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Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an autoimmune disorder, seen most often in young
adults and children, triggered by tumors or infections. We report a case of cryptococcal meningitis in a patient
with sarcoidosis, presenting prominent neuropsychiatric symptoms, electroencephalographic features of auto-
immune encephalitis and positive anti-NMDAR antibodies in the cerebrospinal fluid, raising the hypothesis of an
infectious immune-mediated mechanism triggering the production of anti-NMDAR antibodies. Since anti-NMDAR
encephalitis is potentially fatal and has significant morbidity, further descriptions of its etiological associations
are essential to early identification and prompt treatment.
1. Introduction

Sarcoidosis is a multisystem granulomatous disease of unknown eti-
ology. Lymphopenia is common (Crouser et al., 2010; Jamilloux et al.,
2015; Morell et al., 2002; Yanardag et al., 2002) and T-cell mediated
immunity has been shown to be impaired (Adams and Gibson, 2016;
Bernard et al., 2013; Dhote et al., 2009; Jamilloux et al., 2015; Leonhard
et al., 2016; Miyara, 2006; Ross and Katz, 2002). Albeit infrequent,
cryptococcosis is a known complication (Bernard et al., 2013; Jamilloux
et al., 2015; Leonhard et al., 2016; Peret et al., 2014), as T-cell immunity
is the predominant pathway for protection against infection by Crypto-
coccus neoformans (Bernard et al., 2013; Riha and Allen, 2004). The
frequent administration of immunosuppressive therapy to patients with
sarcoidosis, particularly steroids, may potentiate the already present
relative susceptibility to cryptococcosis (Baughman and Lower, 2005;
Dhote et al., 2009; Mehrany et al., 2002; Peret et al., 2014). Nevertheless,
cryptococcal meningitis can develop even in the absence of immuno-
suppressive therapy (Adams and Gibson, 2016; Girard et al., 2004;
Jamilloux et al., 2015; Leonhard et al., 2016; Peret et al., 2014).
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autoimmune disorder, is not uncommon and its frequency has come to
rival that of viral encephalitis (Gable et al., 2012). First described in
2007, there is still insufficient understanding of its etiologies and path-
ogenesis. Whilst mostly associated to neoplasms (Gable et al., 2009; Liu
et al., 2017; Lynch et al., 2018; Venkatesan and Adatia, 2017), some
infections appear to precede it in a large set of individuals, which path-
ogenesis is now an active area of investigation (Venkatesan and Bena-
vides, 2015). Mechanisms by which infections may lead to CNS
autoimmunity are manifold (Venkatesan and Benavides, 2015). There is
significant evidence that herpes simplex can trigger anti-NMDAR en-
cephalitis (Armangue et al., 2013, 2014; Prüss et al., 2012; Venkatesan
and Benavides, 2015); there are also reports of possible links to
Varicella-Zoster virus (Dalmau et al., 2011; Schabitz et al., 2014),
influenza virus, Japanese Encephalitis virus (Ma et al., 2017) and Human
Immunodeficiency Virus (HIV) (Arboleya et al., 2016; Patarata et al.,
2016), but, to our knowledge, it has not yet been reported any association
to fungal infection. Although potentially treatable, anti-NMDAR en-
cephalitis can lead to death if untreated and is associated with significant
morbidity (Lynch et al., 2018; Venkatesan and Benavides, 2015). Hence,
further understanding of its etiologies is essential to allow early
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identification and timely treatment.

2. Case report

A previously healthy 39-year-old man received a diagnosis of pul-
monary sarcoidosis on September 2016. He was started on prednisolone
(40 mg per day) on December 2016, but soon tapering was commenced;
on July 2017, he was on 10–15 mg per day on alternate days.

