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Editorial

Build Back Better: Leadership for US-Cuba Health Cooperation

As members of the global public health community, we thought
the outgoing Trump administration in Washington could not do
much else to shock us. But when President Biden revealed that
his predecessor had left him not with a bad plan to tackle the
COVID-19 pandemic—but with no plan at all—we were appalled,
contemplating the nearly 100 million infected throughout the world,
and the over 400,000 dead in the USA alone. It is no wonder that
Dr Anthony Fauci, Biden’s chief medical advisor and member of
the coronavirus task force, told the press that he felt liberated now
that science was back in the driver’s seat. “Everything we do,” he
said of the new administration’s approach, “is based on science
and evidence.”

If that is the case, then the US president’s coronavirus task force
should heed advice on the global cooperation urgently needed
to stem the pandemic, which goes beyond staying in WHO, and
listen to Dr Fauci’s own advice on health cooperation with Cuba.
In MEDICC Review’s April 2018 issue, he advocated for just that
after visiting Havana, writing with colleagues: “(Joint) infectious
disease research can provide a model for other US—Cuba
scientific cooperation.”

The Biden—Harris administration already has a framework for such
collaboration in the two Memoranda of Understanding signed
during the Obama presidency by US Secretary of Health and
Human Services, Silvia Mathews Burwell and Cuban Minister of
Public Health Roberto Morales Ojeda. The two documents provide
a useful, practical blueprint for initiating cooperation beneficial to
people in both countries and, indeed, the world.

The first MOU, signed in June 2016, built on the two governments’
commitment to “deepen public health cooperation, focusing on
communicable diseases including those caused by arboviruses
such as Zika, dengue and chikungunya; as well as on the
prevention and treatment of chronic non-communicable diseases,
such as cancer.”

The agreement intended to strengthen “collaboration in these and
other scientific and health areas.” It noted that first efforts would
be aimed at a health cooperation strategy “to address shared
priorities such as: communicable diseases, principally arboviruses,
including Zika, dengue, and chikungunya; non-communicable
diseases, such as cancer, diabetes, hypertension, mental health
and substance abuse disorders, and others; healthcare systems
and public health management; quality management and patient
safety systems in hospitals and outpatient settings; exchange
of health professionals; health security and international health
regulations; public health emergency preparedness and response;
biomedical research and development, clinical trials, and medical
product regulation; health information technology and the flow
of health data; human services; and aging.” The second MOU,
signed in October the same year, proposed collaboration on
cancer control, including research, surveillance, monitoring and
evaluation.

However, to clear the way to revitalizing these agreements—which
were never rescinded in their entirety as far as we know—means
stripping away some 200 additional restrictions on Cuba that were
added to already onerous sanctions during the Trump-Pompeo

era. These include everything from hindering remittances intended
for Cuban families to blocking oil and other shipments, torpedoing
Cuban small businesses with added banking restrictions and
putting all Cuban hotels off-limits to US travelers. In a bizarre turn
of events, with just a few days left in his term and facing a second
impeachment—this time for inciting a white supremacist mob that
overran the US Capitol—Trump, mindless of the irony, named
Cuba a “state sponsor of terror,” a designation with far-reaching
effects. Currently, Cuban health and government authorities are
forced to grapple not only with the pandemic itself but also with the
economic and social fallout of this draconian move whose roots
are imbedded in Florida’s rightwing, not in Cuba.

MEDICC Review’s publisher, MEDICC, decried the eleventh-hour
decision, comparing Cuba'’s significantly better record of confronting
the pandemic with the Trump administration’s COVID-19 denialism,
and emphasized the “thousands of Cuban health professionals
volunteering to fight COVID-19 in 40 countries,” while the White
House was clinging to ‘vaccine nationalism’. The rates of disease
and death in the two countries beg comparison. To date, The New
York Times tracker shows the United States with 7549 cases per
100,000 population, compared to 182 cases per 100,000 population
in Cuba; the USA at 126 deaths per 100,000, compared to just 2 per
100,000 population in Cuba.

Sharing experiences, research and effective strategies to tackle
the pandemic is why MEDICC Review is engaging in a series
of US—Cuba virtual forums, involving experts in both countries.
We held the first on December 16, 2020, co-sponsored by the
University of Minnesota and organized jointly with its Schools of
Nursing and Public Health. University President Joan Galen and
Minnesota Senator Amy Klobuchar participated, as did specialists
in epidemiology, clinical care and vaccine research.

“With so much at stake, we need to build on partnerships
like this one to ensure that our medical communities are
benefiting from the most up-to-date and best practices for
treating and preventing coronavirus, especially given the
relatively low number of cases and deaths in Cuba.”
—Sen. Amy Klobuchar of Minnesota closing the

MEDICC Review—University of Minnesota virtual forum,
December 16, 2020

COVID-19 is highlighted in this issue of MEDICC Review
and featured in a Cuba’'s Women of Science roundtable with
investigators at the National Medical Genetics Center. Their
preliminary immunogenetics findings on SARS-CoV-2 viral
behavior in Cuba also have implications for the four Cuban
COVID-19 vaccine candidates now in clinical trials. We
provide continuing coverage of Cuban health professionals’
experience treating COVID-19 patients abroad in an interview
with Dr Carlos R. Pérez, who headed the team that served in
Lombardy, Italy at the height of the epidemic there. Robaina’s
global literature review focuses on COVID-19’s potential for
mother-to-child transmission; and Ruiz details the response of
a Havana surgical hospital to the disease. Drs Saurabh and
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Editorial

Shrivastava issue an appeal for enhanced disease surveillance
worldwide in their Viewpoint.

As COVID-19 vaccine production and distribution are ramped
up worldwide—raising added questions of equity and vaccine
hesitancy—Cruz takes the long view on vaccine-attributable
adverse events in Cuba’s childhood immunization program for 13
diseases, carried out in the context of a universal health system.

Cuban biotech products are the subject of two original research
papers: one on hepatitis B preventive and therapeutic vaccines,
and another on nasally-administered Cuban erythropoietin for
patients with Parkinson disease. Additional articles treat issues
important for Alzheimer and lupus disease research, as well
as non-alcoholic fatty liver disease and urolithiasis in children
and adolescents. And a Perspective reviews experience with
psychological care for heart patients.

Finally, an important paper looks at an underutilized therapy
to save the lives of newborns suffering from hypoxic ischemic
encephalopathy in Latin America.

In this issue, we also take the opportunity to thank our peer
reviewers for their contribution to the journal in 2020.

https://doi.org/10.37757/MR2021.V23.N1.4

We are not yet prepared to surrender to the idea that
global scientific collaboration is impossible; that politics
will invariably undermine research and development; that
selfishness will always prevail over symbiosis.
—Viewpoint by Robert Cafete, Medical University of
Matanzas, Cuba and Kenneth W. Goodman, University of
Miami Miller School of Medicine

Moving into 2021—when overarching concerns of climate,
planetary health and human survival must command our
attention—we are struck by the lessons unlearned and unheeded
by those who would lead us. In the case of the United States
government and its over 60 years of nearly unbroken hostility
towards Cuba, foregoing cooperation, we say enough. Basta.
End the sanctions on Cuba. It's not too late to collaborate:
COVID-19 has provided the urgency. Now all it takes is
leadership. President Biden? A\~

The Editors
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Letters

COVID-19 CONTROL IN A HAVANA SURGICAL HOSPITAL
To the Editors:

We write to share the experience in COVID-19 transmission con-
trol at our hospital, National Center of Minimally Invasive Surgery
(CNCMA) in Havana, Cuba. The institution is the national refer-
ence center for application, training and research related to mini-
mally invasive surgical procedures.[1]

During the epidemic in Cuba, CNCMA has continued surgeries, fol-
lowing nationally established COVID-19 protocols,[2] implement-
ing actions for prevention, diagnosis and control of the disease
in patients and health personnel. These include training health
workers on epidemiological and biosafety aspects, in accordance
with their potential levels of exposure; application three times dai-
ly of 0.5% sodium hypochlorite solution in areas of the hospital
not usually disinfected (office furniture, common areas such as
elevators, stair handrails, doors, etc.), as well as 0.5% sodium
hypochlorite solution for shoes and 0.1% solution for hands upon
hospital entrance; active case finding to detect possible cases;
and individual PPE for employees. In the April-June 2020 period,
we also restricted surgical activity to oncology patients or those
requiring urgent care due to digestive hemorrhage,[3] which thus
decreased it to 14% of monthly averages compared to the pre-
epidemic January—March 2020 period, gradually increasing to the
'new normal' phase by October, reaching 66% of planned surger-
ies for the month.[2] Access to the institution has also been limited
(patient visits suspended, limits on numbers of personnel, tele-
commuting where possible), and a CNCMA-specific protocol was
developed for the pandemic,[4] based on the national Prevention
and Control Program for Healthcare-related Infections,[5] and the
National COVID-19 Protocol.[2]

From April through October, 2020, 719 surgeries were performed
and 3529 patients were seen in CNCMA’s outpatient services,
completing 47.0% of annually planned surgeries and 56.2% of
ambulatory consults for the period. Of 410 current employees,
379 (92.4%) have been incorporated on-site. As of this writing
(November 7), all services have been re-established as well as
part of our academic activities, and no cases of COVID-19 have
been reported among patients or staff.

Implementing the institutional protocol for surgical activity during
the pandemic[4] has been essential for normalizing our work and
providing quality medical care to patients. Its guidelines could be
useful for similar institutions as well as to supplement the National
Protocol for COVID-19 Prevention and Control with respected to
surgical activities. M-

1. National Center of Minimally Invasive Surgery (CU) [Internet]. Havana: Nation-
al Center of Minimally Invasive Surgery (CU); c2020 [updated 2020 Oct 27;
cited 2020 Nov 5]. Available at: http://www.cce.sld.cu/. Spanish.

2. Ministry of Public Health (CU). Protocolo de actuacion nacional para la COV-
ID-19. Version 1.5. [Internet]. Havana: Ministry of Public Health (CU); 2020
Aug [cited 2020 Oct 30]. 215 p. Available at: https:/files.sld.cu/editorhome/
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3. Ministry of Public Health (CU). Resolucién128. Disposiciones sanitarias para la
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DANGERS AND MANAGEMENT OF OBSTRUCTIVE SLEEP
APNEA SYNDROME IN COVID-19 PATIENTS

To The Editors:

Related to my earlier publications on central nervous system
involvement in COVID-19,[1,2] | would like to stress the impor-
tance of diagnosing obstructive sleep apnea syndrome (OSAS)
in infected patients, prompting early use of continuous positive air
pressure (CPAP) to prevent hypoxemia.

OSAS is commonly related to obesity, which is considered an
important risk factor for severe COVID-19. Nevertheless, pub-
lications about the possible association between OSAS and
COVID-19 are relatively scarce.[3]

SARS-CoV-2 uses the angiotensin-converting enzyme 2
(ACE2) receptor for host cell entry. In COVID-19 patients whose
OSAS is untreated, augmented ACE2 expression and deregu-
lation of the renin-angiotensin system occur. OSAS leads to
repetitive airway collapse with apnea/hypopnea and hypoxia
during sleep. Hypoxia/re-oxygenation during each apnea epi-
sode in OSAS patients worsens hypoxemia and can stimulate
ACE2 synthesis in endothelial cells, inducing higher ACE activ-
ity and thus aggravating the cytokine storm typical of severe
COVID-19. Thus, OSAS (particularly with concurrent obesity)
could contribute to increased hypoxemia, further provoking the
cytokine storm that can cause acute respiratory distress syn-
drome (ARDS), multiorgan failure and death in these patients.
[1,2,4]

Non-invasive ventilation (NIV) plays a more significant and helpful
role than first thought, mainly if used at early stages of COVID-19.
CPAP is now the preferred form of NIV to manage hypoxemic
COVID-19 patients. In fact, use of improved and enhanced CPAP
equipment is providing growing evidence that this NIV method
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may benefit patients early in the disease’s progression, prevent-
ing ARDS and reducing the need for invasive ventilation.[3,5]
Hence, | highly recommend beginning CPAP in COVID-19
patients as soon as the first respiratory symptoms appear—even
during care outside of intensive care units—especially for those
patients with OSAS.[4] M-

1.

Machado C. Severe Covid-19 cases: is respiratory distress partially explained
by nervous central system involvement? MEDICC Rev. 2020 Apr;22(2):38-9.
Machado-Curbelo C. Silent or ‘happy’ hypoxemia: an urgent dilemma for
COVID-19 patient care. MEDICC Rev. 2020 Apr;22(2):85-6.

Thorpy M, Figuera-Losada M, Ahmed |, Monderer R, Petrisko M, Martin C, et
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demic. Sleep Med. 2020 Oct;74:86-90.
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Y. Continuous positive air pressure (CPAP) should be used in all COVID-19
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Med. 2020;2:1-6. DOI: 10.15761/JRDM.1000124.
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Researchers at Cuba’s National Medical Genetics Center:

Pioneering Studies on COVID-19

Gail A. Reed MS

Three fourths of the 175 staff at
Cuba’s National Medical Genet-
ics Center (CNGM) are women.
And women constitute 90% of
the research team working on the
Center’s largest current project—
unlocking the biological secrets
of COVID-19 in the Cuban popu-
lation. They are identifying par-
ticularly vulnerable groups and
geographies, reviewing therapies
applied and long-term sequelae
of the disease, and contributing
to ongoing vaccine research and
trials. Their results are critical
to determining effective preven-
tive and treatment strategies as
the country moves into the next
phases of epidemic control. The
national study is the first and only
one of its kind in Latin America.

When the first COVID-19 cases were diagnosed in Cuba on
March 11, 2020, the Center’s role in epidemiological surveil-
lance was activated, based on its experience with the Zika
threat in 2015. This involved mobilizing the National Genetics
Network anchored in primary healthcare facilities, comprised
of 452 genetics counselors, nurses and clinical geneticists,
supported by technicians, epidemiologists and family doc-
tors. The Network’s role would become key to the ensuing
research.

As the magnitude of the pandemic became clearer, CNGM
investigators approached the Ministry of Public Health and
government leaders with a broad-ranging proposal to study
biological factors that would help explain differences in vulner-

MEDICC Review: Dr Marcheco, can you give us a broad view
of what your team is looking for with this national study?

Beatriz Marcheco: The study, although coordinated by our Cen-
ter, was carried out in primary health care, using all the resources
at our disposal from the National Genetics Network. We were
already seeing differences in transmission and frequency of the
disease in different parts of the country and different population
groups. The eastern provinces had fewer cases, for example,
while there were more in western Cuba. Why were we seeing
such variations? And this was just one of our questions. So we
started working with databases from the Ministry of Public Health
and genetics departments, then generated guidelines and a par-
ticipant questionnaire, and began the rollout, which needless to
say involved serious logistical planning and attention to PPE and
other protection for our team.

The team (I. to r.): Dr Giselle Monz6n, clinical geneticist; Dr Beatriz Suarez, family physi-
cian; Dr Beatriz Marcheco, clinical geneticist and CNGM Director; Dr Yaima Zuiiga,
immunologist; and Dr Hilda Roblejo, clinical geneticist.

ability, symptoms, immune response and severity of the dis-
ease, as well as its profile in different Cuban subpopulations.
After approval, the studies got underway in June, encompass-
ing Cubans who had been infected through June 11, 2020,
and were by now convalescing.

The nine main research lines were defined, and principal
investigators went to work developing the instruments needed
and training personnel across the island on their use. While
final results are still being analyzed, CNGM Director Dr Beatriz
Marcheco and four lead researchers talked with MEDICC
Review about the scope of their work and some of the most
intriguing preliminary findings.

The universe of 2233 people who had contracted COVID-19
through June 11 was whittled down to 1182, our final sample.
Eliminated were those who had died, as well as infants under
one year old, non-citizens, people who had moved from their area
of residence, and 186 who decided not to participate. The final
group, from all 15 provinces plus the Isle of Youth Special Munici-
pality, also included health workers.

MEDICC Review: It seems you had arelatively good response.
What about those who refused to participate?

Beatriz Marcheco: We learned a lot about the psychological toll
the epidemic has taken on people who contract the disease. Many
received us with open arms, anxious that their cases be included.
But some just didn’t want to hear about COVID-19 again. One man
told us that people were closing their doors or crossing the street
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to avoid contact, that he’d become a pariah. Another woman said
her downstairs neighbors didn’t want her hanging the wash where
it might drip on their balcony, for fear of contagion.

This was important to us from a sociological perspective—to see
the panic the pandemic had generated. In our meetings with gov-
ernment authorities, we said an effective public messaging cam-
paign was needed, not only to create risk perception, but also to
build solidarity...rather than talking about social distancing, to talk
about physical distancing and social solidarity. The experience
also confirmed our approach: avoiding biological reductionism,
and instead taking a comprehensive, integrated look at biological
phenomena in social contexts that can either synergize or attenu-
ate their magnitude.

MEDICC Review: Who was involved in the research and how
did you proceed?

Beatriz Marcheco: Some 200 professionals were involved from
the National Genetics Network, plus our staff. Upon receiving
written informed consent, and before carrying out interviews
and clinical exams, our team reviewed all participants’ hospital
charts. One advantage we had is that all PCR-confirmed cases of
COVID-19 in Cuba were hospitalized; none were left at home. So
this means researchers could meet with hospital clinicians to get
a more precise understanding of individual treatment regimens,
since symptoms such as fever could be a result of the disease
or secondary to interferon therapy, for example. At the Center,
we received the completed interview questionnaires and blood
samples for analysis. It was quite a rigorous process, even in the
midst of the pandemic.

