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Autoimmune encephalitis (AE) is a multifaceted topic that encompasses various

aetiologies and differential diagnoses. In certain instances, the patient’s serum

or CSF may not reveal the presence of specific antibodies, which can leave

healthcare providers unsure about the most appropriate course of treatment.

This report outlines the case of a 71 years-old male who underwent a full-

size liver transplantation and was subsequently maintained on Tacrolimus

for immunosuppression. The patient presented with symptoms of confusion

and decreased general orientation, which worsened over time. Following a

thorough diagnostic workup, the patient was diagnosed with Antibody-negative

Autoimmune Encephalitis (AE). He received treatment with high-dose steroids

and Tacrolimus was later changed to Mycophenolate mofetil (MMF), which

ameliorated his condition. This case highlights a potential link between long-

term use of calcineurin inhibitors and seronegative AE. Hence, it may be

advisable to consider Antibody-negative AE (ABnAE) as a potential diagnosis in

patients under chronic immunosuppression who exhibit symptoms of sudden

cognitive decline.

KEYWORDS

Tacrolimus, cognitive impairment, Antibody-negative Autoimmune Encephalitis,
altered mental state, liver transplantation

Introduction

Background

Seronegative Autoimmune Encephalitis (SAE) is defined as an Autoimmune
Encephalitis (AE) without detection of specific antibodies (1). It can present a particular
challenge to clinicians since its diagnosis is largely relying on the exclusion of
other causes. This is particularly challenging in geriatric patients, many of whom
have underlying chronic conditions. Moreover, the symptoms of SAE are usually
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broad and unspecific, encompassing lethargy, altered levels
of consciousness, epileptic seizures, and other specific focal
neurologic deficits. Additionally, neuropsychiatric symptoms,
involuntary movements, memory impairment, and headaches have
been reported (2–4). Seronegative AE is categorised into three
subgroups: seronegative Limbic Encephalitis (SLE), Antibody-
negative probable Autoimmune Encephalitis (AbNAE) and Acute
Demyelinating Encephalomyelitis [ADEM; (1, 5)]. In all forms,
imaging shows hyperintense lesions in the T2-weighted fluid
attenuating inversion recovery sequence (FLAIR) sequence, which,
however, differ in their anatomical localization. In AbNAE the
lesions should extend only to non-limbic regions of the brain (6).

Case presentation

The patient, a 71 years-old male, was referred to the
gastroenterology department due to symptoms of nausea, vomiting,
and diarrhoea over the past 2 weeks. Upon diagnosis, it was
revealed that the patient was experiencing a reactivation of a
prior cytomegalovirus (CMV) infection, which he likely contracted
through a full-size liver transplantation one and a half years
earlier. The CMV-infection was successfully treated with high-
dose Valganciclovir. It is important to highlight that the patient
underwent the transplantation due to NASH liver-cirrhosis
complicated by hepatocellular carcinoma (HCC). The underlying
cause for the liver cirrhosis was not determined, as all tests for
autoimmune and viral hepatitis had come back negative. Since
transplantation, the patient had been maintained on Tacrolimus
to prevent organ rejection. His medical history also included
atrial fibrillation, diastolic heart failure, recurrent urinary tract
infections, and acquired dyslipidaemia requiring fibrate therapy.
He had no known neurological, psychiatric, or genetic disorders.
Prior to his current illness, he was retired and living independently.
Upon presentation, no focal neurologic deficits or meningeal signs
were noted. The patient arrived with normal vital signs and
was alert and oriented to person, location, time, and situation.
The patient’s condition deteriorated significantly in the following
days, to the point where he became drowsy, disoriented, and
complained of severe headaches without any signs of meningeal
involvement or other new focal neurological deficits upon an
extensive physical examination. As a result, an emergency transfer
to the Department of Neurology was necessary. During the stay,
the patient experienced focal-clonic seizures in their right arm,
followed by one generalized tonic-clonic seizure. Considering
the subacute onset and the patient’s immunosuppression, special
attention was given to their medical history regarding infections.
It was noted that years prior to transplantation, the patient had
contracted tuberculosis and toxoplasmosis, both of which had been
treated successfully.

