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Abstract

Background: Complete clearance of intracellular viruses depends on effector cells of innate and adaptive immune
systems. This study aimed to identify the relationships among antiviral cytokines produced by natural killer (NK) and
T cells and clinical-virological characteristics in untreated chronic hepatitis B (CHB) patients.

Methods: We measured antiviral cytokines interferon-gamma (IFN-y), tumor necrosis factor-alpha (TNF-a), and
interleukin-2 (IL-2) produced by T, NK and natural killer T (NKT) cells, respectively, in a cohort with chronic hepatitis
B virus (HBV) infection (CHB). We also correlated these cytokines with clinical-virological characteristics using a linear
regression model.

Results: levels of IFN-y" and TNF-a* CD4* and CD8" T cells were significantly higher in immune active (IA) phase
than in other phases. Immune tolerant (IT) patients showed the lowest expression of IFN-y by NK and NKT cells, and
TNF-a by NK cells. IFN-y*, TNF-a* and IL-2" CD4" and CD8* T cells frequencies were similar between IA and gray
zone (GZ) phases. Principal component analysis based on cytokines confirmed that most IT patients significantly
differed from inactive carriers (IC) and IA patients, while GZ patients were widely scattered. Multivariate analysis
showed both T and NK cells producing IFN-y and TNF-q, but not IL-2, had significant association with serum alanine
aminotransferase (ALT). Moreover, IFN-y* NKT cells were associated with HBV DNA, while IFN-y* CD4* and CD8" T
cells were correlated with age.

Conclusion: HBV clinical phases are characterized by distinct cytokine signatures, which showed relationship to
viral features in these untreated CHB patients.
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Background

Chronic infection with hepatitis B virus (HBV) is esti-
mated to affect more than 240 million people worldwide,
leading to 620,000 deaths per year [1, 2]. Although the
host attempts to prevent and clean HBV infection with
minimal damage to itself, the virus utilizes many strat-
egies to escape from the host surveillance [3, 4]. At first,
HBV must recognize and bind to specific receptors, and
then enter the liver cells and migrate into the nucleus.
In the nucleus, its genome is transcribed and translated
to assemble and secrete new virions out of the infected
cells, so HBV can spread to other susceptible cells [5-7].
In acute HBV infection, the host recognizes the virus
and efficiently clears it as quickly as possible by a pro-
tective immune response [8—10]. Both of the innate and
adaptive immunity play a critical role in fighting against
HBV [11].

Due to the nature of HBV, the host may be triggered
by the virus to produce antiviral cytokines that inhibit
the HBV life cycle, to limit the spread of the infection
[12]. Innate immune cells, including natural killer (NK)
cells, granulocytes and natural killer T (NKT) cells, con-
stitute the first line of defense. Although the innate and
adaptive immune effector cells can directly destroy the
infected liver cells, much of the antiviral ability of these
cells results from production of antiviral cytokines at the
site of infection, such as interferon-gamma (IFN-y) and
tumor necrosis factor-alpha (TNF-a) [13-15]. These
antiviral cytokines can clear HBV from infected liver
cells in a noncytopathological way, or indirectly control
HBV infections, by enhancing the antigen-presenting
process, promoting HBV epitope display at the surface
of infected cells and regulating the immune response [3,
16]. Therefore, it is not surprising that the HBV proteins
have the potential ability to inhibit the activity of these
antiviral cytokines [17-20].

IFN-y and TNF-a play an important role in HBV in-
fection control in several ways. First, they can recruit
and activate T cells, NK cells and macrophages to per-
form their functions, including producing antiviral and
immunoregulatory monokines and cytokines. Second,
they can induce T cells toward developing antiviral ef-
fector functions for effective control of HBV infection.
Third, they can upregulate major histocompatibility
complex (MHC) expression on infected liver cells, and
then promote antigen processing and presentation. Fi-
nally, they can perform direct antiviral functions. In
addition to IFN-y and TNF-q, interleukin-2 (IL-2) is also
an antiviral cytokine and can regulate the cellular im-
munity during HBV infection.

