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Abstract
Mycophenolate mofetil (MMF) is often used in the
treatment of autoimmune diseases such as myasthenia
gravis and the prevention of organ rejection after
transplantation. Toxoplasma encephalitis (TE) is typically
associated with human immunodeficiency virus (HIV)
infection. We present a case of an HIV sero-negative
woman who developed TE after long-term MMF therapy
for the treatment of myasthenia gravis. TE can occur even
with low doses of MMF. A high index of suspicion is
needed for patients presenting with focal neurologic
deficits given poor outcomes in the majority of reported
cases. Prophylaxis against TE can be considered although
further study is needed.
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Introduction
Mycophenolate mofetil (MMF) is an immunosuppressant
often used in the treatment of autoimmune diseases such as
myasthenia gravis and in the prevention of organ rejection
after transplantation [1-5]. Toxoplasma gondii encephalitis (TE)
is most often associated with human immunodeficiency virus
(HIV) infection and acquired immunodeficiency syndrome
(AIDS) with very few reported cases being connected with

MMF [6]. We present a case of a HIV sero-negative woman
who developed TE after long-term MMF therapy for the
treatment of myasthenia gravis.

Case
A 70-year-old female with history of Turner syndrome with
severe cognitive impairment and myasthenia gravis diagnosed
10 years prior who was taking pyridostigmine, MMF 500 mg
twice daily and prednisone 20 mg every other day presented in
status epilepticus. Patient had remote history of seizures as a
child but was not on antiepileptic medications. She also had
significant exposures to cats. Initial computed tomography (CT)
head without contrast showed multiple lesions with
surrounding vasogenic edema initially most concerning for
metastatic cancer. Her exam was notable for decreased
movement on her left side and somnolence. Magnetic
resonance imaging (MRI) brain showed multiple ringenhancing lesions involving every lobe of brain, deep brain
structures and cerebellum. CT chest, abdomen and pelvis were
unremarkable. Cerebral spinal fluid (CSF) analysis revealed
mild lymphocytic pleocytosis (32 White blood cells/mm3,
lymphocytes 87%), elevated protein at 109 and mild decrease
in glucose with CSF level of 89 mg/dL given the serum level
was 200 mg/dL. Serum Toxoplasma gondii (T. gondii)
immunoglobulin (Ig) G was positive and T. gondii IgM was
negative. Cerebral toxoplasmosis was confirmed with CSF T.
gondii PCR that was positive. Serum HIV test was negative.
CD4 count was 113 (normal 441-2156 cells/mm3). The
following CSF studies were negative: Cryptococcal antigen,
Epstein-Barr virus polymerase chain reaction (PCR), herpes
simplex virus 1 PCR, herpes simplex 2 PCR, bacterial gram
stain, bacterial culture, and fungal culture. Patient’s
respiratory secretions tested positive for either rhinovirus or
enterovirus, however the lab could not distinguish which.
MMF was discontinued and she was treated with clindamycin
600 mg 4 times per day due to her sulfa allergy, as well as
pyrimethamine 50 mg daily and leucovorin 20 mg daily. Patient
improved mildy when seen at her one month follow up but
had persistent left sided facial droop and left sided weakness.
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Repeat MRI brain showed interval decrease in the lesions and
reduction in edema. Patient remained off of MMF and after six
weeks was transitioned to maintenance therapy of 750 mg
atovaquone twice a day, clindamycin was discontinued,
pyrimethamine was decreased to 25 mg daily and leucovorin
was decreased to 10 mg daily.

