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Abstract
Background—Hepatitis B virus-related acute liver failure (HBV-ALF) may occur following
acute HBV infection (AHBV-ALF) or during an exacerbation of chronic HBV infection (CHBV-
ALF). Clinical differentiation of the two is often difficult if a prior history of hepatitis B is not
available. Quantitative measurements of anti-hepatitis B core immunoglobulin M (IgM anti-HBc)
titers and of HBV viral loads (VLs) might allow separation of acute from chronic HBV-ALF.

Methods—Of 1602 patients with ALF, 60 met clinical criteria for AHBV-ALF and 27 for
CHBV-ALF. Sera were available on 47 and 23 patients, respectively. A quantitative immunoassay
was used to determine IgM anti-HBc levels, and real-time polymerase chain reaction (rtPCR) to
determine HBV VLs.

Results—AHBV-ALFs had much higher IgM anti-HBc titers than CHBV-ALFs, (signal to noise
(S/N) ratio median 88.5, range 0–1,120, vs. 1.3, 0–750, p<0.001); a cut point for S/N ratio of 5.0
correctly identified 44/46 (96%) AHBV-ALFs and 16/23 (70%) CHBV-ALFs; the area under the
receiver operator characteristic curve was 0.86, p<0.001. AHBV-ALF median admission VL was
3.9 (0–8.1) log10 IU/mL, vs. 5.2 (2.0–8.7) log10 IU/mL for CHBV-ALF, p<0.025. Twenty
percent (12/60) of the AHBV-ALF group had no hepatitis B surface antigen (HBsAg) detectable
on admission to study, while no CHBV-ALF patients experienced HBsAg clearance. Rates of
transplant-free survival were 33% (20/60) for AHBV-ALF vs. 11% (3/27) for CHBV-ALF,
p=0.030.

Conclusions—AHBV-ALF and CHBV-ALF differ markedly in IgM anti-HBc titers, in HBV
VLs and in prognosis, suggesting that the two forms are indeed different entities that might each
have a unique pathogenesis.
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Introduction
Hepatitis B virus-related acute liver failure constitutes 1% of those experiencing acute or
chronic hepatitis B (1, 2). Patients who have acute HBV infection (AHBV-ALF) as well as
those with an acute exacerbation (disease flare) of chronic HBV (CHBV-ALF) cannot be
distinguished on clinical grounds without historical or histological evidence for chronicity
which may be lacking in acutely ill patients. CHBV-ALF may occur spontaneously or due to
the effect of immunosuppression on viral replication and immunity (1, 2). We postulated
that serological or virological factors might better separate acute infections from acute
exacerbations of chronic disease when they presents as acute liver failure, since the immune
pathogenesis of each may be somewhat different.

During the natural history of hepatitis B infection, the immune response and the degree of
liver injury as exemplified by aminotransferase levels are considered to be roughly inversely
proportional to HBV viral loads (VLs) which vary widely from over a billion copies in
immune tolerant patients, to barely detectable or negative in inactive carriers (3–5). A strong
adaptive immune response results in rapid clearance of HBsAg and early detection of
antibodies to HBsAg (anti-HBs) in some patients with HBV-ALF (6). In support of this, low
or undetectable HBV VLs or HBsAg can be seen in about 20% of such patients (1,7). By
contrast, in chronic hepatitis B infection, accompanied by immunosuppression, the virus
may become directly cytopathic while liver injury in chronic infected patients who are not
immunosuppressed is still presumed to be immune-mediated (8).

The detection of IgM anti-HBc measured by enzyme-linked immunosorbent assay (ELISA)
is critical in differentiating acute from chronic HBV infection. However, patients with
chronic hepatitis B sometimes demonstrate IgM anti-HBc positivity (9.10). Previous semi-
quantitative assays described the longitudinal changes in IgM anti-HBc, but no studies have
provided direct assessments of IgM anti-HBc quantitation in patients with ALF (11). Use of
a semi-quantitative IgM anti-HBc ELISA, rather than a single cut-off value, might better
distinguish AHBV-ALF from CHBV-ALF. In addition, measurement of viral loads across a
wide dynamic range has not been studied extensively and might provide a second tool to
separate AHBV-ALF from CHBV-ALF.