Although numerous studies have shown a host-virus
relationship in CHB infection, few studies have attempted
to test associations among innate immunity and T cell-
derived antiviral cytokines and clinical-virological factors
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in a treatment-naive CHB cohort. In this study, we mea-
sured antiviral cytokines, including IFN-y, TNF-a and IL-
2 produced by T cells, NK cells and NKT cells, respect-
ively, in treatment-naive CHB patients with different dis-
ease phases and analyzed the correlations between these
cytokines and clinical characteristics.

Methods

Subjects

Adult CHB patients in the viral hepatitis clinic of the
Third Affiliated Hospital of Sun Yat-sen University were
recruited. Patients who received antiviral treatment
within the previous 6 months; with end-stage liver insuffi-
ciency, cirrhosis, and malignancies; with autoimmune dis-
orders or, immunosuppressive treatment; and with human
immunodeficiency virus, hepatitis C virus, or hepatitis D
virus coinfection, were excluded. The study was approved
by the Institutional Ethical Board of Sun Yat-sen Univer-
sity and carried out conforming to the Code of Ethics of
the World Medical Association (Declaration of Helsinki)
for experiments involving humans. Written informed con-
sent was obtained from all patients.

Of 244 eligible patients, 15 were excluded because of
missing values and 229 patients were analyzed. Classifi-
cation of the patients in this work was in accordance
with published international CHB treatment guidelines,
as follows: (1) immune tolerant (IT) phase: normal ALT
level, elevated HBV DNA load, typically >1 million IU
mL-1, and hepatitis B e antigen (HBeAg) positive; (2)
Immune active (IA) phase: elevated ALT level, HBeAg
positive and HBV DNA >20,000 IUmL-1, or HBeAg
negative and HBV DNA >2000IU mL-1; (3) Inactive
carriers (IC): normal ALT level, antibody to hepatitis B e
antigen (HBeAb) positive, and low HBV DNA level; and
(4); gray zones (GZ): ALT and HBV DNA levels did not
fall into the same traditionally characterized phases [21].
Blood was also obtained from age-matched healthy con-
trols (n=17). Information on the demographics, HBV
markers (HBeAg, HBV DNA, hepatitis B surface antigen
[HBsAg]), HBV genotypes and liver function is listed in
Table 1.

Cell surface marker staining and flow cytometry analysis

According to the manufacturer’s instructions, peripheral
blood mononuclear cells (PBMCs) were isolated using
Ficoll density gradients. PBMCs were stimulated with
Leukocyte Activation Cocktail (BD Pharmingen, San
Diego, CA) at 37 °C for 4 h prior to intracellular staining
using the manufacturer’s staining protocol. PBMCs were
stained for surface markers, fixed, permeabilized with
IntraPreReagent (Beckman Coulter, Fullerton, CA), and
then stained with antibodies for intracellular markers.
Anti-human mAbs against APC-CD4, FITC-CD56,
FITC-IFN-y, PE-CF594-CD3, PE-IL-2, PE-TNF-«, and
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Table 1 Clinical-virological characteristics of patients included in the study
Characteristics T(h=17) IA (n =120) IC (n =20) GZ (n=72) HC (n=17) P value
Age, years, median (quartile) 25 (24, 26) 29 (25, 33.25) 32 (28.75,37) 31.5 (26, 38.25) 27 (255, 36) < 0.001
Gender 0.238
Male, n (%) 12 (70.6) 77 (64.2) 17 (85) 55 (76.4) 12 (70.6)
Female, n (%) 5(294) 43 (35.8) 3(15) 17 (23.6) 5(294)
ALT, U/L, median (quartile) 206 (183, 224) 20.8 (19.1, 22.5) 223 (216, 23.8) 21484 (198, 234) 16 (12.5, 22.0)) <0.001
Fibroscan, Kpa median (quartile) 49 (42, 54) 53 (4.3,65) 44 (40, 53) 48 (44,54) 46 (40~5.1) 0016
HBV DNA, Log IU/ml, median (quartile) 8.2 (8.2 82 7.7 (5.0, 82) 22 (16, 3.0) 33 (21,43) <0.001
HBeAg status < 0.001
Negative, n (%) 0 (0) 41 (34) 20 (100) 62 (86)
Positive, n (%) 17 (100) 78 (65) 0(0) 10 (14)
Missing, n (%) 0(0) Q) 0(0) 0(0)
HBeAb status < 0.001
Negative, n (%) 17 (100) 70 (58.3) 1(5) 13 (18.1)
Positive, n (%) 0 (0) 47 (39.2) 19 (95) 59 (81.9)
Missing, n (%) 0 (0) 3(25) 0 (0) 0 (0)
gHBsAg, Log IU/ml, median (quartile) 46 (4.5,4.7) 40 (3.3,4.7) 29(20,32) 32(23,36) < 0.001
HBsAb status < 0.001
Negative, n (%) 15 (88) 106 (88) 20 (100) 67 (93)
Positive, n (%) 2(12) 14 (12) 0(0) 5(7)
HBV genotype < 0.001
G n(%) 2(12) 30 (25) 3(15) 15 (21)
B, n (%) 12 (71) 74 (62) 8 (40) 27 (38)
N, n (%) 0(0) 202 9 (45) 23 (32)
O, n (%) 1(6) 8 (1) 0(0) 23 (32)
Missing, n(%) 2010 6 (5) 0 (0) 1(1)