The study also contemplated a first-degree relative of each
patient, one who had cohabitated with the infected person during
pre-hospitalization, but who consistently tested negative by PCR.
They constituted a control group to compare people who had con-
siderable genetic makeup and living environments in common,
but who reacted differently to the virus.

MEDICC Review: What were the main lines of research?

Beatriz Marcheco: Initially, our priority was an immunogenic
analysis of our sample, and we even organized the research at
one point around the possibility of carrying out flow cytometry to
characterize the cellular subpopulations involved in the body’s
defenses. Our main aim was a hematological assessment of
each individual, including ABO blood group, lymphocyte subpop-
ulations via flow cytometry, and various DNA markers. But flow
cytometry requires maintaining the cold chain—impractical given
the transport time involved from distant provinces. In the end, we
limited this to just under 400 participants.

The main, national study characterized severity of the disease
according to several variables. Few investigations have done this,
and fewer still have compared convalescing patients to controls
who are first-degree relatives. If we look at the lines of research
we expect to reflect in scientific papers, | can summarize these,
beginning with specific population groups, some of which we can
describe in more detail:

* Older adults (persons aged 60 years and older);
* Pregnant women (a case series of 7 women);

» Havana Province, with all the complexities of a national capi-
tal; and

» Pediatric patients (137 children, mainly looking at cardiovas-
cular implications, myocarditis in particular).

Then there are the various biological studies, such as:

» The results of flow cytometry, related to lymphocyte subpop-
ulations in both convalescing patients and controls.

» Characterization of molecular markers: tumor necrosis fac-
tor alpha (TNF-a), concerning immune response and related
symptoms; vitamin D receptor, which plays an essential role
in the body’s defenses (in particular, we studied genetic char-
acteristics determining ability to retain and process this vita-
min); and interleukin 12, which stimulates interferon gamma
production. We also studied the ACE2 receptors, the points
of cellular entry for the virus (fewer receptors, fewer points of
entry).

» Research on symptoms that persisted after initial infection,
an investigation carried out in six Havana municipalities.

* Hematological studies involving 31parameters in over 300
participants, analyses conducted here at the Center, to see
how these variables behaved during the convalescent period.

The main study describes results for the whole country, which Dr
Yaima Zuiiga can explain. It also includes several spinoff investi-
gations: one in cooperation with the Immunoassay Center, anoth-
er with the Molecular Immunology Center (CIM) and a final one
with the Finlay Vaccine Institute (IFV). The Immunoassay Center
proposed detection of antibodies specific to SARS-CoV-2. CIM
proposed an inhibition assay with samples from the flow cytom-
etry group, to more precisely characterize those antibodies and
see to what extent they inhibit coupling of the virus with receptors.
IFV proposed a neutralization trial, to study not only inhibition but
also whether the antibodies had sufficient ‘quality’ to neutralize the
virus in subsequent exposures. The latter has helped researchers
there determine the levels of efficiency required for the Cuban
vaccine candidates.

MEDICC Review: Dr Zufiiga, can you introduce yourself and
give us an overview of the main national study?

Yaima Zufiga: Certainly. I'm an immunologist and have been
working here at the Center since 2011. For the main study, our
principal aim was to identify immunogenic risk factors related to
severity of COVID-19, that is, why some people are asymptom-
atic while others develop mild or severe forms. One strength of
our research was its national character, involving convalescing
patients from all 15 provinces and the Isle of Youth Special Munic-
ipality, thanks to the National Genetics Network. As Dr Marcheco
mentioned, we included as controls first-degree cohabitating fam-
ily members who remained healthy.

Confirmation of all COVID-19 cases in Cuba is done by PCR.
This uniformity of diagnosis constitutes another strength, one not
always seen in other studies. And application of a national treat-
ment protocol also made for more standardized therapies.

One challenge was correctly classifying patients according to
WHO diagnostic criteria: for example, determining whether those
who were asymptomatic at diagnosis actually remained asymp-
tomatic, or whether their diagnosis was simply made in a pre-
symptomatic phase of their illness. This was accomplished by
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NATIONAL MEDICAL GENETICS CENTER STUDIES ON COVID-19 VULNERABILITY, RATES, SYMPTOMS, SEVERE
FORMS AND DEATH: CONVALESCING PATIENTS AND CONTROLS, CUBA (MARCH 11, 2020-JUNE 11, 2020)

parameters

Patients: 1182
Controls: 500
Total: 1682

All convalescing COVID-19 patients in Cuba
(>1 year old, Cuban citizen, informed consent
of patient or guardian), plus one first-degree
cohabitating relatives (as controls)

Persistent symptoms 67
Hematological profile 344
TNF-0:1028

Molecular markers ILK12: 128

ACEZ2 receptor gene: 400

Immunological status via flow cytometry 389
2 Subpopulation: older adults (=60 years old) Living: 241
3 Subpopulation: pregnant women 7
4 Subpopulation: Havana Province 431
5) Subpopulation: pediatric patients 137

Plus: 84 deceased

Vitamin D receptor: 133

Carried out in all 15 Cuban provinces and the Isle of

Youth Special Municipality; includes 200 health workers;
demographic and biological characteristics related to risk of
disease onset, symptoms, severity and death
Convalescent patients studied in six municipalities of
Havana Province

Includes 31 parameters (complete blood count, ABO blood
group, etc.)

Tumor necrosis factor alpha (TNF-a); vitamin D receptor;
interleukin 12, ILK12 (stimulates interferon gamma produc-
tion); and ACE2 receptor gene

Patients from all except Granma Province; includes 14
health workers

Extended to their newborns

All 15 municipalities (In Cuba, Havana Province is also the
capital city.)

Emphasis on cardiovascular sequelae, myocarditis

NOTES: All confirmed COVID-19 patients in Cuba are hospitalized. Convalescing patients included in the study were those who were RT-PCR—
positive from March 11, 2020 through June 11, 2020, and had received at least two negative PCRs (first at hospital and second 15 days after
discharge). Controls were RT-PCR—negative fist-degree relatives cohabitating with sick individuals during the pre-hospitalization phase of infec-
tion. Postmortem analysis included 84 deceased from COVID-19, for whom demographics (age, sex, etc.) and comorbidities were considered.

reviewing patients’ hospital charts and through interviews. Inter-
estingly, although 60% to 70% had originally been classified as
asymptomatic, this portion dropped considerably through reclassi-
fication, since they developed symptoms later. We also found that
adults fell ill more often than children, but that children were more
often asymptomatic, making them silent carriers.

As far as genetic factors, we analyzed such things as skin color,
which is difficult in Cuba where there is so much mestizaje, which
means less relation between skin color and actual genetic ances-
try. Some US and European literature had reported higher rates
as well as greater severity and higher mortality among minori-
ties—Black, Asian, Hispanic. However, we found that disease
distribution mirrored fairly well the proportion of people of differ-
ent skin colors in the Cuban population as a whole (according to
census data). We did find differences when it came to severity and
mortality, which we are still analyzing. It may be that being mestizo
is a protective factor.

MEDICC Review: Have you accounted for other confound-
ing variables, having to do with environment, socioeconomic
status, etc.?

Beatriz Marcheco: We didn’t carry out a detailed sociological
study. We did include employment, educational level and where
participants lived—whether in urban or rural areas. Once a per-
son becomes sick, various factors begin to influence outcomes:
age, comorbidities, blood group and also skin color. Who are the
people who have become seriously ill, at least in Cuba? Most
often, these are older people. Which leads us to a number of

E. Afié

“One strength of the study was its national character, involving
convalescing patients from all 15 provinces,” Dr. Yaima Zufiga.

social and historical variables. In the case of skin color, you would
have to look into the nutritional levels and socioeconomic condi-
tions that prevailed for darker-skinned people some 60 years ago,
when they were growing up and the basis of their health status
was being determined. Those conditions were certainly more pre-
carious than for lighter-skinned people. No matter that Cuba has
moved the needle towards equity, that past is important.
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Yaima Zafiga: We confirmed what other international studies are
showing: that advanced age is indeed a risk factor for developing
severe COVID-19 and for death. Our aim was to quantify this risk
by comparing different age groups, as ages climbed. The edu-
cational level in our study was high, with more university gradu-
ates than in the general population. The fact that some 200 health
workers, primarily doctors and nurses, were included may have
influenced this (thankfully, with no deaths in that subpopulation).

We also looked at blood types. We didn’t find any important asso-
ciation of infection risk with Rh factor. However, when we ana-
lyzed ABO blood groups, we found persons in blood group A were
more apt to progress to severe forms of the disease. Concerning
comorbidities in the Cuban population, it is clear that diabetes
mellitus and cancer present the most risk, particularly for severe
COVID-19 and death. And our results coincided with others that
indicate greater risk of death for men.

MEDICC Review: You also analyzed post-mortem cases?

Yaima Zufiga: Yes, 84, determined by death certificates, the total
number of deaths from COVID-19 during the period. We analyzed
them on the basis of data from the Ministry of Public Health’'s
Statistics Division and the records of the national group that moni-
tors serious and critical cases. For patients who survived, we also
looked at antibody response to SARS-CoV-2: in particular, the
quantity and quality of antibodies during convalescence, impor-
tant for predicting re-infection. And also if these antibodies are
capable of neutralizing the virus if a person is re-exposed. This
is still a big question. Our convalescents were for the most part
PCR negative for at least 60 days when studied, and what we
began to see was a relation between antibody response and dis-
ease severity: the more severe the form, the greater the antibody
response. As Dr Marcheco mentioned, this is important for deter-
mining what characteristics a vaccine must have to be effective.

MEDICC Review: Turning to Havana, where over two million
Cubans live, and which has been the epicenter of the island’s
COVID-19 epidemic...Dr Roblejo?

Hilda Roblejo: I've been a clinical geneticist here at the Center
since 2009. The cases we studied here in Havana were more
than a third of all those in our sample, 431 convalescing patients.
Like all capitals, Havana presented its own complexities. The dis-
ease was disseminated in all municipalities, unlike some other
provinces. So our research team interviewed people in virtually
all neighborhoods.

Many aspects of the Havana sample mirrored that of the coun-
try as a whole. Most of our patients did develop symptoms; the
average age was in the 40s (nationally it was 45 years old). An
earlier study looked at advancing age as a risk factor, and identi-
fied Plaza as a high-risk municipality, since it is the ‘oldest’ in the
country. On the map, Plaza, Playa, Central Havana...these areas
contain some of the most aged populations in the country. In Cen-
tral Havana, you also have the added risk factor of overcrowd-
ing, and the same goes for 10 de Octubre Municipality, with high
population density.

In terms of blood group, our results were slightly different from the
national findings: we found blood group O to represent a greater
protective factor than we saw nationally.

MEDICC Review: In addition to blood group, were there any
other findings that separated Havana from the rest of the
sample?

Hilda Roblejo: We found that being asthmatic was actually
a protective factor against the severe forms of COVID-19. We
think asthmatics fared better due to the therapies most often
prescribed, which include immunomodulators, medications that
modulate ACE2 receptor production.

Ané

In Havana, “we found that being asthmatic was actually a protective
factor against the severe forms of COVID-19,” Dr Hilda Roblejo.

MEDICC Review: Dr Suérez, can you introduce yourself and
talk about the research facets that concentrated on older
convalescent patients?

Beatriz Suarez: I'm a specialist in family medicine with a mas-
ter's degree in medical genetics. I've worked here at the Center
since 2009. My main responsibility is to coordinate the services of
the National Genetics Network across the country.

In Latin America, Cuba’s is one of the most rapidly aging popula-
tions. So for this part of the study, we concentrated on persons
60 years and older, which corresponded to 22% of those infected
during the study period, a good share of whom had either devel-
oped severe forms or died from the disease.

The highest concentrations of convalescing patients and also
older patients were in Villa Clara, Havana and Matanzas Prov-
inces. Villa Clara, the ‘oldest’ province, also experienced an
outbreak at a nursing home. In Matanzas, cases were con-
centrated in Cardenas Municipality, close to the resort town
of Varadero, which made it particularly vulnerable given that
the first COVID-19 wave in Cuba was determined mainly by
imported cases. And Dr Roblejo already spoke about Havana’s
characteristics.

We studied 241 patients in all, and found slight increases in
severe forms according to advancing age. Fourteen of these
patients were health workers, and although most had already
retired, 22% were still working.
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As in the international literature, we saw greater risk of infection
as the number of comorbidities increased. Among the comorbidi-
ties, hypertension was the most frequent, found in half these older
adults. Most of these patients contracted COVID-19 with mild or
moderate symptoms, and we described the more common ones.

MEDICC Review: What are some of the most important risk
factors leading to death?

Yaima Zufiiga: More men die than women. Worldwide, we see
that men have more risk of developing severe forms of COVID-19
and of dying. We didn't find this correlation with severity of dis-
ease in Cuba. However, Cuban men were more at risk of dying.
And another interesting thing is that the women who died were
older than the men who died. We know that women in general
have a better immune response, due to various factors. As an
aside, | should also note that more women agreed to participate
in our study than men...something we’'ve experienced in other
research.

MEDICC Review: What did you find with the group of wom-
en who were pregnant when they contracted COVID-19? Dr
Monzdén?

Giselle Monzén: I'm originally from Camagiiey Province, but
have been at the Center since 1998, when | specialized in medi-
cal genetics here.

Pregnant women have constituted a vulnerable group in past
respiratory disease epidemics, where we have seen them at
greater risk of developing serious complications requiring ICU
care, and of dying. So this is of grave concern to us as we con-
front COVID-19.

Through September 2020, PAHO reported over 60,000 pregnant
women infected in 14 countries of the Americas, with a mortality of
1%. The highest mortality was reported in Mexico, Brazil and the
United States. In Cuba through July 31, 2020, 23 cases had been
confirmed among pregnant women, including 16 during the period
of our study. Seven women participated in our research, about
44% of the total sample. In their case, our aim was to identify
genetic risk factors associated with more serious disease.

In addition to the interview, we were able to follow the outcome
of each pregnancy. All this was possible thanks to the National
Genetics Network and the National Maternal-Child Program. This
program, based in primary health care, leads to early monitoring
of pregnant women in medical services, well before their third tri-
mester, different from what happens in many other countries. And
COVID-19 cases in this population were also identified mainly in
the community, as a result of active case finding and contact trac-
ing. This enabled early diagnosis by PCR and immediate hospi-
talization. Pregnant women, according to our national protocols,
received antiviral therapy, including interferon alfa-2b, which
appears to help explain why none developed serious complica-
tions or died.

They did develop mild to moderate symptoms. Interestingly, fever
was not one of the main ones most frequently described.

While this was a small sample, we didn’'t see secondary effects of
medications reported by some other patients, either for their own

health or for the healthy development of the fetus or newborn. We
also carried out a genetic assessment of the neonates.

MEDICC Review: Do you have any evidence of vertical trans-
mission of the SARS-CoV-2 virus?

Giselle Monzén: No, no evidence of vertical transmission, either
in the study, or in Cuba up to now. Any transmission has been
associated with inadequate management via maternal aerosols
and so on.

E. Afié

“No evidence of vertical transmission, either in the study, or in
Cuba up to now,” Dr Giselle Monzon.

MEDICC Review: What are the implications of your findings
thus far for Cuban treatment protocols and for the vaccines
being developed by Cuban biotech?

Yaima Zufiga: In terms of the vaccines, we are determin-
ing the antibody titers and the capacity of these antibodies to
neutralize the virus, that is, what level of immunogenicity is
required—establishing that threshold. To date, the FDA has
said that titers must be equal or greater than 1/160 to guaran-
tee neutralization, the level considered by the current vaccine
candidates. But when you design a vaccine, you have a given
population as a reference, since populations may respond dif-
ferently. So studying this in our own population is important, a
first approximation.

Hilda Roblejo: Our research didn't go as far as to include phar-
macogenetic markers that would permit analysis of interferons
and other therapies in our treatment protocol, to determine a rela-
tion between patient response and these markers. But we have
stored DNA samples of all participants for further study of these
aspects, especially because this will help design more personal-
ized treatments.

Thus far, what we have been able to do is stratify risk and vulnera-
bilities, and as a function of this, personalize interventions. On this
basis, once Cuba has a vaccine, we can make recommendations
on who should be vaccinated first....groups such as older adults,
health workers in Havana, people in blood group A, and so forth.
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Beatriz Marcheco: That's what | would emphasize: this research
contributes results to the health system for decision-making on
priority actions, based on a better stratification of vulnerabilities.

Yaima Zafiga: Not only therapeutic management but also for
preventive approaches, what to do epidemiologically, what kinds
of measures to adopt for different populations. Because | think a
strength we have is that we now have DNA and sera from these
patients, representing the first group in Cuba that was infected
with SARS-CoV-2.

MEDICC Review: We're seeing new variants of the virus
emerge through mutations.

Beatriz Marcheco: The Pedro Kouri Tropical Medicine Institute
(IPK) is sequencing genes of cases that have entered from coun-
tries in Europe where one new variant has been reported, to see if
it is circulating in the country. | expect so. They are also sequenc-
ing variants from outbreaks in Ciego de Avila Province, to see if
they are different from others circulating in Cuba. In the case of
Ciego de Avila, this is an important question, since the frequency
of cases there, the transmissibility, severity and mortality have
been greater than in other regions of Cuba.