In the present study, we classified a large group of patients all of whom met criteria for
HBV-related ALF, separating them on historical and clinical grounds into either AHBV-
ALF or CHBV-ALF. We then determined whether quantitative measurement of IgM anti-
HBc or HBV VLs (or a ratio combining the two) performed in blinded fashion could help to
distinguish between AHBV-ALF and CHBV-ALF.

Materials and Methods
Patients

Between January 1998 and December 2009, 23 sites in the US ALF Study Group enrolled
1,602 patients with acute liver failure (ALF) comprising all etiologies, to study in a
prospective fashion their clinical characteristics and outcomes. The definition of ALF
included severe acute liver injury without known cirrhosis, with a duration of illness of <26
weeks accompanied by hepatic encephalopathy and coagulopathy (prothrombin time ≥15
seconds or international normalized ratio (INR) ≥1.5) (12); 105 patients were screened and
87 patients with HBV-ALF met criteria for enrollment as outlined in Figure 1. All patients
were either IgM anti-HBc positive or HBsAg positive or both; 12 HBsAg negative/IgM anti-
HBc positive patients were considered to represent early viral clearance (7). The clinical
distinction between AHBV-ALF and CHBV-ALF was made after careful review of each
case report form by one of us (WML) using specific criteria from the clinical history.
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Chronic patients either had a known history of having chronic disease (prior evidence of
hepatitis B at least 6 months before admission to study) or, in the setting of
immunosuppression or HIV infection acute liver failure was assumed to represent chronic
infection. The AHBV-ALF group was characterized by age < 50 plus high risk behaviors:
injection drug use, multiple sex partners or sex with a known hepatitis B carrier; in the
absence of chronic disease or high risk behavior, older age (>50 years) and Asian ethnicity
was deemed to indicate chronicity. Fifteen patients could not be characterized using these
criteria. The reviewer was unaware of viral loads or quantitative IgM anti-HBc levels when
the adjudication was made. Standard molecular analyses using polymerase chain reaction
followed by standard consensus sequencing were used for viral genotyping (n=71) and
determining the presence of HBeAg negative mutations (n=68).

Since patients by definition were encephalopathic, informed consent was obtained from next
of kin prior to the study enrollment. The study was approved by the local Institutional
Review Board at each site. Detailed demographics, clinical and outcome data of all HBV-
related ALF patients were available from the coordinating center, the University of Texas
Southwestern Medical Center (UTSWMC) at Dallas. Serum samples were collected serially
for up to 7 days following admission to study and were stored at –80°C prior to retrieval
from the coordinating site for the study. Admission sera used for VL and IgM anti-HBc
determinations were considered to be the first available serum samples after enrollment in
the study (Figure 1). Spontaneous survival indicated survival without transplantation
whereas overall survival includes all those surviving at 3 weeks after admission to study
regardless of transplantation.

Laboratory Testing
Measurement of IgM anti-HBc titers—IgM anti-HBc titers were measured using the
ADVIA®Centaur™ IgM Anti-HBc assay, Siemens Diagnostics, Tarrytown NY. Briefly,
this assay is an indirect IgM capture immunoassay using a 2-step format including
biotinylated anti-human IgM and a solid phase containing streptavidin-coated
microparticles. An index value of ≥1 is considered to be reactive, 0.8–0.99 is a “gray zone”
which requires re-testing, and <0.8 is non-reactive. Each serum sample of 200 μl was run
according to assay instructions to determine the index value (signal to noise (S/N) ratio).
Sample results that were beyond the dynamic range of 9.0 (index value range 0.05 – 9.0)
were serially diluted with a 1:10 dilution using pooled serum that had been tested for HBc
IgM antibody and found negative. The final index value was multiplied by the appropriate
dilution factor to give a final “calculated” index result.

