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1  | INTRODUC TION

Hepatitis B virus (HBV) infection is a serious global public health 
issue. There are approximately 240 million HBV carriers worldwide, 

of whom more than 686 000 die annually from HBV- related liver 
disease.1 Chronic hepatitis B (CHB) can progress to cirrhosis, portal 
hypertension, liver decompensation and hepatocellular carcinoma 
(HCC).2
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Summary
Elevated programmed death- 1 (PD- 1) has been found in immune cells in viral infec-
tions and plays an important role in infection persistence. The soluble form of PD- 1 
(sPD- 1) is involved in tumours and viral infections. The aim of this study was to inves-
tigate the role of sPD- 1 in chronic hepatitis B (CHB). A total of two hundred and 
eighteen CHB patients and sixty healthy controls (HC) were enrolled. Demographic 
data	and	clinical	parameters	were	collected.	An	ELISA	assay	was	used	to	measure	
serum sPD- 1 levels, and the relationships between sPD- 1 and clinical/virological 
characteristics was analysed. sPD- 1 levels in CHB patients were higher (median 
4.409	 IQR	3.435-	5.306	pg/mL)	 than	 those	of	HC	 individuals	 (median	0.3665	 IQR	
0.2425- 0.5010 pg/mL). Among patients at various disease stages, patients with im-
mune	 activity	 showed	 the	 highest	 sPD-	1	 levels	 (median	 5.138	 IQR	 4.329-	5.406	
pg/mL).	sPD-	1	concentration	was	associated	with	HBV	markers	(HBsAg,	HBV	DNA	
and HBeAg) and biochemical parameters (serum aspartate aminotransferase [AST], 
alanine aminotransferase [ALT], total bilirubin [TBil] and gamma glutamyl transferase 
[γ- GT] levels) (all P < 0.05). sPD- 1 levels were higher in CHB patients with moderate- 
to- severe inflammation or fibrosis than in those with mild inflammation or fibrosis, 
regardless of ALT levels. The association between sPD- 1 and disease progression of 
CHB suggests that sPD- 1 could serve as a new indicator in assessing liver fibrosis. 
These findings may further aid in determining the initiation of antiviral treatment in 
patients with normal ALT levels.
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Programmed death- 1 (PD- 1) is a molecule expressed on various 
human immune cells, including T cells, B cells, myeloid cells, thy-
mocytes	and	natural	killer	 (NK)	cells.3 The ligation of programmed 
death ligand- 1 (PD- L1) and programmed death ligand- 2 (PD- L2) to 
PD- 1 may have an inhibitory effect on target cells (eg T cells), play-
ing an important role in the regulation of immune homeostasis and 
in maintenance of peripheral immune tolerance.4 PD- 1 expression 
correlates with the exhaustion of T cells in cancers and chronic in-
fections.5 Blockade of PD- 1 using anti- PD- 1 mAbs reverses T- cell ex-
haustion (CD8 and CD4) and restores their anti- tumour potential.6 
Moreover, up- regulated PD- 1 expression on immune cells has been 
detected	in	viral	infections	(eg	HBV,	HIV),	indicating	that	PD-	1	may	
be a factor influencing the persistence of these infections.5

Recently, soluble forms of PD- 1 and PD- L1 (sPD- 1 and sPD- L1) 
have been detected in the blood of patients with tumours. Unlike 
PD- 1, the function of sPD- 1 is not fully understood. Some re-
searchers hypothesized that binding of sPD- 1 to mPD- L1/mPD- L2 
(membrane- bound forms of PD- 1/PD- L1) may prevent mPD- 1 from 
combining with its ligands, hence counteracting mPD- 1- mediated 
inhibitory effects on immune cells.7 A study conducted in Taiwan in-
dicated that sPD- 1 in serum was related to high viral load persistence 
and higher risk of progression to HCC in chronic HBV infection, indi-
cating an immune- inhibitory role for sPD- 1.8

In	 this	 study,	 we	 investigated	 serum	 sPD-	1	 levels	 in	 CHB	 pa-
tients. We further explored the relationships between sPD- 1 and 
clinical parameters as well as histology on liver biopsies.

