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Abstract
Direct-acting antiviral (DAA) therapy is often well-tolerated,
and adverse events from DAA therapy are uncommon. We
report a case of a woman who underwent orthotopic liver
transplant for chronic hepatitis C infection and later developed alloimmune hepatitis shortly after starting DAA therapy
for recurrent hepatitis C infection. The patient developed
acute alloimmune hepatitis approximately 2 weeks after
starting treatment with sofosbuvir, velpatasvir, and voxilaprevir. This case report proposes a dysregulation of immune
surveillance due to the DAA stimulation of host immunity and
rapid elimination of hepatitis C viral load as a precipitating
factor for the alloimmune process, leading to alloimmune
hepatitis in a post-transplant patient who starts on DAA.
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Introduction
Previous studies have shown the link between hepatitis C
infection and autoimmune diseases1, and its presumed mechanism is an excessive immune response against hepatitis C
virus (HCV). Direct-acting antiviral (DAA) therapy is well tolerated in liver transplant patients, and serious adverse events
from DAA are uncommon. De novo autoimmune hepatitis or
alloimmune hepatitis are clinical entities that occur in patients
who have undergone transplantation and are characterized
by biochemical hepatitis, circulating autoantibodies, elevated
IgG levels, and an inflammatory infiltration with interface
hepatitis.2 Cases of alloimmune hepatitis induced after DAA
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in patients undergoing treatment for HCV infection have been
reported in the literature. This is a case report of alloimmune
hepatitis in a post-liver transplant patient shortly after starting DAA treatment for recurrent hepatitis C in the graft.
Case report
The patient is a woman of Arabic background in her mid to late
50s with a history of vitiligo and end-stage liver disease
(induced by chronic HCV infection, genotype 4; treatmentexperienced), complicated with hepatocellular carcinoma, who
presented to the emergency department with jaundice and
elevated liver enzymes. She underwent liver transplantation
(LT) 3 months prior.
The patient has a 14-year history of HCV infection and had
been diagnosed with cirrhosis 3 years prior to the LT. She had
received treatment for HCV 2 years prior to the LT with
ombitasvir, paritaprevir, ritonavir, and ribavirin, but the treatment was discontinued after 2 months due to the development of hemolytic anemia. Unfortunately, she failed to
achieve a sustained virologic response. She underwent
orthotopic LT with a hepatitis B core antibody-positive and
hepatitis C antibody-positive graft. Prior to the current
admission, the patient had been admitted to the hospital for
investigation of elevated serum aminotransferase levels
(aspartate aminotransferase of 227 U/L, alanine aminotransferase of 219 U/L) and HCV viral load of 734,703 IU/mL
(Table 1). A liver biopsy showed portal inflammatory infiltrates, compatible with severe hepatitis, and features that
were suggestive of recurrent HCV infection. DAA treatment
was started with sofosbuvir, velpatasvir, and voxilaprevir.
The patient responded to treatment with DAA, and the biochemical profile was significantly improved (Table 1).
Two weeks later, the patient complained of a 2-day
experience of jaundice, nausea, vomiting, and diarrhea. The
review of systems revealed subjective fevers, chills, and
fatigue. She denied consumption of alcohol or use of other
medications. Her vital signs were unremarkable. On examination, scleral icterus, jaundice, and moderate tenderness in
the left upper quadrant and right upper quadrant, without
guarding, were noted. The laboratory evaluation revealed a
white blood cell count of 3,300 cells/mm3 with a normal differential, aspartate aminotransferase of 1,395 U/L, alanine
aminotransferase of 1,359 U/L, alkaline phosphatase of
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Table 1. Laboratory findings prior to and after DAA treatment

Lab finding

Prior to DAA treatment

At week 1 of DAA treatment

Post-DAA treatment

Alkaline phosphatase, U/L

84

579

79

Aspartate aminotransferase, U/L

227

1,201

24

Alanine aminotransferase, U/L

490

1,215

24

Total bilirubin, mg/dL

0.3

11.5

0.5

Direct bilirubin, mg/dL

0.1

Hepatitis C viral load, IU/mL

734,703

537

Not detected

0.2

Hepatitis B viral load, IU/mL

Not detected

Not detected

Not detected

Tacrolimus level, ng/mL

8

9

7

Elevated aminotransferase levels and other biochemical profiles improved after the treatment of DAA.

