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Background. Acute hepatitis B virus infection in adults is generally self-limiting but may lead to chronicity in a minority of
patients.

Methods. We included 9 patients with acute hepatitis B virus (HBV) infection and collected longitudinal follow-up samples.
Natural killer (NK) cell characteristics were analyzed by flowcytometry. HBV-specific T-cell function was analyzed by in vitro stim-
ulation with HBV peptide pools and intracellular cytokine staining.

Results. Median baseline HBV DNA load was 5.12 log IU/mL, and median ALT was 2652 U/mL. Of 9 patients, 8 cleared HBsAg
within 6 months whereas 1 patient became chronically infected. Early time points after infection showed increased CD56™" NK
cells and an increased proportion of cells expressing activation markers. Most of these had normalized at week 24, while the pro-
portion of TRAIL-positive CD56™¢" NK cells remained high in the chronically infected patient. In patients who cleared HBV, func-
tional HBV-specific CD8+ and CD4+ responses could be observed, whereas in the patient who developed chronic infection, only

low HBV-specific T-cell responses were observed.
Conclusions.

NK cells are activated early in the course of acute HBV infection. Broad and multispecific T-cell responses are

observed in patients who clear acute HBV infection, but not in a patient who became chronically infected.
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Infection with the hepatitis B virus (HBV) affects large numbers
of individuals worldwide. As much as one-third of the global
population has encountered HBV at some point in their life.
Infection with HBV at an early age will lead to chronicity in the
majority of cases (>95%), resulting in an estimated 240 million
patients worldwide who are chronically infected with HBV [1, 2].
When an acute HBV infection is encountered later in life, the virus
will be spontaneously cleared in most cases [3]. Less than 5% of
immunocompetent adult patients, however, fail to clear the virus
and become chronically infected with HBV. The mechanisms that
lead to chronicity of hepatitis B infection are largely unknown. For
clearance of the virus in the acute setting, both the innate and the
adaptive immune system are important [4-7]. The innate immune
system is responsible for early containment of the viruses and ini-
tial activation of adaptive immune responses. Although HBV has
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been shown to act as a “stealth” virus in woodchucks and chim-
panzees, evading early intrahepatic immune responses [8, 9], it is
uncertain whether these early innate responses are induced dur-
ing acute HBV infection in man [10]. Other players of the innate
immune system, natural killer (NK) cells, are activated early
during infection, before HBV-specific T cells arise [11, 12]. Later
on during infection, functionally active HBV-specific T cells can
be detected, which are thought to play an important role in viral
clearance. In chimpanzees, depletion of CD8+ T cells at week 6 of
infection leads to failure to clear the infection [5]. During chronic
infection, HBV-specific T cells are exhausted and their function
is impaired [13]. However, whether these HBV-specific T cells
were functionally active during the initial phases of infection is
unknown. In acute hepatitis C infection, patients with self-limited
infection have significant T cell responses compared with little or
no responses in those who evolve to chronicity [14].

Acute hepatitis B infection is asymptomatic in the majority
of cases, which makes it difficult to study. However, previous
studies have focused on blood donors that became HBsAg pos-
itive (n = 2) or a local outbreak (n = 5) for the initial phases of
infection [11, 15]. Here we examine the early dynamics of NK
and HBV-specific T cell responses in symptomatic patients with
acute HBV infection who presented at our clinic.

PATIENTS AND METHODS

Patients
Patients were included at the Gastroenterology and Hepatology
Department of the Academic Medical Center in Amsterdam.
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Acute infection was diagnosed based on HBsAg and HBV DNA
positivity, further serology, biochemistry, and anamnesis report-
ing risk of acquiring HBV. Patients were assessed at the outpatient
clinic at first visit (clinical onset), which was defined as baseline
(BL). Follow-up was at weeks 1, 4, 12, and 24. All patients were
HIV seronegative and were not co-infected with hepatitis C
or hepatitis delta virus. The study was approved by the Ethical
Review Board of the Academic Medical Center Amsterdam,
and all patients gave written informed consent. The study was
conducted in accordance with Declaration of Helsinki, Good
Clinical Practice guidelines, and local regulatory requirements.