2  | MATERIAL S AND METHODS

2.1 | Subjects and samples

Consecutive adult patients with CHB were recruited for this study 
from the liver clinic of the Third Affiliated Hospital of Sun Yat- sen 
University	during	January	2016	and	October	2016,	as	were	healthy	
volunteers (healthy controls). Patients infected with HAV (hepatitis 
A virus), HCV (hepatitis C virus), HDV (hepatitis D virus), HEV (hepa-
titis	E	virus),	HIV	(human	immunodeficiency	virus)	and	patients	with	
liver cirrhosis, HCC, cardiovascular disease, diabetes, kidney disease, 
pregnancy or autoimmune disease were excluded. All CHB patients 
had	never	previously	received	antiviral	treatment	(IFN-	α or nucleo-
side analogues). Blood samples were collected from each individual, 
centrifuged at 4000 × g for 10 minutes to obtain serum and stored 
at	 −80°C	 until	 use.	Written	 informed	 consent	was	 obtained	 from	
each	individual.	The	study	was	approved	by	the	Institutional	Review	
Board of the Third Affiliated Hospital of Sun Yat- sen University.

2.2 | Virological assay

Serum	 HBV	 DNA	 was	 quantified	 by	 COBAS	 TaqMan	 (Roche	
Molecular	 Diagnostics,	 Indianapolis,	 IN).	 HBsAg	 and	HBeAg	were	
measured using chemiluminescence assay kits (Roche Diagnostics 
Gmbh, Mannheim, Germany).

2.3 | Routine blood and biochemistry assay

White blood cell (WBC), red blood cell (RBC) and platelet (PLT) 
counts	were	measured	by	XN2000	(SYSMEX,	Kobe,	Japan).	Levels	
of serum aspartate aminotransferase (AST), alanine aminotrans-
ferase	(ALT),	total	bilirubin	(TBIL)	and	albumin	(ALB)	were	measured	
on	a	7600-	020	 (ISE)	Automatic	Analyzer	 (HITACHI,	Tokyo,	 Japan).	
The	 APRI	 (AST,	 platelet	 ratio	 index)	 was	 calculated	 using	 routine	
laboratory	values	[APRI	=	(AST/upper	limit	of	normal)	×	100/platelet	
count],9	and	FIB-	4	using	the	formula	age	(years)	×	AST	(IU/L)/platelet	
count (109/L)	×	(ALT	(IU/L)1/2.10

2.4 | Liver biopsy

Liver biopsy was conducted following standard procedures.11,12 The 
histodiagnosis of liver tissues was determined by two pathologists 
blinded to clinical data according to the severity of the inflammation 
(activity or grade) and the degree of fibrosis (stage).13

2.5 | Measurement of sPD- 1 in serum

Levels of sPD- 1 in serum of CHB patients and healthy volunteers 
were	 measured	 using	 an	 ELISA	 kit	 (DuoSet	 Human	 PD-	1,	 R&D	

TABLE  1 Demographics and disease characteristics of subjects

Chronic hepatitis B 
(n = 218)

Healthy controls 
(n = 60) 

Median (IQR)†

Gender (M/F) 172/46 29/31

Age (Years old) 32	(26-	40) 30.5	(27.0-	38.0)

AST (U/L) 50.0 (29.0- 112.0)* 18.0 (16.0- 21.0)

ALT (U/L) 66.0	(33.0-	167.8)* 15 (12- 18)

ALB (g/L) 44.55 (41.08- 46.40)* 46.85 
(45.17-	48.83)

GLB (g/L) 28.25	(25.93-	30.80) 28.10 
(26.00- 29.90)

TBiL (umol/L) 14.60	(11.10-	21.30)* 11.60 
(8.60-	13.10)

γGT (U/L) 50.00 (24.00- 92.00)* 18.00 
(14.50- 22.00)

BUN	(mmol/L) 4.280	(3.450-	5.115) 4.040 
(3.422-	4.785)

HBV	DNA 6.22	(3.70-	8.12)a - 

HBsAg 3.55	(2.95-	4.41)a - 

HBeAg

Positive 120 - 

Negative 95

Missing 3

ALB, albumin; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase;TBil, total bilirubin; γ- GT, gamma glutamyl transferase; 
BUN,	blood	urea	nitrogen;	IQR,	interquartile	range.
aData	expressed	in	log(IU/mL)	
*P < 0.05 when compared with healthy controls. 
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systems,	Minneapolis,	MN,USA)	 in	 accordance	with	 the	manufac-
turer’s instructions. Absorbance was measured at 450 nm, and the 
concentration of sPD- 1 was calculated by a standard curve.