Investigations

Upon admission, laboratory testing was conducted, including
a complete blood count, liver and renal function tests, and
inflammatory markers. The CRP levels were found to be elevated
at 2.35 mg/dl, and thrombocyte count was low at 113,000 per

microliter. Additionally, a slight hypocalcaemia was observed at
2.0 mmol/l. Tacrolimus-levels were closely monitored as seen
in Figure 1. A native cranial CT was performed at the onset
of symptoms, which did not reveal any evidence of intracranial
hemorrhage or territorial demarcated ischemia. The cranial
MRI, including cranial phlebography, revealed multiple patchy
T2 signal enhancements in the subcortical and periventricular
white matter on T2-weighted/FLAIR sequence, as well as small
disseminated focal enhancements supra- and infratentorial, which
were consistent with general inflammatory alterations. The
subsequent lumbar puncture revealed clear cerebrospinal fluid
with elevated lactate (2.6 mmol/l) and protein levels (225 mg/dl),
as well as 13 leucocytes/microliter. The CSF basis parameters
suggest that the cause could be either infectious (most likely viral,
intracellular bacterial or parasitic) or of inflammatory/autoimmune
origin. However, after conducting testing on both serum and CSF,
all infectious results came back negative, except for serum-IgG for
Borrelia burgdorferi, which was marginally elevated (17.6 RE/ml)
and deemed insignificant. Additionally, testing for anti-neuronal
antibodies did not yield any results. Neuroimaging showed no
indication of elevated CSF-pressure. A brain biopsy was performed
in the neurosurgical department, revealing brain tissue with non-
specific inflammatory alterations.

During the patient’s stay, shortness of breath was noticed,
and a cardiac ultrasound was conducted, which showed chronic
heart failure with a reduced EF of less than 35%, first diagnosed
approximately 2 years prior. A 24 h ECG was also obtained,
revealing atrial fibrillation. As a result, intravenous Heparin was
initiated as anticoagulation.

Differential diagnosis

The primary differential diagnosis consisted of a central
nervous system infection caused by both common and
opportunistic pathogens. Despite the patient’s history of latent
toxoplasmosis and CMV infection, no responsible infectious
agent was identified in the serum or CSF. Other potential
diagnoses that were considered included antibody-positive
autoimmune encephalitis and neurosarcoidosis. Still, the patient
received antibiotic and antiviral medication until an infection
could be ruled out.

Limbic encephalitis was also considered as a potential
diagnosis, as it can be present even without the detection of
autoantibodies. Symptoms typically include a subacute onset of
altered mental status, short-term memory deficits, confusion,
and mood changes. Imaging often reveals bilateral T2/FLAIR-
hyperintensities that are confined to the medial aspects of the
temporal lobe (5). This was not compatible with the imaging results
in our case, which made the diagnosis unlikely.

Sarcoidosis on the other hand is an immune-mediated
multisystem disorder and is thought to be triggered by a heightened
cell-mediated granulomatous response to a yet unknown antigen.
Neurosarcoidosis, which can present as encephalopathy and has
a varied appearance on MRI, is usually only seen in combination
with other organ manifestations, like in the lungs, skin, or eyes.
Furthermore, in the CSF we only found an unspecific pleocytosis,
indicating the presence of an inflammation. The analysis of the
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CD4+/CD8+ ratio in CSF showed an opposite result to those
typical of sarcoidosis with 0,53 and the IL-6 levels were normal
(Table 1) (7, 8). The most reliable tool for the diagnosis is a biopsy,
which was negative in our patient, who furthermore, presented with
no clinical indications for systemic sarcoidosis (9). In particular,
there was no evidence of pulmonary sarcoidosis on the chest CT.
No skin irritations or ocular disturbances were noted during his
stay in our department.

The possibility of calcineurin inhibitor toxicity leading
to posterior reversible encephalopathy syndrome (PRES) was
considered given the patient’s non-specific altered mental status,
vague headaches, and seizures, despite the absence of visual
field deficits. However, literature on PRES following liver
transplantation indicates that symptoms generally emerge within
the first 2 months post-transplant (10), which contrasts with the
clinical timeline in our case. Furthermore, the MRI pattern of
oedematous changes in our case was not concentrated in the
parietal and occipital lobes, as is usually seen in PRES. Instead, it
was more widespread, especially in the subcortical white matter, the
periventricular space, as well as multiple small cortical lesions of a
contrast-enhancing nature, suggesting an underlying inflammatory
disease (11). Moreover, liquor-pleiocytosis as well as the absence
of vasogenic oedema on brain biopsy further undermined the
likelihood of PRES (12).