We have some observations...we know, for example, that there
have been more asymptomatic cases in Ciego de Avila than else-

where, which could facilitate greater transmission. And there are
genetic markers that also indicate different disease behavior in
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“...the most far-reaching population-based study (on COVID-19)
reported in Latin America,” Dr Beatriz Marcheco.

https://doi.org/10.37757/MR2021.V23.N1.5

that province: antibody levels are lower, protection against new
exposure is less, and so on.

MEDICC Review: Is that due to the patients themselves or to
a different viral strain?

Beatriz Marcheco: That's the question. We don’t know. That's
what we need to find out.

MEDICC Review: And there is speculation on whether the
vaccines being developed will be effective against new muta-
tions.

Beatriz Marcheco: And that's my question, too.

Yaima Zufiiga: Generally, vaccine designs take into account the
immunogen capable of the best neutralizing response. As long
as the changes implied by mutations don’t involve that specific
immunogen, then there should be no problem. But that's the key
factor.

MEDICC Review: Returning to your research: are there find-
ings that are particularly important or novel for Cuba or for
the world?

Beatriz Marcheco: | think this is the most far-ranging population-
based study that has been reported in Latin America, contemplat-
ing the entire country. In terms of particular aspects: we described
distribution of symptoms in children and adults, the patterns of
symptom presentation, and the relation of these to the risk of
developing severe forms of the disease, which we haven't seen
in other research.

Characterization of blood groups in such a large number of con-
valescing patients has only been published in Spain and Italy, not
for Latin American populations where the frequency composition
of blood groups is different. In Cuba, it's even different by provinc-
es, depending on genetic ancestry. That is, those with more Afri-
can genetic ancestry are more frequently blood group O, which in
some populations appears to be a protective factor against infec-
tion, although not against developing severe forms.

And the other important thing is that all these findings contrib-
ute to a national strategy for confronting COVID-19, particularly
ongoing prevention efforts. Because we now have results that not
only consider research from other countries, but most importantly
detail quite precisely how the disease is behaving right here in
our own population. And thankfully, through the Ministry of Public
Health and the experts working on COVID-19, we have a direct
line to the decision-makers. -
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Cuba’s Medical Team in the European Epicenter of COVID-19:

Carlos R. Pérez-Diaz MD MS PhD

Director, Joaquin Albarran Provincial Clinical-Surgical Hospital, Havana
Henry Reeve Medical Contingent Leader, Lombardy, Italy

Gisele Coutin MD MS and Conner Gorry MA

On March 23, 2020, Cuba’s Henry Reeve
Emergency Medical Contingent began treating
COVID-19 patients at Maggiore Hospital in
Crema, Lombardy. Within days, the 52-member
contingent comprised of 36 doctors and 15
nurses (plus 1 logistics specialist), together
with Italian colleagues, were receiving patients
in an adjacent field hospital established
and equipped for this purpose. At the time,
Lombardy was the epicenter of COVID-19
transmission in Europe.

Many of the Cubans in Lombardy were
Contingent veterans, having served in post-
disaster and epidemic scenarios in Chile,
Pakistan, Haiti and elsewhere since the
founding of the emergency medical team in
2005.

Importantly, some had worked fighting the

2014 Ebola epidemic in West Africa. Even

so, providing medical care during COVID-19 is a unique
challenge, the likes of which had never before been seen
by the Cuban team.

Dr Carlos R. Pérez-Diaz, one of the Contingent’s founding
members, headed the team during its 60-day rotation in
Lombardy, drawing on a wide array of professional experience.
From 2006 to 2009, Dr Pérez-Diaz led the Cuban team posted
at the Peltier Hospital in Djibouti, where he worked in the
infectious disease department; in 2008, this team helped control
a cholera outbreak that had spread to three countries. Following
the 2010 earthquake in Chile, Dr Pérez-Diaz headed the team
of Henry Reeve volunteers that provided free health services
for 10 months in a tent hospital established to treat victims; he
returned to Chile in 2015, again as head of the Henry Reeve
Contingent, after severe flooding struck the Atacama region.

Dr Pérez-Diaz has dual specialties in family and internal
medicine and a doctorate in medical education. Additionally,

MEDICC Review: You—and the team you headed—have exten-
sive overseas experience, but Cuban medical professionals
had never before served in Europe, nor during a pandemic of
this magnitude. Can you describe how the Lombardy COV-
ID-19 effort differed from other overseas postings?

Carlos R. Pérez: Everyone on the team knew we’d be facing a
huge challenge in Lombardy. Although the scientific and medical
standards there are high, COVID-19 was new, it was ravaging

E. Ané

in 2014 he was accredited as a medical expert to treat victims
of chemical warfare and dangerous chemical substances by
the Organization for the Prohibition of Chemical Weapons
(OPCW); in 2019 he began imparting classes for the OPCW.
Dr Pérez-Diaz is currently the director of the Joaquin
Albarran Provincial Clinical-Surgical Hospital in Havana, a
post he has held since 2015. He is a member of the expert
panel formed in January 2020 by Cuba’s Ministry of Public
Health (MINSAP) to confront COVID-19. Since returning
from Lombardy, Dr Pérez-Diaz has worked in hospitals,
multi-service community polyclinics and isolation centers in
various provinces helping contain the pandemic at home,
and participates in training future Henry Reeve teams at
Cuba’s Central Medical Cooperation Unit (UCCM). MEDICC
Review had the opportunity to interview Dr Pérez-Diaz as he
juggled various responsibilities—including the possibility of
heading overseas again as subsequent waves of COVID-19
strike around the world.

the region and we had to apply our knowledge and incorporate
emerging evidence within this difficult context. We began treating
patients in late March; our Italian colleagues had been battling
COVID-19 for some time before we arrived and had developed
protocols based on autopsy studies.

Fortunately, 31 of the Contingent’'s 52 members in Lombardy had
also served in West Africa during the Ebola epidemic. This previ-
ous epidemic-control experience helped; we understood the need
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for strict biosafety protocols, for example, and were able to share
firsthand experiences with others. | think this was particularly use-
ful for the younger members of our team.

MEDICC Review: Given the factors particular to providing
medical services during COVID-19, did volunteer recruitment
differ for this Henry Reeve team?

Carlos R. Pérez: Recruit-
ment principles for the
Lombardy team were
the same as in previous
efforts over the past 15
years: everyone was a
volunteer; local health authorities indicated which specialists they
most needed; selection was based on availability; and only those
who would not affect services in Cuba were eligible. Neverthe-
less, given the risk entailed, priority was given to experienced
Henry Reeve veterans—especially those who had worked in
West Africa fighting Ebola.

We learned a lot from our
Italian colleagues and were
confident that working
togdether we could save lives

By this point, several countries had requested Cuba’s help to
address COVID-19, and mixed brigades—with a combination of
veterans from the Ebola outbreak and other volunteers—became
the norm. In this way, the intense work in Africa and the valuable
lessons learned could be shared across different teams now fac-
ing COVID-19.

MEDICC Review: What preparation did you receive before
leaving for Italy? The biosafety protocols for COVID-19 plus
working in a tent hospital must have warranted special con-
sideration...

Carlos R. Pérez: First, it's worth pointing out that in February
2020, MINSAP provided countrywide, province-by-province train-
ing for all our health professionals on prevention and control of
the novel coronavirus. So we had a jump-start. Once the mem-
bers for the Lombardy team were selected, we received a special-
ized course from professors of the Pedro Kouri Tropical Medicine
Institute (IPK) in Havana. This covered all the latest COVID-19
protocols and biosafety measures, plus step-by-step training on
working in wards for confirmed cases, also known as 'red zones'.
(IPK, Cuba’s national reference center for infectious diseases is
where Henry Reeve members received biosecurity training before
departing for West Africa. The institute has provided COVID-19
testing, research and patient care since the first cases in Cuba
were diagnosed on March 11, 2020, Eds).

Personally, the OPCW courses | took related to injuries sustained
from chemical weapons and dangerous substances helped
immensely in my preparation. This included biosafety measures
of course, but also disaster modeling scenarios where | gained
invaluable organizational, planning and resource allocation
experience.

MEDICC Review: How was the work organized in Crema?

Carlos R. Pérez: As soon as we arrived our shifts were orga-
nized and distributed between the Cuban team and our Italian
colleagues. We received supplementary training on proper use of
personal protective equipment (PPE), plus learned local protocols
for case classification, and patient management and treatment

regimens for each case based on their clinical evolution and imag-
ing studies. During this process, various recommendations from
our epidemiologists were adopted to assure maximum protection
for personnel working with red zone patients. Next we familiarized
ourselves with nursing procedures and how to perform arterial
blood gas analysis adapted to the technology used in Italy—some
of which was new to us. We also updated emergency fire safety
and protection protocols while we were at it.

MEDICC Review: Working with professionals from a different
culture, in a different language, in an extraordinarily difficult
context—medical and personal. Can you talk about the col-
laborative aspect of your work?

Carlos R. Pérez: The language barrier was challenging at first
when we all defaulted to English, but since Spanish and Ital-
ian are both romance languages with similar vocabulary and
phrases, we quickly adapted. Another factor that facilitated
our cooperation despite these differences was the fact that
it had been established from the outset that the Cuban team
would be subordinate to the needs of the region and would
adhere strictly to local case management and treatment pro-
tocols. As a result, we developed great relationships with our
Italian colleagues during our two-month rotation. It was a very
positive work atmosphere marked by cooperation and scien-
tific exchange. Every day we—Italians and Cubans alike—
learned more about the physiopathology of COVID-19, the
evolution of the disease and how to apply this knowledge to
patient care. Emerging evidence from autopsies; the negative
effects of invasive mechanical ventilation and the benefits of
regular prone position ventilation; and the importance of early,
comprehensive and individualized treatment meant we were
constantly incorporating new knowledge and developing ideas
together about how to better treat patients.

Successful cooperation of this ~ The learning process
type depends on mutual respect Was a two-way street.
We came to appreci-
ate on a deeper level that successful cooperation of this type
depends on mutual respect—between and among colleagues
and patients. This includes respecting each other’s customs,
culture and religious beliefs. Fundamental as well is support
from local government, religious leaders, civil society and sup-
port groups, police and the armed forces. The Italian army
proved vital during our collaboration, resolving complex logisti-
cal problems quickly.

Once they got to know us and our work ethic, | think our Italian
counterparts learned from us as well. Our humane and affection-
ate manner with patients and our diagnostic capabilities—using
our skills and whatever tools are available—are things Cuban
doctors are known for. But it wasn’t only our clinical methods and
economic use of resources—it was also our adaptability to new,
advanced technologies that they came to value.

MEDICC Review: And the local population, the patients? How
did they respond to your presence and work?

Carlos R. Pérez: The care and affection we showed our
patients was reciprocated by them and their families. We were
shown tremendous hospitality and after a few weeks, Cuban
flags and banners with messages of gratitude for our coopera-
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tion began appearing on balconies throughout Crema. Solidar-
ity abounded and it was inspiring to see all these messages of
hope, a ray of light in this very dark time, with so many people

dying.

MEDICC Review: Indeed, this pandemic has filled the world
with so much pain and loss. How did you and the team con-
front this—especially given the risky work you were doing
and the possibility of getting infected yourselves?

Carlos R. Pérez: To be honest, it was Dantesque, especially
at the beginning. The fear of infection and death was always
there and the context in which we were working was difficult,
to say the least. All of us were thinking of our families, our chil-
dren and the possibility that we might not return...But we knew
the best way to overcome this fear was through discipline, by
adhering strictly to biosafety protocols and maintaining a posi-
tive attitude—individually and collectively. Before leaving Cuba,
we were conscious of the commitment we were making and
that it wouldn’t be an easy undertaking. Every day before head-
ing to the hospital, we reminded ourselves of this commitment,
underscoring the importance of observing all biosafety mea-
sures—even though they were a pain. Persistence and deter-
mination became our mantra.

It helped that we were in constant contact with our families.
This kept our spirits up and allowed us to face each day with
the good humor for which Cubans are known. It's ingrained in
us—you could say it's in our blood—and accompanies us wher-
ever we go.

MEDICC Review: How about results? What would you con-
sider the main outcomes of your work in Lombardy?

Carlos R. Pérez: Our 60-day rotation was intense, and virtually
all of it in red zones, with highly complex patients. The bulk of the
work was conducting consultations (5526), and performing nurs-
ing procedures (3676). Members of our team also worked in the
coronary ICU attending critical patients, where we carried out 228
interventions. In the internal medicine department, we attended
1800 serious patients, and in the pulmonology department, we
managed another 854 serious patients. Our records show that
219 seriously ill patients in our care were saved, while 10 lost their
lives to the disease.

Beyond the statistics, the experience itself was an important
result—reinforcing our biosafety knowledge on control and man-
agement of serious epidemics in a field hospital is an invaluable
takeaway; this will serve us well in future collaborations, wherever
they may take us.

https://doi.org/10.37757/MR2021.V23.N1.2

Cuba’s Henry Reeve Medical Contingent was awarded
the Dr Lee Jong-wook Memorial Prize for Public Health by
WHO in 2017. The Contingent has been nominated for the
2021 Nobel Peace Prize.

MEDICC Review: Given the high-risk work you were doing,
what steps were taken to protect you, your families and the
local community when you returned from Italy?

Carlos R. Pérez: Upon returning, the entire team underwent a
ten-day quarantine in La Pradera (located in Havana, La Pradera
is an international health facility offering a variety of specialized
medical and health services; a wing was equipped as a quar-
antine center for the Henry Reeve team, Eds). Once there, we
continued observing strict national COVID-19 protocols and were
each tested by RT-PCR; on the ninth day of quarantine the test
was repeated. The entire team tested negative for COVID-19 in
the first and second tests. Each member also received immuno-
globulin antibody tests (both IgG and IgM) to determine whether
we had been exposed to the virus at any point, all of us testing
negative again. After these results were in, we received the okay
to return to our homes and communities—again, following the pro-
tocols established nationally for COVID-19 control.

MEDICC Review: Have this and other postings made a differ-
ence in your work back in Cuba?

Carlos R. Pérez: These experiences are enriching both profes-
sionally and personally. Helping save lives, far from home, makes
you look at life differently. Of course, we gain knowledge—medi-
cal, scientific, cultural—working with colleagues from around the
world. But international postings go beyond that, helping us broad-
en our horizons and develop into more well-rounded individuals
and doctors, as we interact with patients and families from differ-
ing backgrounds, social classes, belief systems and languages.

MEDICC Review: Would you do it again? Volunteer overseas?

Carlos R. Pérez: Absolutely. Saving lives and helping mitigate the
impact of natural disasters or epidemics is something | will always
be ready to do—no matter where in the world. The indelible les-
sons and experiences, especially the gratitude shown us by our
patients, their families and the local population, are the greatest
reward imaginable. M-
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Cuban Prophylactic and Therapeutic Vaccines

for Controlling Hepatitis B

Eduardo Pentdn-Arias MD PhD and Julio C. Aguilar-Rubido PhD

ABSTRACT

Hepatitis B causes liver failure, cirrhosis and cancer. It has an estimated
global prevalence of 6%, and 700,000 to 1 million persons die every year
of hepatitis B-related causes. In 1989, hepatitis B incidence in Cuba was
14.9 per 100,000 population. To control infection, the Genetic Engineer-
ing and Biotechnology Center and the Ministry of Public Health, both in
Havana, collaborated on a joint project that first produced natural interfer-
on and recombinant interferon alpha-2b, and later a polyethylene glycol-
conjugated interferon. As part of the Cuban biotechnology development
strategy, the project produced a vaccine against hepatitis B in 1985. At
that time, hepatitis B vaccines available elsewhere in the world were
costly and inaccessible to Cubans due to the US economic and trade
embargo. The Heberbiovac HB preventive vaccine was approved by the
Cuban regulatory authority and added to the Cuban newborn vaccination
program in 1992 after phase 1-3 clinical trials demonstrated its safety
and immunogenicity. From 2001 to 2003, PAHO/WHO qualified and
requalified the vaccine four times. When associated with other antigens
or molecules, Heberbiovac HB provides a common platform of virus-like
particles that can be used in different ways, such as in the pentavalent
vaccine containing Bordetella pertussis and Haemophilus influenzae type
b antigens and tetanus and diptheria toxoids.

INTRODUCTION

This paper discusses the Cuban preventive recombinant vaccine
for hepatitis B (HB), Heberbiovac HB, which eliminated acute
hepatitis B (AHB) from among the nation’s health problems. We
also discuss a new version, which contains two antigens (rHB-
sAg/rHBCcAQ). This version is the precursor to a therapeutic vac-
cine, HeberNasvac, now supported by four published clinical trials
completed in Cuba and Bangladesh.[1-4]

The hepatitis B virus (HBV) causes acute and chronic hepatitis,
as well as liver failure, cirrhosis and cancer. Global HB prevalence
is estimated at 6%. Every year, more than 4 million persons are
infected, and 700,000 to 1 million die. There are reportedly >350
million HBV carriers worldwide, of whom approximately 25% are
expected to die of chronic liver disease, cirrhosis or primary hepa-
tocellular carcinoma. In its 2017 Global Hepatitis Report, WHO
set a goal to eradicate hepatitis B and C by 2030.[5]

In 1989, HB incidence in Cuba was 14.9 per 100,000 popula-
tion, and prevalence of chronic hepatitis was 1%-5%, according
to research on infection detection. Chronically infected patients
become reservoirs for virus spread, and it is estimated that at

IMPORTANCE
This article summarizes 30 years of work by Cuba’s
Genetic Engineering and Biotechnology Center (CIGB) in
controlling hepatitis B, the impact of its recombinant pre-
ventive vaccine and promising results for a related thera-
peutic vaccine.

