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CASE REPORTS

Fulminant, Acyclovir-Resistant, Herpes Simplex Virus Type 2
Hepatitis in an Immunocompetent Woman
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We report an immunocompetent woman with multisystem organ failure following herpes simplex virus type 2
(HSV-2) hepatitis. After she initially responded to intravenous acyclovir, she was switched to oral valacyclovir. She
developed respiratory failure and opportunistic infections and died. Autopsy confirmed disseminated HSV infection,
and lung tissue grew acyclovir-resistant HSV-2.

CASE REPORT

A 28-year-old woman was admitted to a local hospital with a
2-week history of abdominal pain, fever, nausea, and vomiting.
Multiple bacterial and fungal cultures, including cultures of
blood, urine, sputum, cervical, and bone marrow, were unre-
vealing. She developed fulminant hepatitis, thrombocytopenia,
and acute renal failure. Serologic tests for hepatitis A, B, and
C viruses and human immunodeficiency virus were negative.
Serum antibodies confirmed past infection with Epstein-Barr
virus, cytomegalovirus, and varicella zoster virus. Antinuclear
antigen was positive at 1:2,560. In the absence of an identified
pathogen, the patient was started on intravenous methylpred-
nisolone (1 g once a day) on hospital day 6 for a presumed
autoimmune hepatitis. On day 7, she developed sepsis and
respiratory failure. She was intubated and transferred to the
University of Washington Medical Center. Her medical history
was significant for asthma and remote, steroid-responsive id-
iopathic thrombocytopenic purpura. She had not received cor-
ticosteroids in the year prior to admission. She was gravida 1,
para 1. She had no allergies and was receiving amitriptyline
and albuterol as routine medications.

On arrival at the University of Washington Medical Center,
she was noted to have 10 to 15 single small vesicles scattered on
her trunk and extremities that had developed in the 24 h prior
to transfer. Intravenous acyclovir was initiated for possible
disseminated herpes simplex virus (HSV). An unroofed toe
lesion was positive by direct fluorescent antibody testing and
culture for HSV-2. Serum antibodies to HSV-1 and HSV-2
were detected by Western blotting. A sepsis workup revealed
peritonitis with no evidence of bacterial or fungal infection, but
2.4 million copies of HSV DNA/ml were detected by PCR in

the peritoneal fluid. Plasma HSV PCR peaked at 3.5 million
copies/ml on hospital day 18 (Fig. 1). Liver biopsy showed viral
inclusion bodies with confirmation of HSV by immunohisto-
chemical staining.

She improved steadily on intravenous acyclovir (10 mg/kg of
body weight every 8 h) and broad-spectrum antibiotics, and her
ascites and plasma showed gradual clearance of HSV (Fig. 1).
On day 43, she was significantly improved with no clinical
evidence of peritonitis. She was switched to oral valacyclovir (1
g three times a day) in preparation for transfer home. On the
morning of day 47, she developed acute respiratory distress re-
quiring intubation and transfer to the intensive care unit. Intra-
venous acyclovir was restarted at the time of transfer. Initial
blood, sputum, urine, and peritoneal cultures revealed no growth,
but 3 days into her intensive care unit stay she developed sepsis
with Candida dubliniensis fungemia. Over the next 3 weeks, she
required continued mechanical ventilation, broad-spectrum anti-
biotics, antifungals, hemodialysis, and blood product support for
thrombocytopenia and an elevated international normalized ra-
tio. Her course was complicated by disseminated candidal infec-
tion, vancomycin-resistant enterococcal line infection, and an up-
per gastrointestinal bleed. She died on hospital day 65.

Postmortem examination revealed multisystem organ failure
secondary to disseminated HSV, bacterial, and fungal infec-
tions. The liver was normal in size but exhibited complete
necrosis with only a few viable cells visualized. Liver tissue
culture was negative. Multiple deep tracheal ulcerations were
seen; histology revealed viral cytopathic effects consistent with
HSV infection. Both lungs had multiple patches of necrosis with
viral cytopathic effects consistent with extensive HSV infection.
HSV-2 and Acinetobacter baumannii were isolated from lung tis-
sue culture. The HSV isolate was resistant to acyclovir by plaque
reduction testing with a 50% tissue culture infective dose of
47.67 �g/ml (�1.90 �g/ml is resistant) (ViroMed Laboratories,
Minnetonka, MN). HSV-2 was isolated from cultured Vero cells,
and the thymidine kinase (tk) gene was PCR amplified using PFU
thermostable polymerase (Stratagene, La Jolla, CA) and primers
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flanking the coding sequence. Primer sequences and PCR condi-
tions are available upon request. Amplification and internal prim-
ers were used for sequencing in both directions, as previously
described (16). The sequence of the patient isolate (GenBank
accession number DQ372963) was compared to the tk gene
from HSV-2 strains HG52 (7) and 333 (14) and contained
three single-nucleotide substitutions relative to these strains.
Each substitution led to an amino acid change. The T287M
change from the sequence of the HG52 reference strain
(T288M, from that of reference strain 333) has been previously
associated with in vivo and in vitro acyclovir resistance (10). At
the polymorphic amino acid residues 39 and 78, the isolate had
E and D residues, respectively. These sequence variants have
been previously noted (4) and are not specifically associated
with acyclovir resistance.