Acute disseminated encephalomyelitis (ADEM) was also
considered as a possible diagnosis. This is a monophasic
demyelinating disease that is more commonly found in children
than in adults. In adults, it is common for post-infectious or post-
vaccination encephalomyelitis to present with encephalopathy,
fever, and meningeal signs. However, it is less common in
those over 65 years of age. High IgG levels are often observed.
Additionally, the clinical presentation in adults is usually
accompanied by long-tract dysfunction, not present in our
patient (13).

After the differential diagnostic process, Antibody-negative
Autoimmune Encephalitis (AbNAE) was diagnosed using the
criteria established by Graus et al. Our patient showed rapid
disease progression and presented with altered mental status
and neuropsychiatric symptoms. No previously characterized
autoantibodies were detected in serum or CSF, even though MRI-
findings in combination with the CSF-analysis and the results of the
brain biopsy were highly suggestive of autoimmune encephalitis.
Additionally, all other reasonable causes were ruled out (5).
Upon reviewing the patient’s immunosuppressive regimen, we
noted that Tacrolimus was the sole immunomodulatory agent.
Given the absence of alternative explanations and the suspected
autoimmune mechanism, we decided to replace Tacrolimus with
MMF. The Naranjo rating scale (14), a widely used tool for
assessing adverse drug reactions (ADR), yielded a score of 6,
classifying this as a “probable” adverse reaction to Tacrolimus. The
result was determined as follows: +1 point was assigned due to
previous reports of similar adverse events, and +2 points were
given because the symptoms appeared after drug administration.
An additional +1 point was added as symptom amelioration was
observed following Tacrolimus discontinuation. Finally, the last +2
points were assigned since all other potential causes were excluded.
According to the Liverpool causality assessment tool (15), another
scale for detecting ADR, our case was also classified as “probable”
using the same metrics as in the Naranjo rating scale. A timeline-
model can be viewed in Figure 2.

Treatment

Immunosuppression with Tacrolimus was discontinued and
replaced with MMF. The patient’s liver function and electrolytes
were closely monitored. In addition, the patient received two cycles
of high-dose steroids (1 gr./day for 3 days and 1 gr./day for 5 days)
and was subsequently prescribed oral prednisolone 12.5 mg as an
add-on, which will be gradually reduced in the following weeks.
Considering the recent onset of seizure activity, the patient has been
prescribed Lacosamide 100 mg twice daily.

Results

Especially after discontinuing immunosuppression with
Tacrolimus and administrating the second cycle of high-dose
steroids, the patient improved significantly, being more alert and
oriented regarding his person again. The patient was transferred
in stabilized conditions to a neurological clinic closer to his
hometown to later be further transferred to a rehabilitation clinic,
with the recommendation of a follow-up visit at our department
in 3–4 months. At the time of discharge, no new neurological
signs were found.

In the follow up visit after 3 months, the patient was
awake, fully oriented and had no apraxia anymore. In the
follow up MRI-imaging, the cerebral lesions were regredient,
which can be observed in Figure 3. Unfortunately, he had
suffered a cardioembolic cerebral stroke, probably by insufficient
heparin dose. Besides his newly acquired hemiparesis and new
cardioembolic lesions on MRI, no recent signs were found. In the
CSF after lumbar puncture, only slightly elevated protein-levels
were found (Table 1). Pleocytosis was not present anymore. In a
cognitive assessment using the Montreal cognitive Assessment -
MoCA - (16), a score of 21/30 points was shown, still indicating
a mild cognitive deficit. Altogether, the patient showed great
improvement in short- and long-term memory in comparison to
his previous hospitalization.

Materials and methods

We started our research about the general topic of ABnAE after
conferring with the patient’s next of kin, informing them of our
interest in publishing this case. At the beginning, we summarized
the diagnostic work-up we had done and simultaneously looked
for similar cases published elsewhere, by searching for “Antibody-
negative autoimmune encephalitis” in combination with
“liver transplantation” and “immunosuppression/Tacrolimus.”
Throughout the project we paid close attention to existing
guidelines for writing single case publications by Gagnier et al.
This case report might be limited by the complexity of the
case presented, first regarding the patient’s vast medical history
and plethora of pre-existing conditions and secondly by the
intricate course of disease progression exhibited during the stay
in the hospital. Still, it remains an interesting description of a
highly unusual combination of symptoms and clinical findings,
possibly pointing toward a mechanism of injury that is so far not
widely considered.
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FIGURE 1

Depiction of Tacrolimus serum-levels (in ng/ml) over the course of the initial hospitalization. As shown above, levels remained mostly within
therapeutic range or slightly below normal. In other diseases such as Tacrolimus-associated posterior reversible encephalopathy syndrome (PRES),
disease is more likely to occur when higher doses of immunosuppressive medication are routinely administered such as in stem cell transplantation.
However, most known cases occur when Tacrolimus serum-levels remain well within the therapeutic range (10, 11). We believe the same is true for
Tacrolimus-associated Antibody-negative AE (ABnAE).