Thanks to this vaccine, annual incidence of acute hepatitis in Cuba
has dropped from more than 2000 cases to fewer than 100, and
no infections in children aged 0-15 years have been reported since
2007. It is now used in more than 30 countries, providing protec-
tive, long-lasting antibody levels with no reports of serious adverse
events.

Yet, hepatitis B cannot be eliminated until there are no chronic
patients. The comprehensive hepatitis B control project therefore
included development of a therapeutic vaccine based on Heberbiovac
HB. Using its platform, researchers designed an innovative version
of the vaccine that was the precursor of a therapeutic nasal/subcuta-
neous vaccine for chronic hepatitis B, HeberNasvac. This precursor
vaccine, which combines Heberbiovac HB with a recombinant antigen
from the virus nucleocapsid (rHBcAg), was patented and licensed in
2015 by the Cuban regulatory authority. This article provides an over-
view of the progress-to-date on the development of this therapeutic
vaccine, including clinical trials (some completed and others ongoing)
to determine safety, efficacy and therapeutic benefits.

KEYWORDS Hepatitis B, vaccines, recombinant DNA, clinical trials,
Cuba

least 10% of new infections become chronic.[6] In the 1980s,
HB vaccines were costly (US$239 per dose),[7] and the only one
was manufactured in the United States, thus off limits to Cuban
patients due to the US embargo on Cuba. Thus, as part of its
domestic biotechnology development strategy, in 1985, Cuba
conducted clinical trials to evaluate the safety, immunogenicity
and efficacy of its own prophylactic vaccine (PV) which was then
licensed and included in the Cuban vaccination program.[7]

Using prophylactic vaccination, Cuba has reduced HB morbidity
and mortality by more than 95% since 2003,[8] but control and
elimination cannot be achieved until there are no more patients
with chronic HB (CHB). Cuba has therefore designed and pro-
duced a therapeutic vaccine (TV), HeberNasvac, for CHB.

The scientific community has received limited reports on the
results of Cuba’s development and use of preventive recombinant
vaccines for HB, especially on the impact of preventing infection
through universal prophylactic vaccination of newborns. This infor-
mation is important for countries with limited resources because
the immunogen used in the prophylactic vaccine, the HBV surface
antigen obtained using recombinant DNA technology (rHBsAQ), is
autochthonous. The PV’s rHBsAg is also a component of the TV,
which gives the TV the safety and effectiveness demonstrated in
prophylactic vaccination over the last 28 years in Cuba and more
than 30 countries, with no reports of serious adverse events fol-
lowing immunization (AEFI).[9]

Any biopharmaceutical to be used in the Cuban health system
must prove that it can solve or ameliorate a major health problem,
and its development and production must be financially self-sus-
taining.[10] It must also meet the needs of the domestic market
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and create exportable surplus to support continued research and
development, as well as the health system, a “closed loop.”

Preventive strategies, such as vaccines for HB and therapies to
cure or improve CHB, aim at disease eradication, butimmunother-
apies such as interferon (IFN), monoclonal antibodies and thera-
peutic vaccines have received special attention because they
link different generations of biotech products. While the Cuban
PV has been shown effective in decreasing HB incidence and
mortality, like other countries, Cuba has not been able to reduce
prevalence of chronic infection due to poor results from conven-
tional treatments. Therefore, as part of its HB control project and
biotechnology development strategy, Cuba decided to develop a
TV that would stimulate the immune system to eliminate the virus
in CHB patients.

Our main purpose is not to describe clinical trials of the recombi-
nant PV and TV before their approval, but rather the principles,
properties and development of these vaccines. This brief survey
of TV clinical trials may also indicate how these vaccines perform
in different scenarios, since the TV contains the PV’s main com-
ponent. The PV Heberbiovac HB was licensed 30 years ago and
has been used in Cuba and abroad, but what is most impressive
is its impact during decades of use in Cuba and elsewhere. The
results show that it has controlled and eliminated HBV in Cuban
children aged 0-15, with no major adverse effects and only mild
transient effects.[7]

DISCUSSION

Characteristics and composition of hepatitis B vaccines The
Cuban PV and TV for hepatitis B were designed and produced at
the Genetic Engineering and Biotechnology Center (CIGB). The
Cuban recombinant PV for hepatitis B was licensed as Heberbio-
vac HB in Cuba in 1990,[11] and by PAHO/WHO in 2003.[7] Each
1 mL dose of PV for intramuscular administration contains 20 ug
of the hepatitis B surface antigen “s” produced using recombi-
nant DNA technology (rHBsAgQ) in AI** hydroxide, sodium chloride
(NaCl), sodium phosphate dibasic anhydrous or sodium phos-
phate monobasic dihydrate, and 0.05 mg of thiomersal.[11]

Heberbiovac HB differs from similar vaccines on the global mar-
ket in three main ways:

1) The recombinant antigen is obtained in a strain of Picchia
pastoris yeast transformed by genomic DNA insertion that codes
rHBsAg expression, while other vaccines are usually derived from
plasmid constructions expressed in Saccharomyces cerevisiae.

2) The process, which involves original chromatographic purifica-
tion using adsorption and desorption in diatomaceous earth, and
industrial columns with immunoaffinity with a suitable, specific
and selective monoclonal antibody developed at CIGB, preserves
the molecular integrity of the rHBsAgQ.[12,13]

3) As a result of this process, rHBsAg is obtained as virus-like
particles (VLPs) that form aggregates. Within these, a wide
variety of epitopes are protected from proteolysis and form high-
immunogenicity clusters that preserve antigen diversity, thus
favoring a multispecific immune response.

Heberbiovac HB provides a common platform of VLPs with differ-
ent use options, such as the pentavalent vaccine, included in the

Cuban immunization program after licensing in 2006,[14] which
includes antigens for HBV, Bordetella pertussis, and Haemophi-
lus influenzae type b, as well as tetanus and diphtheria toxoids.
But the newest example is the HeberNasvac nasal/subcutaneous
therapeutic HBC vaccine, which integrates Heberbiovac HB with
the recombinant HBV nucleocapsid antigen (rHBcAQ).

The TV formulation licensed as HeberNasvac [15] contains
two recombinant HBV antigens, and is a mixture of equal
parts of rHBsAg produced in P. pastoris with recombinant HBV
nucleocapsid antigen (rHBcAQ) produced in Escherichia coli. Each
1 mL dose for intranasal (IN) or subcutaneous (SC) administration
contains 100 mg rHBsAg + 100 mg rHBcAg, suspended in a
solution of disodium hydrogen phosphate, disodium phosphate
dihydrate, ethylene-diamine-tetra-acetic acid (EDTA) disodium
salt, NaCl and water for injection, without adjuvant.[15] Like
Heberbiovac HB, it can provide a common immune-potentiating
platform for other antigens.[16,17]

Heberbiovac HB prophylactic vaccine CIGB and the Ministry of
Public Health (MINSAP) developed an HBV control program for
hospitals and community polyclinics to test and administer natu-
ral, recombinant and polyethylene glycol-conjugated IFN (PEG-
IFN), as well as the Heberbiovac HB vaccine.

Phase 1, 2 and 3 clinical trials with a 20 yg/mL dose of Heberbio-
vac HB in adults, children and newborns demonstrated its safety,
immunogenicity and protective efficacy. The national regulatory
authority, the Center for State Control of Medicines and Medical
Devices (CECMED), supervised and approved clinical trials per-
formed from 1989 to 1991.[7] This entity licensed the PV[11] and
authorized its use in the Cuban immunization program starting
in 1992, with a first dose at birth for all newborns and in groups
considered at high risk for HBV.[8] Vaccination was organized
by MINSAP in collaboration with CIGB, under the supervision of
CECMED.

The Cuban vaccine controlled transmission of HBV in vaccinated
groups and reduced the annual HBV infection rate in the general
population from more than 2000 to fewer than 100 per year (Figure
1). By 2006, HBV incidence had been reduced by 99% compared
to the 1992 rate, before universal vaccination of newborns. Since
2007, no cases of AHB have been reported in children from birth to

Figure 1: Annual acute Hepatitis B cases in children and the general
population, Cuba 1992-2018
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age 15 years.[6] HBV vaccination coverage has been maintained
above 98% since 1994.[6,7] This broad coverage, along with the
vaccine’s immunogenicity, explains the decreased incidence of
AHB and the absence of new cases in persons aged <15 years.

A study published in 2006 reported a perinatal transmission of
3.8% in children of seropositive mothers (HBsAg+), proving that
the vaccine protects infants born to HbsAg+ mothers, since these
children are at high risk of infection.[18]

Since 1992, 80 postmarketing clinical trials of the PV have been
conducted in Cuba and other countries in more than 35,000
patients, both adults and children. These trials confirmed its
safety, immunogenicity and protective efficacy.[7] Three phase 4
studies conducted in Cuba in infants aged under one year under
routine use conditions demonstrated safety similar to that in phase
1-3 clinical trials, and the vaccine’s ability to provoke a protective
response against HBV in children aged less than five years. This
was a long-term response showing antibody titers above 10 IU/L
(protective) 5 years after vaccination in 95.4% of children.[19]

Additional postmarketing studies involving adult and childhood
vaccination were performed in 35 countries on 3 continents. Mild
local AEFIs were reported. At 75 days post-vaccination, sero-
conversion with seroprotection (anti-HB concentrations above
10 1U/L) was reported in 92% of adults and 100% of children. At
two years, the studies confirmed that 100% of those vaccinated
had protective antibody levels.[20] Based on the duration results
obtained in different studies and the estimated 3-year half-life of
anti-HBs, it was predicted that protective antibody levels would
still be present at 15 years post-vaccination.[21]

Despite reduced HB incidence in Cuba and the fact that no AHB
cases in children aged 0-15 years have been reported since
2007, MINSAP continues monitoring children born to HBsAg+
mothers after Heberbiovac HB became part of the national vac-
cination schedule, because a possibility of hidden infection exists
even in the presence of antibodies against the vaccine antigen.
A study published in 2016 reported that 2.1% of children aged 7
months to 5 years, born from 2002 to 2012, had hidden HB infec-
tion with positive viral DNA, although they had developed antibod-
ies in response to vaccination.[22] However, later studies found
high protection levels in children of seropositive mothers (93.8%)
when they were studied from age 3 to 18 years, and only 1 of 32
children showed hidden infection.[23]

WHO first accepted Heberbiovac HB in 2001 and certified it for
compliance with its good manufacturing practices guidelines,[7]
thus ensuring that exportable surplus product could be marketed
within a closed-loop system.

Immunopathology and immunotherapy in chronic hepatitis B
In those who recover from a primary HBV infection (produced by
a noncytopathic but immunopathogenic virus) is associated with
a strong polyclonal, multispecific and cytotoxic T-cell response
against viral nucleocapsid (core) proteins, viral polymerase and
the viral envelope antigen.[24,25] However, in patients who devel-
op a persistent necroinflammatory infection, these cell responses
are weak or even undetectable. Thus, the predominant immu-
notherapy trend for CHB is to promote activation and expansion
of a sustained, effective antiviral T-cell immune response. The
purpose of the HeberNasvac TV for CHB was to improve the

responses elicited by other TV candidates, which failed to resolve
the infection.

To eradicate HBV, it must be eliminated in chronic patients, who
are disease reservoirs. Various CHB therapies are being explored,
which has turned it into a “proving ground” where only IFNs,
nucleoside or nucleotide analogues, anti-HB intravenous immu-
noglobulin, and liver and bone marrow transplants have met US
Food and Drug Administration (FDA) requirements and received
approval. However, transplants are used only when HBV coexists
with other diseases for which transplant is indicated, such as ter-
minal liver failure, leukemias and lymphomas.[26]

Antiviral therapies reported effective in treating CHB include inter-
feron alpha (IFN-alpha) and PEG-IFN, of which CIGB produces
a biosimilar,[27] and nucleoside or nucleotide analogues (NAS).
IFN-alpha achieves 10%—-20% sustained viral suppression 24—-48
weeks post-treatment, and PEG-IFN shows 30% effectiveness.
[28,29] PEG-IFN has antiviral and immunomodulatory properties,
but limited effectiveness because it does not clear infected cells,
fails to fully inhibit viral replication since it leaves remaining pock-
ets of virus, and does not effectively reverse weak antiviral T-cell
response. NAs are highly effective in controlling HBV and work by
inhibiting viral reverse transcriptase,[29] but require lengthy treat-
ment and cause major adverse events (AEs), thereby reducing
expected benefits in clinical practice. Although alternative treat-
ments with simple preparations of IFN or PEG-IFN are given for
limited periods, they usually cause AEs that sometimes reduce
treatment compliance.[30]

Since HB can be eradicated only by preventing new cases and
curing chronic patients, in addition to manufacturing the PV and
TV, Cuba’s strategy for controlling and eradicating HB through
prophylactic and therapeutic vaccination was based on develop-
ing technologies that allowed it to:

1) Produce and purify polyclonal antibodies against viral antigens.
2) Obtain HBs monoclonal antibodies (McA) to purify rHBsAg and
develop analytical and diagnostic methods.

3) Standardize and validate qualitative and quantitative ELISA for
viral antigens (HBsAg, anti-HBs, HBcAg, anti-HBc).

4) Develop methods for quantitative determination of viral load
(VL) by polymerase chain reaction (QPCR) for HBV DNA. To treat
CHB, the natural IFN, recombinant IFN and PEG-IFN therapeutic
biomolecules were produced. PEG-IFN prolongs IFN activity by
extending its half-life in blood and improving its effectiveness.

Therapeutic vaccine Although no TV in the world has been
approved for clinical use, TVs have gained ground among prod-
ucts proposed for treating CHB in an attempt to eradicate the
disease.[21] Cuba has produced the HeberNasvac vaccine can-
didate, and its safety and efficacy shown in clinical trials reveal its
potential to treat patients with chronic disease. This vaccine has
been patented[31-33] and was registered in Cuba in 2015.[15]

Its efficacy seems to be related to the presence of trace amounts
of nucleic acids from E. coli bound to the C-terminal region of the
rHBcAg molecule. According to mass spectrometry studies, these
nucleic acids make up a nucleoprotein within the VLP that could
contribute to the strong immunogenicity of rHBcAg, as well as its
adjuvant effect on rHBsAg,[34] which has been proven for other
antigens.[16,17]
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This TV's first clinical trials in Cuba involved healthy volunteers
and a small number of patients with CHB, and other trials were
conducted in Bangladesh (ClinicalTrials.gov NCT 01374308). All
were completed and their results published.[1-4] Additional tri-
als are now underway (in Japan and Bangladesh) or in the plan-
ning and design stage in other countries. If new trials confirm the
results of completed and published studies, HeberNasvac could
be recognized as the first effective TV for chronic HBV that con-
tains two antigens originating from the virus. Insertion of rHBsAg
into a TV formulation is also being used as an immune-stimulating
carrier and modulator of a synthetic HIV antigen in a TV candidate
for treating HIV[16,17] now being used in a clinical trial.

Previous attempts used TVs based solely on rHBsAg that con-
tained potent adjuvants, but failed to control viral replication,
although they did show some ability to subvert tolerance to the
viral antigen.[25] This effect was attributed to the lack of response
against HBcAg, an important CHB immune marker[35] and to the
fact that adoptive transfer of HBcAg-specific T-cells controls HBV
and induces anti-HBs seroconversion.[36] This evidence sug-
gested that HBcAg could be used as an immunogen along with
rHBsAg to increase the number and variety of epitopes required
for an effective antiviral response.[37]

Preclinical experiments in animal models of CHB, including
HBV and HBsAg transgenic mice, have demonstrated the
immunogenicity of intranasal and subcutaneous HeberNas-
vac. Pharmacologic, preclinical and toxicologic animal studies
have confirmed its safety and efficacy, including experiments
with DNA, Dane particles, HBsAg and HBeAg. These studies
showed that HBsAg tolerance ended, and strong humoral and
cell responses against HBsAg and HBcAg began, with a pre-
dominantly T helper cell 1 (Th1l) immune response. The studies
also demonstrated the vaccine’s immunogenicity and its ability
to induce a response in mucosal and systemic compartments.
[38—43] Acute toxicity, repeat-dose and safety studies using
intranasal and subcutaneous inoculation showed no local or
systemic toxic or adverse effects, or macro- or microscopic
changes in organs.[44,45]

HeberNasvac can be given as a preventive vaccine in populations
with little or no response to conventional prophylactic vaccines, and
to healthy persons at risk for HBV. It has shown greater effectiveness
and/or fewer AEFIs compared to other treatments. The standard of
care for CHB includes antiviral treatments that effectively suppress
the chronic virus but require lifelong antiviral treatment.[46]

HeberNasvac is the first product with activity against CHB that
contains both surface antigens (HBsAg) and nucleocapsid anti-
gens (HBcAQ) in the form of VLPs, that can be administered intra-
venously and/or subcutaneously. Figure 2 outlines the general
schedule for patients with CHB (HBsAg+ for 26 months).

