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ABSTRACT
Spinocerebellar ataxia type 2 is a degenerative disease that causes 
physical disability and, ultimately, prostration and death. Globally, 
reported prevalence is around 3 cases per 100,000 population and Cuba 
has the world’s highest rates of the disease, affecting both patients and 
their at-risk descendants. In Holguín Province, which has the country’s 
highest concentration of cases, incidence is 4.4 per 100,000 population 
and prevalence is 40.2 per 100,000 population. In 2000, a specialized 
research center was established in that province. Supplied with the 
necessary equipment and human resources, the center conducted 
national multidisciplinary studies involving molecular biology, clinical 
care, epidemiology, psychology, clinical neurophysiology, imaging, 
clinical genetics and community medicine, among others. A training 
and continuing education program also raised scienti� c capacity. 
Priority was given to developing international collaborations for 
academic exchange and training of Cuban researchers.

Multiple results from research involving clinical and epidemiologic 
characterization of the disease, identi� cation of biomarkers and 

therapeutic targets, genetic association studies, clinical trials and 
characterization of the disease’s preclinical stages have been 
introduced in care of patients and their at-risk descendants. This 
has been accomplished through various programs including 
personalized rehabilitation, predictive diagnosis and social services. 
These results have also been published in high-impact scienti� c 
journals and received national and international awards. Such an 
experience in the context of Cuba’s national health system—which 
is universal, free, accessible, comprehensive, prevention-oriented 
and with a record of international cooperation—demonstrates the 
possibility of providing quality care to affected families. Incorporating 
research � ndings into medical practice, with the resulting impact on 
patients’ health and wellbeing, is a practical example of translational 
medicine in Cuba.
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INTRODUCTION
Spinocerebellar ataxias are hereditary degenerative diseases 
causing physical disability eventually leading to prostration and 
death. More than 45 molecular types have been described, most 
frequently spinocerebellar ataxias types 1, 2, 3 and 6. Fuller 
understanding of their etiology and pathogenesis requires highly 
specialized genomic, proteomic and metabolomic studies, as well 
as research with experimental models.[1,2]

Spinocerebellar ataxia type 2 (SCA2) is a hereditary, neurodegen-
erative, disabling disease with an autosomal dominant inheritance 
pattern. It follows a progressive course that affects motor func-
tions related to coordination, gait, postural stability and speech. It 
produces cognitive and sleep disturbances, as well as dysautono-
mia. SCA2 inevitably leads to prostration and death, produced by 
degeneration of the cerebellum and other central and peripheral 
nervous system structures.[3–5] 

SCA2 has low prevalence in most regions of the world, reported 
globally at 3 per 100,000 population. Cuba has the world’s highest 
concentration of SCA2 patients and at-risk descendants.[6,7] The 
disease is concentrated in the over one million inhabitants of 
Holguín Province, northeastern Cuba, where incidence rate is 4.4 

and prevalence is 40.2 per 100,000 population. Confronting the 
disease has been a major challenge for Cuba, requiring enormous 
efforts by the public health system and government to acquire the 
necessary technology for molecular diagnosis programs; conduct 
research with scienti� c, clinical and social impact; and sustain 
a presence in the international scienti� c community. An extra 
challenge was to develop such advanced science in Holguin, 
nearly 800 km from Havana.

Cuba’s single public health system provides universal, free, 
accessible, comprehensive, prevention-oriented care, and has 
a tradition of collaboration with other countries. The system 
also prioritizes scienti� c research, technological development 
and innovation in different � elds. It comprises several medical 
universities and 37 research centers known as Science and 
Technological Innovation Entities (ECIT).[8] 
 
To meet the SCA2 challenge, the Ministry of Public Health initiated 
a project for the study of hereditary ataxias and in March 2000, the 
Center for the Research and Rehabilitation of Hereditary Ataxias 
(CIRAH) was established in Holguín City, the provincial capital.