Laboratory Testing

Biochemical and virological analyses were carried out by
local laboratories in accordance with good laboratory prac-
tice. Qualitative detection of serum hepatitis B surface anti-
gen (HBsAg) and antibody to hepatitis B surface antigen
(anti-HBs) was performed by enzyme immunoassay (AxSYM;
Abbott Laboratories, Abbott Park, IL). Quantitation of plasma
HBV DNA levels was done by the Roche COBAS TagMan 48
assay (F. Hoffmann-La Roche Ltd., Diagnostics Division, Basel,
Switzerland), with a dynamic range between 20 and 1.70 x 10°
IU/mL. HBV genotype was determined by sequencing a part of
the polymerase gene with dideoxynucleotide technology.

Sampling

Peripheral blood samples were obtained at baseline and during
follow-up (weeks 1, 4, 12, and 24). Sampling included serum and
plasma as well as peripheral blood mononuclear cells (PBMCs),
which were isolated using standard density gradient centrifuga-
tion and subsequently cryopreserved until the day of analysis.
Ten (serum/plasma) and 9 (PBMC) healthy blood donors were
included for comparison. These were anonymous and therefore
not age-, sex-, or ethnicity-matched to the patients.

Cytokine Measurements IP-10 and IL-18

Levels of IP-10 and IL-18 were measured in available patients’
serum and/or plasma samples (n = 9) with a DuoSet ELISA
(R&D Systems, Minneapolis, MN). Values were extrapolated
from standard curves (IP-10 range, 15.8-4000 pg/mL; IL-18
range, 8.2-2250 pg/mL). Serum samples from 10 healthy
controls were included in the analyses.

Immune Phenotyping by Flowcytometry

PBMCs were washed in PBA (PBS containing 0.01% [w/v]
NaN3, 0.5% [w/v] bovine serum albumin, and 2 mM EDTA)
and 1.0 x 10° cells were incubated for 30 minutes in the dark
at 4°C with different combinations of fluorescent label-conju-
gated mouse monoclonal antibodies (mAbs). For phenotypic
analysis, the following mAbs were used: CD3 V500, CD56
BUV395,CD16 BV786, CD16 BV421, CD27 BUV737, HLA-DR
FITC, CD38 PE-Cy7, PD-1 BV421, CD14 PE-CF5%94, CD19
PE-CF594 (BD Biosciences, San Jose, CA), CD8 BV711 CD8
BV785, CD57 Alexa Fluor 647 (Biolegend), life/dead fixable red
stain (Invitrogen, Camarillo, CA), NKp46 PerCP-efluor 710,

CD45RA efluor 605 (eBioscience, San Diego, CA), NKG2A PE
(Beckman Coulter, Fullerton, CA), and TRAIL APC (Miltenyi
Biotec, Bergisch Gladbach, Germany). For intracellular staining,
cells were fixed after surface staining with FACS Lysing Solution
(BD) and subsequently permeabilized (FACS Permeabilizing
Solution 2 [BD]). Cells were incubated for 30 minutes in the dark
at 4°C with 1 or more of the following antibodies: perforin FITC
(BD Biosciences), granzyme B PE (Sanquin, Amsterdam, the
Netherlands), Ki67 BV711 (Biolegend, San Diego, CA), Eomes
PerCP-efluor710,and T-bet Pe-Cy7 (eBioscience, San Diego, CA).
Measurements were done using LSR Fortessa flow cytometer
(BD Biosciences, Europe) and FACS Diva Software. Analysis
was done using FlowJo v. 10 (FlowJo LLC, Ashland, OR); gating
strategies are summarized in Supplementary Figure 1.

NK Cell Function

PBMC:s from all acute hepatitis B virus (AHB) patients (n = 8) at
baseline and all patients (n = 9) at week 24 were cultured in the
presence of CD107a FITC (BD Biosciences, San Jose, CA) and
stimulated with IL-12 (0.5 ug/mL) and IL-15 (10 ug/mL) over-
night. After stimulation, PBMCs were incubated with different
antibodies for extracellular and intracellular staining, CD3 V500,
CD56 BUV395, TNF-a AF700 (BD Biosciences, San Jose, CA),
IFN-y AF750 (Life Technologies, Eugene, OR), and MIP-1f
PE-Cy7 (eBioscience, San Diego, CA), as described above.
Measurements and analyses were done as described above.