Progressively worsening headaches, accompanied by photophobia
and changes in sleep (alternation between insomnia and somnolence/
prostration) developed in September 2017 and motivated an increase in
prednisone to 40 mg per day for a suspected diagnosis of neuro-
sarcoidosis. At this time, CT scan and MRI of the brain were unremark-
able. Four weeks later, changes in behavior and speech, confusion,
memory difficulties and visual hallucinations, with periods of psycho-
motor agitation, without fever, appeared. The patient was medicated
with amitriptyline, escitalopram, olanzapine and clonazepam, without
improvement. On October 2017, an episode of loss of consciousness, with
urinary incontinence and unresponsiveness, without apparent tonic-
clonic movements, was described by the patient’s wife. A few days
later he was admitted to our hospital. Neurological examination at the
Emergency Department (day 0) revealed inattention and disorientation,
with psychomotor retardation and no verbal or motor initiative; speech
was non-fluent, with hesitations in naming and repeating; myoclonus of
the upper limbs, postural tremor and gait ataxia were observed. Menin-
geal signs were absent.

On blood panel, C-reactive protein was within normal range (4.68
mg/L) and white blood cells were elevated (15.49 � 109/L), with neu-
trophilia (14.30 � 109/L) and lymphopenia (0.36 � 109/L). Immuno-
phenotyping of lymphocytes disclosed an absolute CD4þ, CD8þ and
CD3þ T cells lymphopenia, with 0.066 � 109/L, 0.134 � 109/L and
0.180 � 109/L, respectively. CD19 þ B cells lymphopenia was also pre-
sent (0.053 � 109/L). Natural killer cells were within normal range
(0.375 � 109/L). Relative CD4 and CD8 T cells lymphopenia (with no
available absolute count) of 5.6% and 21.1%, respectively, were already
present in 2016 (before the diagnosis of sarcoidosis and without ste-
roids). HIV serology was negative, immunoglobulins were normal and
there was no complement consumption.

Nucleocapsular focal hypodensities, without mass effect or hydro-
cephalus, were seen on the admission CT scan. A lumbar puncture was
performed, revealing a cerebrospinal fluid (CSF) opening pressure above
40 cmH2O. CSF analysis disclosed pleocytosis, with polymorphonuclear
predominance, glucose consumption and elevated proteinorrachia
(Table 1). Angiotensin-converting enzyme (ACE) dosing in CSF was
inferior to the detection limit. Amplification of nucleic acids from CSF
was negative for Mycobacterium tuberculosis, Cytomegalovirus (CMV),
John Cunningham virus (JCV), Epstein-Barr virus (EBV), Herpes-6,
Herpes simplex 1 and 2. CSF venereal disease research laboratory
(VDRL) was also negative. Detection of Cryptococcus neoformans in the
CSF prompted combined therapy with liposomal formulation of
amphotericin B and flucytosine. The patient was admitted to the Infec-
tious Diseases’ ward.
Table 1
Cerebrospinal fluid cytochemical data of the patient.a

Hospital Day after Admission Glucose (mmol/
L)

Proteins (mg/L) White Cell

Day 0 0.67 1860 330
Day 2 0.94 1290 266
Day 8 2.72 920 140
Day 16 2.94 1050 42
Day 27 2.50 750 10
Follow-up (6 months after admission) 3.00 770 25

a Reference ranges: glucose, 2.60–4.51 mmol/L; proteins, 0–400 mg/L; white cell c
b Distribution of lymphocytes, monocytes and eosinophils not available.
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On day 1, given the patient’s immunodepression and since there was
no evidence of neurosarcoidosis, prednisolone was reduced to 10 mg per
day to enhance response against infection. However, despite cytochem-
ical improvement of CSF (Table 1) and normalization of CSF pressure
with daily performance of evacuating lumbar punctures, a progressive
depression of consciousness was observed since day 7. Brain magnetic
resonance imaging (MRI) revealed T1 contrast-enhancing focal areas in
the basal ganglia compatible with cryptococcal lesions and small acute
ischemic lesions in the subcortical white matter, in possible relation with
a vasculitic process (Fig. 1). The patient remained afebrile, but C-reactive
protein increased (149 mg/L), without leukocytosis. On day 10, an
electroencephalogram (EEG) showed global slowing, with ‘delta brush’
activity and paroxysmal posterior focal activity (Fig. 2A, Supplementary
Data). The patient was started on levetiracetam (500 mg twice daily), but
his neurological condition showed no improvement. Day 13’s revalua-
tion EEG exhibited slow and monotonous activity, with registration of
slow delta bilateral sequences and no paroxysmal activity, congruent
with a severe encephalopathic process of non-specific etiology. He also
developed sustained hypotension with sinus tachycardia (systolic arterial
pressure, 77–90 mmHg; diastolic arterial pressure, 39–55 mmHg; heart
rate, 115–138 beats per minute) that did not respond to fluids or hy-
drocortisone for two days, and required admission to Intermediate Care
Unit. IgG anti-NMDAR antibodies, directed to the NR1 subunit, were
positive in the CSF (negative in serum). Elevated intrathecal IgG syn-
thesis was registered (1.92 μmol/L to an upper limit of normal of 0.27
μmol/L), and eight CSF-restricted oligoclonal bands were found.
Thoraco-abdomino-pelvic CT scan, a testicular ultrasound and a whole-
body PET scan were performed, with no evidence of neoplasia.