HSV is an uncommon cause of hepatitis, typically occurring
during pregnancy or in immunocompromised hosts. In the
several cases reported occurring with clinically immunocom-
petent hosts, diagnosis of HSV hepatitis is often delayed, as
skin lesions are frequently not present or are atypical (1, 3, 8,
9, 11–13, 17, 22). This diagnosis should be considered in any
patient with acute hepatitis, particularly those with fever, leu-
kopenia, and a negative hepatitis panel. Rapid initiation of
antiviral treatment is imperative and should be started empir-
ically when disseminated HSV is suspected. Unfortunately, the
diagnosis of HSV hepatitis is often made at autopsy, due to a
lack of clinical suspicion. PCR has emerged as a rapid and
sensitive diagnostic tool for verification of disseminated HSV

disease and should be utilized on plasma, body fluids, and
biopsy specimens when possible (2, 6).

The pathogenesis of HSV hepatitis is unknown. Proposed
mechanisms include an unrecognized host cell-mediated immune
dysfunction, a high viral inoculum, superinfection with a second
strain of HSV, and infection with a hepatovirulent strain of HSV
(13). This patient did not have a known immune deficiency, but
her history of idiopathic thrombocytopenic purpura raises the
possibility of unrecognized immune dysfunction. Serologic evi-
dence of prior infection with Epstein-Barr virus, cytomegalovirus,
and varicella zoster virus suggests that if an immune defect was
present, it was specific to HSV.

Early treatment with intravenous acyclovir is associated with
improved outcomes in patients with HSV hepatitis, but there is
little experience to guide when, if ever, it is safe to transition to
oral therapy. Despite 32 days of intravenous acyclovir and
clinical resolution of signs and symptoms of active HSV infec-
tion, our patient was not able to control continued HSV rep-
lication. Oral valacyclovir may not have been sufficiently ab-
sorbed, and low levels of acyclovir in a patient with a high viral
burden may have resulted in the emergence of resistance.

Acyclovir resistance is rare (�0.5%) among immunocompe-
tent hosts (5, 15, 19–21). It is associated with mutations in the
gene encoding thymidine kinase, the enzyme required for ini-
tial phosphorylation of acyclovir (18). In this case the HSV
strain recovered at autopsy exhibited phenotypic acyclovir re-
sistance and bore a predicted amino acid change (T287M)
previously associated with clinical resistance to acyclovir in
vivo and high-level resistance to acyclovir in vitro. While thy-
midine kinase mutants are often present, they become signif-

FIG. 1. Serum aspartate aminotransferase (AST) and total bilirubin during hospitalization with plasma and peritoneal HSV levels as deter-
mined by PCR. Recurrent elevation of bilirubin and AST levels coincided with a switch to valacyclovir. Arrows indicate changes in antiviral therapy.
IV ACV, intravenous acyclovir; VACV, oral valacyclovir.
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icant only in immunocompromised patients who have extensive
viral replication. In this patient, low levels of acyclovir may
have contributed to the emergence of resistant virus. This
mechanism indicates the importance of maintaining adequate
serum drug levels in the setting of disseminated HSV disease.
Our patient had an impressive 3.5 million copies of plasma
HSV/ml by PCR, a high viral burden that likely contributed to
the development of resistance. While it is not known when the
acyclovir resistance developed, her clinical course suggests that
the initial virus was susceptible to acyclovir, as she had a good
clinical response, and that resistance coincided with the ad-
ministration of oral therapy.

In our patient, disseminated HSV was found in nearly every
portion of the body, including skin, liver, lungs, trachea, peri-
toneal fluid, and blood, despite treatment with intravenous
antiviral therapy. Serial monitoring of patients with dissemi-
nated HSV should be performed by plasma PCR, and consid-
eration should be given to viral resistance testing if the level
does not decrease during antiviral therapy. This approach will
lead to early recognition of viral resistance and treatment fail-
ure and facilitate initiation of alternative therapy as indicated.

Nucleotide sequence accession number. The sequence of the
patient isolate from this study has been submitted to GenBank
under accession no. DQ372963.
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