HBV genotype: Other included C+D, B+ D, B+C, D; N, not detected

IT immune tolerant, /A immune active, IC inactive carrier, GZ gray zones, ALT alanine aminotransferase, HBeAb antibody to HBV e antigen, HBeAg, HBV e antigen,
HBsAb antibody to hepatitis B surface antigen, gHBsAg quantitative hepatitis B surface antigen;

V450-CD8, with controls, were purchased from BD Bio-
sciences (San Jose, CA, USA). Data were acquired on a
Gallios instrument (Beckman Coulter, Brea, CA) and an-
alyzed with FlowJo software (Ashland, OR).

Clinical and serologic parameters

Upon recruitment, patient serum was tested for hepatitis
B surface antibody (HBsAb), HBeAg and HBeAb, using
commercial kits (Abbott Laboratories, North Chicago,
IL). Quantitative hepatitis B surface antigen (qHBsAg)
was measured by Elecsys HBsAg II Quant reagent kits
(Roche Diagnostics, Indianapolis, IN). Serum HBV DNA
levels were measured by Roche COBAS Ampliprep/
COBAS TagMan HBV Test v2.0 (dynamic range from
20 to 1.7E + 08 IU mL-1, Roche Molecular Diagnostics,
Branchburg, NJ).). Six HBV genotypes (a-f) were assed
by direct sequencing. The levels of fibrosis were defined
by liver stiffness measurement (Fibroscan, Echosens,
Paris, France).

Statistical analysis

Comparisons between the two patient groups were per-
formed using the Mann-Whitney test for continuous
variables and the x2 test for categorical variables. We ex-
plored the association between continuous variables
using a linear regression model, Pearson correlation or
Spearman correlation. For the cluster analysis, we used
principal component analysis to separate the samples
into four clusters. All the other statistical tests were per-
formed using R software version 3.2.2. Statistical signifi-
cance was set to 0.05.

Results

Baseline characteristics of the study population

To study viral and immune correlations in the different
CHB disease phases, we carefully selected a homoge-
neous cohort of untreated chronic HBV infected patients
without any other comorbidities, attending our out-
patient clinic. To rule out the impact of advanced liver



Gu et al. BMC Infectious Diseases (2020) 20:509

fibrosis on any identified immune parameter, patients
with advanced fibrosis (F2 fibrosis or higher) were ex-
cluded. As is typical for the natural history of CHB pa-
tients, IT patients were youngest among the patient
cohort. Owing to the stringent definition criteria, differ-
ences in age, ALT and HBV DNA levels were observed
between clinical phases. Unlike some recent reports, the
qHBsAg level in this study was higher in IT patients
than in GZ patients [22, 23] (Table 1).