601 U/L, total bilirubin of 12.2 mg/dL, direct bilirubin of
9.6 mg/dL, and international normalized ratio of 1.5. The
tacrolimus level was 7 ng/mL. Anti-nuclear antibody test
was negative, but an elevated immunoglobulin G (IgG) level
of 2,477 mg/dL was noted (Table 2). Other autoimmune
serologies were unremarkable, including rheumatoid factor,
anti-centromere antibody, anti-double stranded DNA, cyclic
citrullinated peptide, liver-kidney microsomal antibody,
Sjogren’s antibodies SS-A and SS-B, anti-smooth muscle
antibody, and anti-mitochondrial antibody.
A liver biopsy showed severe hepatitis with abundant plasma
cells and interface activity, compatible with an alloimmune
process (Figs. 1 and 2). C4D immunostaining was negative.
The immunosuppressive and prophylactic therapies consisted
of tacrolimus, mycophenolate, atovaquone, and entecavir. The
patient was placed on 1 g of IV methylprednisolone and Nacetyl cysteine infusion, which elicited subsequent clinical
improvement. The patient was discharged on a steroid taper,
in addition to her immunosuppression regimen. Hepatitis B
infection was ruled out as hepatitis B surface antigen, hepatitis
B surface antibody, hepatitis B core antibody tests were all
negative, and hepatitis B viral load was not detected by PCR.
Human immunodeficiency virus screening test was also negative. Hepatitis E IgM antibody test was negative.

The patient ultimately completed a 12-week course of DAA
treatment. At her 3-month follow-up visit, the hepatic
enzymes were found to be normalized by the maintenance
steroid therapy with methylprednisolone 8 mg PO daily. The
patient was determined to have achieved a sustained virological response (Table 1). Repeat liver biopsy was conducted for
elevated liver enzymes at 5 months after the initial liver biopsy
(approximately 3 months after the completion of DAA treatment).The histopathologic findings of repeat liver biopsy
again showed marked portal and lobular mixed inflammatory
infiltrate comprised of lymphocytes, abundant plasma cells,
and numerous eosinophils and neutrophils with interface activity, consistent with alloimmune hepatitis rather than acute cellular rejection. Hepatitis C viral load was again undetectable.
Of note, a repeat testing for rheumatoid factor was positive,
approximately 16 months after the diagnosis of alloimmune
hepatitis.

Discussion
Alloimmune hepatitis is a rare cause for graft dysfunction that
can occur among patients who have undergone LT for reasons

Table 2. Laboratory tests for the evaluation of alloimmune hepatitis

Test

Normal range

Result

Anti-nuclear antibody

No range

Not
detected

Anti-mitochondrial
antibody

Negative <20
U

5

Anti-smooth muscle
antibody

Negative <20
U

8.7

IgG

700-1,600
mg/dL

2,477

Immunoglobulin M

40-230 mg/
dL

113

Liver-kidney microsomal
antibody

Negative <20
U

Not
detected

Serological testing for alloimmune hepatitis performed includes elevated IgG
level, but anti-nuclear antibody, anti-mitochondrial antibody, and anti-smooth
muscle antibody tests were negative. Of note, rheumatoid factor was negative
initially but became positive approximately 16 months after the diagnosis of
alloimmune hepatitis.
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Fig. 1. Both portal and lobular regions demonstrate a mixed inflammatory
infiltrate with abundant plasma cells.

Interface activity is present. The portal tract demonstrates extensive
necrosis.
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Fig. 2. High-power microscopy shows parenchymal collapse and necrosis.

