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Case report

Ganciclovir-resistant cytomegalovirus encephalitis in
a hematopoietic stem cell transplant recipient
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We describe a 41-year-old patient, who upon receiving a bone marrow
transplant in order to treat chronic myeloid leukemia, developed cytomega-
lovirus (CNV) retinitis and encephalitis under the ganciclovir maintenance
treatment. Analysis of sequential viral isolates recovered from the patient’s
cerebrospinal fluid and blood showed CMV DNA with a UL97 mutation
(M460V) known to confer ganciclovir resistance. Foscarnet resistance muta-
tions were not found. Although therapy was switched to foscarnet when
ganciclovir resistance was suspected, the patient was lost on posttransplant
day 200. Journal of NeuroVirology (2010) 16, 174–178.
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Introduction

Cytomegalovirus (CMV) encephalitis occurs rarely
in bone marrow transplant recipients. Here, we
describe a patient under preemptive therapy devel-
oping ganciclovir resistance in UL97 gene, resulting
in cytomegalovirus encephalitis and retinitis.

Case report

A 41-year old CMV-seronegative patient underwent
allogeneic stem cell transplantation from his CMV-
seropositive brother for chronic phase chronic mye-
loid leukemia in July 2006. He received busulfan and
cyclophosphamide as a conditioning regimen, a
short course of methotrexate and cyclosporine as
prophylaxis for graft-versus-host disease (GVHD),
and prophylactic acyclovir from pretransplant day
8 to posttransplant day 30. Maculopapular rash was
observed on posttransplant day 11 and GVHD was
shown on skin biopsy. On posttransplant day 14,
steroid therapy 2 mg/kg/day was started. Thereafter,
skin manifestations progressed to grade III GVHD. On

posttransplant day 39, steroid dose was tapered
because of steroid-related myopathy and mycophe-
nolate mofetil 2 � 1000 mg was added to the therapy.

CMV reactivation was detected by polymerase
chain reaction (PCR) (viral load, 3600 copies/ml of
whole blood) on posttransplantation day 46. Accord-
ing to our protocol, preemptive antiviral therapy
with intravenous ganciclovir (GCV) was initiated
(induction, 5 mg/kg twice daily for 2 weeks). At
posttransplant day 60, viremia was cleared (<400
copies/ml of whole blood) and GCV maintenance
treatment was applied as 5 mg/kg once daily, on
weekdays only.

On posttransplant day 80 (day 20 of GCV main-
tenance), CMV viremia rebounded to 1010 copies/ml
and 5 days later the patient became drowsy and
apathic. On posttransplant day 90, the patient devel-
oped blurry vision, diplopia, and aphasia.
A fundoscopic examination revealed retinitis.
A contrast-enhanced magnetic resonance imaging
(MRI) of the head showed periventricular enhance-
ment, ventricular enlargement, and T2-hyperintense
white matter lesions (Figure 1). Lumbar puncture
was performed on posttransplant day 96. Analysis
of cerebrospinal fluid (CSF) revealed 0 cells/ml,
96 mg/dl protein, and 72 mg/dl glucose. CSF PCR
was negative for CMV, tuberculosis, and toxoplas-
mosis. GCV treatment (2 � 5 mg/kg) was continued
until day 130.

CMV viremia showed another peak (8660 copies/
ml) on posttransplant day 129, and therapy was
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changed to foscarnet (60 mg/kg, three times per day)
due to clinical suspicion of GCV resistance. Mean-
while, the patient’s condition was well except his
skin rashes because of GVHD. CMV PCR was found
negative on day 151. However, the patient became
increasingly withdrawn, apathetic, and mute within
the next 14 days. PCR performed on a blood sample
on day 170 was borderline positive for CMV (386
copies/ml). Hallucinations, pansinusitis, and para-
lytic ileus episodes developed during the follow-
up period. In MRI, partially symmetric, coalescing,
patchy T2-hyperintense lesions located at the sub-
cortical and deep periventricular white matter were
detected.

CSF performed on day 175 showed 300 cells/ml
(97% neutrophils), 46 mg/dl protein, and 77 mg/dl
glucose (serum glucose: 98 mg/dl). In the CSF sam-
ple, PCR results for herpes simplex virus (HSV),
Epstein-Barr virus (EBV), varicella-zoster virus
(VZV), human herpesvirus (HHV)-6, and JC virus
were negative. Bacterial and fungal cultures were
also negative. However, qualitative PCR for CMV
was positive in CSF. Sequence analysis of CMV
DNA from both blood and CSF samples revealed
polymorphisms in UL97 gene (M460V), which is
known to confer GCV resistance.