FIGURE 2

Timeline between full-size liver transplantation to symptom onset.

Discussion

In our investigation, we found only one case report for AbNAE
related to chronic immunosuppression after transplantation.
Spindel et al. presented a case of a patient with confusion, lethargy,
light-headedness, and memory deficits while being on Tacrolimus
for over a decade after receiving a liver transplant some 14 years
prior. After receiving high-dose intravenous methylprednisolone
for 5 days the patients mental status began to improve, and he went
on to recover completely (4).

We found three other case reports concerning AbNAE. One
was describing a 63 years-old male with no underlying conditions,
presenting with disorientation in time and space, as well as memory
deficits, headaches, and nausea. Although all tests for pathogens
or autoantibodies were negative in CSF and serum, MRI showed

bilateral T2-hyperintensities in the temporal cortex, the putamen,
the hippocampi, the medial thalami, with neither diffusion deficit
nor contrast enhancement. Even after suspecting AbNAE and
accordingly treating the patient with high-dose steroids, the
patient’s condition kept deteriorating to a comatose state combined
with generalized tonic-clonic seizures. After a 2 weeks attempt
with intravenous Immunoglobulin (IVIGs) failed with the patient
showing no improvement, treatment with Rituximab was initiated.
After 3 weeks the patient’s condition started to improve and
eventually got to a point where he could be transferred to a
rehabilitation facility. Blood B-cell counts (CD19+/CD20+) were
measured before Rituximab administration and amounted to 15.3%
and 15.1% of all lymphocytes, respectively. Five months later, the
alterations on MRI appeared substantially regressed, and the B-cell
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FIGURE 3

(Left) Initial MRI T2 fluid attenuating inversion recovery sequence (FLAIR) image roughly at the level of the basal ganglia showing broad subcortical
T2-enhancement, described as of most likely inflammatory aetiology. (Right) T2-FLAIR imagine obtained at follow-up visit roughly 4 months later
showing strongly regredient T2-enhancement at basal ganglia level.

TABLE 1 Results of lumbar puncture at initial hospitalization (left) and
follow-up visit (right).

Initial
disease

Follow-
up

Colour clear clear

Erythrocytes < 1 < 1 1,000/µl

Nucleic cells 13 1 1/µl

Leucocytes 13 1 1/µl

Polymorph nucleic cells 0 0 %

Mononuclear cells 100 100 %

Lactate 2,6 1,8 mmol/l

Glucose 99 53 mg/dl

Glucose
CSF/serum-quotient

0,5 0,5 mg/dl

Protein 225 108 mg/dl

Albumin CSF 1340 710 mg/l

Albumin serum 25,1 32 g/l

Albumin quotient 31,5 22,0

IgG CSF 489,0 101,0 mg/l

IgG serum 3,7 8,8 g/l

IgG quotient 22,5 11,5

Neurofilament light > 10,000 > 10,000 pg/ml

All elevated parameters are marked red.

count (CD19+/CD20+) remained at 0%, indicating a sufficient B
cell-depleting effect of Rituximab (3).

The other two reports involved considerably younger patients.
One being a 35 years-old, who presented with two different
episodes of behavioral and speech disturbance and mental
confusion over a period of 6 months, which were treated with

high-dose methylprednisolone and IVIGs. Subsequently, some
symptoms ameliorated slightly even though the patient’s cognitive
abilities showed no satisfying recovery, as the patient scored five
points in the MoCA at his last follow-up (17). Another patient, a
20 years-old female, presented with subacute onset of psychiatric
symptoms, such as anxiety, in combination with mental confusion,
memory deficits and seizures. After establishing the diagnosis,
treatment with high-dose methylprednisolone was started, followed
by seven sessions of plasma exchange, after which her condition
improved significantly, and she was discharged on 15 mg of oral
prednisolone (2).