Intracellular Staining HBV-Specific T Cells

A peptide library of HBV genotype A consisting of 15-mer pep-
tides with 10 overlapping residues was obtained from Chiron
Mimotopes (Victoria, Australia). PBMCs were cultured for
10 days with 5 pools of, in total, 315 peptides covering all pro-
teins of HBV genotype A at 1 pg/mL/peptide. The PBMCs were
restimulated for 6 hours at day 10 in the presence of CD107a
PE (BD Biosciences, San Jose, CA), Brefeldin A, and monen-
sin. The production of cytokines was evaluated by intracellular
staining with IFN-y BV421, MIP-1f Pe-Cy7, TNF-a AF700, and
IL-2 APC monoclonal antibodies (BD Biosciences, San Jose,
CA) after staining with surface markers as described above.
Measurements and analyses were done as described above.

Statistical Analyses

The 2-tailed Mann-Whitney U test was used for analysis of dif-
ferences between groups. For longitudinal analysis in individual
patients, the Wilcoxon signed rank test was used. P values <.05
were considered statistically significant. GraphPad Prism ver-
sion 6.07 for Windows (GraphPad Software, La Jolla, CA) was
used for analyses.

RESULTS

Patients

Nine patients with acute hepatitis B infection were included
in the study (for baseline characteristics, see Table 1). Patients
were infected with genotype A (n = 5) or genotype B, D, E,
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Table 1. Baseline Characteristics

Baseline HBV DNA,

Patient Genotype Sex Age, y Llog IU/mL ALT, U/L Bilirubin, pmol/L Clearance < 6 mo
1 D M 30 5.16 2652 n.a. Yes
2 B F 42 3.48 2126 78 Yes
3 A M 51 8.23 1631 30 No
4 A M 29 4.06 690 393 Yes
5 A F 54 5.08 3514 194 Yes
6 A M 53 6.79 3016 246 Yes
7 F M 49 6.49 3970 257 Yes
8 A M 38 4.14 1528 338 Yes
9 E M 42 858 2686 219 Yes

or F (all n = 1). At BL, the median HBV DNA load was 5.12
log IU/mL (interquartile range [IQR], 3.80-6.64) (Figure 1A)
and the median ALT was 2652 U/mL (IQR, 1554-3390 U/mL)
(Figure 1B). Six months after infection, 8 of 9 patients had spon-
taneously cleared the virus, of which 6 had formation of anti-
HBs antibodies. One patient, infected with HBV genotype A,

did not clear HBsAg within 6 months. At 6 months after ini-
tial presentation, the viral load in this patient was >1.7 x 10°
TU/mL (upper limit of quantification) and ALT was 454 U/mL
(Figure 1A, B). In all patients, IP-10 and IL-18 levels were meas-
ured. At baseline, the plasma levels of IP-10 were increased in
patients with acute HBV infection (n = 8), as compared with
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Figure 1. Viral load, ALT, and cytokine production decreases in patients who cleared infection. Hepatitis B virus (HBV) DNA (A), ALT (B), IP-10 (C), and IL-18 (D) levels were
measured in all 9 patients with acute HBV throughout the course of infection and in 6 or more healthy controls. The Mann-Whitney U test and Wilcoxon test were used to
determine statistical significance. " P<.0001: " P<.01: " P< .05. Patient 1 (0, patient 2 (|), patient 3 (@), patient 4 (M), patient 5 (), patient 6 (v), patient 7 (v), patient 8
(), patient 9 (©), and healthy controls (@). Abbreviations: HBV, hepatitis B virus; HC, healthy controls.
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week 24 when viral clearance had occurred (median, 1254 and
63.5 pg/mL, respectively; P < .0001) (Figure 1C). In addition,
baseline IL-18 levels were significantly increased in patients with
AHB infection (median, 2447 pg/mL) as compared with week 24
(median, 447.3 pg/mL; P = .008) (Figure 1D). At week 24, IP-10
levels had normalized, while IL-18 levels were still increased
as compared with healthy controls (median, 210.5 pg/mL;
P =.0005) (Figure 1D).

Early time points after infection (baseline and week 1) showed
an increase in the proportion of CD56™" NK cells (baseline
median, 7.4%) as compared with the time point after clear-
ance of the virus (week 24: median, 3.3%; P = .008) and healthy
controls (median, 1.4%; P = .0037) (Figure 2A). Furthermore,
the proportion of CD56%™ NK cells was decreased (Figure 2B)
early during infection, while the proportion of total NK and

total CD8+ T cells was not significantly different from that of
week 24 or the healthy controls (Figure 2C, D). There was no
significant change in the proportion of effector and memory
CD8+ T cells. However, the memory T-cell population was acti-
vated, as demonstrated by the significant increase in PD-1, Ki67,
HLA-DR/CD38, perforin, and granzyme B—positive memory T
cells (Supplementary Figure 2).

