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Abstract

Background: Little is known about the clinical characteristics and significance of Creutzfeldt-Jakob disease (CJD) in Mexi-
co. Objective: This study aimed to conduct a retrospective revision and analysis of the clinical cases of Mexican patients
with CJD available in the literature. Methods: We systematically searched electronic databases for studies in English and
Spanish conducted in Mexico over the period of 1990-2020 that involved Mexican patients with any of the clinical forms of
CJD. Clinical variables were extracted from the selected studies that met eligibility criteria. Descriptive statistics were used
to characterize the study population. Results: A total of seven studies were included in the analysis. From these, 29 cases
were revised, and their clinical characteristics analyzed. The median age at the time of diagnosis was 54 years (range 23-75
years). CJD was more frequent among females than male patients (male:female ratio 1:1.41). Most patients resided in Mex-
ico City and the State of Mexico, and 93% attended public hospitals. The most frequent form of CJD was sporadic, with only
two probable cases of familiar disease. The most common clinical symptoms observed in order or frequency were rapidly
progressive dementia (68.9%), cerebellar signs (51.7%), neuropsychiatric symptoms (51.7%), akinetic mutism (51.7%), myoc-
lonus (44,8%), extrapyramidal signs (44.8%), visual disturbances (41.3%), pyramidal signs (31%), and sleep disorders (17.2%).
Only 20% of the cases were confirmed by histopathological analysis of brain biopsy or autopsy specimens. Conclusions: Our
study provides an overview of the main clinical characteristics of CJD in Mexican patients.
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Caracteristicas clinicas de la enfermedad de Creutzfledt-dJakob en México: un analisis
retrospectivo

Resumen

Antecedentes: Se sabe poco sobre las caracteristicas clinicas y la importancia de la enfermedad de Creutzfeldt-Jakob
(ECJ) en México. Objetivo: Este estudio tuvo como objetivo realizar una revision y andlisis retrospectivo de los casos clini-
cos de pacientes mexicanos con ECJ disponibles en la literatura. Métodos: Se hizo una busqueda sistemdtica en bases de
datos electrénicas de estudios en inglés y espafiol realizados en México durante el periodo de 1990 a 2020, que involucraron
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a pacientes mexicanos con cualquiera de las formas clinicas de ECJ. Se extrajeron variables clinicas de los estudios selec-
cionados que cumplieron con los criterios de elegibilidad. Se utilizo estadistica descriptiva para caracterizar la poblacion
de estudio. Resultados: Se incluyé un total de siete estudios en el andlisis. De estos, se revisaron 29 casos y se analizaron
sus caracteristicas clinicas. La mediana de edad en el momento del diagndstico fue de 54 afios (rango de 23 a 75 afos).
La ECJ fue mds frecuente entre las mujeres que entre los hombres (proporcion hombre: mujer 1: 1.41). La mayoria de los
pacientes residian en la Ciudad de México y el Estado de México y el 93% acudia a hospitales publicos. La forma mds
frecuente de ECJ fue esporddica, con solo dos casos probables de enfermedad familiar. Los sintomas clinicos mds comunes
observados en orden o frecuencia fueron demencia rdpidamente progresiva (68.9%), signos cerebelosos (51.7%), sintomas
neuropsiquiatricos (51.7%), mutismo acinético (51.7%), mioclonias (44.8%), signos extrapiramidales. (44.8%), alteraciones
visuales (41.3%), signos piramidales (31%) y trastornos del suefio (172%). Solo el 20% de los casos fueron confirmados por
andlisis histopatoldgico de biopsias cerebrales o muestras de autopsias. Conclusiones: En conclusion, nuestro estudio
ofrece una vision general de las principales caracteristicas clinicas de la ECJ en pacientes mexicanos.

Palabras clave: Enfermedad de Cretuzfeldt-Jakob. Prion. Deterioro cognitivo. Demencia rdpidamente progresiva. Encefalo-

patia espongiforme.