In summary, it seems that the cases presented contain some
similarities, but no clear pattern in terms of effective therapy or
diagnostic pathway was observable within the literature. The case
described by Spindel et al. shares several clinical similarities with
our patient, particularly in terms of disease onset, symptomatology,
and response to treatment. This parallel led us to further investigate
the potential link between long-term Tacrolimus therapy and the
development of autoimmune encephalitis, including seronegative
forms. To explore this hypothesis, we reviewed additional cases
of AbNAE reported in the literature. The authors hypothesized
the long-term immunosuppression, mainly focused on suppressing
T-cell function, to have created an imbalance between T- and
B-cells and thereby increasing the likelihood of developing B-cells
without immune tolerance. Literature on Antibody positive AE
has concluded that complement-independent antibody effects
are most likely responsible for its development. If a similar
mechanism applies to AbNAE, an imbalance favoring B-cell
activation could contribute to disease progression or even
predispose patients to its development (4, 18, 19). Additionally,
it was reported that Rituximab, which is a monoclonal antibody
against CD20+-cells, was successfully used as treatment in
AbNAE (3).

Previous studies suggest that in patients treated with
calcineurin inhibitors after a living-donor liver transplant

Frontiers in Medicine 05 frontiersin.org

https://doi.org/10.3389/fmed.2025.1540960
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-12-1540960 May 10, 2025 Time: 13:35 # 6

Hölzl and Albasini 10.3389/fmed.2025.1540960

(LDLT), the number of regulatory T-cells decreased over the course
of the first weeks after the start of the medication, whereas all other
lymphocytic cell lines remained leveled [(20, 21)]. Calcineurin is
a protein phosphatase and possesses several important roles in
regulation of the immune system, one of which is the activation
of the IL-2 pathway. By Inhibition of Calcineurin production of
IL-2 is suppressed, which is crucial for the induction of regulatory
T-cells. In contrast to that, other cell lines such as TH17+-cells
seemed to be almost unaffected by immunosuppression leading
to increased production of effector memory B-cells through IL-
17. Consequently, Calcineurin inhibitors-induced suppression of
T-cell function may result in an imbalance that favors B-cell
activation, potentially facilitating the development of antibody-
negative autoimmune encephalitis (21–23).

After diagnosing AbNAE, prediction of the disease course
and the overall prognosis is difficult and often unreliable. Using
EEG as a monitoring tool for disease progress, seems to work
in one instance, but might not be very reliable and practical
in a broad sense (2). Apparently, B-cell counts might also be
connected to disease intensity and could serve as a valuable
diagnostic tool. Whether it contains significant predictive value is
yet to be determined. Furthermore, studies of patients suffering
from Antibody positive AE suggests that so-called neutrophil-to-
lymphocyte ratio (NLR) and monocyte-to-lymphocyte ratio (MLR)
taken from peripheral blood are both positively correlated with
disease intensity. This could be another approach to help us better
understanding the progression and outcome of the disease in the
future (24).

In conclusion, diagnosis of SAE is difficult even for experienced
clinicians, since a plethora of non-specific and broad symptoms
are usually present, and no clear diagnostic marker is available to
distinguish it from more common differential diagnoses.

We suspect that through the possible mechanism of injury
postulated earlier, long-term immunosuppression with Calcineurin
inhibitors could trigger an immune response resulting in the
clinical scenario we just described, even if the therapeutic window
is strictly adhered to. Given the diagnostic challenges associated
with AbNAE and the lack of specific biomarkers, further studies are
essential to establish standardized diagnostic criteria and effective
treatment strategies. Although current understanding is largely
based on isolated case reports, prospective studies investigating
the long-term effects of calcineurin inhibitors on immune
function could provide valuable insights into the underlying
pathophysiology. Until then, finding the correct diagnosis and
successfully treating it will depend heavily on clinicians being
able to rely on the knowledge gathered from isolated case reports
published in the literature.

Learning points

1. AbNAE should be seen as an important differential diagnosis
especially in patients with altered mental state.

2. Immune system dysregulation caused by immunosuppressive
medication might be directly responsible for some cases of
ABnAE.

3. Elevated serum-levels of Tacrolimus may increase the
likelihood of illness, but this condition may also occur when
serum-levels are within the therapeutic range.

4. In such cases, discontinuation or change in
immunosuppressive drugs should be discussed.
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