Quantification of HBV VL by real time polymerase chain reaction (rtPCR)—Sera
collected in serial fashion on days 1 through 4 after admission to study were quantified using
an established rtPCR protocol (13). Each serum sample was run in triplicate and the median
value was selected. Viral DNA extracted from serum was amplified and quantified in a
7900HT Fast Real-Time PCR System. The dynamic range of the assay was 25 to 2×107 IU/
mL.

Statistical analyses
Statistical analyses were performed using IBM® SPSS® Statistics 19.0 (SPSS Inc, Chicago,
IL USA), SAS 9.2 (SAS Institute Inc., Cary, NC USA), and StatXact V8 (Cytel Inc.,
Cambridge, MA USA). The Mann-Whitney U Test was used to compare groups (AHBV-
ALF versus all CHBV-ALF or only the non-immunosuppressed CHBV-ALF group) on the
continuous measures including HBV viral load (VL) and IgM anti-HBc levels. Chi-square or
Fisher’s Exact tests (when appropriate) were employed to compare groups on the categorical
measures. The receiver operating characteristic curve and the test for the area under this
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curve (AUROC) was used to describe the relationship between the true-positive rate and the
false positive rate in the prediction of group membership (AHBV-ALF versus overall
CHBV-ALF) using the continuous measures IgM anti-HBc levels and the ratio of IgM anti-
HBc to VL; standard errors for areas were estimated using a nonparametric method and
testing the null hypothesis of the true area equal to 0.50. A mixed model analysis of
covariance (ANCOVA) was used to determine the effects of time (baseline, day 2, and day
4) on log10 VLs for AHBV-ALF versus CHBV-ALF with subject at each time point treated
as a random effect. Covariates considered in this model were patient’s age, admission IgM
anti-HBc levels, and use of nucleoside (tide) analogue (NA); covariates remained in the
model if p<0.15. Logistic regression analysis was employed to predict AHBV-ALF versus
CHBV-ALF using admission log10 VLs, admission IgM anti-HBc titers, admission HBsAg
status, patient age, and HBV genotypes (A, B, and C) as covariates; Hosmer-Lemeshow p
values were provided to demonstrate the fit of the model to the data. AUROC analysis was
used to examine the predictions made by the logistic regression analysis in distinguishing
between the AHBV-ALF and CHBV-ALF groups. For all statistical tests, a p value < 0.05
was considered statistically significant unless otherwise stated. Viral load was expressed as
median (range) (log10 IU/mL), unless otherwise stated.

Results
Analysis of the two groups: AHBV ALF and CHBV ALF

Initially, data on 105 patients were available: we excluded two HBV+HCV co-infected
patients, one patient whose liver biopsy later revealed extensive hepatocellular carcinoma
and 15 who could not be characterized as to their acute or chronic status (Figure 1).
Comparing these 15 unclassified cases to the remaining 87, race (p=0.223) and gender
(p=0.576) were not different, however the median age (range) for the 15 not included was
significantly older than those that remained in the analysis (55.5 (40–69) versus 41 (17–71)
respectively, p=0.001). Thus, 60 met criteria for the acute (AHBV-ALF) group and 27 for
the CHBV-ALF group. No patient in either group was co-infected with hepatitis A, D or E
viruses using standard tests. Liver histology, available for 31 of the overall group did not
show evidence of cirrhosis in any patient.

The 27 patients within the overall CHBV-ALF group included 14 who were known to have
chronic hepatitis B. Nine experienced spontaneous acute exacerbation (unexplained and
without immunosuppression) while the remaining 18 experienced immunosuppression-
related ALF: 13 had received either chemotherapy for leukemia or lymphoma (n=9), or
corticosteroids for Crohn’s disease, asthma, Guillain-Barre syndrome and unknown (one
each); 5 had concomitant HIV infection. Of interest, 6 of the 18 immunosupressed patients
were unaware of their diagnosis of chronic hepatitis B at the time of presentation. The
remaining 9 CHB-ALF patients with apparent acute on chronic disease included 5 known to
have chronic hepatitis B. Among the 60 that were categorized as having true acute hepatitis
B, 23 had a history of injection drug use (only), 19 had a history of high-risk sexual behavior
or sex with a known hepatitis B individual; in 5 both risk factors were positive.