Early NK Cell Activation

To investigate the role of NK cells at different time points dur-
ing acute infection, we measured the expression of several
markers of NK cell activation. The proportion of CD56™8" NK
cells expressing CD38 was elevated at baseline (median, 44.9%;
P =.008) and normalized during the course of infection, until
it was significantly lower at week 12 (median, 19.2%), week 24
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Figure 2. The proportions of CD56™" natural killer (NK) cells were increased and CD56%™ cells were decreased in acute hepatitis B virus patients during the early phase of
infection. The proportions of CD56°" (A) and CD56™ (B) NK cells, total NK cells (C), and total CD8+ T cells (D) in 9 patients with acute hepatitis B virus (HBV) infection as well
as in 9 healthy controls (HCs) were analyzed using immune phenotyping by flowcytometry. The Mann-Whitney U test and Wilcoxon test were used to determine statistical
significance.  P<.01; " P<.05. Patient 1 (0J), patient 2 (|), patient 3 (@), patient 4 (M), patient 5 (), patient 6 (v),patient 7 (v),patient 8 (¢), patient 9 (©), and healthy controls

(@). Abbreviations: HC, healthy controls; NK, natural killer; ns, nonsignificant.
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(median, 21.8%), and compared with healthy controls (median,
30.3%; P = .0206) (Figure 3A). The proportion of CD56%™ NK
cells expressing CD38 showed a similar significant decline in
AHB patients throughout the course of infection (Figure 3A).

HLA-DR was expressed on an increased proportion of CD56"™
NK cells at baseline (median, 15.1%) in AHB patients as com-
pared with week 24 (median, 8.6%; P = .008) and healthy con-
trols (median, 4.6%; P = .0003) (Figure 3B). Ki67, a marker for
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Figure 3. Natural killer (NK) cell activation markers are increased at baseline in acute hepatitis B virus (HBV) infection. Markers of NK cell activation CD38 (A), HLA-DR
(B), Ki67 (C) in CD56"™ (left) and CD56"™ (right) NK cells were measured in 9 patients with acute HBV infection and in 9 healthy controls and analyzed using phenotyping
by flowcytometry. The Mann-Whitney U test and Wilcoxon test were used to determine statistical significance. ~ P<.001; ~ P<.01; ~ P<.05. Patient 1 (), patient 2 (1),
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killer; ns, nonsignificant.
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proliferation, was not differentially expressed on CD56™" or
CD56%™ NK cells between baseline, week 24, or healthy con-
trols. (Figure 3C). The differentiation status of NK cells, as
measured by CD57 and NKG2A expression, was not different
in patients with acute hepatitis B infection as compared with
healthy controls (Supplementary Figure 3).

Long-term Increase in Effector Markers

The proportion of CD56™&"

NK cells expressing NKp46,
an activating receptor, was significantly increased at all time
points during acute HBV infection, as compared with healthy
controls (AHB baseline median, 95.2%; HC, 81.6%; P = .0003)
(Figure 4A). This was similar for CD56%™ NK cells (Figure 4A).
The TNF-related apoptosis-inducing ligand TRAIL is generally
expressed by a minority of CD56™8" NK cells. At baseline acute
HBV infection, the proportion of TRAIL+ CD56" " NK cells
was significantly increased as compared with healthy controls
(median, 11.6% and 2.2%, respectively; P = .006) and compared
with week 24 (median, 4.7%; P = .03) (Figure 4B). Furthermore,
TRAIL expression in the patient who was chronically infected
was still elevated at week 24 after initial presentation (29.5% of
CD56™" NK cells) (Figure 4B). The proportion of granzyme
B- and perforin-positive CD56%™ NK cells at baseline was sig-
nificantly higher as compared with healthy controls (granzyme B:
baseline AHB, 64%; HC, 48.6%; P = .04; perforin: baseline AHB,
83.1%; HC, 63.3%; P = .05) but did not significantly decrease
during the 24-week period (Figure 4C, D). At baseline, granzyme
B was expressed by a considerable proportion of CD56"*¢" NK
cells, which are generally thought to play a lesser role in cytotox-
icity (Figure 4C). In particular, a high proportion of granzyme

B-expressing CD56™¢"

NK cells remained present in the patient
who evolved to chronic infection (Figure 4C). During AHB in-
fection, the proportion of NK cells producing interferon gamma
(IFN-y) in response to cytokine stimulation was increased at
baseline and week 24 (median, 18.2% and 31%, respectively) as
compared with healthy controls (median, 4.5%; P = .02 and .008,
respectively) (Supplementary Figure 4). Tumor necrosis factor
(TNF-a) and macrophage inflammatory protein-1p (MIP-1p)
expression was not different in AHB-infected patients compared
with healthy controls (Supplementary Figure 4).

