarding the influence of rituxi-
mab on HBsAb decreases or HBV reactivation. Besides,
small case numbers also limit multivariate analysis to
confirm risk factors associated with HBV reactivation.
Larger sample sizes to explore the features associated
with HBV reactivation are required.

Conclusions
HBsAb titer in patients with HBsAg−/HBcAb+ serostatus
changes during biologic therapy and their risk of HBV
reactivation varies over time according to changing
HBsAb titer. High HBsAb titer wards off detectable
HBV DNA and HBV reactivation. Patients with low
HBsAb titer may present transient HBV DNA viremia
with a benign course, whereas negative HBsAb serosta-
tus is associated with an increased risk of HBV
reactivation.

Additional file

Additional file 1: Figure S1. illustrated the titers of HBsAb from
baseline to the end of follow-up of all patients. (TIF 434 kb)
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