In general, clinical and laboratory features such as length of illness and International
Normalized Ratio (INR) levels, aspartate aminotransferase (AST) levels, bilirubin, and
creatinine did not differ between the 60 patients considered to have AHBV ALF and the 27
in the overall CHBV ALF group (Table 1). However, alanine aminotransferase (ALT) levels
and albumin levels were higher in the AHBV-ALF patients than the CHBV-ALF patients.
There were few apparent differences in virologic or host features found between the two
chronic subgroups (9 non-immunosuppressed vs. 18 patients with immunosuppression),
although viral loads at admission were lower in the non-immunosuppressed group. For the
remaining statistical analyses, we combined the CHBV ALF subgroups except where noted.

Dao et al. Page 4

Hepatology. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Demographics and HBV genotypes
Certain important demographic and virologic characteristics differed between the two main
groups: AHBV-ALF patients were younger (median, 36; range, 17–64 years old) than
patients with CHBV-ALF (median, 53; range, 33–71 yrs, p<0.001, Table 1). The AHBV-
ALF group was comprised mostly of Caucasians (31/60, 52%) and African Americans
(22/60, 37%) whereas Asians accounted for only 2/60 (3%) of AHBV-ALFs. The AHBV-
ALF group included primarily genotypes A, 24/47 (51%) and D, 14/47 (30%) with only 4
and 2 patients, respectively, classified as genotype B or C.

By contrast, the CHBV-ALF group included a much larger number of Asians (14/27, 52%)
and, as expected, mainly genotypes B, 11/24 (46%) and A, 7/24 (29%). Mutations in the
core promoter region alone did not differ between the two groups: AHBV-ALFs, 15/48
(31%) versus CHBV-ALFs, 5/20, (25%) p=0.606, while pre-core mutations were
significantly more common in CHBV-ALF, 10/20 (50%) versus 10/47 (21%) of AHBV-
ALFs, (p=0.019).

Admission titers and cut off value of IgM anti-HBc in AHBV-ALFs versus CHBV-ALFs
Ninety six percent (44/46) of the AHBV-ALF patients had positive IgM anti-HBc tests
(index value ≥ 1.0), while 15/23 (65%) of those deemed to have CHBV-ALF tested positive
for IgM anti-HBc. The admission IgM anti-HBc index values in AHBV-ALFs (n = 46;
median, 88.5; range, 0–1,120) were significantly higher than those of the CHBV-ALF group
(n=23; median, 1.3; range 0–750), p<0.001 (Figure 2). Among patients with CHBV-ALF,
70% (16/23) had index values <5. By contrast, 44/46 (96%) of AHBV-ALFs demonstrated
IgM anti-HBc index values ≥5. Based on these data, the proposed cut off value of IgM anti-
HBc to best differentiate AHBV-ALF from CHBV-ALF was 5.0. Using this cut off, the
percent correct for the overall group was 87 with the area under the receiver operator
characteristic curve (AUROC) of 0.86 (p < 0.001), curve not shown.

Admission and serial HBV VLs in AHBV-ALF vs. CHBV-ALF
Patients with AHBV-ALF demonstrated lower admission log10 VLs (n=51; median, 3.9;
range, 0–8.1 log10 IU/mL) than those in the overall CHBV-ALF group (n=24; median, 5.2;
range, 2.0–8.7 log10 IU/mL, Figure 3); the difference in the median levels between the
groups was between 1 and 2 logs. Of note, there was considerable overlap of admission VLs
between AHBV-ALFs and CHBV-ALFs. There were 4 patients in the AHBV-ALF category
who had undetectable admission VLs by our assay (LLD 25 IU/mL), compared to none with
CHBV-ALF. A difference was observed in the viral loads for the two CHBV-ALF sub-
groups in that the non-immunosuppressed group median viral load was similar to that of the
acute group and less than that of the immunosuppressed group, as might be expected.