HBV-Specific T-Cell Responses

HBV-specific T-cell responses, measured by cytokine produc-
tion in response to HBV peptide pools, were analyzed in 5
patients who were infected with HBV genotype A. Even though
intra-individual differences were observed in the specificity and
timing of the response, HBV-specific T-cell responses could be
observed in all patients who spontaneously cleared the HBV
infection during the 6 months of follow-up (Figure 5A-D). In
the patient who became chronically infected, however, very low
HBV-specific T-cell responses were observed at all time points
(Figure 6). Patients who cleared the HBV infection could have
an early peak of HBV-specific CD8+ T-cell responses at week 1

(patients 4 and 6) or a later peak (patients 5 and 8) (Figure 6).
The specificity of the T-cell response also differed between
patients. In patients 4 and 5, the highest observed sum of cyto-
kine responses was observed in response to the polymerase
peptide pool, whereas in patient 6 the highest cytokine produc-
tion was against the envelope pool, and in patient 8 against the
core peptide pool. CD4+ T-cell responses mostly followed the
same patterns (Supplementary Figure 5).

DISCUSSION

Here were show the temporal dynamics of NK cells and T
cells in 9 patients during acute hepatitis B infection, of which
1 developed chronicity. HBV is a noncytopathic virus; how-
ever, immune responses mounted by the host can cause serious
liver damage. Whereas viral clearance can occur without clin-
ical symptoms or cell destruction [4, 11], in our patient cohort,
hepatocyte damage was apparent by ALT elevations. As we
observed a significant increase in the proportion of total per-
ipheral memory T cells expressing makers of activity and cyto-
lytic proteins, HBV-nonspecific bystander T cells could have
played a role in hepatocyte injury [16, 17], as seen in mouse
models of acute fulminant HBV infection [18].

At the time of presentation at the clinic, plasma levels of
IP-10, an interferon-stimulated gene (ISG), were significantly
increased, suggesting broad innate immune activation via the
interferon pathway. Previous studies have shown no signifi-
cant induction of type I interferons in the initial phases of acute
HBV infection in chimpanzees [8] or woodchucks [9]. Also,
in man, type I interferon production was not observed early
during infection [10]; still, it has not been ruled out that other
interferon types such as IFN-\ are induced [10]. As we included
patients who already were symptomatic, it is more likely that
local danger signals or production of interferons by lympho-
cytes had activated the ISG pathway [8].

Early during the infection, the proportion of CD56""¢" NK
cells was significantly increased as compared with time points
after clearance of the virus. Furthermore, we observed a striking
increase in the proportion of CD38 and HLA-DR- and Ki67-
positive NK cells, indicating activation of these cells. Previously,
it was shown that in patients with symptomatic infection, NK
cell function is inhibited before peak viremia, and NK cells
only become activated after peak viremia [10]. As we only
included patients after peak viremia, we may have missed the
described inhibition of NK cells in the preclinical phase of
infection. Moreover, we observed an increased capacity of NK
cells to produce IFN-y at baseline in patients with AHB. The
proportion of NK cells expressing perforin and granzyme B was
increased in patients with an acute HBV infection. While in
mice hepatocytes infected with a recombinant adenovirus have
been suggested to be resistant to perforin-mediated killing [19],
the increase in the proportion of NK cells expressing cytotoxic
molecules suggests that they could have a role in hepatocyte
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Figure 5. Hepatitis B virus (HBV)—specific CD8+ T-cell responses in patients who cleared acute HBV infection. Cytokine production, upon HBV peptide stimulation, has
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hepatitis B virus; n.a., not available.