Introduction

Creutzfeldt-Jakob disease (CJD) is the most frequent
variant among human spongiform encephalopathies
(SE). This rare and invariably fatal neurological disorder
is characterized clinically by rapidly progressive
dementia, myoclonus, and periodic activity in the elec-
troencephalogram (EEG). Such clinical features are as-
sociated with a global loss of cerebral tissue due to the
spread of an alternative-folded “scrapie prion protein”
(PrPS°) within the central nervous system (CNS)"2. No-
tably, CJD is a unique condition that can occur as a
sporadic (sCJD), familiar (fCDJ), contagious (vCJD), or
iatrogenic (iCJD) disorder depending on the underlying
causative mechanism. Nonetheless, the variety of
sCJD accounts for about 85% of all CJD cases®*.

The natural variant of the prion protein (PrPC) has a
longitude of 209 amino acids and is codified by the
PRNP gene on chromosome 20. This protein, anchored
to the surface of neurons, plays several essential roles
in the homeostasis of neural cell functions®. PrPC is
characterized by a C-terminal region containing a more
significant proportion of o—helices than —sheet struc-
tures. This feature provides the protein the properties
of being monomeric, soluble, and protease-sensitive.
However, several alterations can lead to PrPC to acquire
an alternative folding that consists of a gain of f—sheet
structures and results in the conversion of PrPC into
PrPSe, In fCJD cases, a wide range of autosomal dom-
inant inherited mutations in the PRNP gene makes
PrPC more prone to acquire an alternative-folding. In
contrast, in the iCJD and vCJD forms, the abnormal
PrPS¢ is transmitted by consumption of contaminated
food or iatrogenic exposure to infectious nervous tis-
sue, respectively. Once in the brain, PrPS¢ induces its

self-replication by template conversion of PrPC. On the
other hand, the specific cause of spontaneous conver-
sion of PrPC into PrPS¢ in sCJD remains unknown, but
a failure of the mechanisms controlling protein folding
may be implicated?”’.

At present, the definitive confirmation of CJD is by
histopathological analysis of brain biopsy or autopsy
specimens. This analysis must show amyloid deposits
of PrPse, astrogliosis, spongiform degeneration, and
vacuolization of the neuropil®. In Mexico, there are few
reports of CJD, and the real incidence of this and other
forms of SE remain unknown. This is due to the clinical
heterogeneity of CJD and the lack of awareness of the
disease among physicians. Furthermore, the absence
of laboratories technically capable of conducting spe-
cial cerebrospinal fluid (CSF) studies, and the dimin-
ished performance of autopsies has complicated the
surveillance concerning CJD. Furthermore, the preva-
lence of the distinct forms of CJD and the clinical man-
ifestations that more frequently affect Mexican patients
with this disorder are unknown.

Here, we performed a comprehensive review of the
literature looking for studies of the clinical characteris-
tics of Mexican patients with CJD. Our study shows a
high frequency of the classic cognitive deficits of CJD
in Mexicans, as well as a high frequency of cerebellar
manifestations. Furthermore, our analysis reveals a low
incidence of this disease in our country that perhaps is
underestimated due to several deficiencies in the diag-
nostic approach to CJD in health institutions of Mexico.
This review may contribute to improving our under-
standing of the clinical features of CJD in Mexican
patients, which ultimately can generate improvements
in the diagnostic approach to this disorder.
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Materials and methods

Search strategy

We systematically searched for studies conducted in
Mexico involving non-Caucasian Hispanic patients with
any of the clinical forms of CJD. The following electron-
ic databases were searched for both published and
unpublished studies in the English and Spanish lan-
guage over the period of 1990-2020: PubMed, EM-
BASE, Web of Science, Scientific Electronic Library
Online (SciELO), and Google Scholar. The following
terms were used to generate a search: Creutzfeldt-Ja-
kob disease, prion, clinical characteristics, clinical fea-
tures, Mexico, and Mexican. The selection criteria for
papers included: (a) primary research; (b) full-text pa-
per in English or Spanish; (c) a general population (e.g.,
not a single age group or gender); and (d) letters to
editor, case reports, case series, cross-sectional, and
longitudinal studies. Two reviewers independently per-
formed the literature search and screened the abstracts
and full text according to these eligibility criteria. The
reference list of the included studies was checked to
reduce literature omissions.