Plasmacytic infiltration is demonstrated.
other than autoimmune hepatitis (AIH).3–5 Several studies
have demonstrated that DAA treatments are well tolerated
in liver transplant patients and are successful at achieving
sustained virologic response in more than 95% of patients.6
Serious adverse events can occur, however, including rashes,
cytopenia, allograft rejection, severe anemia, and mortality,
but these were only reported in 4% of cases7 and thus our
case is an unusual presentation following DAA therapy. The
exact pathogenesis is not fully understood but believed to
share similar histological and clinical findings with classical
AIH.3 Interferon-based antiviral treatments have been
described to precipitate or exacerbate alloimmune hepatitis
in the liver transplant population.8,9 Apart from its antiviral
effects, interferon is a potent immunomodulator, and therefore it is not surprising that immune-mediated phenomena,
including alloimmune hepatitis, is reported with interferonbased therapy of HCV infection.10 A possible mechanism for
such immune-mediated complications is based on interferon
therapy’s effects on T-cell activation, which ultimately intensifies pro-inflammatory activity and enhances the presentation and release of antigens.10
We made our diagnosis of alloimmune hepatitis based on
both histological and immunopathological findings from the
liver biopsy, which showed marked portal and lobular mixed
inflammatory infiltrate with interface activity. On the liver
biopsy, C4D immunostaining was negative, and findings on
repeat liver biopsy obtained 5 months after the completion of
DAA were again consistent with alloimmune hepatitis rather
than acute cellular rejection. We ruled out other causes that
may mimic alloimmune hepatitis, such as rejection and viral
hepatitis. The patient had a history of vitiligo, which is considered an autoimmune disease. Given the acute onset of the
patient’s presentation and the lack of evidence of graft rejection
or co-infection on liver biopsy, the occurrence of alloimmune
hepatitis was likely related to the immune system imbalance
induced by a DAA regimen the occurrence of alloimmune
hepatitis was likely related to the immune system imbalance
induced by a DAA regimen. HCV viral load at the time of
diagnosis of alloimmune hepatitis was 537 IU/mL, and the
mechanism appeared to be different from an HCV infectioninduced autoimmune reaction or drug-induced liver injury.

Repeat testing for hepatitis B and C viral loads were all negative.
The ImmuKnow™ assay is an immune monitoring test, and the
higher test value indicates a greater risk of rejection.11 In our
patient, the ImmuKnow™ assay result was negative.
As the anti-HCV activity of DAA therapy has the potential
to stimulate host immunity, activation of the immune system
in the setting of rapid elimination of HCV might favor a
dysregulation of immune surveillance.12–14 Although the
exact pathogenesis of classic AIHs is not clear, one possible
etiology is an imbalance between regulatory T cells and proinflammatory cells.15–18 Regulatory T cells (Tregs) are a subpopulation of T cells that have been demonstrated to suppress
pathology in multiple autoimmune diseases. Reduction in frequency and function of Tregs has been reported in peripheral
blood in patients with AIH in several studies.16,17 On the contrary, there is a parallel increase in Treg frequency in the
inflamed liver tissue19 but a decline in the functional capacity
of the Tregs in AIH.21 The functional capacity of Tregs in the
liver is essential to control ongoing hepatitis by suppressing
the effector cells in the inflamed liver in AIH.21
Previous studies showed that IgG4 can down-modulate the
immune system, and IgG4-rich infiltrates were more elevated
in allograft recipients with de novo AIH compared with AIH in
native liver or kidney allograft recipients with plasma-cell-rich
rejection.22 In our patient, serological IgG (2,447 mg/dL) was
elevated but an IgG4 level was not tested. With a better understanding of the underlying mechanism behind Treg activity in
alloimmune hepatitis, further advancements in targeting the
Tregs may become alternative treatments to immunosuppressive therapies for treating alloimmune hepatitis. In summary,
we report a case of alloimmune hepatitis in a liver transplant
patient with recurrent HCV responding to DAA therapy. A thorough follow up of patients undergoing DAA therapy after LT for
alloimmune hepatitis might be warranted.
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