Overall, high IgM anti-HBc and low VLs characterized the AHBV-ALF group, while the
opposite was true of the CHBV-ALF subjects (Figures 2 and 3).

Changes in viral loads over time
The mean log10 VLs declined significantly for both groups at 3 time points over 4 days
(p<0.001, Figure 4). With relatively low initial levels, the VLs in AHBV-ALF continued to
decline and were consistently lower at all time points than the mean CHBV-ALF log values
(p<0.001). The interaction between the two groups over time was non-significant (p=0.360)
and the only covariate remaining in the ANCOVA model (p < 0.150) was admission IgM
anti-HBc levels (p=0.137).
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Ratio of IgM anti-HBc to HBV VL
The ratio of IgM anti-HBc to HBV VL calculated using admission values for each patient
was significantly higher in AHBV-ALF (median 9.2 × 10−3, range 0–1.1), than in CHBV-
ALF (median 1.0 × 10−5, range 0–2.0 × 10−2, p<0.001; AUROC 0.86, p > 0.001). Logistic
regression analysis considering VLs, IgM anti-HBc titers, age, HBV genotypes (A, B, and
D), and HBsAg status upon admission was employed to determine independent predictors of
AHBV-ALF versus CHBV-ALF. Admission log10 VLs [p=0.022, OR (0.569), 95% CI (.
352–.921)], IgM anti-HBc [p=0.005, OR (1.006), 95% CI (1.002–1.010)], and age [p<0.001,
OR (0.855), 95% CI (0.788–0.929)] were independent determinants that distinguished the
groups (Hosmer-Lemeshow p = 0.812; AUROC = 93%, p < 0.001). There were 3 ‘outlier’
patients in the CHBV-ALF group who exhibited high IgM anti-HBc titers of 248, 337, or
750 index values with correspondingly high HBV VLs on admission (1.21 × 103, 20.05 ×
106, and 9.70 × 106). However, the ratios of IgM anti-HBc to HBV VLs were 2.04 × 10−2,
1.68 × 10−5, and 7.73 × 10−5 respectively, suggesting that they may indeed belong to the
CHBV-ALF group. Two were receiving an immunosuppressive agent and the third had HIV
co-infection.

HBsAg status and outcomes
All CHBV-ALF patients were HBsAg positive, whereas 20% (12/60) of AHBV-ALF had
undetectable HBsAg on admission (p=0.015). Median IgM anti-HBc index values and log10
VL for the 12 HBsAg negative patients were 125 (17.2–840) and 3.55 (range 0–8.09) log10
IU/mL respectively. Spontaneous survival was significantly higher for AHBV-ALF patients
(33%, 20/60) than for those with CHBV-ALF (11%, 3/27), p=0.030. Overall survival was
higher for AHBV-ALF patients (72%, 43/60) than for those with CHBV-ALF (44%, 12/27),
p=0.015. Admission HBeAg, Anti-HBs positivity, and coma grade were comparable
between the two groups (Table 1). Follow-up (beyond 3 weeks) was available on 15/22 with
AHBV-ALF who had survived without grafting. This group would be expected to clear
HBsAg if they represented ‘true acute’ infections: 4 had died after 3 weeks, including 2 who
had undergone liver grafting, 4 had cleared their infection as indicated by negative HBsAg
at 3 weeks to 18 months following infection (no earlier visits for this patient). In 7, further
follow up failed to include information on HBsAg clearance and 7 others were lost to follow
up.