Treatment for anti-NMDAR encephalitis was instituted. Since it was
feared that intensive immunosuppression with intravenous methylpred-
nisolone would further impair response to infection and plasma exchange
was considered hazardous due to CD4 T lymphocytes depletion, re-
increase of prednisolone to 40 mg per day and immunoglobulin infu-
sion therapy (0.4 mg/kg per day for 5 days) constituted the initial choice.
Thereon, the patient slowly improved, and, on day 27, EEG displayed
well-structured alpha activity, without paroxysmal activity nor ‘delta
brush’ pattern (Fig. 2B, Supplementary Data). Later on, prednisolone was
progressively stepped-down, with no clinical worsening. Six weeks of
induction therapy were completed and maintenance treatment with
fluconazole was initiated given confirmed cultural negativity. The pa-
tient was discharged on day 51 with 10 mg of prednisolone per day, with
total clinical resolution and imaging improvement.

Four months after discharge, the patient remained neurologically
asymptomatic but anti-NMDAR antibodies were still present on CSF
(negative in serum), with a high IgG level (1.03 μmol/L) and seven CSF-
restricted oligoclonal bands. The patient was re-started on intravenous
immunoglobulin (1 g/kg per month). Infliximab was initiated at seven
months after discharge, due to sarcoid progression and very low CD4
counts. At 12-months follow-up, the patient displays no neurologic
symptoms, with CD4 elevation until 165/mm3, maintaining fluconazole
secondary prophylaxis.
s (x 106/L) Neutrophils (x 106/L) Lymphocytes (x 106/L) Monocytes (x 106/L)

257 53 20
194 37 24
48 65 24
6 36 mononuclear cellsb

4 6 mononuclear cellsb

13 12 mononuclear cellsb

ount, 0–5 cells x 106/L.



Fig. 1. A, B: Brain MR imaging showing basal ganglia T2 hyperintense (A) and T1 contrast-enhancing areas (B), suggestive of cryptococcal lesions. C, D: Subcortical
white matter diffusion weighted imaging (DWI) hyperintensities, possibly related to small vessel vasculitic phenomena. D: Apparent diffusion coefficient (ADC) map
showing hypointensity in the splenium of corpus callosum, as previously described in cases of cryptococcal encephalitis.
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3. Discussion and conclusions

We report a case of concomitant cryptococcal meningitis and anti-
NMDAR encephalitis in a sarcoidosis adult patient. Recent experi-
mental studies have shown a significant inflammatory response in
cryptococcal CNS disease, particularly in non-HIV cases, driving tissue
damage (Neal et al., 2017; Panackal et al., 2015). Hereby, we consider
the hypothesis of an infectious immune-mediated mechanism triggering
anti-NMDAR antibodies production.

Considering the patient’s background, there were several initial
diagnostic possibilities: in a patient with sarcoidosis, neurological
involvement (neurosarcoidosis) must be considered; in a patient under
immunosuppression, risk of infection must be carefully addressed. A
preliminary diagnosis of neurosarcoidosis determined an increase in
steroid dosing, which led to clinical deterioration. Differentiation be-
tween cryptococcal meningitis and neurosarcoidosis can be challenging,
as they both often present with symptoms of chronic meningitis and can
be complicated by hydrocephalus (Leonhard et al., 2016). CSF abnor-
malities can be similar, with a mild pleocytosis and elevated protein, as
well as hypoglycorrachia to some degree (Leonhard et al., 2016). In
neurosarcoidosis, any portion of the central or peripheral nervous system
3

can be affected, and the IgG index can be elevated, with presence of
oligoclonal bands in CSF, as we saw in our patient. However, for its
diagnosis, an intercurrent infection must be excluded. Furthermore, the
absence of response to the rise in corticotherapy dosing (on the contrary,
the patient deteriorated) makes neurosarcoidosis unlikely.