From the beginning, CIRAH’s primary mission has been to develop 
scienti� c research and technological innovations aimed at � nding 
therapies to modify the clinical course and severity of hereditary 
ataxias. CIRAH also provides medical care to improve the quality 
of life of patients and their families, and contributes to academic 
training and continuing education of researchers, technicians and 
other professionals in the � eld of hereditary ataxias and other 
movement disorders.

A little over four years after its founding, CIRAH attained ECIT 
status in recognition of its research results, accelerated training 
of human resources, development of scienti� c projects with 
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services provided to Cuban patients, their families and 
descendants, highlighting the value of human resource 
development as well as international collaboration.
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important social impact, and application of specialized health 
care programs. The latter include comprehensive, personalized 
rehabilitation; molecular prenatal and presymptomatic diagnosis; 
and social services for affected families.[9]

The study and treatment of SCA2 have involved basic, clinical, 
epidemiologic and social research. This article describes and 
analyzes the program’s history, research impacts, medical 
practices, ethical implications, international cooperation, and 
family education; as well as public health policies, strategies and 
practices promoting social welfare and personalized care that 
have improved quality of life for affected families.

CUBA'S SCA2 PROJECT
In the study of SCA2, Cuba has reached top levels in terms of 
scienti� c development and productivity. The text describes how 
this has come about. 

Research history The story begins with the � rst observations 
of increased numbers of patients and with various epidemiologic 
studies conducted since the late 1990s, continuing to the present. 
Among other aspects, these studies have estimated national 
SCA2 prevalence and incidence, described the disease’s 
evolution by stage in order of prevalence, and evaluated policy 
and strategy outcomes.

In the 1960s, Dr Rafael Estrada Pérez, then director of the Cuban 
Neurology and Neurosurgery Institute in Havana, noticed that 
most patients with hereditary ataxias came to that institution 
from Oriente Province, which at the time included the current 
provinces of Holguín, Las Tunas, Granma, Santiago de Cuba 
and Guantánamo.[10] In 1978, Vallés reported a prevalence of 
ataxias in that region of 48.4 per 100,000 population.[10] In 1977, 
Beguería studied 30 patients with autosomal dominant ataxia and 
found signi� cant ocular movement alterations.[11] 

In the 1980s, a hereditary ataxia study was conducted in the 
V.I. Lenin University Hospital in Holguín’s provincial capital, and 
collaboration with the University of Düsseldorf, Germany, was 
initiated. In 1981, Cordovés studied a group of ataxia patients 
in Tacajó, a health service area in Báguanos, Holguín Province, 
and as a result, estimated a population of more than 1000 
affected individuals for the whole province.[12] In the late 1980s, 
Nodarse carried out nerve conduction and evoked-potentials 
studies in families with hereditary ataxias.[13] In 1989, Orozco 
described the clinical characteristics of patients with autosomal 
dominant cerebellar ataxia in Holguín and detected a signi� cantly 
low concentration of dopamine in patients’ cerebrospinal � uid, 
associated with neuronal depletion in the substantia nigra.[14] 

In 1990, Auburger began to study the “founder effect,” which 
occurs when speci� c mutations become more prevalent in the 
population of a determined geographic area, and argued that this 
phenomenon existed in Holguín, given the high prevalence of SCA2 
in that province.[15] In November 1996, scientists mapped the 
gene associated with SCA2 and the mutation that causes it, which 
consists of an expanded cytosine-adenine-guanine (CAG) repeat 
sequence in the 5’ end of the ATXN2 gene.[16�18] This discovery 
led to an important group of molecular, clinical, genetic and 
neurophysiologic studies that facilitated identi� cation of biomarkers 
and therapeutic targets, as well as development of clinical trials.