Despite foscarnet therapy, the patient’s mental
status did not improve and developed grand mal
seizures progressing to status epilepticus and was
entubated for respiratory failure. Imaging studies
revealed nodular consolidation in the lung and cul-
ture of bronchoalveolar liquid (BAL) was positive for

Aspergillus fumigatus. Voriconozole (600 mg, twice
daily) was added to therapy but the patient was lost
on posttransplant day 200. The clinical progress and
CMV quantitation are summarized in Figure 2.

Discussion

The main clinical manifestations of CMV disease
after bone marrow transplantation (BMT) are inter-
stitial pneumonitis, esophagitis, and enteritis. Reti-
nitis and encephalitis are extremely rare. The
reasons for the low incidence of retinal and central
nervous system (CNS) disease in patients undergoing
BMT is unknown. However, the present case and
other recently reported cases of CMV encephalitis
may be indicative of increasing rates.

CMV encephalitis cases reported in the literature
are summarized in Table 1 (Hamprecht et al,
2003; Julin et al, 2002; Miller et al, 2006; Seo
et al, 2001; Wolf et al, 2003). The present case and
its comparison with other six cases give medical
clues on drug-resistant CMV infection of the CNS
in BMT recipients (Hamprecht et al, 2003; Julin et al,
2002; Miller et al, 2006; Seo et al, 2001; Wolf et al,
2003). All cases had CMV ventriculoencephalitis and
pathologic findings were described in one of them
(Miller et al, 2006). CMV ventriculoencephalitis
often follows CMV retinitis as a late complication
in acquired immunodeficiency syndrome (AIDS)
patients, despite continuous antiviral treatment
(Berman and Kim, 1994; Holland et al, 1994; Kalay-
jian et al, 1993). Three of seven stem cell recipients
with CMV infection of the CNS were associated with
retinitis. In the present case, retinitis symptoms devel-
opedwhile thepatientwasonGCVtreatment (5mg/kg;
once-daily dose) and diagnosis was confirmed by
visualization of periventricular enhancement in con-
trast-enhanced MRI. Similarly, Seo et al (2001)
reported a patient with CMV retinitis, who subse-
quently developed encephalitis despite the adminis-
tration of ganciclovir (5 mg/kg q12h) and intravenous
immunoglobulin G (IV IgG) (400 mg/q48h). Ham-
precht et al (2003) have also noted that retinitis devel-
oped along with encephalitis in their case. Although
CMV retinitis is not a prerequisite for CNS involve-
ment in BMT patients, it may potentially increase the
risk of subsequent ventriculoencephalitis. Fundo-
scopic changes in patients with risk must be followed
up periodically.

CMV serology is an important indicator of CMV
reactivation and it is sufficient for only the donor (as
in our case and the case described by Hamprecht
et al [2003]) to be CMV positive for detection of
posttransplantation viremia. In addition, granulocyte
infusions obtained from seropositive donors may
also be a source of CMV as in case 2 reported
by Wolf et al (2003).

Invasive aspergillosis is an increasingly common
and often fatal opportunistic fungal infection in

Figure 1 Contrast-enhanced MRI of the head indicating periven-
tricular enhancement, ventricular enlargement and T2 hyperin-
tense white matter lesions.
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patients with hematologic malignancies. Some pre-
dictive factors such as prolonged corticosteroid ther-
apy, GVHD, and CMV infection are important risk
factors for the recurrence and progression of
Aspergillus infections after bone marrow recovery
(Marr et al, 2002). Four of seven stem cell recipients
with CMV infection were complicated by invasive
mycoses (Table 1). Invasive pulmonary aspergillosis
was seen in three cases including ours and renal
abscess due to Cunninghamella bertholletiae was
detected in one case (Julin et al, 2002; Miller et al,
2006; Seo et al, 2001). CMV pneumonitis was
described in two patients.

There is no consensus regarding the best prophy-
lactic antiviral regimen for CMV infection in patients
with BMT. Our center has been using acyclovir for

CMV prophylaxis. Acyclovir has relatively low
potency against CMV in vitro and it can change
the natural course of CMV reactivation after BMT
(Meyers et al, 1988). However, the CMV disease
cases discussed here suggest that prophylactic or
preemptive treatment strategy may not be effective,
especially in patients treated with immunosuppres-
sive agents for GVHD. GVHD developed in all of the
patients discussed here despite immunosuppressive
therapies such as mycophenolate mofetil, cyclospor-
ine, antithymocyte globulin, corticosteroids, thio-
tepa, and fludarabine. If the risk of GVHD is
unusually high, e.g., in T-cell depletion with anti-
thymocyte globulin for matched-unrelated or haplo-
identical BMT, treatment for CMV infection should
be started after transplant as soon as possible. It has
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Figure 2 CMV viral load, antiviral treatments, and clinical course of the present case. Patient was lost on posttransplant day 200. Graphic
representation was modified from Julin et al (2002).