Cytokine profiles in CHB patients with different stages of
disease

To investigate whether CHB patients beyond current
treatment criteria are characterized by a state of de-
fective antiviral response, we analyzed the expression
profiles of three major effector cytokines, IFN-y, TNF-
a and IL-2, produced by innate and adaptive immun-
ity. The representative dot plots and gating strategies
of flow cytometry analysis for T cell-, NK cell- and
NKT cell-derived cytokines are shown in Supplemen-
tary Figure 1. We first analyzed their T cell-derived
cytokine profiles and compared them with those in
healthy controls. The frequency of IFN-y* CD4+ T
cells was significantly higher in the IA, IC and GZ
groups than in the IT group. The frequency of IFN-y*
CD8+ T cells was significantly higher in the IA, IC,
GZ and HC group than in the IT group. Moreover, the
frequency of TNF-a* CD8+ T cells was higher in the
GZ and IA groups than in the IT group while fre-
quency of TNF-a® CD8+ T cells by HC group was
higher than that in the GZ, IC, IA and IT groups. Both
the frequencies of TNF-a" and IL-2* CD4+ T cells
were significantly higher in IA patients than in IT
patients (Fig. 1a).

We also measured the frequencies of cytokines pro-
duced by NK and NKT cells in the current CHB cohort.
As expected, statistically significant differences were ob-
served in the frequencies of NK and NKT cells secreting
IFN-y, with progressive decreasing levels from IA, IC,
GZ, and IT patients. The differences of the frequencies
of IFN-y produced by NKT cells, IFN-y and TNF-a pro-
duced by NKT and NK cells, respectively, between the
patients in IA and GZ phases were not statistically sig-
nificant. However, the frequencies of IFN-y produced by
NKT and NK cells and TNF-a produced by NK cells of
patients in the IA phase were all higher than those of pa-
tients in the IT phase (P =0.004 and 0.0008 for IFN-y"
NKT and NK cells in IA vs IT; P = 0.004 for TNF-a* NK
cells in IA vs IT, respectively, Fig. 1b).

Taken together, these results indicate that a certain
number of CHB patients beyond the current treatment
guidelines, particularly, patients in the GZ phase, still
produce antiviral cytokines.
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Distribution of distinct cytokine profiles in CHB patients
with different disease phases

Because clinical-virological features from patients with
CHB were associated with TNF-a*, IFN-y" and IL-2" T
cells, and TNF-a* and IFN-y" NK cells, we then assessed
whether their combined evaluation could be used to
identify the maturation of an efficient antiviral response
to therapy in individual treatment-naive CHB patients.
We first investigated the correlation among the current
3 pairs of T-cell subset cytokines and 2 pairs of NK and
NKT cell cytokines. The overall correlation among these
10 cytokines is shown in Fig. 2a. After correlation ana-
lysis, the expression levels of 6 cytokines (CD4_IFN-y”,
CD4_IL-2%, CD8_TNF-a', CDS8_IL-2", NK_IFN-y",
NKT_TNF-a*) were selected to construct an IA-similar
cytokine profiles. The assumption was that acquisition
of IA-similar cytokine profiles could reflect a vigorous
response to antiviral therapy. A threshold was thus
established as shown by the mean value found in IA pa-
tients plus one standard deviation for the above selected
parameters, and calculation of their expressions in indi-
vidual patients was conducted to compare with each
matched threshold. Individual cytokine distribution pro-
files were distinguished according to the altered number
of applicable parameters beyond the threshold for all pa-
tients. A profile with all the applicable parameters al-
tered was assumed to reflect an active immune response
to therapy whereas a profile with no applicable parame-
ters altered was predicted to be associated with an awak-
ening response to therapy. IA and IC with an active
immune response to HBV showed a prevalent expres-
sion of more inflammatory patterns with 6 and 4 altered
applicable parameters respectively. In contrast, IT pa-
tients showed an immune depletive pattern with only 2
altered application parameters. GZ patients instead
showed an intermediate behavior with 5 altered applic-
able parameters, as a likely result of the transition from
an immune depletive to an inflammatory pattern of typ-
ical IA patients (Fig. 2b). Based on Spearman’s rank cor-
relation analysis, CD4_TNF-a*, CD8_IL-2" and NK_
IFN-y" were selected as the representative cytokines in
the current CHB cohort for principal component ana-
lysis, which further confirmed that most IT patients sig-
nificantly differed from IA and IC patients (red, blue and
black circles, respectively), both of whom clustered
homogeneously and an intermediate distribution was ob-
served for GZ patients, who were widely scattered (green
circles, Fig. 2c).