Clinical trials with HeberNasvac in healthy volunteers and
CHB patients The phase 1 (two trials), phase 1/2 and phase 3
trials were conducted in Cuba, in the Abel Santamaria Cuadrado
Provincial Clinical-Surgical Hospital in Pinar del Rio Province,
Cuba, and in the Bangabandhu Sheikh Mujib Medical University
and Farabi Hospitals in Dhaka, Bangladesh, in strict compliance
with Good Clinical Practice guidelines, and following the Declara-
tion of Helsinki[47] with certification by CECMED.

Figure 2: HeberNasvac immunization and followup schedules
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After receiving a detailed explanation of the study’s risks and
benefits, each participant provided written consent. Investigators
selected laboratory methods according to principles of maximum
possible benefits and minimal possible harm, following good lab-
oratory practices. Each of these clinical trials received approval
from the relevant institutional ethics committee and was complet-
ed and published.[1-4]

Phase 1 clinical trial in healthy persons A phase 1 (code: IG/VHN/
HB/0201) placebo-controlled, randomized, double-blind trial was
conducted in 19 healthy adults (9 vaccinated and 10 who received
placebo) to evaluate the preliminary safety and immunogenicity of
intranasal immunization with HeberNasvac, following a schedule
of 5 doses containing 50 ug of each antigen per dose (0.5 mL), at
14-day intervals.[1]

In this trial, HeberNasvac showed a safety profile comparable to
that of the saline solution used as placebo (Table 1).

The vaccine showed high safety and minimal reactogenicity.
There were no unexpected or serious AEFIs, and no volunteers
left the study due to them. Basic hematology and clinical chemistry
parameters showed no abnormalities. The AEFIs noted were mild
and few; local AEFIs most often seen were sneezing, rhinorrhea,
nasal obstruction and laryngeal itching, all occurring in <35% of
patients. Among systemic AEFIs, most common were headache
and general malaise, both in <10% of cases.

This clinical trial demonstrated the immunogenicity of HeberNas-
vac, since 100% of vaccinated subjects responded to HBcAg with
anti-HBc titers >1:10. A high percentage of subjects generated an
anti-HBs protective response (concentrations =10 IU/L), and of
these, more than half were good responders (anti-HBs =100 IU/L).
The volunteers in the placebo group remained negative for both
antibodies throughout the study.

The licensed therapeutic HBV vaccines produce a seroprotective
response of up to 20% after the first dose and 71% one month
after the second dose in healthy young adults.[48,49] These were
encouraging results, considering that these were the first humans
immunized intranasally with HBsAg, and that the TV was not yet
optimized for dose and vaccination schedules. Subsequent stud-
ies focused on testing higher concentrations of the antigen by
dose and number of inoculations.

Phase 1 clinical trial in CHB patients A phase 1 clinical trial
evaluated the safety of an active immunotherapy schedule with
HeberNasvac administered intranasally in six patients with CHB
refractory to treatment with recombinant interferon alfa-2b, the
standard of antiviral care for CHB in Cuba. Average patient age
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Table 1: Summary of clinical trials to evaluate HeberNasvac

Phase 1 CT in healthy Phase 2 CT in CHB Phase 2/3 CT in CHB Phase 3 CT in CHB
volunteers[1] patients[2] patients[3] patients[4]

Design

Objective

General
demographics

Treatment, schedule,
routes and dose

Main results with
focus on safety

Placebo-controlled,
randomized, double-blind trial

Preliminary safety and
inmunogenicity

N = 19, healthy volunteers
Healthy young men (18-45
years)

9 with TV and 10 with
placebo

0,1, 2, 4, 6 weeks
IN (50 pg/Ag/dose)
vs placebo, same schedule

Demonstrated safety and
immunogenicity when given
via IN route, 100% anti-
HBCcAg response and sero-
protection in 77.7% (7/9) of
immunized patients

Open single-arm trial

Preliminary safety and
immunogenicity

N = 6, 18-65 years, failed
alfa-2b IFN treatment

3 HBeAg+

3 HBeAg-

0,2,4,6,8,10, 12, 14, 16,
18 weeks
IN (100 pg/Ag/dose)

Demonstrated safety

in CHB patients and

initial evidence of antiviral
response in 2 of 3 patients
with HBeAg+. Long-term
followup of viral load
detected virus in 1 of 6
subjects in last followup
blood draw. Generalized
normalization of transami-
nases.

Open two-arm trial

Safety and immunogenicity

N = 20, 19-65 years, no
prior treatment.

13 HBeAg+

7 HBeAg—

2 cycles

1st: 0, 2, 4, 6, 8 weeks
IN (100 pg/Ag/dose+100
Mg HBCAQ)

2nd: 12, 14, 16, 18, 20
weeks

IN (100 pg/Ag/dose+100
Hg HBCAQ)

SC (100 pg/Ag/dose)

Demonstrated safety and
immunogenicity based

on in vitro detection of
proinflammatory cytokines.
Evidence of efficacy, such
as decreased viral load in
most patients; 50% had
undetectable levels at end
of followup. Sustained
antiviral response and
generalized normalization
of transaminases.

Open, randomized, two-arm trial
with control treatment (PEG-IFN)

Efficacy, inmunogenicity and
safety

N =160, 18-65 years, >80%
without prior treatment

~80% HBeAg-—

80 with TV and 80 with PEG-IFN

2 cycles

1st: 0, 2, 4, 6, 8 weeks

IN (100 ug/Ag/dose+100 ug
HBCcAgQ)

2nd: 12, 14, 16, 18, 20 weeks
IN (100 ug/Ag/dose+100 ug
HBcAg+100 pg HBcAQ)

SC (100 pg/Ag/dose)

vs PEG-IFN 48 weeks

Fewer adverse events related

to HeberNasvac compared to
PEG-IFN.

Similar antiviral efficacy during
treatment. Sustained response
of HeberNasvac favored signifi-
cantly superior antiviral effect at
24 and 48 weeks post-treatment.
Generalized normalization of
transaminases observed.

CHB: Chronic hepatitis B CT: Clinical trial  IN: Intranasal

PEG-IFN: Polyethylene glycol-conjugated interferon ~ SC: Subcutaneous

was 43 years, and average time since diagnosis was 13.5 years
(Table 1). All were serum HBsAg+ for more than six months and
had transaminase levels (ALAT and/or ASAT) above the upper
limit of normal, detected at least once within six months prior to
trial inclusion.

Subjects received ten 100 ug doses of HeberNasvac (1 mL) intra-
nasally every two weeks (Table 1), using a nasal actuator (VP7D,
Valois, France) calibrated to release 125 pL of the formula with
each plunger depression. The vaccine was safe, showed low
reactogenicity, and was well tolerated by all patients. The vac-
cination did not cause liver, kidney or bone marrow dysfunction.
These patients had documented histories of over 12 years with
CHB that had been refractory or not fully responsive to IFN-alpha
for 10 years, and had various comorbidities (alcohol consumption
and advanced age).

HBsAg became undetectable in 1 of 6 patients, and 2 of 6 sero-
converted to anti-HBs, one in week 24, with no reversion after
5 years of followup (Figure 3). Alanine aminotransferase (ALAT)
elevations were transient, and no patients developed cirrho-
sis during followup, which suggests that ALAT elevations were
benign.[2] Results of vibration-controlled transient elastography
(FibroScan, Echosens, France) showed slow progression and low
fibrosis levels.

HBeAg: Marker of an actively replicating hepatitis B virus infection
TV: Therapeutic vaccine

The improvementin virologic and serologic variables associated
with HBV and mild fibrosis after five years of followup suggest
that in addition to the therapeutic benefits of the TV, it may
protect the liver. With regard to clinical practice guidelines
for HB infection,[46] none of the patients required additional
treatment.

HeberNasvac produced no serious AEFIs. There were no deaths,
or any onset of chronic disease during followup (52 weeks). Most
AEFIs noted were mild and resolved without medical intervention.
The most common AEFIs (more than 10% of total) were: sneez-
ing, general malaise, headache and asthenia. Other local AEFIs
were noted, such as nasal secretions, mild localized burning sen-
sation at the inoculation site, and nasal pruritus. After completion
of the study, which demonstrated safety and an antiviral effect,
SC administration was adopted to complement IN, for improved
clinical benefits.[2]

Phase 1/2 clinical trial in previously untreated CHB HeberNasvac
was evaluated in a 2009 phase 1/2 clinical trial in 20 treatment-
naive patients with an average age of 28 years residing in Dha-
ka, Bangladesh (Table 1). All had HBsAg+ lasting more than 6
months, detectable viral load, (21000 copies of HBV DNA/mL),
and elevated transaminases within 6 months of inclusion. Patients
with HBeAg+ and HBeAg- were included.
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Figure 3: Copies of HBV DNA and concentration of HBsAg (qHBsAQ) in sera of 6 patients 5 years after HeberNasvac administration

The results of the serological tests are shown below each graph for each patient (patients 1 to 6). The time frame of ALAT elevations are represented by a pink shaded bar.
Figure taken from ref [2]; with publisher’s permission. HBV DNA: Hepatitis B virus DNA
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The TV was given intranasally in the first 5-dose treatment cycle
(each 1 mL dose contained 100 ug HBsAg + 100 ug HBCAQ); in the
second cycle, the 5 doses were given intranasally and subcutane-
ously at the same time. The study measured virologic response
using quantitative PCR (250 copies/mL detection limit) after 5 and
10 doses. After 48 weeks, a high percentage of patients who were
HBeAg- had eliminated HBV, and ALAT normalized in all patients.
Of those who joined the study with HBeAg+, six cleared the virus
from circulation, eight seroconverted to anti-HBe (HBeAg became
negative and antibodies against it appeared), and ALAT levels
became normal for sustained periods.

That viral load reduction was maintained during followup is of
interest because in a high percentage of patients treated with cur-
rent antivirals, the virus reappears once treatment ends. SC and
IN administration of HeberNasvac was safe and well tolerated
in all subjects. No serious or moderate AEFIs were recorded. All
AEFIs noted during the second treatment cycle were associated
with SC administration; 100% of these were mild, including pain at
injection site (27.8%), fever (22.2%) and general malaise (11.1%).

Because the vaccine was given both IN and SC in this clinical trial,
it provided the first safety and efficacy profiles of the HeberNasvac
regimen for both routes. Vaccination with rHBs/rHBcAg via both
routes induced production of proinflammatory cytokines and activa-
tion of antigen-presenting dendritic cells in the peripheral blood of
CHB patients and demonstrated the TV’s immunomodulatory effect
after the first five intranasal doses.[3]

The investigators in this trial recommended that HeberNasvac
manufacturers use the regimen in a phase 3 clinical trial to assess
effectiveness and offer a more in-depth perspective on its safety
and efficacy.

Phase 3 clinical trial in untreated CHB patients This phase 3 trial
was conducted in Bangladesh and was approved by the ethics
committees of the participating hospitals and the Bangladesh
General Office of Medication Administration. It was registered
on ClinicalTrials.gov (NCT01374308). This trial used the same
schedule and dose as the phase 1/2 trial and compared TV to
PEG-IFN treatment (Table 1). General results indicate that over
the short and long term, HeberNasvac was safer than PEG-IFN
as an immunotherapy agent in CHB patients. In patients treated
with PEG-IFN, AEs were significantly more common, intense, pro-
longed and associated with the treatment, mostly consisting of
fever, weakness, headache and localized pain.[11]

During the trial, investigators detected transient ALAT elevations
twice the upper limit of normal in week 12 after 5 nasal vaccina-
tions. This was seen in a higher percentage of patients treated
with HeberNasvac than in patients who received PEG-IFN, and
occurred regardless of patient HBeAG status, sex, age, or ini-
tial viral load. As was seen in the phase 1 trial in CHB patients,
ALAT elevations were transient in the group receiving HeberNas-
vac. In every case, they occurred in week 12, and were 5 to 10
times greater than the upper limit of normal.[4] ALAT increases
in patients treated with PEG-IFN had a similar range of intensity
(up to 300 U/L) but occurred in fewer patients and not in week 12.

Increased ALAT levels in nearly all patients receiving HeberNas-
vac suggests that these were the result of beneficial immune acti-
vation to eliminate the virus after five IN doses, and that this route

supports HeberNasvac’s mechanism of action. Results in a model
of HBV transgenic mice showed that the IN (not parenteral) route
was associated with a higher proportion of multifunctional T CD4+
cells that migrated to the liver. CD8+ cells were present in lower
proportions.[38]

At end of treatment, the antiviral effect was similar in both groups,
but HeberNasvac showed better sustained control of HBV DNA
during followup. At 24 weeks post-treatment, a higher proportion
of HBV DNA (<250 copies/mL) had been cleared in subjects who
received HeberNasvac than in those who received PEG-IFN. This
was seen as lower levels of viral DNA. Patients treated with Heber-
Nasvac had less progression in their hepatic fibrosis. Compared to
patients who received PEG-IFN, HBeAg disappeared in a higher
proportion of patients treated with HeberNasvac, and more patients
treated with HeberNasvac seroconverted to anti-HBe.

The hypothesis of this trial was tested at 24 weeks post-treatment.
Intention-to-treat analysis showed a significantly higher propor-
tion of patients with a viral load <250 copies/mL (HBV DNA unde-
tectable) in the group immunized with HeberNasvac. Protocol
analysis showed a similar difference. A rebound in viremia, more
pronounced in the PEG-IFN group, occurred after treatment, with
a significant reduction in the proportion of patients with controlled
viral load (<250 copies/mL) at 24 week followup compared to end
of treatment.[4]

The results for the Cuban PV and TV discussed here show their
impact on prevention of acute hepatitis in different age groups
and on treatment of chronic forms of the disease. For the TV,
better results will depend on the antigens selected or designed
for formulations, adjuvant adsorption strategies, the most useful
immunization route and possible receptors, for which appropriate
biomarkers must be selected. Other studies are also needed to
confirm the relevance of mucosal immunization and its mecha-
nisms of action in the field of therapeutic vaccination.

The marketing registration granted to HeberNasvac in Cuba and
the first international collaboration using this TV in Japan and
other Asian countries[50,51] are encouraging signs for patients
with CHB. To find a permanent cure and eradicate HB, however,
we will need strategies that combine TV with conventional thera-
pies and others still being tested, since single treatments have
not succeeded thus far in eliminating the virus and curing chronic
patients.

CONCLUSIONS

Acute hepatitis B has ceased to be a health problem in Cuba
after universal vaccination of newborns with the Cuban prophy-
lactic vaccine Heberbiovac HB. Because Cuba has systematically
administered the vaccine in a broad-ranging national program, it
has maintained low annual incidence in the general population,
and no cases have been reported in children since 2007. Com-
pared to PEG-IFN, therapeutic vaccination with HeberNasvac
via both routes has fewer adverse events, reduces long-term
viral load without reversion in a higher proportion of patients, and
decreases transaminase and rigidity values. Transient ALAT ele-
vations are associated with immune activation, not development
of hepatic fibrosis. HeberNasvac is a safe alternative as mono-
therapy for short-term treatment of CHB. The HeberNasvac TV is
a practical example of biotech product innovation in Cuba. M-
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Hypoxic Ischemic Encephalopathy in Units Reporting
to the Ibero-American Society of Neonatology Network:

Prevalence and Mortality

Fernando Dominguez-Dieppa MD PhD, Marcelo Cardetti MD, Susana Rodriguez MD, Alfredo Garcia-Alix MD, Augusto Sola MD

ABSTRACT

INTRODUCTION Hypoxic ischemic encephalopathy is a neuro-
logical condition occurring immediately after birth following a peri-
natal asphytic episode. Therapeutic hypothermia is a safe and
effective intervention to reduce mortality and major disability in
survivors. In Latin America, perinatal asphyxia is a major problem,
but no data are available characterizing its current situation in the
region or the impact of hypoxic ischemic encephalopathy on its
management.

OBJECTIVE Understand the prevalence, mortality and use of thera-
peutic hypothermia in newborns at 236 weeks gestational age with
hypoxic ischemic encephalopathy admitted to neonatal units reporting
to the Ibero-American Society of Neonatology Network.

METHODS The Ibero-American Society of Neonatology Network
groups various neonatology centers in Latin America that share infor-
mation and collaborate on research and medical care. We evaluated
data on newborns with 236 weeks gestational age reported during
2019. Each unit received a guide with definitions and questions based
on the Society’s 7th Clinical Consensus. Evaluated were encepha-
lopathy frequency and severity, Apgar score, need for resuscitation

INTRODUCTION

Hypoxic ischemic encephalopathy (HIE) is a neurological
syndrome that presents immediately after birth after a perinatal
asphytic episode. It is characterized by alterations in alertness,
with decreased ability to awaken and maintain muscle tone,
decreased motor responses and reactivity. It occurs as a
consequence of oxygen deprivation in the brain, from arterial
hypoxemia or cerebral ischemia, or both.[1,2]

Therapeutic hypothermia (TH) is the reduction of body temperature
by 3-4 °C in the first 6 hours of life, maintained for 72 hours.
It is a safe and effective intervention for reducing mortality and
major disability in survivors.[3-5] It is currently the only standard
therapy specific to HIE.[1,6—10] The Ibero-American Society of
Neonatology (SIBEN) published a guide establishing standards
and recommendations for HIE management in Latin America
aimed at promoting a comprehensive therapeutic approach,
including recommendation of TH.[1]

IMPORTANCE

This study, the first of its kind, provides data from health-
care institutions in Latin America related to hypoxic isch-
emic encephalopathy in neonates and can be used as a
basis for determining mortality and improving access to
therapeutic hypothermia in the region.

at birth, use of therapeutic hypothermia and clinical evolution at dis-
charge. Our analysis includes descriptive statistics and comparisons
made using the chi-square test.