Discussion
MMF is an immunosuppressant used in the treatment of
various autoimmune conditions including myasthenia gravis,
polymyositis, lupus nephritis, pemphigus, and bullous
pemphagoid [1-3], as well as in the prevention of rejection
after organ transplant including kidney and liver transplants
[4,5]. MMF is the ester prodrug of mycophenolic acid (MPA),
the active metabolite that functions as an immunosuppressant
[7]. MPA inhibits the inosine monophosphate dehydrogenase
(IMPDH), which suppresses de novo guanosine synthesis
leading to decreased cell proliferation. MPA functions as a
immunosuppressant by specifically inhibiting the type II
isoform of IMPDH, which is primarily expressed in T and B
lymphocytes, while not inhibiting the type 1 isoform of IMPDH
found in most other cells. MMF is often selected for an
immunosuppressant regimen due to it often being well
tolerated given its favorable side effect profile when compared
to other immunosuppressant [8].
Cerebral toxoplasmosis is often associated with reactivation
of a latent infection due to immunodeficiency such as AIDS or
secondary to immunosuppressive therapy [6].
The clinical manifestation of cerebral toxoplasmosis is often
a sub-acute gradual process and symptoms include mental
status changes, seizures, focal motor deficits, cranial nerve
disturbances, sensory changes, cerebellar signs, movement
disorders and neuropsychiatric findings. Clinical manifestations
of non-cerebral toxoplasmosis include fever, malaise, ocular
disease, lymphadenopathy and more rarely myocarditis,
polymyosistis, pneumonitis, and hepatitis [9]. Risk factors for
infection include exposure to certain raw or undercooked
foods as well as exposure to kittens [10]. Studies have shown
that toxoplasmosis seroprevalence range from 4%-92%
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worldwide and recent estimates show a rate of 22.5% in the
United States [6,11,12], which is relevant given that cerebral
toxoplasmosis is secondary to reactivation of latent infection.
Diagnosis is typically made indirectly, with serology, or directly,
with techniques such as polymerase chain reaction looking for
T. gondii DNA [9]. Immunosuppressant implicated in the
development of cerebral toxoplasmosis includes cyclosporine,
azathioprine, tacrolimus, and methylprednisolone [13-16] as
well as rituximab [17,18], infliximab [19], fingolimod [20] and
adalimumab [21]. First-line treatment includes a combination
of pyrimethamine, leucovorin and sulfadiazine. Clindamycin is
typically used as an alternative for sulfadiazine in those
hypersensitive to sulfa drugs, although there are other options
that have been less studied [9]. Despite treatment, mortality in
patients with TE that is not secondary to AIDS has been
reported as high as 50% [15].
There are only four total cases of TE reported in the
literature that involve HIV-seronegative patients taking MMF
[22-24]. These cases, as well as ours, are summarized in Table
1. The patient in our case presented with sub-acute mental
status changes, unilateral motor deficits and seizures without
evidence of extra-central nervous system manifestations of
disseminated toxoplasmosis or constitutional symptoms, such
as fever. One of the four previously reported cases had a more
progressive and chronic onset with the remaining three being
more acute. Fever was only reported in two of the previous
cases while focal neurologic findings were found in all cases
including ours. Our case was the only one that reported
seizures. CT and MRI findings for all the cases, including ours,
showed multiple ring-enhancing lesions at some point with
four of the five showing them at presentation. CSF analysis on
all the patients was not consistent with meningitis; however,
there was more of a pleocytosis in our case than in the
previously reported cases. Diagnosis of TE was made with CSF
PCR in two of the previous cases as well as in our case, while
the other two diagnoses were confirmed with brain biopsy. In
summary, HIV seronegative patients with TE seem to present
primarily with focal neurologic deficits and have multiple ring
enhancing lesions on imaging, while constitutional symptoms
and acuity can vary.

Table 1: All reported cases of TE that involve HIV-seronegative patients taking MMF.
Case report

Age
(years)

Gender

77

Male

Immunosuppression
regimen

Disease

Outcome

Myasthenia gravis

Died 2 months after symptom onset

Inflammatory myopathy

Died 2 months after symptom onset

Undifferentiated connective
tissue disease

Died 2 weeks after presenting

Myasthenia gravis, TWI

Alive at time of publication with interval decrease in
brain lesion sizes

Prednisone 20 mg qod
MMF 1500 mg qd
MMF 1500 mg BID
Prednisone 10 mg qd

Bernardo et al.
[22]

72

Female

Pistacchi et al.
[23]

48

Female

Rituximab 1000 mga
MMF 1000 mg BID
Prednisone 50 mg qd
MMF 1000 mg BID

Sasson et al.
[24]

2

Prednisolone 12 mg qod
54

Female

IVIG qmonthly. 4 mg/kg
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MMF 500 mg BID
Our case

70

Female

Prednisone qod

Myasthenia gravis

Alive 2 months after symptom onset with interval
decrease in brain lesion sizes

Note=IVIG: intravenous immunoglobulin; qod: once every other day; qd: once daily; BID: twice daily; qmonthly: once a month
a-

Received 2 doses 8 weeks prior to presentation

The typical dose of MMF used in clinical trials was 1000 mg
twice daily with the range being between 1000 and 3000 mg
per day [25]. Our patient received a total of 1000 mg of MMF
each day, which was less than the patients in the previous
cases whose doses ranged from 1500-3000 mg each day
[22-24]. The only other immunosuppressant our patient was
exposed to was an oral corticosteroid, which was a similar
dose to that which was used in the previous cases. Two of the
previously reported cases involved patients with further
immunosuppression with one patient having received two
doses of rituximab eight months before presenting and
another having received monthly intravenous immunoglobulin
infusions. The absolute CD4+ T-cell level in our patient was low
as in two of the three previous cases that reported this level.
This shows that TE is possible even low doses of MMF.
The patient in our case unfortunately did not any significant
neurologic improvement with treatment and unfortunately
remained below her baseline level of mental functioning. Of
the four previously reported cases, survival was not good with
one patient dying within 2 weeks of presentation and two
patients dying two months after diagnosis. The last case
described a patient with progressive lesions initially but with
stable disease at the time of publication. Unfortunately, the
prognosis seems to be poor with these cases having a similar
mortality rate to the 50% that is described in the literature [15]
Our case report shows that TE can occur even with doses of
MMF at the low end of the therapeutic range. Given the poor
prognosis in these patients, providers should have a high index
of suspicion for patients who present with focal neurologic
deficits and should consider early imaging with CT and MRI. A
previous paper mentioned considering prophylaxis with
trimethoprim/sulfamethoxazole (TMP-SMX) for high-risk
individuals such as those taking 3 grams per day of MMF [22].
Given the high mortality of TE, prophylaxis can be considered
for all patients taking MMF given TE can occur even at low
doses. The benefits of this protection would need to be
balanced with the side effects of long term TMP-SMX use.
Further studies on this may be necessary.
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