The late 1990s and early months of the year 2000 marked the 
beginning of a new stage in hereditary ataxia research, with the 
development of health care programs offering presymptomatic 
and prenatal diagnosis plus intensive personalized rehabilitation. 
In 2000, biomarkers were identi� ed and CIRAH was established.  A 
strategy was also initiated for training specialized human resources 
to develop new research in the � elds of molecular biology, clinical 
epidemiology, neurophysiology and neurochemistry, among 
others. Major national and international collaboration projects 
were undertaken, generating increased numbers of publications 
in high-impact scienti� c journals.

Cuba is one of the countries contributing most to the body of 
knowledge about ataxias. Patient studies are ongoing, and 
characterization of the preclinical phase in at-risk mutation 
carriers has been completed. Several new studies of early 
rehabilitation are now under way. All this is particularly important, 
since identi� cation and characterization of the mutation’s 
preclinical carriers offer early diagnosis and hence the possibility 
of early disease management through personalized clinical and 
psychological monitoring. This includes potential to apply various 
therapeutic options before disease onset, with a view to delaying 
appearance of the � rst motor symptoms. 

Main health care outcomes and impact Health care services 
include multidisciplinary consultations at CIRAH and also in the 
community; personalized rehabilitation; and presymptomatic and 
prenatal diagnosis programs. The aim is to improve the quality 
of life of patients and their descendants at risk of becoming ill 
with the disease by applying medical and social measures that 
slow progression and onset. In this context, the goal is also to 
support decision-making and, in the case of predictive diagnosis 
programs, family planning in particular.

CIRAH’s programs are national in scope. Health care and research 
activities are carried out with patients and their descendants 
nationwide. Genetic diagnosis includes the molecular forms of 
spinocerebellar ataxias types 1, 2, 3, 6, 7, 8, and 17, as well as 
dentatorubral-pallidoluysian atrophy and Friedreich’s ataxia.

Programs with highest impact include presymptomatic[19] 
and prenatal[20] predictive diagnosis. In fact, CIRAH’s 
experience with this type of diagnosis is unique in the � eld of 
ataxias. These programs involving different specialists have 
been applied for more than 15 years. The protocol includes 
genetic counseling sessions, psychological and psychometric 
evaluations to determine if an individual is prepared to receive 
the diagnosis, and subsequent monitoring.[21,22] Research 
has shown that individuals’ levels of anxiety and depression 
decline considerably after receiving diagnosis, and no severe 
events (such as suicide) have been reported following ataxia 
diagnosis (something that occurs frequently with other types 
of degenerative disorders).[23,24] These outcomes bene� ted 
patients, their healthy relatives and asymptomatic carriers of 
the mutation. Moreover, these programs are distinguished for 
their ability to manage ethical dilemmas associated with this 
diagnosis.[25]

Overall, the prenatal diagnosis program has been requested 
by 201 couples, but has been necessary in only 108 cases of 
carriers who risked transmitting the mutation to their offspring. 
The presymptomatic diagnosis program has bene� tted 1376 
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individuals, with 92% adherence and increased demand in the 
last 10 years (CIRAH administrative data). 

Clinical care includes multidisciplinary consultations with 
neurologists, psychologists, psychiatrists, internists, physiatrists, 
etc. The number of cases assessed annually has increased, 
particularly in recent years (Figure 1).

Main research outcomes and impact Various studies have been 
carried out over CIRAH’s nearly 20-year existence, beginning 
with the � rst epidemiologic investigations and molecular, 
neurophysiologic, clinical and neurochemical research. The 
primary objective of early investigations was identi� cation of 
biomarkers and target variables for designing clinical trials and 
generating an SCA2 symptomatic treatment protocol. That 
strategy began earlier, in 1998, with an epidemiologic study in 
Holguín Province.[7] Since then, two more national studies have 
been conducted by CIRAH: one in 2003[6] and the other ongoing 
since 2017. 