Data retrieval

The two reviewers who performed the literature
search also independently extracted the data from the
selected studies. Microsoft Excel (MS Excel 365) was
used for data collection. We extracted the following
variables: age, gender, state of residence in Mexico,
comorbidities, family history of rapidly progressive de-
mentia, the clinical variant of CJD (sCJD, fCJD, iCJD,
and vCJD), neurological manifestations, the interval
between symptoms onset to hospital admission, type
of medical care received (public or private), diagnostic
tests employed, and category of diagnosis according
to the clinical probability of disease (possible, probable,
or definitive). Categories of diagnosis were defined fol-
lowing the 2018 diagnostic criteria for CJD of the Cen-
ters for Disease Control and Prevention (CDC)°, as
shown in Table 1.

Data analysis

Descriptive statistics were used to characterize the
study population clinically. Frequencies and propor-
tions were calculated for categorical data. Means,
medians, standard deviations (SD), and interquartile
ranges (IQR) were used for continuous variables.

Results

Fifty articles were identified from the searched elec-
tronic databases. From these, seven studies met the
inclusion criteria and were selected in this review
(Table 2)'0-16, A total of 29 cases of CJD were reported
over the period of 1990-2020 in Mexico. The clinical
and demographic data of these cases are summarized
in Table 3. The median age reported was 54 years. The
youngest and oldest Mexican patients with CJD had 23
and 75 years old, respectively. The disease was more
frequent in females (58.62%) than in male (41.37%)
patients, with a male to female ratio of 1:1.41. Mexico
City and the State of Mexico were the mean regions of
patients’ residency, probably reflecting the centraliza-
tion of the health-care services rather than the real
distribution of CJD in Mexico. The relevant comorbidi-
ties most frequently observed among CJD patients
were diabetes and hypertension, two medical condi-
tions highly prevalent in the Mexican population.

The most common neurological findings of frequency
were rapidly progressive dementia, cerebellar signs,
neuropsychiatric symptoms, akinetic mutism, myoclo-
nus, extrapyramidal signs, visual disturbances, pyrami-
dal signs, and sleep disorders. Median of days between
disease onsets, defined as the moment when the pa-
tients reported the first symptoms, to hospital admis-
sion was 64. However, this interval varied from 9 days
to 2 years. The most frequent clinical form of CJD was
sporadic, with only two cases of probable fCJD. These
cases were not confirmed by the demonstration of an
inherited mutation in the PRNP gene, but they reported
a family history of similar cases in first-degree relatives.
There were no reports of iCJD and vCJD in the litera-
ture searched. The survival of Mexican patients with
CJD could not be estimated since a fraction of the
cases was not further followed until death.

According to the 2018 CDC'’s criteria for CJD (9),
44.82% of the cases reported in Mexico met the criteria
for probable CJD. Meanwhile, 34.48% of patients re-
ported can be categorized as possible CJD, and only
six patients (20.68%) were considered as definitive cas-
es, as they were confirmed by histopathological analy-
sis of autopsy brain specimens (Table 4). The majority
of Mexican patients with CJD attended public health
institutions (93.1%), whereas only two cases received
private medical care. EEG was the most frequent diag-
nostic tool employed for the diagnostic approach of
CJD in Mexican patients, followed by brain magnetic
resonance imaging (MRI), CSF levels of 14-3-3 protein,
brain single-photon emission computed tomography
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Table 1. CDC's Diagnostic criteria for CJD, 2018

Creutzfeldt-Jakob disease in Mexico

Form of CJD Diagnostic
subtype

Sporadic CJD Definite Diagnosed by standard neuropathological techniques; and/or immunocytochemically; and/or Western
blot confirmed protease-resistant PrP; and/or presence of scrapie-associated fibrils.
Probable Neuropsychiatric disorder plus positive RT-QuIC in cerebrospinal fluid (CSF) or other tissues
OR
Rapidly progressive dementia; and at least two out of the following four clinical features:
1. Myoclonus
2. Visual or cerebellar signs
3. Pyramidal/extrapyramidal signs
4. Akinetic mutism
AND a positive result on at least one of the following laboratory tests:
— A typical EEG (periodic sharp wave complexes) during an illness of any duration; and/or
— A positive 14-3-3 cerebrospinal fluid (CSF) assay in patients with a disease duration of less than 2 years
— Magnetic resonance imaging (MRI) high signal abnormalities in caudate nucleus and/or putamen
on diffusion-weighted imaging (DWI) or fluid attenuated inversion recovery (FLAIR)
AND without routine investigations indicating an alternative diagnosis.
Possible Progressive dementia; and at least two out of the following four clinical features:
1. Myoclonus
2. Visual or cerebellar signs
3. Pyramidal/extrapyramidal signs
4. Akinetic mutism
AND the absence of a positive result for any of the four tests above that would classify a case as “probable”
AND duration of illness < 2 years
AND without routine investigations indicating an alternative diagnosis.
latrogenic -- Progressive cerebellar syndrome in a recipient of human cadaveric-derived pituitary
CJD hormone; or sporadic CJD with a recognized exposure risk, for example, antecedent neurosurgery
with dura mater implantation.
Familiar CJD -- Definite or probable CJD plus definite or probable CJD in a first degree relative; and/or