Cryptococcal meningitis is a rare complication of sarcoidosis associ-
ated with CD4 lymphopenia, which diagnosis is often delayed or missed
(Leonhard et al., 2016). In our patient, cell-mediated immunity was
already impaired before steroid treatment. Cryptococcosis alone could
not explain this clinical picture; the illness exhibited a biphasic course,
which is not typical in cryptococcal meningitis. We postulate that our
patient could initially be suffering from chronic meningitis due to cryp-
tococcal infection, as he first presented with characteristic symptoms and
aggravated with intensified immunosuppression, and that this infection
triggered the production of anti-NMDAR antibodies, leading to the sub-
sequent development of neuropsychiatric symptoms characteristic of this
condition. He was medicated with psychotropic drugs, again with no
improvement, and it is not unusual to anti-NMDAR encephalitis to be
confounded with psychiatric disorders (Dalmau et al., 2008, 2011; Her-
mans et al., 2017). A clinical response to antifungal treatment can be
inferred by CSF cytochemical improvement and normalization of CSF
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pressure. However, we observed a progressive depression of conscious-
ness under effective therapy. EEG monitoring showed generalized
slowing with occasional delta-brush pattern, which is consistent with
anti-NMDAR encephalitis (Steriade et al., 2018). The particular ‘extreme
delta brush’ pattern, initially described as pathognomonic of this disor-
der, was not present, but it is usually seen in only 16–33% of patients
(Venkatesan and Adatia, 2017). Nonspecific slowing of brain activity is
typically seen and focal electrographic seizures can also be present
(Dalmau et al., 2011; Fischer et al., 2016; Guasp and Dalmau, 2018;
Venkatesan and Adatia, 2017; Zhang et al., 2017). Above all, we only
observed neurological improvement after immune therapy and a new rise
in corticoid dosing. A diagnosis of anti-NMDAR encephalitis was estab-
lished based on the diagnostic criteria (Graus et al., 2016): rapid onset
(less than 3 months) of abnormal (psychiatric) behavior, cognitive and
speech dysfunction, decreased level of consciousness and autonomic
dysfunction; EEG showing ‘delta brush’ pattern and focal paroxysmal
activity, with slow disorganized activity; CSF with pleocytosis and oli-
goclonal bands, with the presence of IgG anti-NMDA antibodies specif-
ically directed to the NR1 subunit.

CD4 lymphopenic sarcoidosis phenotype is usually resistant to con-
ventional therapies and responsive to anti-TNF therapy (Crouser et al.,
2010). In these patients, infliximab may normalize peripheral CD4 T-cell
depletion and improve clinical disease manifestations (Crouser et al.,
2010). CD4 counts should be frequently evaluated and prophylaxis pre-
scribed accordingly – primary prophylaxis with cotrimoxazole for Pneu-
mocystis pneumonia and secondary prophylaxis with fluconazole in case
of previous cryptococcal meningitis.

Lastly, it is of notice that our report has several limitations. First, it
does not establish proven causation between infection by Cryptococcus
and CNS autoimmunity. Mechanistic studies linking infections with anti-
NMDAR encephalitis are lacking (Venkatesan and Benavides, 2015), and
the presence of co-incident infection alone with an autoimmune process
is not sufficient to establish causality (Venkatesan and Benavides, 2015).
Henceforth, studies are needed to firmly establish such a link. Secondly,
this study is limited by the absence of a CSF sample from the pre-illness
phase or even from the first phase of the illness, in which we speculate
there would be no anti-NMDAR antibodies production. Nevertheless,
since this autoimmune encephalitis can be fatal and its prognosis can be
significantly improved by prompt treatment, the knowledge of new
probable triggers is of particular importance to enhance its recognition.
Investigation of other related or causal triggers may allow a new un-
derstanding of anti-NMDAR encephalitis and facilitate its early diagnosis.
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