Discussion
This study sought to describe in more detail the clinical and immunological features of
patients with acute or chronic hepatitis B-related ALF in relation to their serological features
and molecular biology, since distinguishing between the two forms might well have clinical
and pathogenetic significance. There were at least two distinct groups within the overall
HBV-ALF cohort, based on history obtained and certain key clinical and histological
features: one with newly acquired acute HBV infection leading to ALF (illness <6 months,
usually <2–4 weeks) and one in which ALF had occurred in the setting of definite or
presumed chronic disease. The source of confusion has been that the two forms resemble
each other remarkably in clinical and biochemical features: apparent rapid onset of severe
disease, advanced grades of encephalopathy, high aminotransferases and prolonged INRs,
and thus cannot be distinguished readily without historical information of chronicity or, by
contrast, of recent HBV exposure, both of which are often lacking. Although we had made
initial assessments on overall gestalt, we revisited the data on each CRF using the algorithm
described under Methods, including as primary data confirming CHBV-ALF with either
prior knowledge of chronic hepatitis B infection, whether the patient was receiving
chemotherapy or had HIV co-infection. Next we considered evidence of high risk behavior,
age and ethnicity to complete the picture. This was not a 100% accurate profiling procedure
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since it was performed blindly with only clinical historical data, possible proof being that by
this technique two with negative IgM anti-HBc were classified as being acute. However, at
least 85% of our assessments are likely to be accurate based on these criteria. Among those
misclassified might be, for example, a young patients with high risk behavior who might
have chronic hepatitis B. We were forced to exclude 15 patients from the original cohort
because features delineating acute from chronic could not be found. It is well-known
however, that ALF patient histories are often limited by the presence of encephalopathy on
arrival at the referring hospital.

The acute form of HBV-ALF accounted for two thirds of the overall group; CHBV-ALF
comprised the rest, 2/3 of whom were considered immunosuppressed. Other acute-on-
chronic patients in the cohort might have been excluded because they lacked adequate
history of chronicity. CHBV-ALF subjects receiving immunosuppressive agents or co-
infected with HIV were considered together in this analysis. The immunosuppressed group
differed in only minor respects from the remainder of the CHBV-ALF group. However, one
differentiating feature was viral load, which was lower in the non-immunosuppressed group.

HBV viral load, IgM anti-HBc titer or the ratio of the two (if both values are available)
effectively distinguished the two forms of ALF resulting from hepatitis B infection,
particularly the quantitation of IgM anti-HBc levels with an AUROC of 86%. In practice,
the presence of IgM anti-HBc positivity is associated with acute infection and is necessary
but not sufficient to diagnose acute hepatitis B, since IgM anti-HBc is also observed in some
patients with exacerbation of chronic infection (10,14). Higher IgM anti-HBc titers have
been suggested to be associated with a highly active host immune response. Quantitative
IgM anti-HBc testing more accurately distinguishes between acute and non-acute cases.
Fink et al showed that a strong immunologic response promotes B cell differentiation into
IgM-producing plasmablasts and high titers of IgM antibody, whereas moderate or weak
stimulation drives differentiation into memory or plasma cells that mostly produce the IgG
isotype (15). Moreover, clinical studies have consistently suggested that higher titers of IgM
anti-HBc are seen in new acute HBV infection than in chronic HBV (16). The cutoff index
value for IgM anti-HBc of 5.0 in our study effectively differentiated AHBV-ALF from
CHBV-ALF with a PPV of 86% and a NPV of 89%. While 35% of CHBV-ALF patients
demonstrated levels of IgM anti-HBc between 1.0 and 5.0 using the Advia® assay, 70%
were below the index value of 5.0. Given our current knowledge, we suggest that
determining the IgM anti-HBc level with a quantitative assay or at least a higher cut-off
value than 1.0, is a readily available single test with excellent predictive capacity.