These national epidemiologic studies of hereditary ataxias are 
unprecedented globally: they have identi� ed >160 families affected 
with some type of autosomal dominant ataxia, involving >700 
patients and some 10,000 at-risk relatives. SCA2 is the molecular 
form with highest incidence and prevalence globally. In Cuba, it 
affects >100 families and altogether >500 patients, representing a 
proportion greater than 70% of all dominant ataxias.[6,7]

The � ndings informed social service provision for affected families, 
including walkers, canes and wheelchairs; housing and adaptive 
housing in the neediest cases; and rehabilitation in the community 
and at municipal and provincial hospitals. More than 800 patients 
have received physical rehabilitation, 70% of whom have shown 
improvement in cerebellar functions such as gait, balance, postural 
stability and speech. Frontal-executive functions, memory, 
attention and concentration improved in 75% of cases. Followup 
studies of patients receiving physical rehabilitation for � ve years 
showed slowed disease progression.[26�28] The advantages of 
physical rehabilitation during the disease’s preclinical stage has 
been recently demonstrated, opening the way for early therapeutic 
protocols to be put into place.[29] 

Identi� cation and localization of affected families—patients as 
well as asymptomatic carriers—enabled characterization of 

biomarkers of genetic damage (maximal saccade velocity, REM 
sleep without atonia, antisaccadic eye movements);[30�32] 
preclinical biomarkers (amplitude of sensitive evoked potentials, 
maximal saccade velocity, P40 component latency, central 
motor conduction time, percentage of REM sleep),[33�36] and 
progression biomarkers (amplitude of sensitive evoked potentials, 
periodic leg movements, maximal saccade velocity, percentage 
of REM sleep, etc.).[31,37,38] This also facilitated identi� cation of 
therapeutic targets susceptible to eventual treatments or clinical 
trials.[4] 

Identi� cation and characterization of the abovementioned, pri-
marily neurophysiologic, biomarkers enabled evaluation of the 
nervous system using various techniques. These studies over al-
most 30 years were conducted in >400 patients, 100 preclinical-
stage cases and some 400 controls, and are part of CIRAH’s 
40 research projects, a number of them with international col-
laboration. The electrophysiologic studies used most broadly in 
biomarker descriptions include electronystagmographic investi-
gations. These have identi� ed saccade slowing as a pathogno-
monic sign of the disease, endophenotypic marker, biomarker 
of progression and genetic damage, and preclinical biomarker.
[30,34,38,39] 

Principal study results are the de� nition and characterization 
of the prodromal stage of the disease, which precedes onset 
of the cerebellar syndrome.[33�37,40�42] These � ndings 
opened up a new phase, not only from a research point of view 
but in terms of early intervention as well. Also identi� ed were 
clinical alterations  ––such as periodic leg movements during 
sleep, painful muscle contractions and cognitive disruption––
that could be included as response variables in clinical trials.
[5,31,32,41�43] 

Molecular research was conducted in collaboration with 
scientists from Germany and the USA. This is the case of the 
SCA2 genetic modi� ers study that identi� ed the alpha 1 calcium 
channel subunit gene as a modi� er of age onset variance and 
SCA2 severity.[44] 

Additional molecular research topics have included a study of 
other genetic modi� ers,[45�47] epigenetic factors, genetic pre-
disposition, founder effect, molecular epidemiology, de novo 
mutations, the pathogenetic role of premutation alleles,[48�51]

molecular characterization of Huntington’s cho-
rea[52] and SCA3,[53] as well as studies of sur-
vival, genetic risk in at-risk descendants, and 
estimation of age at onset.[54�56] 

Development of a transgenic animal model of 
SCA2 was a major scientific outcome that led 
to an important collaboration with the Havana-
based Genetic Engineering and Biotechnology 
Center (CIGB).[57] Additional neurochemical re-
search has been conducted on oxidative stress 
issues.[58,59]

Other clinical trials involving nearly 200 patients 
and 31 preclinical individuals are shown in Table 
1. Several of these results were published in 
international journals, facilitated doctoral training, 
and received national and international awards. 