Association among T cell-secreted cytokines and
correlation with clinical-virological characteristics
Linear regression analysis was used to examine the asso-
ciation between T cell-produced cytokines and clinical-
virological parameters. Univariate analysis revealed that
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Fig. 1 Cytokine profiles of innate and adaptive immune responses from naive CHB patients. a Expression of cytokines IFN-y*, TNF-a* and IL-2* by
CD4" and CD8" T cells derived from the indicated patient groups was measured. The levels were compared among patients in the IT, 1A, GZ and
IC phases, and those of healthy controls. b Expression levels of cytokines in IFN-y*, TNF-a* NK and NKT cells derived from the indicated patient
groups were measured. The levels were compared among patients in the IT, IA, GZ and IC phases, and healthy controls. Differences between two
patient groups were evaluated by the Mann-Whitney test. Data are presented as the median indicated by a red line. *P < 0.05, **P < 001, **P < 0001

a positive HBeAg result, and elevated levels of ALT and
HBV DNA were associated with increased levels of
CD4" T cell-secreted TNF-a. Older age and higher ALT
levels were associated with more proportion of IFN-y*
CD4" T cells, while IL-2" CD4'T cells were linked to
the increased HBV genotypes. After adjusting for other
confounding factors, multivariate analysis revealed that
both higher ALT levels and older age were significantly
associated with increased IFN-y* CD4" T cells, and

gender, ALT and HBV genotype were significantly asso-
ciated with TNF-a* CD4" T cells (Table 2).

Univariate analysis of the relationship between CD8+
T cell-derived cytokines and clinical-virological factors
showed that age and ALT were associated with both
TNF-a* and IFN-y" CD8" T cells, respectively. Multi-
variate analysis indicated that older age and high ALT
were still associated with increased IFN-y content, while
only ALT was significantly related to increased TNF-a*
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Fig. 2 Distribution of distinct cytokine profiles in CHB patients with different disease phases. a Correlations among ten cytokines, IFN-y*, TNF-a*
and IL-2" CD4" and CD8" T cells and IFN-y* and TNF-a* NK and NKT cells, were measured by Spearman correlation. P < 0.05 was colored, and
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strength. b Summary of percentages of patients in the IT, IA, IC and GZ phases grouped by altered applicable parameters. There were individuals
with up to 6 altered applicable parameters in the IA group, and the number in the IC was 4, IT only 2, GZ however, 5 representing an
intermediate state. ¢ Representative image of principal component analysis based on CD4_TNF-a*, CD8_IL-2", NK_IFN-y*. Each circle represents a
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CD8" T cell proportions. There was no statistically sig-
nificant association between IL-2* CD8" T cells and viral
parameters (Table 3).

Therefore, either I[FN-y" CD4" or CD8" T cells were
significantly associated with older age and higher ALT,
while TNF-a produced by these T cell subsets was asso-
ciated with ALT.