Earlier studies describing rapid viral clearance with undetectable HBsAg and VLs in
hepatitis B-related ALF were based on insensitive tests, such as immunoelectrophoresis,
radioimmunoassay and, for VLs, dot blot hybridization with a lower limit of detection
(LLD) of approximately 100,000 IU/mL (5,7). We could not find recent studies that
compared viral loads in either acute or fulminant hepatitis B using current highly sensitive
assays. Thus, we did not have available known ranges for VL during acute or chronic HBV
infection leading to liver failure. Using a real time-PCR assay with LLD of 25 IU/mL nearly
all (92%, 47/51) of our AHBV-ALF patients had a detectable HBV viral load on admission
although many had remarkably low values. AHBV-ALF subjects had significantly lower
VLs than CHBV-ALFs subjects although there was some overlap between groups. The
reasons for this overlap included possible inaccuracy of the initial clinical assessment that
categorized the patients and the overall heterogeneity in timing of admission to study.

Lower VLs in AHBV-ALF, like higher IgM anti-HBc levels, suggest a more robust immune
response. While the CHBV-ALF group demonstrated higher admission VLs (around 6 log10
IU/mL, compared to 3–4 log10 IU/mL), nearly all values declined during the study (Figure
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4). The ratio of IgM anti-HBc to viral load, had a remarkably high AUROC of 0.86
(p<0.001), but was no better than IgM anti-HBc alone (AUROC = 86%, p<0.001).

Spontaneous survival differed between the two groups: 11% in the CHBV-ALF group vs.
33% in the AHBV-ALF patients, which might be due to differences in survival with older
age. Overall survival was similar between the two groups, largely due to the increased
numbers of CHBV-ALF patients receiving a liver allograft.

A third feature of AHBV-ALF is early HBsAg clearance observed in 20% (12/60) of
patients with AHBV-ALF and in none with CHBV-ALF (7). Those who cleared HBsAg
demonstrated higher median IgM anti-HBc titers and lower HBV VLs than their peers. The
combination of lower VL, high IgM anti-HBc titers, and low or undetectable HBsAg on
admission in AHBV-ALF suggests that a more robust host immune response occurs in true
acute patients than is seen in chronic HBV presenting as ALF. Based on these data, it may
be useful for clinicians to differentiate AHBV-ALF and CHBV-ALF on clinical and
serological grounds, either by use of the IgM anti-HBc titers, viral loads or, if available, the
ratio of the two. As a single value, IgM anti-HBc appears to be robust using the 5.0 cut-off
value. Of interest, the immunosuppressed chronic group were mixed in ethnicity while
virtually all remaining acute-on-chronic non-immunosuppressed patients were of Asian
heritage, B genotype (7/8) and demonstrated pre-core (6/7) and/or basal core promoter
mutations.

As expected, the algorithm we used resulted in an increased number of Asian patients in the
CHBV-ALF group and nearly 50% of CHBV-ALF patients had genotype B. Studies from
Asia suggest that genotype B is associated with more frequent acute exacerbations and a
higher risk of hepatic decompensation and mortality compared to genotype C, while
genotype C is associated with more liver cirrhosis and hepatocellular carcinoma (17,18).
Among Asian patients with presumed acute HBV infection, more genotype B patients
developed a fulminant course; this was confirmed in our study with 7 of 8 being genotype B
(19).

Pre-core (G1896A) and core promoter (A1762T/G1764A) mutations have been considered
drivers of severe disease, although these mutations are also found in chronic or
asymptomatic HBV infection (20). A low prevalence of these mutations was detected in two
prior series of HBV-related ALF (21). However, once the groups were separated in our
study, it appeared that 60% of CHBV-ALFs (and all but one of the non-immunosuppressed
CHBV-ALFs) presented with either pre-core, core promoter mutations or both, as compared
to 40% of AHBV-ALFs—this was not statistically significant. These findings may point to
the different immunopathogenesis in CHBV-ALF compared to the truly acute cases. While
these data were obtained on consecutive United States patients, the patient characteristics
seen here are likely unique to the United States and not readily extrapolated to other
populations.