Figure 1: Cases assesed by CIRAH, 2006�2018
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The � rst SCA2 treatment protocol was created, contributing 
to improvement in the quality of life for patients and preclinical 
carriers of the mutation.[4,29]

Scienti� c publications and awards At this writing, CIRAH’s 
work is represented in 256 publications, consisting of 8 books, 
6 book chapters, 171 scienti� c articles and 71 peer-reviewed 
abstracts. Of these, 67% appear in Web of Science, 80% in 
SCOPUS and 96% in SciELO. These resulted in 1761 citations, 
an average publication impact factor of 3.51, and an average H 
index of 25 (Figure 2).

CIRAH’s scienti� c achievements have been recognized with more 
than 130 national and international awards. Nationally, CIRAH has 
won 29 Annual Health Awards from the Ministry of Public Health, 
22 of these in the last 5 years, as well as 14 national awards 
from the Cuban Academy of Sciences. These numbers make 
CIRAH the Cuban institution with the highest number of awards 
per researcher and per PhD (1.4/researcher and 2.8/PhD), and 
the highest number of national awards to an institution located 
outside the nation’s capital.

CIRAH’s 57 international prizes include the Alexander von 
Humboldt Foundation’s Georg Forster Research Award 
(Germany), as well as several awards from the International 
Parkinson and Movement Disorder Society and the International 
Brain Research Organization.

Scienti� c potential and collaboration Some 83% of CIRAH re-
searchers have master’s or doctoral degrees, 13 of them PhDs 
in various � elds, including clinical neurophysiology, computer 
sciences, psychology, biology, microbiology, internal medicine, 
physical education and dentistry.

Table 1: Clinical trials at CIRAH
Drug Presentation and dose Design and sample/year Main results

Zinc sulphate[60] 50 mg tablets
1 tablet daily for 6 months

Phase II, randomized, 
placebo-controlled
n = 36/2007

Improvement in some cerebellar signs
Reduction in cognitive disturbance
Reduction of oxidative stress

Zinc sulphate 50 mg tablets
1 tablet daily for 3 months

Phase III
n = 50/2009 Reduction in cognitive disturbance

Vimang 300 mg tablets
6 tablets daily for 6 months

Phase II, randomized, 
placebo-controlled
n = 20/2008

No signi� cant outcomes observed

Lisuride[61] 0.1 mg tablets
1 tablet daily for 1 month

Pilot study
n = 12/2009

Reduction of involuntary periodic leg movements
Improvement in subjective quality of sleep

Creatine
Powder for solution and oral 
administration
10 g daily for 3 months

Phase II, randomized, 
placebo-controlled
n = 30/2011

Increased muscle strength and muscle mass
Stabilization of saccadic slowing

Compvit-B[62]

Intramuscular injection, 
2 vials weekly for 1 month, 
followed by 1 vial weekly for 2 
months

Pilot study
n = 20/2009

Reduction in signs of peripheral neuropathy
Reduction of painful muscle contractions
Improvement in cognitive functions

Compvit-B

Intramuscular injection,
2 vials weekly for 1 month, 
followed by 1 vial weekly for 2 
months

Pilot study 
(preclinical carriers)
n = 31/2012

Reduction in signs of peripheral neuropathy
Reduction of painful muscle contractions

NeuroEPO Nasal drops 
1 mL daily for 6 months

Phase I–II, randomized, 
placebo-controlled
n = 30/2015

Improvement in cognitive functions
Slight improvement in cerebellar signs or coordination