Association among NK and NKT cell-secreted cytokines
and correlation with clinical-virological characteristics
Similarly, the linear regression analysis was used to
examine the association between clinical-virological fac-
tors and NK or NKT cell-expressed cytokines in the
current CHB cohort. Univariate analysis of the NK cell
cytokine profiles showed that elevated frequencies of

IFN-y" and TNF-a" cells were correlated with higher
ALT levels, while only TNF-a" cells were also associated
with HBV DNA. Multivariate analysis also showed simi-
lar results regarding the association between cytokines
and ALT (Table 4). We also detected cytokines pro-
duced by a subset of T cells that express NK cell
markers, NKT cells. The HBeAg, HBV DNA and geno-
types were found to be associated with NKT cell-
secreted TNF-a via univariate analysis. Both of univari-
ate and multivariate analysis showed that ALT was asso-
ciated with NKT cell-secreted TNF-a, and ALT and
HBV DNA were associated with NKT cell-secreted IFN-
y (Table 5).

In summary, multivariate analysis of 10 clinical-
virological parameters and 10 cytokines implied that
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ALT was significantly associated with 8 cytokines from
T cells and NK cells. Age and HBV DNA were associ-
ated with 2 cytokines, while sex was correlated with only
one cytokine frequency (Supplementary Figure 2).

Discussion

Published data indicate that adaptive responses to HBV
infection are efficient and induced immediately after ac-
tive virus replication begins due to the poor induction of
innate immunity [14]. Other studies have shown that in-
nate immunity may acquire a key role in dictating the
course of HBV infection because of T cell impairment
[24]. These controversial issues imply that a synergistic
and coordinated role of all cellular components may
contribute to the disease status and clinical outcome of
CHB. In this scenario, our observational study involving
229 treatment-naive CHB subjects falling in different
disease phases with detailed cytokine profiles for T cells,
NK cells, and NKT cells adds to the existing knowledge
regarding a series of novel and important pieces of
information.

We found a divergent ability of circulating T and NK
cells to produce cytokines in CHB patients with different
disease phases. The frequencies of half of the tested cy-
tokines (CD4_IFN-y*, CD4_TNF-a*, NK_IFN-y*, NK_
TNF-a", and NKT_TNF-a") were significantly higher in
IA patients than in IT patients, suggesting increased in-
flammatory lesions in the liver of the IA patient group.
Notably, the levels of other cytokines (CD8_IFN-y”,
CD8_TNF-a*, CD4_IL-2*, CD8_IL-2*, and NK_TNF-a")
in GZ patients were comparable to those in IA patients,
implying that this proportion of patients who were not
strictly recommended for treatment preserved T-cell
and NK-cell cytokine functions. These findings, along
with previous data from young people in the IT phase
[25] reflected the inadequacy of ALT and HBV DNA
levels in the assessment of disease activity [26, 27].

In agreement with previous studies [28, 29], both T
and NK cells producing IFN-y and TNF-a were posi-
tively correlated with ALT levels in the cohort of pa-
tients, especially in IA patients whose ALT expression
was more than that in other groups, as well as inflamma-
tory cytokines, highlighting a possible role of these cyto-
kines in maintaining liver inflammation. However, no
significant association of ALT with T or NK cell-
produced cytokines was observed in GZ, IC and IT pa-
tients separately. Cytokines from T cells were not in-
creased in patients with higher or lower HBV DNA
levels. This association of the antiviral cytokine response
with higher ALT values but not with lower HBV DNA
levels might be interpreted as the rate of clearance of
HBV-infected cells not being the principal determinant
if steady-state HBV DNA level exists during chronic in-
fection. Moreover, IFN-y" T cells and NKT cells had a
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statistically significant association with HBV DNA. The
results were consistent with other reports that IFN-y
plays a prominent role in the clinical pathogenesis by
recruiting inflammatory immune cells [30, 31]. Never-
theless, none of the immune cytokines produced by T
and NK cells was significantly associated with HBsAg,
HBeAg or other demographic characteristics of patients.
A trend was seen toward a positive relationship between
HBeAg level and IFN-y" and TNF-a" CD4" T cells in
the current cohort, however, this trend did not achieve
statistical significance (Table 2).