neuropsychiatric disorder plus disease-specific PrP gene mutation.

Table 2. Studies of CJD in Mexican patients

Year | Type of Number | Reference
study of cases

Martinez Barros, 1995 Case series

et al.

Calderon- 2001 Case report 1 1
Garciduenas, et al.

Reyes, et al. 2002 Case report 1 12
Velasquez-Pérez, 2007 Case series 15 13
et al.

Gonzalez-Duarte, 2011 Case series 7 14
et al.

Restrepo-Martinez, 2019  Letter to 1 15
et al. editor

Guadarrama-Ortiz, 2020  Case report 1 16

et al.

(SPECT), and histopathological analysis. Only one
case was tested for special CSF studies, such as levels
of T-tau protein®. Furthermore, 18-fluorodeoxyglucose

positron emission tomography ('®FDG-PET) was per-
formed in one patient®. Finally, only one case was
confirmed by a real-time quaking-induced conversion
(RT-QuIC) test'®, a novel technique with the highest
diagnostic performance to detect minimal amounts of
PrPSe in CSF samples'.

Discussion

The knowledge about the incidence, clinical charac-
teristics, and epidemiological significance of CJD in
Mexico is limited. Our study aimed to retrospectively
revise and analyze available reports about the main
manifestations of CJD in Mexican patients. A striking
finding of our analysis was the low amount of cases
from Mexico formally described in the literature. Indeed,
only 29 patients with CJD have been reported over the
past three decades in our country, which is <1 case/
year. This finding undoubtedly reflects a high grade of
underreporting and sub-diagnosis of CJD cases in
Mexicans. For instance, if we took the global incidence
of sCJD as a reference (1 case per million people per
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Table 3. Demographic and clinical characteristics of CJD
cases reported in Mexico

Age (years), median (range) 54 (23-75)
Gender
Male 12 (41.37)
Female 17 (58.62)
Male: female ratio 1:1.41
Place of residence
Mexico City 11 (37.93)
State of Mexico 6 (20.68)
Other States* 7 (24.13)
Not reported 4 (13.79)
Type of diagnosis
Definitive 6 (20.68)
Probable 13 (44.82)
Possible 10 (34.48)
Clinical CJD form
sCJD 26 (89.65)
fCJD** 2 (6.89)
iCJD 0
vCJD 0
Clinical features
Rapidly progressive dementia 20 (68.96)
Myoclonus 13 (44.82)
Akinetic mutism 15 (51.72)
Visual disturbances 12 (41.37)
Cerebellar signs 15 (51.72)
Pyramidal signs 9 (31.03)
Extrapyramidal signs 13 (44.82)
Sleep disorders 5(17.24)
Neuropsychiatric symptoms 15 (51.72)
(depression, anxiety, behavioral changes)
Symptoms onset to hospital admission interval 64 (9-730)
(days), median (range)
Family history of rapidly progressive dementia 2 (6.89)
Relevant comorbidities
Diabetes 3(10.34)
Hypertension 4(13.79)
Cancer 1(3.44)
Type of medical care
Public care 27 (93.1)
Private care 2 (6.89)

*Hidalgo, Sonora, Veracruz, Michoacan, Morelos, Jalisco, Coahuila.
**Individuals with a family history of rapidly progressive dementia but no
confirmation of inherited mutations in the PRNP gene (probable fCJD).

year)?, then the expected number of CJD cases occur-
ring in Mexico would be much higher.