RESULTS We examined reports of 2876 newborns from 33 units and
6 countries. In 2849 newborns with available data, hypoxic enceph-
alopathy prevalence was 5.1% (146 newborns): 27 (19%) mild, 36
(25%) moderate, 43 (29%) severe, and 40 (27%) of unknown intensity.
In those with moderate and severe encephalopathy, frequencies of
Apgar scores <3 at the first minute (p = 0.001), Apgar scores <3 at the
fifth minute (p <0.001) and advanced resuscitation (p = 0.007) were
higher. Therapeutic hypothermia was performed in only 13% of new-
borns (19). Neonatal mortality from encephalopathy was 42% (61).

CONCLUSION Hypoxic ischemic encephalopathy is a neonatal condi-
tion that results in high mortality and severe neurological sequelae. In
this study, the overall prevalence was 5.1% with a mortality rate of 42%.
Although encephalopathy was moderate or severe in 54% of reported
cases, treatment with hypothermia was not performed in 87% of new-
borns. These data reflect a regional situation that requires urgent action.

KEYWORDS Hypoxia ischemia, brain; encephalopathy, neonatal;
mortality; hypothermia, induced; neonatology; Latin America

According to WHO, in 2017 some 2.5 million children died in their
first month of life. This is approximately 7000 newborns each day,
1 million in the first day of life and nearly 1 million in the following 6
days.[11] Globally, the leading direct causes of neonatal death are
preterm birth (28%), severe infections (26%) and asphyxia (23%).
[12] These three causes account for three quarters of neonatal
mortality worldwide.[13]

HIE is one of the leading causes of neonatal death and permanent
disability, and its contribution to the health burden is high, in terms
of years of life lost and years lived with disability. In addition to
the important contribution of asphyxia to perinatal mortality, it is
estimated that more than one million newborns who survive it
annually develop cerebral palsy, epilepsy, learning disabilities and
other developmental problems.[6—8] The risk of major disability
in those who survive is high. Without TH, the risk of death or
major disability with moderate HIE is 52% and with severe HIE
approximately 78%.[10]

In the 20th century, no specific therapeutic interventions were
performed to prevent or ameliorate brain damage associated with
HIE perinatal aggression. Neonates with moderate and severe
HIE constitute a therapeutic challenge due to the associated
risk of death or neurological sequelae. The medical, social and
legal implications associated with this devastating condition are
of consequence and represent an important social and health
problem.[14] In Latin America, composed of low- and middle-
income countries, perinatal asphyxia is a major problem, and
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it can be assumed that thousands of newborns do not receive
adequate care. While precise information is available regarding
the extent of this problem and its impact in Europe, Canada and
the United States, reliable information is not available for Latin
American countries; with the exception of Cuba, where there are
recent reports.[15]

The scarce published data for Latin America describe single-
center experiences in large cities, with small patient numbers.[1]
These data estimate HIE incidence at 4%-6.2% of live newborns
and risk of death at 10%—-20% in neonates with moderate HIE,
and >60% in those with severe HIE.[1] However, these data
almost assuredly underestimate the reality of the current situation.

The SIBEN Network brings together various Latin American
neonatology units for information sharing and collaboration in
research and patient care. The units maintain their autonomy
while participating in a joint effort aimed at a common objective:
promote continuous improvements in the quality of care offered by
each. The Network thus facilitates comparative evaluation among
participating units and centers, collaborating to implement good
clinical practices that may influence care throughout the region.
Network participation is free for SIBEN members. Currently,
45 neonatal intensive care units (NICUs) in 9 Latin American
countries belong.

It is essential and urgent to improve the quality and accessibility
of information on HIE’'s magnitude in Latin America in order to:
1) characterize perinatal care in the region; 2) obtain objective
data that allow for monitoring changes over time; 3) understand
healthcare needs generally and for specific geographic areas, to
develop plans for improvement and to correct inequalities in the
care of newborns with perinatal asphyxia-HIE; and 4) systematize
and rationalize efforts aimed at improving care for asphytic
neonates who develop HIE.

The objective of this study was to determine the prevalence of
HIE in neonates at 236 weeks of gestational age (GA) admitted
to NICUs that participated in the SIBEN Network registry in
2019, and to understand related mortality rates and the use of
therapeutic hypothermia.

METHODS

The 45 units comprising the SIBEN Network are in the public
sector. All were invited to participate in this study. However, since
only 33 units in 6 countries (Argentina, Brazil, Ecuador, Peru, the
Dominican Republic and Venezuela) report data on newborns
at 236 weeks GA, we used data exclusively from these units.
There were great disparities in numbers of centers reporting
(and thus the numbers of newborns included per country): 18
from Argentina, 11 from the Dominican Republic, and 1 each
from Ecuador, Peru, Brazil and Venezuela. Newborns with major
congenital malformations were excluded from our research. The
study population thus included 2876 newborns (at 236 weeks GA)
admitted to 33 neonatal intensive care units from January 1, 2019
through December 31, 2019.

A clinical care guide was distributed to each of the participating
units, accompanied by a list of requested data, both based on
the therapeutic recommendations from the 7th SIBEN Clinical
Consensus for Neonatal HIE.[1] Accordingly, HIE severity was

classified in three grades: mild, moderate and severe. In addition
to neurological dysfunction after delivery, HIE diagnosis was
established when the newborn had a history of potential hypoxic
ischemic aggression during delivery (e.g., a sentinel event or
alteration of the fetal cardio-topographic record) and/or alteration
of status at birth (Apgar <5 at 10 minutes, pH in the first hour <7.0,
or the need for advanced cardiopulmonary resuscitation).[1]

Study variables We collected the following:

» Apgar score at 1 minute and 5 minutes

» HIE severity by grade

» use of advanced cardiopulmonary resuscitation (CPR) when
the newborn required endotracheal intubation

» fraction of inspired oxygen (FiO,) during resuscitation

» presence of seizures

» use of TH (body or brain)

» mortality during hospitalization (death of the newborn before
discharge and death of the newborn attributable to HIE)

We analyzed the data using descriptive statistics, summary
measures, frequency tables and graphs.

This study complies with the internationally accepted ethical
recommendations established by the Declaration of Helsinki, in
its current version.[16]

RESULTS

2876 newborns admitted to neonatal intensive care units in
33 healthcare institutions in 6 countries were reported to the
SIBEN Network from January 1, 2019 through December 31,
2019 (Table 1). Due to the large differences in the number of
reports by geographic location, the newborns were analyzed
as a group, without making comparisons among NICUs or
countries.

Frequency and severity of HIE reported to the SIBEN
Network Data was not reported on HIE for 27 of the 2876
newborns. Among the remaining 2849 newborns with available
data, 146 cases of HIE (5.1%) were reported, classified
according to severity (Table 2). Severity was not reported for 40
(27.4%), and thus these are not included in Table 2, although
they are added for the total count. The absolute frequencies
and percentages corresponding to the Apgar categories at
one minute and five minutes, clinical seizures, advanced
resuscitation, TH use and mortality are also reported.

Apgar score Out of the cohort of 2876 newborns, 275 (9.6%)
with an Apgar score <3 in the first minute of life and 258 (8.6%)

Table 1: Case data supplied to SIBEN Network

Country Number of NICUs | Number of newborns
reporting reported

MEDICC Review, January 2021, Vol 23, No 1

Dominican Republic 11 1839
Argentina 18 1002
Ecuador 1 14
Peru 1 10
Brazil 1 7
Venezuela 1 4
Total 88 2876
NICU: neonatal intensive care unit
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Table 2: Apgar score, advanced resuscitation, seizures, therapeutic
hypothermia use, and mortality by HIE severity

-

| [ n [ %] n]% [n[%]|n]%]

<3 15 556 SSI O 35 814 111 76.0
>3 12 444 3 8.3 8 18.6 35 240
<5 11 40.7 33 917 33 76.7 103 70.5
>5 5| s S 8.3 10 233 43 295
Yes 8 296 20 556 27 628 74 50.7
No 19 704 16 444 16 372 72 493
Yes 10 37.0 29 80.6 30 69.8 98 67.1
No 17 63.0 7 194 13 30.2 48 329
Tl use 2 7.4 4 111 8 18.6 19 13.0
Mortality 3 111 14 389 26 60.5 61 41.8

* Includes cases in which HIE severity was not reported during hospitalization.
n: number of cases %: percentage with respect to total cases
HIE: hypoxic ischemic encephalopathy TH: therapeutic hypothermia

with a score <5 at 5 minutes were reported. Of the 146 newborns
who presented with HIE, 111 (76%) had an Apgar score of <3
at 1 minute of life and 103 (70.5%) <5 at 5 minutes of life. Low
Apgar scores were much more common in the moderate and
severe forms of HIE (Table 2).

Seizures Of the 146 newborns with HIE, 98 (67.1%)
experienced seizures. Seizures were also much more common
in moderate and severe forms of HIE (Table 2).

Resuscitation according to HIE severity Advanced
resuscitation was necessary in 74 newborns with HIE (51%)
(Table 2). The likelihood of advanced resuscitation obviously
increased with HIE severity. Of the 20 newborns with moderate
HIE who received advanced CPR, 9 (45%) required cardiac
massage and 4 (20%) required vasoactive medication. Of the
neonates with severe HIE, 27 (63%) required advanced CPR,
of which 22 (81%) required cardiac massage and 11 (41%)
required medication. Only 11% of newborns were resuscitated
with 21% FiO, and 40% were resuscitated with 100% oxygen.
FiO, data was not reported for the remaining 49%.

Therapeutic hypothermia Only 19 of the 146 newborns with
HIE (13%) were treated with TH (mild HIE: 2, moderate HIE:
4, severe HIE: 8, with unknown severity: 5) (Table 2). Of those
treated with TH, 75% received body cooling and 25% received
selective brain cooling. It is obvious that, regardless of the
severity of HIE, TH use is infrequent.

Mortality Among the 2876 newborns, mortality reported was
11% (310 newborns) while mortality in the 146 newborns
with HIE was 42% (61/146), which is positively correlated
with HIE severity. Of the 61 newborns with HIE who died, 37
cases (60.7%) were directly attributable to HIE, regardless of
severity. In the remaining 24 (39.3%), death was attributed to
sepsis, meningitis, respiratory failure, hypoxemia, kernicterus
and other causes.

DISCUSSION

HIE is a neonatal condition that results in high mortality
and severe neurological sequelae.[1-3] In this study, HIE
prevalence in newborns at 236 weeks GA admitted to SIBEN
Network centers was 5.1% with a mortality rate of 42%, almost
four times that of non-HIE newborns at the same GA reported
to the Network. Although HIE severity was not reported for all
newborns, in 54% of reported cases it was either moderate or
severe. These data do not represent all of Latin America nor the
reality of each country, as our sample corresponds to voluntary
reporting made by only some of the neonatal units within the
region. However, even with the aforementioned limitations of our
sample, these data reflect a situation demanding urgent action.

TH has proven benefits for newborns with HIE,[10,15,17-23],
among which the reduction in mortality or neurodevelopmental
alterations at 18 months stands out with a relative risk (RR)
of 0.75, 95% CI (0.68-0.83).[17] TH has few side effects and
its implementation is relatively simple. However, TH was only
used in a small number of newborns with HIE in this sample,
and it remains unavailable in many centers throughout the
region. In the SIBEN Network during the study period, 87% of
neonates who presented with HIE did not receive TH, and of the
79 reported with moderate or severe HIE, only 12 (15%) had
access to TH. It is highly probable that the mortality rate in these
newborns would have been lower if TH had been available and
applied. Even though we do not know the neurological evolution
of these newborns after discharge, evidence shows that TH
leads to reduced rates of major disability associated with HIE
and therefore better long-term neurological outcomes.[17]

As is the case with other health indicators, no Latin American
countries present national data on prevalence and clinical
evolution of newborns with HIE, with the exception of Cuba,
where HIE frequency in 2017 and 2018 was comparable to rates
in high-income countries. HIE mortality rates in Cuba of 12%
and 17% (for 2017 and 2018, respectively) cannot be stratified
by HIE severity since, as of this writing, the Cuban national
registry has not yet recorded this data for later analysis. Unlike
Latin America, other regions have working groups that track
information related to HIE incidence, its severity, conditions
available for comprehensive care and the TH implementation.
[24,25] In a cross-sectional study conducted in 57 Spanish
hospitals, 95% of those surveyed used servo-controlled total
body cooling and had established protocols specific to HIE
patient care.[26]

This study does not include an analysis of the use of
oxygen in advanced resuscitation procedures. The universal
recommendation is to use ambient air (21% FiO,). However,
this was the case in only 11% of newborns resuscitated in this
sample. Some 40% were resuscitated with 100% oxygen, despite
ample evidence advising against this practice and the damage
the hypoxia-reperfusion-hyperoxia cycle can have on the brain.
[27-31]

Any process aimed at improving quality of care for newborns
with HIE must be based on reliable information. This is the
first study involving Latin American countries that provides
data on this important problem. Comprehensive care of
newborns affected by HIE is multi-faceted and must include the
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availability of adequate resuscitation with trained personnel in
the delivery room, avoiding inappropriate use of oxygen; rapid
clinical diagnoses; the ability to assess HIE severity, and use
of previously validated care protocols. Timely care for families
is essential, as is TH provision in the NICU or potential for
patient referral to a center capable of providing TH within the
first six hours of life. Finally, given the consequences HIE has for
neurodevelopment and quality of life for both children and their
families, specialized followup programs should be established to
identify and treat neurodevelopmental issues in a timely manner,
and offer support and guidance to families.[32]

CONCLUSIONS
Hypoxic

ischemic encephalopathy is a neonatal
responsible for high mortality rates and severe neurological
sequelae. HIE prevalence in this study was 5.1%, with an overall
mortality rate of 42%. Despite the fact that HIE was graded
as either moderate or severe in 54% of cases, therapeutic
hypothermia was not performed on 87% of neonates presenting
with HIE. This is the first study published containing multicenter
data on HIE in Latin America, and it demonstrates an urgent need
for the implementation of programs to improve the quality of care

condition

available for newborns with neonatal encephalopathy. M-
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Characterization of Adverse Events Following
Childhood Immunizations in Pinar del Rio, Cuba

Elba Cruz-Rodriguez MD MS, Belkys M. Galindo-Santana MD MS PhD, Waldemar Baldoquin-Rodriguez MD,
Dayana Rodriguez-Velazquez, Damarys Concepcidon-Diaz, Miriam C. Luis-Martinez MD MS

ABSTRACT

INTRODUCTION The Cuban national program for childhood immu-
nizations began in 1962 and has included a surveillance system
for monitoring adverse events following immunization since 1999.
The expected rate of adverse events following childhood immuni-
zation in Cuba is 50 per 100,000 vaccine doses administered. In
2017, Pinar del Rio Province reported higher-than-expected rates
of adverse events, which motivated this study on their frequency
and types.

OBJECTIVE Characterize adverse events following immunization
reported in children in Pinar del Rio Province in 2017.

METHODS We examined reports of adverse events following
immunization in children from 2 months through 14 years of age
in Pinar del Rio Province, Cuba, from January 1, 2017 through
December 31, 2017. We found 487 adverse events that met the
criteria established by the national surveillance system. Informa-
tion was obtained from epidemiological surveys of adverse events
following immunization in Pinar del Rio Province municipalities.
Recorded were age, municipality, signs and symptoms, vaccine
type, number of doses, anatomical site and route of vaccine admin-
istration, and the institution where the child was vaccinated. We

INTRODUCTION

With the exception of access to potable water, no other
preventive or therapeutic measure has done more than
vaccines to reduce morbidity and mortality from communicable
diseases worldwide. As a direct result of immunization,
diseases like poliomyelitis, diphtheria, pertussis, tetanus,
measles, rubella, mumps, and serious complications from
neonatal tetanus, congenital rubella syndrome, tuberculosis
meningitis or post-parotitis, have ceased to be health problems
in Cuba, their transmission rates declining to <0.1 per 100,000
vaccine doses.[1] Despite these benefits, adverse events
following immunization must be monitored and recorded to
ensure vaccine safety.

The term ‘immunization’ in this text refers to the use of preventive
vaccines for the purpose of conferring protection against certain
diseases. This term includes all processes that occur after a
vaccine product leaves its place of manufacture and packaging,
including handling, prescription and administration.

IMPORTANCE

This paper reviews and analyzes data from a Cuban prov-
ince that reported higher-than-expected adverse events fol-
lowing childhood immunization in 2017. Evaluation offers
further evidence of vaccine safety for children in the Cuban
National Immunization Program.

estimated proportions for intensity and frequency related to vac-
cination, and calculated rates for 100,000 vaccine doses admin-
istered. We then compared the rates of observed adverse events
with those of expected events.

RESULTS The overall rate of adverse events was 305.6 per 100,000
doses administered. Highest rates were reported in children aged <1
year (580.9 per 100,000 doses administered); in Guane Municipality
(610 per 100,000 doses), for the pentavalent (DTwP-HB-Hib) vaccine
(1567.7 per 100,000 doses), and in applications to the anterolateral
guadrant of the thigh (772.5 per 100,000 doses). Symptoms classified
as moderate, common, and general occurred more often, with fever
being the most frequent. Severe induration, hypotonic and hypore-
sponsive episodes, persistent crying and rashes were observed more
frequently than expected.

