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Abstract: it has been just over three years since SARS-CoV-2 viral infection was first known as
causing severe acute and highly transmissible respiratory syndrome coronavirus. During one of the
worst global pandemics of the last century, caused by the COVID-19 disease, under the persistent
immune pressure exerted by the newest vaccines, the SARS-CoV-2 virus is fastly mutating and
becoming less severe, but more contagious. On the other hand, some studies [1-3] indicate that the
elderly COVID-19 patients or those who have reported a virulent episode of this infection,
experience some long-lasting neurological complications, including encephalopathy, encephalitis,
cerebrovascular disease, Parkinson’s disease (PD), Alzheimer’s disease (AD) and prion disease
(PrD). So, there are several recent reports of patients [4,5] developing PrD following the SARS-CoV-
2 infection, but, to the best of our knowledge, this is the first case reported in Italy on an association
of the PRNP E200K somatic mutation with gCJD. The rising global prevalence neurodegenerative
complications following COVID-19 disease adds urgency to the study of this potential relationship.
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1. Introduction

In 2020, after China, Italy was the first European country to be overwhelmed, at a never seen
speed, by the COVID-19 pandemic, in the first period directly leading to a wide spectrum of clinical
manifestations, which could vary from asymptomatic and mild flu-like symptoms to acute
respiratory tract disorder, often fatal, or causing severe multysistemic complications. Since the end
of 2020, while a massive vaccination campaign has begun worldwide, so decreasing morbidity and
mortality, long-term pulmonary, cardiological, neurological and/or multi-organ complications have
also been reported in COVID-19 infection, especially depending on age, pre-existing comorbidities
and vaccination status. In particular, exacerbation of preexisting neurological disturbances was over
all observed, suggesting that the SARS-CoV-2 neurotropism may generate a likely acceleration of
neurodegenerative diseases like Parkinson’s disease (PD), Alzheimer’s disease (AD), Creutzfeld-
Jakob disease (CJD). [1,2]

CJD is a fatal neurodegenerative disease caused by transmissible agents called prions which
replicates in the CNS leading to characteristic neuropathological findings including spongiosis,
glyosis, neuron loss and the deposition of the pathological prion protein (PrPSc). Humans
transmissible spongiform encephalopathies (TSEs) include sporadic, genetic, iatrogenic and
infectious forms. Surveillance of human TSEs has been inaugurated in Italy in 1993, and the sporadic
Creutzfeldt-Jakob disease (sCJD) is nowadays considered the major human prion disease as well as
in the Italy and worldwide. The identification and mandatory reporting of CJD in Italy has allowed
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to improve our understanding on the CJD pathogenesis, the variable CJD clinical phenotypes, the
possible geographic clusters. [3]

The aim of this study is to describe the rare case of the COVID-19 interplay in a genetic CJD
associated with E200K mutation and to provide an ongoing insight into the disease pathogenesis of
an even greater global health challenge than acute infection.

2. Materials and Methods

A 51-year-old woman with a history of arterial hypertension and uterine fibromatosis presented
to the emergency room (ER) with rapidly progressive cognitive deterioration and functional decline,
as she had become unable to maintain the upright position and to walk in few weeks. Her relatives
have reported that, approximately two months before, she was diagnosed with COVID-19 through a
positive reverse transcriptase polymerase chain reaction (RT-PCR) on nasopharyngeal swabs.
Despite a mild course of COVID-19, in the first days after healing she developed cognitive and motor
slowing, paucity of speech with paraphasic errors and hypophony, unsteady gait with ataxia,
insomnia, vertical gaze palsy and blurred vision.

On ER admission, she was alerted, but quite mute, except for occasional whispered
monosyllables. She was unresponsive to verbal stimulation, whereas painful stimuli evoked normal
flexion of upper limbs. Bilateral direct and indirect light reflexes were normal, but she had not blink
reflex in response to threat, suggesting cortical blindness. There was a right limb hyperreflexia in
absence of Hoffmann and Babinski signs. In few days after the admission, she was bedridden,
presented extensor plantar responses, muscle rigidity and abnormal muscle tone, staring gaze,
myoclonus and palmomental and glabellar reflexes, and required enteral nutrition via percutaneous
endoscopic gastrostomy (PEG) given the rapidly deterioration clinical condition.