These data are in part due to the rarity and unspecific
manifestations of CJD. In this sense, it is well recog-
nized that rapidly progressive dementia is not a unique
characteristic of this disease. In fact, many other neu-
rological disorders can be confused with CJD, including
some variants of Alzheimer disease (AD), dementia
with Lewy bodies (DLB), frontotemporal dementia

Table 4. Diagnostic approach to CJD in Mexico

Public Private Total

hospital care | hospital care | (n =29) (%)

(n =27) (%) (n =2) (%)
MRI 20 (74.07) 2 (100) 22 (75.86)
EEG 26 (96.29) 2 (100) 27 (93.1)
SPECT 7(25.92) 0 7(24.13)
8FDG-PET 1(3.7) 0 1(3.44)
CSF 14-3-3 protein 14 (51.85) 2 (100) 16 (55.17)
CSF Tau protein 0 1(50) 1(3.44)
CSF RT-QuIC 0 1 (50) 1(3.44)
Histopathological 6 (22.22) 0 6 (20.68)

analysis

CSF: cerebrospinal fluid, EEG: electroencephalogram, MRI: magnetic resonance
imaging, RT-QuIC: real time quaking-induced conversion test, SPECT: single photon
emission computed tomography, 18-fluorodeoxyglucose positron emission
tomography.

(FTD), viral, bacterial, parasitic, or autoimmune
meningoencephalitis (e.g., Hashimoto’s encephalitis,
and limbic encephalitis), corticobasal degeneration,
progressive supranuclear palsy, paraneoplastic en-
cephalomyelitis, and even vascular dementia'®'®. Fur-
thermore, a wide range of other clinical manifestations,
such as pyramidal/extrapyramidal dysfunction, ataxia,
cerebellar signs, psychiatric symptoms, visual distur-
bances, sleep disorders, akinetic mutism, and per-
sistent painful sensory symptoms, may be present
among patients with CJD', adding complexity to the
clinical spectrum of the disease. This fact led physi-
cians to subclassify various forms of CJD according to
the mean symptoms, including the classic (dyskinetic),
Heidenhain (visual), myoclonic, cerebellar (ataxic), tha-
lamic, amyotrophic, and panencephalopathic forms*”.

Furthermore, it is, currently, well known that, in the
specific case of sCJD, the clinical heterogeneity is also
associated with some genetic and molecular features
of the pathogenic PrPSe. Specifically, methionine (M) or
valine (V) polymorphism at codon 129 of the PRNP
gene?’, as well as the type of electrophoretic mobility
pattern of PrPSe after protease digestion (type 1 and 2),
are used to classify patients into several phenotypes
separated into three categories: sCJD cognitive sub-
types (MM1, MV1, MM2, and VV1), ataxic subtypes
(VV2 and MV2), and other non-sCJD subtypes (types
3 and 4 electrophoretic mobility for sporadic fatal in-
somnia (sFl) and variably protease-sensitive prionopa-
thy (VPSPr), respectively)*’. Each category has unique
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characteristics differing from the others in age at onset,
duration of the disease, dominant neurological findings,
and among others. However, the age at onset of all
CJD cases ranges from 50 to 70 years with no predi-
lection for any gender.

The polymorphisms in the PRNP gene that determine
the susceptibility for the development of sCJD are dif-
ferentially distributed among various populations
around the world?'?4. However, the frequency of M129V
genotypes and alleles in the Mexican population has
not been addressed. Our results confirm that sCJD is
the most frequent variant of this disease in Mexicans.
Furthermore, there are only two cases of probable
fCJD not confirmed by the demonstration of an inher-
ited mutation in the PRNP gene. There is no registry
of any case of acquired CJD through iatrogenic expo-
sure or contagion, but there are cases in very young
patients, and the wide range of interval between dis-
ease onset to hospital admission opens the possibility
of the occurrence of vCJD/iCJD among Mexican indi-
viduals. We also observed that rapidly progressive de-
mentia, akinetic mutism, and myoclonus were among
the most common symptoms observed in Mexican CJD
patients. Furthermore, neuropsychiatric symptoms
were frequently reported, although only one case was
formally categorized as a Heidenhain variant of CJD'.
These data indicate that the sCJD cognitive subtypes
are common in Mexicans with this disease. Thus, we
can predict that the underlying genetic and molecular
traits of these phenotypes (MM1, MV1, MM2, and VV1)
would be frequent in our population.