The frequency of IL-2" T cells was increased in pa-
tients with genotype C although their correlation was
not significant (P = 0.067). Genotype C has been consid-
ered to be associated with increased inflammation, high
fibrosis and cirrhosis in numerous studies [32]. Thus,
whether patients with higher IL-2 levels are linked to the
higher clonal hepatocyte population that may lead to
HCC needs to be further identified. IL-2 has essential
roles in key functions of the immune system, primarily
via its direct effects on T cells. However, we failed to
find significant associations of IL-2" with IFN-y" and
TNF-a" T cells in the current study. These negative data
suggest that IL-2 may not be required to activate CD4"
and CD8" T cells, whereas it may contribute to regula-
tory T cells (Tregs) [33-35]. A recent report demon-
strated the potential of IL-2 to enhance Treg therapy in
autoimmune disease [36, 37]. On the other hand, incon-
sistent with report of an inverse correlation found be-
tween cytokines produced by T and NK cells in CHB
[24], our data showed the absence of an association re-
garding IFN-y-secreting function between CD8" T and
NK cells. Therefore, T and NK cells may exert an addi-
tive effect to produce antiviral cytokines.

The detailed analysis of the noncytolytic control of
viral infection derived from CHB patients with different
disease phases included a total of 10 cytokines produced
by the innate and adaptive immune response. Although
at some instances significant differences emerged be-
tween the clinical-virological characteristics and cytokine
profiles, it became clear that no single parameter was
sufficient to distinguish the disease phases from each
other based on antiviral cytokine activity. Thus, we per-
formed correlation analysis and principal component
analysis with these 10 cytokines to further improve the
classification of individuals with different disease phases
(Fig. 2). Using these methods, IT patients could clearly
be separated from IA and IC patients. Principal compo-
nent analysis also revealed that some GZ patients and
the patients in the other 3 groups differed in cytokine
expression. In particular, some were found to be scat-
tered within other groups. This finding could in part ex-
plain a considerable proportion of GZ patients with high
levels of inflammatory cytokines. They seemed neither
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to be an immune tolerate nor in an inactive state, in-
stead, they were closer to the immune active status than
to other statuses and may benefit from antiviral therapy.

Conclusions

In summary, the current analysis takes into account clin-
ical, virological, and immunological information col-
lected at a single time point for each patient, and
therefore the data represented only a snapshot in the
long and chronic course of a disease. If liver injury medi-
ated by the immune response is cumulative, the liver tis-
sue injury may be related to both of the HBV specific
immune response level and the infection time. There-
fore, variation in infection time of the patients in the
study would be a confounding factor of statistical ana-
lysis, because we detected some immunological associa-
tions in the cohort, and the bias might strengthen our
conclusions; therefore, it is necessary to interpret cau-
tiously the negative data. In this and other cohorts, the
evolution of viral and immune responses and the evalu-
ation of longitudinal disease progression could provide
more information that is critical for a complete under-
standing of the virus-host dynamic relationship in
chronic HBV infection.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512879-020-05233-x.

Additional file 1: Supplementary Figure 1. Gating strategy for IFN-y™,
TNF-a*, IL-2" CD4* and CD8" T cells, IFN-y* and TNF-a* NK and NKT cells.
T cells, NK cells and NKT cells were derived from total live PBMCs gated
by forward and side scatter followed by single-cell gating using width
and height parameters. CD4™ and CD8™ T cells were defined by the co-
expression of CD3 and CD4 or CD8. NK cells were defined by the expres-
sion of CD56 and lack of CD3. NKT cells were defined by the expression
of CD56 and CD3. The above cells were shown in the red boxes as indi-
cated. The percentages of IFN-y*, TNF-a™ and IL.-2" produced by these
cells were further calculated according to the fluorescence of each cyto-
kine antibody.

Additional file 2: Supplementary Figure 2. Summary of correlations
between 10 cytokines and 10 clinical-virological characteristics was dis-
played as indicated. A linear regression model, Pearson correlation or
Spearman correlation were used to test the correlation. P < 0.05 was
shown in red color.
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