Comprehensive blood tests, including onconeural antibodies and neural surface antigens
antibodies, urine sample, cerebrospinal fluid (CSF) analysis and total-body computed tomography
were collected to rule out differential diagnoses, including vascular, infectious, toxic-metabolic,
autoimmune and systemic diseases, malignancies and paraneoplastic antibody-mediated
encephalopathies. Her diagnostic assessment also included a brain magnetic resonance imaging and
an electroencephalography.

3. Results

Blood and CSF screening and microbiological tests resulted all negative. She was treated with
thiamine replacement without any clinical improvement. After the electroencephalography, that
have revealed diffuse pseudo-periodic sharp-waves complexes (Figure 1), CSF real-time quaking-
induced conversion (RT-QulC) resulted positive and PRNP sequencing on lymphocyte DNA
revealed the E200K mutation with homozygosity for methionine (MET) at codon 129, thus confirming
the diagnosis of Creutzfeldt-Jakob disease.
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Figure 1. Electroencephalography showing the fairly typical repetitive pattern in CJD.

A magnetic resonance imaging (MRI) of the brain revealed restricted diffusion with
corresponding FLAIR in caudate nucleus and putamen, bilaterally, and cortical ribboning in the right
occipito-parietal cortex (Figure 2).

Figure 2. Diffusion-weighted imaging abnormalities reported tipically in CJD in the cortical and basal
ganglia.

Our patient had a positive family history for CJD: her parental aunt who died at the age of 59
years with CJD (clinical course of three ys) and her paternal great-grand-uncle who died at the age
of 52 years with dementia and aphasia, but PRNP sequencing unluckily was not tested in these
relatives. (Figure 3) Our proband progressed up to mutism, akinetic and fully dependent state, and
unfortunately died two months after the discharge.
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Figure 3. Our three-generation family tree.

4. Discussion

Before the COVID-19 outbreak, the principal cause of rapidly progressive dementia was
certainly prion disease, excluding infectious, metabolic, vascular, neoplastic, and autoimmune
disorders. A growing number of studies demonstrated that patients surviving COVID-19 can show
neuroinflammatory activation of microglia and astrocytes, that might favor the fast development of
neurodegenerative diseases, such as CJD. [6]

We know that CJD includes three forms: sporadic, inherited and acquired, comprising iatrogenic
CJD (iCJD), variant CJD (vCJD) and Kuru. CJD is over all most likely diagnosed in countries with
established large-scale surveillance systems, such as in Italy. [5]

In order to recognize early atypical/typical cases of prion disease, the application of genetic tests,
such as real-time quaking induced conversion (RT-QulC), has represented a turning point for the
early diagnosis of CJD; on the other hand, it has allowed to identify unexpectedly PRNP mutations
in patients apparently presenting with a sCJD, on the contrary, such as in our case, presenting with a
genetic form of CJD. The most common until now described variants are E200K, P102L, D178N, 6-
OPRI, 5-OPRI, A117V, and P105L, [7]

besides others additional variants that have been recently reported and classified as likely highly
penetrant. [8] Interestingly, despite the classical genotype-phenotype correlation, converging toward
the semplified series of symptoms (confusion, dementia, mutism, akinetic state), an unpredictable
spectrum of onset and clinical presentation have been documented not only within the subtypes, but
also within the same CJD family, even between monozygotic twins. It seems to suggest that an
environmental, iatrogenic or behavioral or stressfull event might overall represent an effective trigger
even for a genetic form of prion disease. [6,7]

About 10-15% of human prion diseases or transmissible spongiform encephalopathies (TSE) are
associated to PRNP mutation, even if with variable penetrance and neuropathologic findings. [9]

In addition, E200K is certainly described highly prevalent in European countries. [10], especially
in Poland, Slovakia, Greek and Italy, beyond in Chile, and in Jewish families of Libyans and
Tunisians. [9]

A striking example of this phenotypic variability is our family, in which we could unfortunately
detect PRNP sequencing only in our proband, who rapidly progressed and died three months after
disease onset, differently from her parental aunt. Recent studies have reported that the K200 mutation
of the PRNP gene, identified especially in the frontal cortex and hippocampus of sporadic CJD
patients, has manifested high penetrance, as shown in our family. [10]
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In particular, there is also evidence that the mutation at the codon 129 can be linked to different
clinical phenotypes depending on whether the mutation co-segregates with methionine (FFI) or
valine (genetic CJD), and mutation carriers can also develop different clinical phenotypes [9,10].