2.6 | Statistical analysis

Continuous variables were expressed as the median (interquar-
tile range). Categorical variables were expressed as numbers and 
percentages. Continuous variables were compared with a 2- sided 
Student’s t test or a Mann- Whitney U test, depending on the distri-
bution. The correlations between sPD- 1 and detection markers were 
assessed by Spearman’s rank correlation test. Binary logistic regres-
sion was conducted using the forward (conditional) method. The data 
were	analysed	using	SPSS	software,	version	22	(SPSS	Inc.	Chicago,	
IL,	USA).	A	P value <0.05 was considered statistically significant. P 
values in figures are shown as *P < 0.05; **P < 0.01; and ***P < 0.001.

3  | RESULTS

3.1 | Demographic and clinical characteristics of the 
subjects in this study

A total of two hundred and eighteen CHB patients and sixty healthy 
controls were included for analysis. All patients were Chinese. 
Demographic characteristics are shown in Table 1.

3.2 | Distribution of sPD- 1 titres in various 
disease stages

We first compared sPD- 1 levels between CHB patients and 
healthy controls. As shown in Figure 1A, sPD- 1 levels were signifi-
cantly	higher	in	the	CHB	patients	(median	4.409	IQR	3.435-	5.306	
pg/mL)	than	in	the	healthy	controls	 (median	0.3665	IQR	0.2425-	
0.5010 pg/mL). Then, patients were classified into four disease 
stage	groups:	 immune	active	 (IA),	 inactive	CHB	(IC),	 immune	tol-
erance	 (IT)	 and	 gray	 zone	 (GZ)	 (“gray	 zone”	 here	 refers	 to	 those	
patients	who	could	not	be	classified	as	IA,	IC	or	IT),	according	to	
the	criteria	shown	in	Table	2	(ULN	of	ALT:	30	U/L	for	males	and	19	

U/L	for	females;	the	ULN	used	here	is	different	from	our	labora-
tory reference range).14	 IA	patients	had	the	highest	sPD-	1	 levels	
(median	5.138	IQR	4.329-	5.406	pg/mL),	while	patients	in	IC	and	IT	
stages had lower and similar sPD- 1 levels, respectively (Figure 1B).

3.3 | High sPD- 1 levels correlated with viral 
replication

HBV markers are important indicators of viral replication and activ-
ity. Hepatitis B e antigen (HBeAg) seroconversion (from positive to 
negative) is associated with clinical remission and transition to in-
active liver disease,15 making it an important parameter in clinical 
use. We found that HBeAg- positive patients had higher sPD- 1 lev-
els than did HBeAg- negative patients (Figure 2A). Moreover, serum 
HBsAg	and	HBV	DNA	levels	positively	correlated	with	sPD-	1	levels	
(Figure 2B,C). The association between these two HBV markers and 
sPD- 1 showed a similar tendency as that of HBeAg status. These 
results indicate that sPD- 1 levels correlate with HBV replication.

3.4 | Serum levels of sPD- 1 were associated with 
disease fluctuation

Correlation analysis indicated that sPD1 levels were significantly 
positively associated with levels of ALT and AST, both being widely 
used biochemical parameters indicating inflammatory fluctuation in 
hepatitis (Figure 2D, E). Serum TBiL and γ- GT are usually elevated 
in patients suffering from liver disease,16 and these two param-
eters were also positively correlated with sPD- 1 levels (Figure 2F,G). 
Furthermore, there was a negative correlation between sPD- 1 and 
PLT (Figure 2H). The serum sPD1 titre was not associated with 
age (Figure S1), gender or other biochemical parameters (data not 
shown).

3.5 | Correlation of sPD1 with fibrosis and 
liver histology

APRI	and	FIB-	4	are	two	convenient	estimators	of	hepatic	fibrosis,	as	
has been validated in several studies.10,17	As	 shown	 in	Figure	3A,B,	
sPD-	1	 positively	 correlated	 with	 APRI	 and	 FIB-	4.	We	 further	 ana-
lysed the relationship between sPD- 1 and histology data. The liver 

F IGURE  1 Serum sPD- 1 levels in various groups of CHB 
patients. sPD- 1 levels in healthy controls (HC) and chronic hepatitis 
B patients (CHB) (A) and sPD- 1 levels in CHB patients in various 
disease stages (B). CHB, chronic hepatitis B; HC, healthy control; 
IA,	immune	active;	IC,	inactive	CHB;	IT,	immune	tolerance;	and	GZ,	
gray zone (here, the gray zone refers to those patients who cannot 
be	classified	as	IA,	IC	or	IT)