Source: Cuban Public Registry of Clinical Trials (http://www.rpcec.sld.cu/) and CIRAH’s internal Clinical Trials Registry
CIRAH: Center for Research and Rehabilitation of Hereditary Ataxias
Compvit-B (National Bioproducts Center, Cuba): B-complex vitamin, lyophilized. Each vial contains 100 mg of vitamin B1, 100 mg of vitamin B6 and 5000 �g of vitamin B12
Creatine (Fit Foods Manufacturing Ltd, USA)
Lisuride (Delpharm Lille SAS, France)
NeurEPO (Molecular Immunology Center, Cuba): human recombinant erythropoetin in solution for nasal use at a 1 mg/mL concentration
Vimang (Reinaldo Gutiérrez Pharmaceutical Laboratory Company and Pharmaceutical Chemical Center, Cuba): tablets with powder from natural extract of Mangifera
indica L. stem bark
Zinc sulphate (CIDEM, Drug Research and Development Center, Cuba)

Figure 2:  CIRAH scienti� c output, 2000–2019
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Nationally, CIRAH has also collaborated on epidemiologic studies 
with all of Cuba’s medical universities, as well as with the National 
Laboratory Animal Production Center, CIGB, Cuban Neuroscience 
Center, Comandante Manuel Fajardo Hospital, Pedro Kourí 
Tropical Medicine Institute, Neurology and Neurosurgery 
Institute, Molecular Immunology Center, National Clinical Trials 
Coordinating Center, Drug Research and Development Center, 
National Medical Genetics Center, and the Universities of Havana, 
Santa Clara and Holguín.

CIRAH has collaborated internationally on projects with 
institutions such as the German universities of Tubingen, Aachen 
and Frankfurt on electrophysiological and molecular analysis and 
imaging studies; the National Rehabilitation Institute of Mexico and 
National Autonomous University of Mexico on neurorehabilitation 
projects and detection of other molecular types of ataxia, such 
as SCA7; the National Medical Genetics Center of Venezuela; 
Neuroscience Center of Antioquía, Medellín, Colombia; and 
University of Victoria, Canada. In 2017, a research collaboration 
was established with the University of Chicago, USA.

Challenges and prospects One of CIRAH’s principal challenges 
is sustainability of research, health care and human resource 
training to deepen knowledge of the mechanisms triggering SCA2 
and thus improve prevention and treatment strategies.
 
Our description of CIRAH as a model for application of scienti� c 
research to ataxia characterization and patient care also presents 
the new challenge of extending strategies to other Cuban 
institutions, fundamentally those associated with neurosciences 
and biotechnology. This would allow nationwide harmonization 
of treatment protocols, leading to a national initiative for early 
diagnosis and treatment of ataxias. CIRAH’s research and 
development model may be applicable as well in other institutions 
with similar scienti� c and health care pro� les.

The experience of the Cuban ataxia project offers further 
evidence of the importance of translational medicine, de� ned as 

clinical application of research outcomes in the shortest possible 
time. This concept contrasts with the basic research paradigm 
in which search for and identi� cation of new mutations may 
proceed without corresponding advances in effective treatments. 
Promoting such a paradigm shift represents a major challenge for 
Cuban and other researchers worldwide.

CONCLUSIONS
The fundamental reason for the Cuban SCA2 project led by 
CIRAH is the application of scienti� c research towards the goal of 
better understanding disease for earlier detection and treatment, 
and to eventually devise more effective treatment protocols. The 
project offers an example of introducing research results alongside 
development and application of comprehensive, multidisciplinary 
intervention programs with positive impacts and improved quality of 
life for individuals with the disease and those in its preclinical stage.

Over the past two decades, the project has included training and 
updating of skilled human resources, development of scienti� c 
leadership, and � nancial, material and scienti� c support obtained 
through both national and international collaboration.

In particular, the project’s and CIRAH’s own scienti� c development 
was led by researchers’ efforts, while international collaboration 
not only assisted with costly technology, but also provided an 
effective channel for sharing information and new knowledge. 
This approach facilitated development of strategies and concrete 
actions that ultimately made CIRAH a reference institution in the 
� eld of ataxias. 

Conducting this cutting-edge research in a center far from the 
Cuban capital is also an indication of the national public health 
system’s priorities and scientists’ commitment to bring both 
scienti� c research and health care services to the places where 
health problems are found. 
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