Table 1 Clinical and laboratory data of ganciclovir-resistant encephalitis patients in the literature

Disease CMV serology Retinitis Invasive mycose GVHD Drug resistance

Hamprecht et al (2003) AML D + R � + — NA UL97 mutation
Julin et al (2002) MLD D � R + NA Aspergillus fumigatus Acute UL97 mutation
Miller et al (2006) AML D + R + NA Aspergillus fumigatus Acute UL54 mutation
Seo et al (2001) ALL D + R + + C. bertholletiae Chronic UL54 mutation
Wolf et al (2003)
Case 1 AML D + R + NA — Chronic UL97-UL54 mutation
Case 2 AML D � R � NA — Chronic UL97-UL54 mutation
Present case CML D + R � + Aspergillus fumigatus Acute UL97 mutation

Note. CMV, cytomegalovirus; GVHD, graft-versus-host disease; AML, acute myeloid leukemia; D, donor; R, recipient; MLD, metachro-
matic leukodystrophy; NA, data not available; ALL, acute lymphoid leukemia; CML, chronic myeloid leukemia.

Ganciclovir-resistant CMV encephalitis

176 F Arslan et al



been shown that CMV seropositivity is a strong
negative prognostic factor in this setting and that
preemptive anti-CMV strategies do not always
improve outcome (Kroger et al, 2001). However,
prophylactic ganciclovir administered along with
GVHD treatment with corticosteroid-containing
regimens was shown to be effective in one series
(Verdonck et al, 1997).

There are four antiviral agents (ganciclovir, acyclo-
vir, foscarnet, cidofovir) approved for clinical use for
the treatment of CMV infection. Most CMV antiviral
drugs’ usage is directed at prevention of disease but
treatment of disease remains only variably successful
in the BMT recipient. Antiviral drug resistance has
becomeamajorproblemin treatmentofCMVinfection
in recent years. Resistance to currently available anti-
viral drugs may result from mutations in either the
UL97or theUL54gene,orboth.UL97encodes theviral
protein kinase responsible for the initial phosphory-
lation of ganciclovir and cidofovir. UL54 encodes the
DNA polymerase, which is the target of ganciclovir,
cidofovir, and foscarnet. Genotypic and phenotypic
analysis of drug resistance in six patients reported in
the literature reveals that CMV drug resistance muta-
tions may play a role in pathogenesis. Unfortunately,
progressive encephalitismaydevelop evenwhenviral
strains in the CNS are susceptible to antiviral drugs.
Sequencing of bothUL97andUL54were performed in
the CNS isolates obtained from all patients. Mutation
types are shown inTable 1. In our patient, ganciclovir-
resistant CMV mutations were present in the viral
DNA found in peripheral blood and CSF. Upon sus-
picion of resistance, foscarnet induction and mainte-
nance therapywereadministeredandeventuallyCMV
DNA viral load decreased in the blood. Despite this
decline in the viral load, our patient’s general

condition did not improve. It seems that CMV viral
load detected in bloodmaynot adequately reflect viral
replication in sequestered sites, especially CNS. Sim-
ilar compartmentalization of viral replicationwas also
noted in other cases (Julin et al, 2002; Miller et al,
2006). In our patient, blood viral load remained low
while the encephalitis developed, suggesting selective
viral replication and emergence of ganciclovir resis-
tance in CNS. However, all CSF isolates remained
susceptible to foscarnet, indicating that the observed
ganciclovir resistance is not sufficient to explain the
active viral replication in the CNS. Inefficient pene-
tration of ganciclovir and foscarnet into the brain may
be responsible for progression of the disease (Arribas
et al, 1996;Mastroianni et al, 1994;McCutchan, 1995).

In conclusion, our experience suggests that CMV
ventriculoencephalitis may also be seen in immuno-
compromised BMT patients. CMV disease may
develop despite anti-CMV prophylaxis and routine
preemptive therapy because of the emergence of
resistance and, possibly, low penetration of antiviral
drugs into the CNS. In cases of CNS involvement,
antiviral monotherapy may not be enough for ade-
quate clinical response. Therefore, combination anti-
viral therapy and alternative methods are needed for
the treatment of CMV disease of the CNS. Novel
immunotherapy techniques such as adoptive transfer
of CMV-specific T cells (Leen et al, 2006) or active
immunization of donor and recipient could be the
future treatment alternatives to be used in CMV
control.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible
for the content and writing of the paper.
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