Interestingly, we found a high number of patients with
CJD that presented cerebellar symptoms (51.72%), in-
cluding ataxia. The frequency of cerebellar affection in
CJD patients from other regions has not been compre-
hensively estimated. In a study conducted in the United
Kingdom, cerebellar ataxia occurred as the only clinical
manifestation in 5% of patients with CJD?. In contrast,
in a study of Chinese patients with CJD, up to 51.9%
of affected individuals presented cerebellar ataxia®,
which coincides with our findings. Thus, based on our
results, we also predict that the genetic and molecular
characteristics of the PrPS¢ underlying ataxic subtypes
of sCJD (VV2 and MV2) may have a high incidence in
Mexico.

The variable clinical characteristics of CJD compli-
cate the diagnostic approach and opportune detection
of positive cases. Furthermore, the low level of clinical
suspicion among physicians and the absence of a for-
mal surveillance strategy may further contribute to the
underestimation of the burden of CJD in the Mexican

population. To improve the diagnosis and global
surveillance of CJD, the CDCs have established sev-
eral diagnostic criteria that classify each case accord-
ing to the likelihood of the disease based on clinical
features and the results of different laboratory and im-
aging tests®. Possible and probable categories are
based on clinical symptoms and positive results in
EEG, MRI, and CSF 14-3-3. Most such studies have
high specificity but low sensitivity, and it is important to
mention that their diagnostic reliability varies according
to the CJD form and even to the sCJD subtype?”.

EEG recording in patients with sCJD typically shows
pseudo-periodic sharp-wave complexes (PSWC) with
diffuse slowly background activity at the middle and late
stages of the disease. The diagnostic value of EEG is
due to its 64% sensitivity and 91% specificity?®. On the
other hand, MRI has shown to have better diagnostic
performance due to improvements in the DWI se-
quence?®®. MRI does not allow to distinguish between
clinical forms of CJD, but in cases of vCJD, a posterior
thalamus involvement (pulvinar sign) supports the di-
agnosis®. CSF levels of neuron-specific enolase (NSE)
and T-tau protein have also been proposed as biomark-
ers of CJD. From these, T-tau protein has the
highest sensitivity and specificity with a cutoff of
1150pg/mL3'. However, CSF levels of T-tau protein
have not been integrated into the 2018 CDC'’s diagnos-
tic criteria for CJD.

Notably, in the last decade, RT-QuIC has emerged
as a novel alternative for premortem diagnosis of CJD
with better performance compared with other CSF
tests. This assay relies on the in vitro template conver-
sion of recombinant PrPC into PrPS¢, evidenced through
a fluorescent indicator, allowing to detect minute
amounts of PrPS¢ in biological samples with high sen-
sitivity and specificity'”. Indeed, we recently reported
the first case of a Mexican patient with sCJD confirmed
by a complete battery of diagnostic tests, including
EEG, MRI-DWI, CSF levels of T-tau, and 14-3-3 protein,
as well as CSF RT-QuIC, which allowed us to detect
this case premortem (16). In such a report, we demon-
strated an excellent correlation between the results of
the RT-QuIC test and other clinical and laboratory pa-
rameters. Despite this, RT-QuIC is not considered as
a diagnostic tool that can classify a patient as a defin-
itive case of CJD by the CDCs. Thus, the definitive
diagnosis of CJD is still based on the histopathological
analysis of brain biopsy and autopsy specimens.

Our study reveals concerning data about the diag-
nostic approach to CJD in our country. First, we ob-
served that only 20% of cases were confirmed by
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histopathology. The definitive confirmation of CJD in
Mexicans was exclusively performed in public health-
care institutions. More specific and sophisticated
imaging and CSF tests were rarely performed in public
hospital care, and they were carried out in laboratories
outside Mexico, even in cases diagnosed at private
hospitals. These facts must claim the attention of na-
tional health-care authorities to make the efforts need-
ed to create laboratories with the technical capacity to
perform special CSF studies and to introduce new tests
that allow confirming CJD in Mexico, such as the RT-
QuIC test.

Conclusions

Our study provides an overview of the main clinical
characteristics of CJD in Mexican patients. Also, our
study reveals that the incidence of CJD in our country
could be higher than supposed. Finally, we remarked
several deficiencies in the diagnostic approach to this
neurological disorder in our country that needs the
attention of the Mexican authorities of health.
Our findings should motivate Mexican physicians and
researchers to get involved in the surveillance and im-
provement of diagnosis of the disease
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