CONCLUSIONS The rate of adverse events following childhood
immunization is similar to that reported in other provinces and else-
where in the world. Of all childhood vaccines, the pentavalent vaccine
is the most reactogenic. The absence of serious adverse events dem-
onstrates the safety of childhood immunization in Cuba.

KEYWORDS Immunization programs, vaccination, surveillance sys-
tem, adverse events, Cuba

Safe vaccination is an essential component of immunization
programs, which are responsible for regulating vaccine quality;
transportation and storage at appropriate temperatures
(2 °C-8 °C); inoculation practices that pose minimal risks to
recipients, health workers administering the vaccine and the
environment; as well as surveillance of adverse events attributable
to vaccination or immunization.[1-3]

An adverse event following immunization (AEFI) is defined as
any untoward medical occurrence which follows vaccination or
immunization, even if it does not have a causal relationship with the
vaccine.[4-7] WHO specifies that any signs, symptoms, diseases,
altered laboratory results, or other unfavorable events can be
considered AEFIs. These also include application of megadoses,
changes in vaccines or vaccine diluents, and administration at the
wrong site or via the wrong route—whether or not these events
have a later clinical manifestation.[6]

In 2016, WHO classified AEFIs as follows: according to intensity
of clinical presentation (mild, moderate or severe); whether the
event was localized or general; by frequency of occurrence;
and according to the event's clinical implications (serious or
not serious). AEFIs are classified in five categories according
to their cause or origin: whether the event is related to vaccine
components; with defects in its quality; with errors in vaccine
administration; with manifestations of anxiety in the vaccinated
child; or as coincidental, defined as an event not included in the
previous four categories.[6,8]
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An AEFI is considered non-serious when it does not represent
a potential risk to the recipient’s health, although it must
be monitored carefully because it may indicate a potential
problem with the vaccine or with the immunization process,
and thus may impact vaccination acceptance in general. An
AEFI is considered serious if it causes death; endangers life;
requires hospitalization or prolongs existing hospitalization;
causes a persistent or significant disability or incapacity;
results in a congenital abnormality or defect; or requires
intervention to prevent deterioration or permanent damage.

An event is classified as coincidental if it coincides temporarily
with immunization, which sometimes implies mistakenly
attributing the event to the vaccine. Examples of coincidental
events include: manifestation or complication of an underlying
congenital or hereditary disease or birth injury; manifestation
or complication of an underlying acquired disease that may or
may not have been diagnosed prior to vaccination; psychogenic
disease; adverse reactions to recent or concomitant
medications or use of illicit substances; allergic reactions and
other hypersensitivity reactions due to exposure to allergens
other than those present in the vaccine; injury from exposure
to environmental toxins; and injuries attributable to trauma,
including surgery.[6,8]

It is important that health personnel involved in vaccination
be aware of adverse events that may occur after vaccine
administration, to be able to protect the vaccinated as well as
to respond to public concerns about immunization and reducing
the influence of anti-vaccine movements. Disinformation spread
by these movements has contributed to a decrease in vaccine
coverage in some countries, resulting in re-emergence of
communicable diseases that were once eliminated.[9]

The AEFI passive surveillance system was implemented in Cuba
in 1999 at the primary care level with the purpose of identifying
and reporting all adverse events in accordance with methodology
established by the Center for State Control of Medicines and
Medical Devices (CECMED), the Cuban regulatory authority.
[10-13]

AEFI surveillance is carried out in all Cuban provinces, but there
are differences in notification rates.[11,14] In 2017, as in previous
years, Pinar del Rio Province reported higher AEFI rates in the
child population than those expected (the expected AEFI rate in
Cuba is 50 per 100,000 doses administered); however, these
AEFI had not been characterized with the purpose of comparing
them with other territories and with reports made in subsequent
years as part of vaccine post-marketing surveillance.

This study was aimed at characterizing AEFI in children in Pinar del
Rio Province, Cuba, in 2017 and identifying factors related to their
occurrence. The results of this research are part of a larger project
that includes several years of monitoring and characterization of
AEFI in the Cuban National Immunization Program.

METHODS

Study design and participants We examined 585 AEFI
notifications for children in Pinar del Rio Province from January 1
through December 31, 2017. This study was carried out as part of
a project examining provinces with the highest rates of AEFIs in
years prior to 2019.

We included 487 AEFI reports in children aged 2 months to 14
years who met the case definitions established by the Cuban
surveillance system[15] and the Brighton Collaboration.[16—21]
AEFIs were not reported in children younger than 2 months or
older than 14 years.

Information on sociodemographic and clinical data, the type of
vaccine and vaccination procedures, and the AEFI in question
were obtained through a document review of primary sources (an
epidemiological survey of adverse events to vaccination).[11]

We collected the following sociodemographic variables: age (22
months and <1 year; 1-4 years; 5-9 years; 10-14 years) and
municipality (Sandino, Mantua, Minas de Matahambre, Vifiales,
La Palma, Los Palacios, Consolacion del Sur, Pinar del Rio, San
Luis, San Juan y Martinez, and Guane).

AEFIs considered in the study were: reports of pain, mild redness and
induration; cellulitis or severe induration at injection site (induration in
the puncture area that lasted more than 72 hours, or presented with
edema past the nearest joint); fever; persistent crying; rash; episodes
of hyporesponsive hypotonia (EHH); irritability; and general malaise.
These criteria were established according to guidelines published by
the Medical University of Havana.[11]

We recorded the following variables related to vaccines and

vaccine administration procedures:

« type of vaccine: pentavalent (DTwP: diptheria—tetanus—whole
cell pertussis; HB: hepatitis B; Hib: (Haemophilus influenzae
type b); OPV (oral polio vaccine); IPV (intramuscular polio vac-
cine); AM-BC (meningococcal-BC); MMR (measles—mumps—
rubella); DTwP (diptheria—tetanus—whole cell pertussis); DT
(diptheria—tetanus); AT (typhoid fever); TT (tetanus toxoid); and
AG (influenza)

 ordinal number of vaccine does: first dose or single dose, sec-
ond dose, third dose, and reactivation or booster

e route of administration: oral, subcutaneous, intradermal or
intramuscular

e anatomical region of application: by mouth, deltoid or middle
third of the anterolateral quadrant of the thigh

* location of application: vaccination center of a community poly-
clinic, school, or hospital

We classified AEFIs into the following frequencies of those
vaccinated:

e very common: >10%

e common: 21%-10%

* infrequent: 20.1%—<1%

e rare: 20.01%-<0.1%

e very rare: <0.01%

We classified AEFIs according to their location as follows:

* local: pain, redness and induration; cellulitis; or severe indura-
tion at the injection site

< general: fever; malaise; irritability; rash; persistent crying; and
EHH

We classified AEFIs according to the intensity of the clinical

picture:

* mild: pain, redness and slight induration at or near the injection
site <5 cm?, lasting 24-48 hours; fever of 38 °C-38.9 °C; gen-
eral malaise; irritability; and rash
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* moderate: cellulitis in the deltoids or anterolateral quadrant of
the thigh 5-10 cm?, lasting 48-72 hours; fever of 39 °C-39.9
°C; and persistent crying

e severe: severe induration of the puncture area >10 cm?, or
induration that went past the nearest joint, lasting >72 hours;
fever 240 °C; and EHH

AEFIs were classified according to the following clinical

implications:

» serious: symptoms and signs resulted in prolonged hospitaliza-
tion, in persistent or significant disability, if they endangered
life, or if they resulted in the death of the child

e not serious: symptoms and signs did not result in any of the
above consequences

Hospitalizations that were not prolonged were excluded from
the serious category, because according to the regulations of
Cuba’s Maternal-Child Health Program, children under one year
of age who are seen by emergency services are evaluated and
hospitalized regardless of the AEFI in question.

Finally, AEFIs were classified according to cause or origin as

follows:

« related to vaccine components (mild pain, redness and indura-
tion at the injection site, fever, general malaise, irritability, rash,
persistent crying, EHH)

« related to procedural errors (cellulitis and severe induration at
the injection site)

< coincidental: any event not included in the previous categories

Data analysis Observed AEFI rates were calculated per 100,000
vaccine doses administered (DA) to compare them with expected
rates, in accordance with methodology recommended by WHO.
[22] The observed rates are the sum of the average rates plus the
effect of the vaccine, and the expected rate is the rate described
for each vaccine according to the WHO Global Manual for Adverse
Events Surveillance.[6]

Ethics This project was approved by the research ethics
committees of the Pedro Kouri Tropical Medicine Institute in
Havana and Pinar del Rio Provincial health authorities. Anonymity
and confidentiality of information were assured.

RESULTS

In 2017, Pinar del Rio Province reported 585 AEFIs in children
to the national surveillance system. Of these, 487 were complete
and useful for our analysis. In 2017, 159,376 doses of vaccines
were given to children in the province, so the general AEFI rate
was 305.6 per 100,000 DA. AEFI rates were broken down by
administration route, anatomical region, and location where the
vaccines were administered (Table 1).

The observed AEFI rate was higher than expected in children
aged <5 years, and the greatest difference between observed
and expected rates occurred in children aged <1 year.

By municipality (data not tabulated), Guane Municipality had the
highest AEFI rate at 715.5 per 100,000 DA. Mantua (570.7 per
100,000 DA), Minas de Matahambre (561.7 per 100,000 DA),
La Palma (485.9 per 100,000 DA) and Los Palacios (608.4 per
100,000 DA) registered values above the provincial average of

305.6 per 100,000 DA. Sandino (298.2 per 100,000 DA), Pinar
del Rio (207.6 per 100,000 DA) and Consolacion del Sur (193.7
per 100,000 DA) remained below that value. Vifiales and San
Juan y Martinez municipalities did not report AEFIs. An increase
in the general rate to 336.9 AEFI per 100,000 DA was reported
in Pinar del Rio province for seven vaccines within the national
vaccine program and for the influenza vaccine given to pediatric
groups at risk for influenza-like iliness. Rates higher than the
provincial average were found for the pentavalent vaccines
(in each of its three doses and in total), the DTwP reactivation
booster and AM-BC (in both its two doses and in the total). For
OPV, PRS, Hib, AT, and AG, rates below the provincial average
were recorded, and no events were reported for BCG, HB, OPV,
DT, and TT (Table 3).

A total of 644 signs or symptoms were identified, an average of
1.3 for each reported AEFI (487). General signs and symptoms
were the most common (93.1%). Fever was the most frequently
reported sign or symptom, and EHH the most infrequent. The
remaining 6.9% of signs or symptoms were local, with the highest
rates corresponding to pain, redness and mild induration, followed
by severe induration and cellulitis (Table 4).

Of all reported signs and symptoms, 71.5% were classified as
moderate (mainly fever), 26.3% as mild, and 2.0% as severe. No
serious events were reported. Three children were hospitalized
for fever, their average length of stay was two days, and they had
no other complications.

Table 1: AEFI rates per vaccine doses, by vaccination factor

AEFI Doses Rate per
n administered 100,000 DA

Administration route

Factors

Oral 0 44,393 0.00
Intradermal 0 5,988 0.00
Subcutaneous 14 11,430 122.48
Intramuscular 473 97,565 484.80

Anatomical region

Mouth 0 44,393 0.00
Deltoids 96 64,366 130.00
ALT 391 50,617 772.50
Hospital 0 12,053 0.00
School 2 29,021 6.89
Polyclinic 485 118,302 409.97

AEFI: Adverse events following immunization
ALT: anterolateral quadrant of the thigh ~ DA: doses administered

Table 2: AEFI rates per administered vaccine doses, by age

PG GTGI Doses AEFI ER per OR per
ge group administered | n | 100,000DA | 100,000 DA

MEDICC Review, January 2021, Vol 23, No 1

<1 year 66,792 388 33 580.9
1-4 years 57,388 95 29 165.5
5-9 years 14,933 3 8 20.0
10-14 years 15,828 1 8 6.3
15-18 years 4,435 0 2 0.0
Total AEFI 159,376 487 80 305.6
AEFI: Adverse events following immunization ~ DA: administered doses
ER: expected rate OR: observed rate
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No AEFI was classified as very common; 53.1% were classified
as common, 36.8% as infrequent, 9.7% as rare and 0.3% as very
rare. The most commonly categorized AEFI was fever, and EHH
was categorized as a very rare event.

Vaccine components caused 92.3% of reported AEFI, 6.1%
were coincidental and 1.5% were classified as errors in vaccine
administration. Cellulitis and severe induration were both
considered the result of errors in vaccine administration. Fever
secondary to the PRS vaccine was considered to be coincidental,
since the reported febrile episodes appeared in the first 72 hours
after vaccination and could not be attributed to known causes.

Table 3: AEFI rates per 100,000 doses administered, according to
vaccine type and number of serial doses

Pentavalent 2039.8 1408.5 1257.8 1567.7
AM-BC 790.9 781.1 - - 786.0
IPV 43.7 - - - 43.7
MMR 171.0 - - 60.0 122.5
DTwP - - - 1163.3 1163.3
Hib - - - 30.7 30.5
AT 0.0 20.4 0.0 - 7.4
AG 71.5 21.2 - - 46.8
Total 280.1 299.1  730.0 234.9 305.6

AG: flu vaccine  AM-BC: meningococcal BC vaccine  AT: typhoid fever vaccine
DTwP: triple bacterial vaccine (diptheria, tetanus, and whole-cell pertussis)

AEFI: Adverse events following vaccination Hib: Haemophilus influenzae type b
vaccine IPV: inactivated polio vaccine MMR vaccine (measles, mumps, rubella)

Table 4: AEFI rates, by generalized and local signs and symptoms

Signs and symptoms AEFI Rate per 100,000 DA

General

Fever 448 281.1
General malaise 78 48.9
Persistent crying 54 33.9
Irritability 11 6.9
Rash 7 4.4
Hypotonic hyporesponsive episode 2 1.3
At injection site

Mild pain, redness, and induration 34 21.3
Severe induration 7 4.4
Cellulitis 3 1.9

AEFI: Adverse events following immunization DA: Doses administered

Table 5: Observed versus expected rates of signs and symptoms, by vaccine type

Hypotonic
hyporesponsive
episode

Persistent

Rash Cellulitis

Crying

-m-mmmm

Vaccine

Penta 0.0 21.8 <1/1000 1.4 <1/10,000

AM-BC - - <1/1000 1.3 - - - -
MMR <1/100 8.7 - - 0.0 8.7 - -
DTwP - - <1/1000 0.1 - - 0.0 455
AT 0.0 7.4 - - - - - -
AG <1/1000 0.05 <1/1000 0.1 - - - -

Fever, malaise, and irritability had lower rates than expected for
all vaccines, while rash, persistent crying, EHH, cellulitis and
severe induration were reported at values higher than expected
for vaccines (Table 5).

DISCUSSION
AEFI recording and analysis is an important step in post-marketing
vaccine surveillance.[22]

The AEFI rate in our research is similar to those reported in
other studies in Cuba. Galindo reported a rate of 106 events per
100,000 DA in Pinar del Rio Province and 115 in Sancti Spiritus
Province.[14] Gonzalez obtained annual rates of 119-604 per
100,000 DA in the Isle of Youth Special Municipality,[23] and
Mantecon identified 150 events per 100,000 DA in Camagiey
Province.[24]

The rates in our study were higher than those found by Guo in
a systematic meta-analysis that included 33 studies conducted
in China and other countries, based on an international
comparison of AEFI reporting rates divided by pediatric age
group.[25] Our rates were also higher than those reported
by other investigations carried out at different times in
populations that use passive surveillance, by populations that
perform their data analysis according to doses administered
(not distributed), and who have vaccine schedules similar to
those in Cuba.[26-31]

The high AEFI rates in Pinar del Rio could be attributed to Cuba’s
surveillance system, which identifies and reports all events that
occur within the vaccinated community, which leaves little margin
for underreporting. This makes the Cuban vaccination surveillance
system highly sensitive.

However, since high rates are not always the result of high sensitivity
in surveillance systems, it is important to consider both relevance
of the reported cases and data quality in addition to the number of
notifications. These values could be influenced by average rates of
certain signs and symptoms that occur within the community which
could be considered AEFI if they appear after vaccination.

A higher frequency of events was recorded in children under one
year of age. Other investigations carried out in Cuba[10,14,23]
and in other countries[30—-33] describe similar results, although
other research has found higher AEFI rates in other pediatric age
groups.[26,27]

The first year of life is a period of rapid body
transformation when the immune system is also
rapidly maturing.[34] During this period, alterations
to expected growth and development patterns
caused by underlying congenital diseases can

Severe

induration

10.9  occur, acquired diseases can be more serious, and
0.0 16.4  reactions to drugs can be more diverse. Children
0.0 152 also receive the highest number of vaccine doses
0.0 175 during their first year, so it is entirely possible that

many medical incidents could occur following a
routine vaccination, even if such incidents were
not caused by the vaccine.