damage. As such, an increase in perforin expression by HBV-
specific T cells has been observed in acute HBV infection [20].
As the proportion of TRAIL-expressing CD56"¢" NK cells
was significantly increased, TRAIL-mediated killing of infected
hepatocytes could also be responsible for ALT elevations [21].
However, in 2 previously described patients who cleared the in-
fection without any symptoms or ALT elevations, NK cells were
activated early in the course of acute HBV infection, emphasizing
that these cells can be important in noncytopathic elimination
of HBV [11]. While Ki67, HLA-DR, and CD38 normalized after
clearance of the virus, other NK cell markers were still increased
at week 24 as compared with healthy controls, including NKp46,
TRAIL, perforin, and granzyme B. In line with this, baseline ele-
vated levels of IL-18, which is associated with NK cell activation
[22], were still significantly elevated at week 24. Interestingly, in
patients with chronic hepatitis B, TRAIL expression is significantly
elevated [23]. Similarly, in the patient who evolved to chronic in-
fection, TRAIL remained expressed on a significant proportion of

CD56™" NK cells. Whether this TRAIL-positive population is a
cause or a result of chronic infection remains unanswered. During
chronic infection, TRAIL has been suggested to play a role in the
killing of infected hepatocytes [21], as well as in NK cell-mediated
clearance of HBV-specific T cells [24].

Even though HBV-specific T cells seem to be inhibited by
IL-10 and arginase early during infection [10, 25], their pres-
ence is highly associated with viral clearance [5, 10, 26]. From
acute HCV infection, we know that evolution to chronicity is
associated with weak and transient responses of HCV-specific
T cells [14, 27]. Clearance of the infection, on the other hand,
is associated with the appearance of multispecific HCV-specific
CD8+ T-cell responses against multiple epitopes [27]. However,
in 2 blood donors with acute HBV infection who were followed
during asymptomatic infection, HBV-specific T-cell responses
reached their peak when HBV DNA was already declining,
emphasizing the importance of other immune mechanisms for
antiviral activity [11]. Early T-cell responses in these patients
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Figure 6. Hepatitis B virus (HBV)-specific CD8+ T-cell responses are decreased
in a patient developing chronic HBV infection. Peripheral blood mononuclear cells
(PBMCs) were isolated from an HBV genotype A—infected patient who evolved to
chronic infection after acute HBV infection. These PBMCs were stimulated with
HBV-derived peptides and TNFa, IL-2, MIP-1§3, and IFN+y production was measured
via flowcytometry. Peptide pools: C, core protein; E, envelope protein; PI, polymer-
ase protein pool I; Pll, polymerase protein pool II; X, x protein. Abbreviations: GT,
genotype; HBV, hepatitis B virus; n.a., not available.

were directed against envelope and polymerase proteins [11].
In 2 other patients, early responses were directed against poly-
merase and the X protein, followed by responses against core
and envelope [10]. Here we observed broad reaction to all HBV
proteins in 2 patients at the earliest time point (patients 4 and 6).
A more delayed and narrow HBV-specific T-cell response was
observed in 2 other patients while they already showed ALT ele-
vation and viral load decline (patients 5 and 8). Previously, a
lack of T-cell responses was associated with persistently high
HBYV DNA levels and the need for treatment in an immunosup-
pressed patient [15]. This association was also seen in mice that
were chronically infected with the lymphocytic choriomeningi-
tis virus. In this mouse model, high viral titres were associated
with functional impairment of CD8 T cells, a diminished pro-
duction of IL-2 by virus-specific CD4 T cells, and persistence
of infection to chronicity [28, 29]. In the 1 patient who did not
clear HBV infection and was not immunocompromised, the
observed narrow T-cell response may have led to chronic in-
fection. This is in line with the evolution of chronicity in wood-
chucks infected with the woodchuck hepatitis virus [30], as well
as observations in acute hepatitis C virus patients [14].

Acute HBV infection can present in many different ways:
with or without ALT elevations, and with or without symptoms.
Therefore, the underlying mechanisms may also differ between
cases. As 1 of the patients in this study developed chronic in-
fection, we had the unique opportunity to analyze early events
that could be associated with failure to clear HBV. Our data sug-
gest that the absence of HBV-specific T-cell response at all time
points could play a role in progression to chronic infection.
Furthermore, a substantial population of CD56"8" NK cells

expressing TRAIL, as seen in chronic HBV infection, was pres-
ent at all time points in this patient. A better understanding of
the early course of acute infection and the evolution to chron-
icity may help the development of novel therapeutics targeting
chronic hepatitis B virus infection.
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