TABLE  2 Disease stage classification criteria

Classification ALT HBV DNA HBeAg

Immune	active	
(IA)

Elevated >20	000	IU/mL Positive

>2000	IU/mL Negative

Inactive	CHB	
(IC)

Normal low	HBV	DNA	level Negative

Immune	
tolerance	(IT)

Normal >1	million	IU/mL Positive

Gray zone (GZ) Not	classified	as	IC,	IT	or	IA

Notes:	Upper	limit	of	normal	(ULN)	of	ALT:	30	U/L	for	males	and	19	U/L	
for females
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histology assessment via biopsy is the gold standard for determining 
exact inflammatory and fibrosis levels. The liver histology results were 
available in thirty- three out of our two hundred and eighteen CHB 
patients.	Four	patients	had	G3-	4	(moderate-	to-	severe)	inflammation,	
and twenty of them had S2- 4 (moderate- to- severe) fibrosis. sPD1 lev-
els were higher in patients with moderate- to- severe inflammation or 
fibrosis	than	in	those	with	mild	inflammation	or	fibrosis	(Figure	3C,D).

3.6 | sPD- 1 was an independent factor predicting 
eligibility for antiviral therapy

We classified CHB patients into two groups according to current treat-
ment guidelines14: The CA group was recommended to start antiviral 

treatment	(ALT	>70	U/L	and	HBV	DNA	>20	000	IU	[HBeAg-	positive]/	
HBV	DNA>	2000	IU	[HBeAg-	negative]),	and	the	CAN	group	was	rec-
ommended to monitor disease progression rather than to receive im-
mediate treatment (patients who did not meet the above- mentioned 
criteria). As shown in Figure 4A, sPD- 1 levels were higher in the CA 
patients. Multivariate analysis using logistic regression showed that 
sPD- 1 level was an independent factor for discrimination of the CA 
from	 CAN	 patients	 (Table	S1).	 To	 evaluate	 performance	 of	 serum	
sPD- 1 in predicting whether patients need treatment, receiver oper-
ating	characteristic	(ROC)	curves	were	employed.	The	area	under	the	
ROC	curve	(AUROC)	value	and	95%	CI	for	discriminating	CAN	from	
CA in CHB patients overall was 0.877 (0.827- 0.927), and the optimal 
cut-	off	value	was	4.351	ng/mL	(Figure	4B).

F IGURE  2 Association between serum sPD- 1 levels and HBV markers as well as clinical parameters in chronic hepatitis B (CHB) patients. 
Serum sPD- 1 levels in HBeAg- positive or HBeAg- negative CHB patients (A). Correlations of serum sPD- 1 levels with quantitative HBV 
surface	antigen	(HBsAg)	(B),	HBV	DNA	(C),	alanine	aminotransferase	(ALT)	(D),	aspartate	aminotransferase	(AST)	(E),	total	bilirubin	(TBil)	(F),	
gamma glutamyl transferase (γ- GT) (G) and platelet (PLT) (H). Correlations were tested by Spearman’s rho (r), and the level of significance was 
expressed as the P- value (P)
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F IGURE  3 Serum sPD- 1 level was an 
indicator of liver fibrosis in CHB. Serum 
sPD- 1 levels in CHB patients positively 
correlated with AST, platelet ratio index 
(APRI)	(A)	and	FIB-	4	(B).	Serum	sPD-	
1 levels were higher in patients with 
moderate- to- severe inflammation or 
fibrosis than in those with mild change (C 
for inflammation and D for fibrosis)

F IGURE  4  sPD- 1 was an indicator of 
initiating antiviral treatment in chronic 
hepatitis B (CHB). Patients in the CA 
group had higher serum sPD- 1 levels than 
did	their	counterparts	in	the	CAN	group	
(A). Receiver operating characteristic 
(ROC)	curve	for	predicting	CA	group	
patients	from	CAN	group	patients	
(B). Among CHB patients with alanine 
aminotransferase	(ALT)	<2	ULN,	those	
whose histology condition met the 
treatment criteria had higher serum sPD- 1 
levels than did those who did not meet 
the	criteria	(C).	ROC	curve	for	predicting	
patients	with	ALT	<2	ULN	whose	
histology met the treatment criteria from 
those whose histology did not meet the 
treatment criteria (D)
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3.7 | sPD- 1 could be used as an indicator for 
initiating treatment in addition to ALT level