Our study has several limitations. Histories are often limited in rapidly evolving severe
illnesses such as ALF where altered mentation is a criterion for study entry. The case
selection process likely had inaccuracies as noted since the distinction between AHBV-ALF
and CHBV-ALF was based solely on patient history and demographics. Finally, the
ADVIAR Centaur IgM Anti-HBc assay used is considered to be semi-quantitative and was
adapted for the quantitation performed here. Nevertheless, the wide differences observed in
IgM anti-HBc between the two groups are clear, since the majority of CHBV-ALF patients
demonstrated low IgM anti-HBc titers that were within the 1st dynamic range (no dilution
needed).
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In conclusion, AHBV-ALF can be separated from CHBV-ALF on clinical grounds when
valid historical data are available, but the two may be more readily distinguished by
quantitative IgM anti-HBc, viral loads and/or IgM anti-HBc/VL ratios. Additional indicators
such as HBsAg negativity, younger age, non-Asian, and genotype non-B provide indirect
evidence of acute hepatitis B-related ALF. By contrast, a low or undetectable IgM anti-HBc
level, elevated HBV-DNA VL to >5 log10 IU/mL, in a patient with what appears to be an
acute illness, suggest that this patient probably actually suffers from chronic HBV-related
ALF. Overall, HBV-related ALF patients carry a poor prognosis, although those with new
acute infection appear to fare somewhat better than those with chronic disease.
Differentiation between the two subtypes within HBV-ALF may be helpful in determining
more appropriate therapeutic strategies.
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Figure 1. Study schema
Of the 1,602 acute liver failure (ALF) patients in the US ALF Study Group, there were 105
hepatitis B virus-related ALF (HBV-ALF) patients identified. Eighteen were excluded: 2 co-
infected with hepatitis C virus, one determined to have hepatocellular carcinoma and 15
whom we were unable to define as either acute or chronic. Sixty were identified as AHBV-
ALF of whom 47 had sera collected on admission and 14 had sera collected serially up to
the 4th day. Twenty-seven patients were identified as CHBV-ALF; 9 appeared to show
spontaneous exacerbation (non-immunosuppressed CHBV-ALF) and 18 were considered
immunosuppressed; admission and serial sera over 4 days in these groups are also listed.
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Figure 2. IgM anti-HBc levels for the various groups
Admission IgM anti-HBc levels were much higher in AHBV-ALFs than in the overall
CHBV-ALF group. Median IgM anti-HBc index value (signal/noise), on admission to
hospital in the 46 AHBV-ALFs was 88.5 (0–1,120), significantly higher than that of the 23
overall CHBV-ALFs [1.30 (0–750), p<0.001], or the 8 non-immunosuppressed CHBV-
ALFs [**], 1.9 (0–28.9), p<0.001]. The median (range) value for the 15 immunosuppressed
CHBV-ALFs [*] was 1.27 (0–750). There was no difference observed between the two
CHBV-ALF sub-groups.
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Figure 3. Hepatitis B viral loads for the various groups
Median admission viral load (VL) in 51 patients with AHBV-ALF was 3.9 (0–8.1) log10
IU/mL, significantly lower than observed for the 24 patients in the overall CHBV-ALF
group [5.2 (2.0–8.7) log10 IU/mL, p=0.025], but not for the 8 non-immunosuppressed
CHBV-ALF patients [3.8 (2.5–8.7) log10 IU/mL, p=0.982]. The median (range) for the 16
in the immunosuppressed subgroup was 6.28 (1.97–8.28) log10 IU/mL. There were no
significant differences in admission VLs between the two CHBV-ALF subgroups;
horizontal line in each bar graph represents median VL.
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Figure 4. ANCOVA for VLs measured over time for AHBV-ALF and the overall CHBV-ALF
groups adjusting for baseline IgM anti-HBc levels
The decrease in VLs was significant for each of the two groups (p<0.001). VLs in AHBV-
ALFs were consistently lower than in CHBV-ALFs at all time points (p<0.001). Admission
IgM anti-HBc level was the only covariate that remained significant in the ANCOVA model
(p=0.137). Error bars are 95% confidence intervals.
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