It is now becoming widely accepted ([9] that neurological manifestations, known as “neuro-
COVID”, were reported to occur in 36% of COVID-19 patients and are likely favored by its
neurotrophic and neuroinvasive features [10], inflammatory cytokine release and immunopathology
[11].

It is an intriguing question to define the interesting associations between SARS-CoV2 infection
and prion neurobiology.

Human prion diseases (PrD) include an expanding spectrum of progressive, and fatal
neurodegenerative disorders caused by the accumulation and aggregation of a misfolded isoform
(PrPSc) from the native cellular prion protein (PrPc), associated with systemic inflammation.
Previous studies described some cases developing CJD during or following SARS-CoV-2 viral
invasion, supporting a significant relationship between host immune-responses to SARS-CoV-2 and
an exacerbation involving a systemic inflammation, a progressive acceleration of prion-like protein
spread [12,13].

Furthermore, the SARS-CoV-2 ‘S1” spike proteins contain some “prion-like” regions, amyloid
peptide-binding and other domains that support the formation of pathogenic plaques in the CNS
[14,15].

Recently, after the pre-mortem diagnostic revolution represented by the disease-specific real-
time quaking induced conversion assay, which detects prion seeds in cerebrospinal fluid or brain
tissue, the introduction of targeted sequencing of PRNP has allowed to diagnose the presence of
protein-altering variants in PRNP. [16]

Our proband presented with the classical symptoms historically associated with genetic
Creutzfeld-Jakob disease: early cognitive symptoms, such as memory decline, dementia; also ataxia,
myoclonus, pyramidal and extrapyramidal signs, behavioral change, psychiatric symptoms such as
hallucinations, delusions, and depression. [17]

She too presented the typical MRI findings described in a precedent study [18] about a singular
cluster of high incidence of CJD occurring among Libyan Jews living in Israel and caused by familial
transmission of the E200K mutation: four patients (mean age 60 years; one woman and three men).
Their brain MRI showed gray matter atrophy, FLAIR or DWI hyperintensities in the basal ganglia
and thalamus. Notably, their death occurred within 1 year of the MR studies, while our proband died
earlier in three months.

Despite the phenotypic variability that often delays CJD diagnosis, clinicians should encourage
the relatives to undertake a genetic counseling and testing, because in the era of genetically targeted
therapies, [19,20] it might result useful for the stratification of patients in future preventive treatment
trials for prion disease, to develop novel therapeutic strategies. On the other hand, considering the
prolonged incubation time of prion diseases, our study do not answer the question whether SARS-
CoV-2 might be able to induce protein misfolding in a clinically relevant way, but we cannot exclude
that Long COVID may involve the induction of spontaneous prion emergence, especially in the
elderly already at risk for neurodegenerative disease. [21] One hypothesis is that a retrograde
transmission of the virus from the olfactory epithelium to the brainstem could cause a neurological
damage. [22] Beyond this possibility, it is still unclear whether or not angiotensin converting enzyme-
2 (ACE2) is the main route of entry of SARS-CoV-2 into neuronal, especially because ACE2 expression
in the CNS is debated. [23]

Interestingly, a very recent German study shows incidence patterns of SARS-CoV-2 and SARS-
CoV-2 immunization rates in relation to the incidence of a neurodegenerative/protein misfolding
disease over time, and concludes that the SARS-CoV-2 pandemic and the vaccination programme
against SARS-CoV-2 did not affect sCJD incidence or disease characteristics of sCJD in Germany,
even if they cannot exclude that single disease courses may have been influenced by SARS-CoV-2
infections. [24]

5. Conclusions
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Our case report confirms the importance of PRNP sequencing combined with deep phenotyping
to address the genetic counseling in the CJD diseases, despite its rarity, that can unfortunately further
isolate the affected families.

Further studies will be necessary to understand how the Sars-cov2 infection can be a trigger for
CJD onset, particularly for the genetic forms, identifying the route of SARS-CoV-2 invasion into the
brain in addition to determining the sequence of infection in different cell types in the central nervous
system, so the temporal relationship between SARS-CoV-2 and prion disease onset.
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