We further investigated sPD- 1 levels in patients whose ALT levels 
were	 less	 than	2	ULN	 (70	U/L);	 these	patients	usually	need	 liver	
biopsy to determine whether antiviral therapy should be initi-
ated.14 Treatment was recommended for patients with moderate- 
to-	severe	 inflammation	 and/or	 fibrosis	 (G3-	4	 and/or	 S2-	4).	 Our	
data showed that such patients had higher sPD- 1 levels than did 
those with minor inflammation or fibrosis (Figure 4C). To identify 
patients needing therapy among the CHB patients who did not 
have	ALT	<70	U/L,	the	AUROC	and	95%	CI	were	0.818	and	(0.640-	
0.996), respectively, for discriminating patients needing therapy 
from those not, and the optimal cut- off sPD- 1 level value was 
3.516	ng/mL	(Figure	4D).

4  | DISCUSSION

A previous study showed that sPD- 1 levels in chronic viral hepati-
tis	patients	correlated	with	higher	HBV	DNA	level	persistence	and	
higher possibility of HCC morbidity.8	In	the	present	study,	we	stud-
ied the role of sPD- 1 in chronic HBV infection; we found that sPD- 1 
could be employed as an indicator for determining the initiation of 
treatment in CHB patients with low levels of ALT (<70 U/L).

Our	results	showed	that	sPD1	correlated	with	HBV	chronic	 in-
fection, demonstrated by higher sPD- 1 levels in CHB patients than 
in	HC	individuals.	Our	previous	studies	showed	that	immune	cell	sta-
tuses varied depending on disease phases of CHB.18,19 When taking 
disease	phases	into	consideration,	IA	patients	had	the	highest	sPD-	1	
levels compared with those of the other phases. Since sPD- 1 is 
thought to prevent mPD- 1 from combining with its ligands, thereby 
counteracting mPD- 1- mediated inhibitory effects on immune cells,7 
the	 elevated	 sPD-	1	 level	 in	 IA	patients	 supported	our	 hypothesis.	
In	other	studies,	 the	functional	effect	of	sPD-	1	was	also	observed	
in autoimmune disease and chronic viral infection.20,21	Our	result	is	
consistent with that of Li et al’s study,22 in which a similar trend was 
reported.

The relationship between serum sPD- 1 and other clinical param-
eters provided additional cues regarding the role of sPD- 1 in CHB 
disease	progression.	Our	data	demonstrated	that	sPD-	1	level	posi-
tively correlated with ALT, TBiL and γ- GT levels. These results sup-
port the proposal that sPD- 1 is an indicator of liver inflammation. 
In	addition	to	an	association	with	liver	inflammation,	we	also	found	
that sPD- 1 level was associated with HBV markers (HBsAg, HBeAg 
and	HBV	DNA).	These	positive	correlations	between	HBV	DNA	or	
HBsAg and sPD- 1 are consistent with results of a previous study.8 
Combining these results, it appears that sPD- 1 is an important factor 
related to liver inflammation and viral replication.

Recurrent liver inflammation increases the risk of developing 
cirrhosis and hepatocellular carcinoma in CHB patients. A previous 
study also revealed a relationship between sPD- 1 and HCC.8	In	our	
study,	the	higher	levels	of	sPD-	1	in	patients	with	greater	APRI	and	

FIB-	4	scores	suggest	that	sPD-	1	also	reflects	the	level	of	liver	fibro-
sis in chronic hepatitis B patients. This result was further supported 
by liver biopsy data, although these data were only available in some 
cases.

Previous studies of membrane PD- 1 indicated that the en-
gagement of PD- L1 and PD- 1 may cause T- cell apoptosis, anergy, 
exhaustion	and	interleukin-	10	(IL-	10)	expression.23 As the soluble 
form of PD- 1, sPD- 1 is believed to be an antagonist of the PD- 1/
PD- L1 pathway by its combination with PD- L1, thereby preventing 
its activation of PD- 1. Elevations of sPD- 1 have been reported in 
autoimmune diseases such as arthritis 24 and aplastic anaemia.25 
Due to the blocking effect of sPD- 1 against PD- L1, T cells from 
these patients showed increased proliferation after culture with 
recombinant sPD- 1.21 Similar results have been reported in chronic 
infection.20 These results explained why serum sPD- 1 correlated 
with liver inflammation and fibrosis, while PD- 1 has been recog-
nized	as	an	exhaustion	marker	on	T	cells.	Overall,	our	results	fur-
ther support the role of sPD- 1 as antagonist of the PD- 1/PD- L1 
pathway.

There	was	a	distinct	separation	between	CA	and	CAN	patients	in	
terms of sPD- 1 levels. Multivariate logistic regression also revealed 
that sPD- 1 was an independent predictor of patients meeting the 
treatment	 criteria	 (CA)	 as	 opposed	 to	 other	 patients	 (CAN).	 The	
AUROC	of	using	sPD-	1	alone	to	discriminate	CA	patients	from	CAN	
patients	was	0.883,	also	supporting	sPD-	1	as	a	good	index	for	mak-
ing treatment decisions.

As	opposed	to	patients	whose	ALT	levels	were	elevated	>	2	ULN,	
patients	with	ALT	levels	<	2	ULN	usually	need	liver	biopsy	or	nonin-
vasive tests to measure the degrees of inflammation or fibrosis inside 
the liver in order to determine whether antiviral treatment should be 
initiated. We found that the relationships between sPD- 1 and liver 
inflammation and/or fibrosis remain in such patients. sPD- 1 levels 
in patients with moderate- to- severe inflammation and/or fibrosis 
(patients who should start antiviral treatment as soon as possible 2) 
were higher than those with mild inflammation and/or fibrosis. This 
finding suggests that sPD- 1 might serve as a convenient and less 
invasive marker to indicate histological status. Therefore, sPD- 1 is 
a potential marker to aid in the decision to initiation of treatment, 
possibly	benefiting	patients	without	significant	ALT	elevation.	It	was	
reported	 that	 untreated	patients	 in	 the	 IT	phase	with	normal	ALT	
had higher risk of HCC and death/transplantation than did treated 
IA-	phase	patients.26	Of	course,	a	larger	cohort	is	needed	to	validate	
this finding in the future, and a specific cut- off value is also needed 
to help on deciding treatment.

The	strengths	of	our	study	include	the	following.	1)	It	demon-
strated the practical value of sPD- 1 in identifying patients requiring 
antiviral treatment. Previous studies showed that sPD- 1 is a good 
predictor for HCC risk and is an important immune- related marker 
that could be used to identify disease phase in CHB,8, 22 while our 
study focused on the role of sPD- 1 in discriminating CHB patients 
needing antiviral treatment immediately from those who do not; it 
would be a less invasive option than liver biopsy for CHB patients 
with	 low	ALT	 levels.	2)	Our	study	provided	the	novel	 finding	that	
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sPD- 1 was associated with various clinical parameters, including 
HBV	DNA	and	HBsAg	(viral	replication),	γ- GT and TBil (liver dam-
age) and ALT as well as AST (inflammation); such characteristics 
partially explain why sPD- 1 alone showed good discrimination be-
tween patients needing immediate antiviral treatment and those 
not needing it.

It	should	be	noted	that	only	33	patients	with	biopsy	data	were	
included in our study, and the degrees of other patients’ liver 
damage	were	 assessed	 through	 noninvasive	methods	 (APRI	 and	
FIB-	4).	According	 to	 a	 previous	 study,10	 the	AUROCs	 for	 differ-
entiating none- to- minimal fibrosis (F0- F1) from significant (F2- F4) 
liver	fibrosis	were	0.81	for	APRI	and	0.81	for	FIB-	4;	the	optimal	
cut-	off	 values	were	1.59	 for	APRI	 and	2.08	 for	FIB-	4.	These	al-
ternative methods are less accurate than are liver biopsies. The 
number of immune- tolerant patients included in this study was 
relatively small, which is another limitation that should not be ne-
glected. Due to the retrospective and cross- sectional nature of 
our study, classification bias and diagnostic bias are unavoidable. 
Ideally,	 a	 larger-	sized,	 longitudinal	 cohort	 including	various	 type	
of patients would be desirable to further confirm the findings in 
this study.

In	 conclusion,	 our	 study	demonstrated	 that	 serum	 sPD-	1	 level	
correlated with various clinical parameters, reflecting inflammation 
and viral replication in CHB patients. sPD- 1 could serve as a new in-
dicator for assessing liver fibrosis and may further aid in deciding on 
antiviral treatment, especially for patients whose ALTs are elevated 
to a lesser extent.
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