AG: flu vaccine AM-BC: meningococcal BC vaccine AT: typhoid fever vaccine DTwP: triple bacterial
vaccine (diptheria, tetanus, and whole-cell pertussis) ER: expected rate per 100,000 doses

administered OR: observed rate per 100,000 doses administered Penta: Pentavalent vaccine (DTwP-

HB-Hib) MMR: measles, mumps, rubella

The differences observed in AEFI rates and
patterns between Cuba and other countries
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could be explained by differing population compositions, by the
fact that some countries rely on different vaccination schedules,
and because each country’s vaccines have different origins and
rely on different production technologies. In Cuba, for example,
most of the immunobiologicals used in the Cuban population
are produced domestically, while other countries often purchase
vaccines from international pharmaceutical firms. In Brazil, to
give another example, the group most affected by AEFI were
children between the ages of one and four years old, and the
national vaccine schedule includes a tetraviral vaccine (measles—
mumps—rubella—varicella) administered during that period, as well
as a vaccine for hepatitis A[26] that is not administered in Cuba.
In Canada, the highest rates of AEFI are reported in children
between the ages of one and two, and the immunization schedule
includes both the tetraviral vaccine and a live attenuated influenza
vaccine.[27]

In Pinar del Rio, 82% of municipalities reported adverse
events during the study period, a rate similar to that found in
Camaguey Province in eastern Cuba (84.6%),[24] and higher
than those reported in other countries.[26,35] In Cuba, AEFI
surveillance and notification is the responsibility of physicians
and nurses in family practice at the primary healthcare level.
[14] Surveillance increases confidence in vaccine programs,
completes the safety profile of vaccines during the post-
marketing stage, guarantees that detection of problems related
to vaccine use is accompanied by preventive and corrective
actions, and favors communication with the professionals
responsible for both designing and administering vaccines and
with the families who receive them. Underreporting of AEFIs
reveals weaknesses in the surveillance system and calls into
question the results of investigations.

The vaccines combined with DTP were the most reactogenic, as
seen in results of previous research in Cuba[10,14,22,24,36] and
in other countries.[25,33,37,38] However, the Republic of Korea
reports more AEFIs for the BCG vaccine,[29] Australia reports
more for the seasonal influenza vaccine[33] and China reports
higher rates for the measles vaccine.[32]

It is well established in the literature that vaccines combined with
DTP are the most reactogenic, especially those that contain the
whole-cell pertussis component.[4,6] The pentavalent and DTP
vaccines used in Cuba are produced nationally, include whole
cells and are considered the most reactogenic of all vaccines in
the Cuban vaccine schedule. Internationally, other formulations
use acellular DTP which is less reactogenic but more expensive
and less effective.[14]

The highest AEFI rates were reported for the first dose of
different vaccines, for those administered intramuscularly, those
administered in the anterolateral quadrant of the thigh, and those
administered in polyclinics. These results coincide with those
reported in national Cuban studies[24,36,39,40] and by other
countries.[32,41-43]

As outlined by the standards published in the Expanded
Program on Immunizations[44] the route of administration of
immunobiologicals is specific to each immunobiologic compound,
and each has recommendations for optimal techniques designed
to reduce adverse events resulting from errors in administration.
[45-47] The higher rates observed in the intramuscular route

of administration could be due to the fact that it is used for the
DTP and pentavalent vaccines—which carry the highest rates of
AEFIs reported in this study—or because recommended optimal
techniques for administration of these particular compounds were
not followed. These guidelines indicate the anatomical region in
which each vaccine should be injected to ensure that damage to
tissue, nerves, veins and arteries is minimal. The higher rates of
AEFIs associated with vaccine administration to the anterolateral
quadrant of the thigh could be due to the fact that it is the
anatomical site that requires the greatest navigational expertise
from vaccinators.

The greater number of AEFIs registered during polyclinic
vaccinations could be due to the fact that polyclinics are the places
that administer the highest number of vaccine doses in the Cuban
program (11 of 18 total vaccine doses in the national childhood
vaccination schedule), and community-based polyclinics allow
for closer post-vaccination observation and thus often better
management of AEFIs by health professionals.

Common and general signs and symptoms occurred more
frequently, with fever the most often reported symptom. Some
researchersreportsimilarfindings,[10,14,23,26] while other studies
found a higher frequency of local events.[27,29,30—-33] Moderate
and mild intensity AEFIs were reported more frequently, which
coincides with results of other national[10,14,23] and international
studies,[30] with the exception of reports from Colombia (with
76% events classified as severe).[48] No AEFI in this study was
classified as severe, consistent with some authors[24] but differing
from others, both in Cuba and internationally.[14,23,26,35]

Differences in AEFI frequency and location may be due at least
in part to the fact that some AEFIs result from physiological
inflammatory responses intrinsic to the organism’s innate immune
system; may be due to factors such as individual susceptibility,
different types of vaccines, vaccine composition; or can be the
result of program errors.[4,49,50] Clinical manifestations can
be localized at the injection site or can be systemic. The higher
prevalence found in our study for general AEFIs is explained
by the high rate reported for the pentavalent vaccine, for which
systemic events are more common than local ones.[50]

Our results coincide with the literature reporting higher
frequencies of mild AEFIs.[4,5] As there were no severe AEFIs,
we can conclude that the vaccines administered in the country are
safe, and that risks to pediatric patients following administration of
immunobiologic agents are extremely low.

Signs and symptoms were related to vaccines, immunization
errors, or to a lesser extent, were coincidental, similar to behavior
described in other investigations.[14,52] Establishing or ruling out
causal relationships between appearance of signs and symptoms
and vaccine administration is a complex process, especially in
young children. It requires considering aspects of the episode,
establishing a chronological relationship with exposure to the
vaccine according to the underlying pathophysiology, and the
possible effects of other causal agents or conditions.[52]

The low rate of events related to immunization errors speaks to
the competence of Pinar del Rio’s health professionals and the
quality of processes related to correct administration procedures
for vaccination, as these are preventable events. AEFIs related to
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the vaccines themselves cannot be avoided, as they depend on
factors related to vaccine components or the innate susceptibilities

of the vaccinated population.

In this study, some signs and symptoms occurred at higher
rates than would have been expected. AEFI

in the reference population are unknown. This made the proportion
of AEFIs related to the vaccine impossible to separate entirely from

the portion unrelated to vaccination. False positive cases (those not
due to vaccines) could also have been reported, which is common

secondary

to immunization are considered expected when there is

substantiated or consistent information on what may occur, and
otherwise unexpected, regardless of whether they are related to

vaccine administration.[52]

The higher-than-expected rates we observed could be due to a study
limitation, as the average rates of the signs and symptoms examined

CONCLUSIONS

in passive surveillance systems or because, as explained above, the
system in question has little room for underreporting.

The rates of AEFI in the population studied do not show relevant

clinical-epidemiological differences with those reported in Cuba as
a whole or in other countries, and the absence of serious events

demonstrates the low risk presented by the childhood vaccines
included in the Cuban National Vaccination Program. -
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Urinary Metabolic Disorders Associated with Urolithiasis

in Cuban Pediatric Patients

Raymed A. Bacallao-Méndez MD MS, Reynaldo Mafalich-Comas MD PhD, Francisco Gutiérrez-Garcia MD MS,
Carlos F. Madrid-Mancia MD, Catalina Lucero-Méndez MD, Magaly J. Smith-Gonzalez

ABSTRACT

INTRODUCTION Pediatric urinary lithiasis (urolithiasis) is an
important health issue linked to urinary metabolic disorders. In the
United States alone, annual costs associated with urolithiasis are
$229 million for hospital admissions and $146 million for emergen-
cy care.

OBJECTIVE Identify urinary metabolic disorders in Cuban pediatric
patients with urolithiasis and better understand the relationship of age,
demographic and anthropometric variables to urinary metabolic disor-
ders strongly associated with urolithiasis.

METHODS We carried out a descriptive, cross-sectional study. The
study universe was comprised of Cuban patients aged 2 to 19 years
with urinary lithiasis who underwent renal metabolic studies at the Dr
Abelardo Buch Lépez Nephrology Institute in Havana, Cuba, from
2008 through 2019. All data were obtained from reports of the afore-
mentioned metabolic studies. We collected the following variables:
age, sex, nutritional status, urinary volume, plasma and urinary cre-
atine concentrations; and calcium, uric acid, oxalate and citrate uri-
nary excretions collected during a 24-hour period. We included results
of urinary cystine tests and urine mini-cultures. We obtained frequen-
cy distributions for categorical and qualitative variables and calculated
means and standard deviations for quantitative variables. We also

INTRODUCTION

Urinary lithiasis is an important health problem in the general
population and, although its occurrence is comparatively rare in
pediatric ages, evidence suggests that its incidence is increasing
in this population.[1,2] Additionally, the disease is characterized
by high recurrence rates that can require surgical intervention and
is associated with high treatment costs and the risk of developing
renal dysfunction requiring renal replacement therapy (dialysis or
transplantation).[3] Added to these risks is the decrease in bone
mineral density in patients who develop calcium stones, which
increases the risk of fractures and can compromise patients’
quality of life.[4]

Although overall incidence of pediatric hospital admissions for
urinary lithiasis in high-income countries is 1%—-3%,[5] the USA has
experienced an increase from 18.4 cases per 100,000 admissions
in 1999 to 57 cases per 100,000 admissions in 2008, an adjusted
annual increase of 10.6%.[1,5] Estimated recurrence rates in that
country range from 16% to 67%,[6] and annual estimated costs for

IMPORTANCE

This study comprises the best evidence currently available
in Cuba on urinary metabolic disorders predisposed to
causing urolithiasis in children and adolescents, and offers
insights for its primary and secondary prevention.

evaluated homogeneity of metabolic disorders between children and
adolescents.

RESULTS We studied 1592 pediatric patients, of whom 67.7%
(1078/1592) were adolescents. The main metabolic disorders includ-
ed hypercalciuria (39.1%; 622/1592), decreased urinary flow (22.4%;
357/1592) and hypocitraturia (18.2%; 289/1592). Hypercalciuria,
hypocitraturia and hyperoxaluria were more common in children,
while decreased urinary flow and hyperuricosuria were more common
in adolescents. Hyperuricosuria was more frequent in male patients
(6.3%; 40/639 vs. 1.8%; 8/439) and had the greatest impact on litho-
genesis. Hypercalciuria was more frequent in undernourished children
(62.5%; 30/48) than in overweight children (21.7%; 10/46), or those
with obesity (33.3%; 15/45).

CONCLUSIONS The main metabolic disorders among Cuban pediat-
ric patients with urinary lithiasis are: hypercalciuria, decreased urinary
flow and hypocitraturia. Hypercalciuria, hypocitraturia and hyperoxal-
uria are more common in children, and decreased urinary flow and
hyperuricosuria are more common in adolescents. Identifying urinary
metabolic disorders facilitates formulation of treatment plans tailored
to decreasing the likelihood of urolithiasis.

KEYWORDS Pediatrics, urolithiasis, urinary lithiasis, hypercalciuria,
urine, Cuba

pediatric patients with urinary lithiasis are $229 million in hospital
admissions and $146 million for emergency care.[7]

Development of urinary stones in children and adolescents is
associated primarily with urinary metabolic disorders and urinary
tract malformations.[8] Consequently, patients presenting with
urolithiasis must be rigorously evaluated in order to identify
underlying urinary metabolic disorders promoting lithogenesis, and
treatments must be tailored to prevent recurrence.[8,9] Data are
scarce on metabolic disorders in the Cuban and Latin American
pediatric populations, making it difficult to implement strategies for
primary and secondary prevention of urolithiasis.[9—-11]

The objective of this study was to identify urinary metabolic
disorders in the Cuban pediatric population with urolithiasis
according to age, demographic and anthropometric variables,
and the relation of these variables to disorders with the greatest
lithogenic potential.

METHODS

Design and participants We conducted a descriptive, cross-
sectional observational study. The study universe consisted of
all Cuban patients aged 2-19 years who presented with urinary
lithiasis (demonstrated by imaging studies, or by spontaneous
or instrumental elimination) who underwent renal metabolic
studies at the Dr Abelardo Buch Lépez Nephrology Institute in
Havana, Cuba from January 2008 through December 2019.
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Individuals who had suffered renal colic in the six weeks prior to
recruitment or who had poorly collected samples were excluded
from our research, as were pregnant individuals, foreign patients,
vegetarians, amputees, those with chronic diarrhea or muscular
dystrophies, or who were short for their age, according to Cuban
height-for-age tables.[12] These patients were excluded because
they presented with factors that could either interfere with the
quality of the urine sample or could modify excretion of urinary
solutes.

Variables Age (two groups: 2-9 years and 10-19 years); sex
(female, male); nutritional status (undernourished, thin, normal
weight, overweight, obese); urinary volume; plasma and urinary
creatinine concentrations; urinary excretion of calcium, uric acid,
oxalate and citrate over a 24-hour period; and the results of
urinary cystine tests and urine mini-cultures.

Procedures We interviewed all patients (or patients’ caregivers,
if patients were pre-verbal) to ensure that they did not meet any
exclusion criteria. All medications were suspended for five days
before the study. We collected 24-hour urine samples (in washed
bottles with 5% thymol included as a preservative) and 5 mL
fasting blood samples. Independent urine samples were used for
the mini-cultures. We collected anthropometric data (height and
weight), estimated the nutritional status of patients according to
body mass index (BMI) in kg/m?, and classified patients according
to the Cuban BMI-for-age tables.[13] Body surface area (BS) was
calculated using the Dubois-Dubois formula.[14] A urine sample
was considered ‘well-collected’ when creatinine excretion was
less than +1 standard deviation (SD) from the reference value
according to the patient’s age, height and sex, as pathologies that
may influence the generation and excretion of creatinine were
exclusion criteria.[15]

Analytical determinations were made with a Microlab 300
spectrophotometer (Elitech Clinical Systems, Germany)
in the case of urinary citrate and oxalate. For all other
analyses, we used a HumaStar 80 spectrophotometric
autoanalyzer (Human Diagnostics, Magdeburg, Germany). We
followed manufacturer’'s guides for both. Citrate and oxalate
concentrations were determined via direct ferric cyanide/
citrate reaction or formic acid/chromotrophic reaction methods,
respectively. Creatinine was measured using the Jaffé kinetic
method (alkaline picrate); uric acid using the enzymatic
uricase/peroxidase method; and calcium using the calcium—
arsenazo method. All reagents were provided by the Carlos
J. Finlay Pharmaceutical Laboratory Company in Havana,
Cuba. Urinary cystine tests were performed by reaction with
sodium nitroprusside (Merck, Darmstadt, Germany). Urine
mini-cultures were cultured in MacConkey’s Agar and CLED
(cysteine lactose electrolyte deficient) Agar media (National
Biopreparations Center, BIOCEN, Cuba).

Renal function was measured by creatinine clearance in mL/
min/1.73m? body surface (BS) and serum creatinine in mg/dL.
Cystinuria and urinary tract infections were diagnosed by qualitative
methods, the results used to classify patients as positive or negative.

Metabolic disorder diagnostic cut-off values

Hypercalciuria Urinary calcium >4.0 mg or 0.10 mmol/kg/day
Hyperuricosuria Uric acid >815 mg or 4.85 mmol/1.73 m?/ day
Hyperoxaluria Urinary oxalate >45 mg or 0.5 mmol/1.73 m?/day

Hypocitraturia Daily urinary citrate <365 mg or 1.90 mmol /1.73 m?
in males and <310 mg or 1.61 mmol/1.73 m?in females
Low urinary flow Urinary volume <20 mL/ kg /day[16]

Data collection and analysis We obtained information for
the above selected variables from the first metabolic study
conducted on each patient. All information was processed using
the Statistical Package for Social Science (SPSS) version 22.0
for Windows (IBM, USA). We constructed frequency distributions
for qualitative variables and calculated absolute frequencies and
percentages. For quantitiative variables, we calculated means
and standard deviations. The age distribution was divided into
quartiles. In order to analyze associations between patient
demographics and nutritional status, and metabolic disorders with
the greatest lithogenic potential (hypercalciuria, hyperuicosuria,
hyperoxaluria and hypocitraturia) we constructed double- and
triple-entry contingency tables to provide a descriptive analysis
of homogeneity.

Ethics This study was approved by the Scientific Council and
the Research Ethics Committee of the Dr Abelardo Buch Lopez
Nephrology Institute. Confidentiality of all data obtained during
the investigation was guaranteed.

RESULTS

We studied 1592 pediatric patients who presented with
urolithiasis, 67.7% (1078/1592) were adolescents, aged 10-19
years. Children studied had an average age of 6.4 years (SD:
2.2 years) and adolescents, 13.9 years (SD: 2.6 years). There
was a higher proportion of male patients, both in children (aged
2-9 years) and adolescents, at 56.8% (292/514) and 59.3%
(639/1078), respectively (Table 1).

Children had a mean renal function of 104.5 mL/min/1.73 m? BS
(SD: 21.5); mean BMI of 16.2 kg/m? (SD: 3.3) and mean body
surface area of 0.87 m? (SD: 0.22), while 321/514 (62.5%) of
children were classified as normal weight; 10.5% (54/514) thin;
9.3% (48/514) undernourished; 8.9% (46/514) overweight; and
8.8% (45/514) obese.

Adolescents had a mean renal function of 105.7 mL/min/1.73 m?
BS (SD: 20.2); mean BMI of 19.4 kg/m? (SD: 3.6) and mean body
surface area of 1.43 m? (SD: 0.26). Of the adolescents, 66.0%
(712/1078) were of normal weight, 5.3% (57/1078) were classified
as thin; 4.5% (49/1078) undernourished; 14.1% (152/1078)
overweight and 10.0% (108/1078) obese.

The most frequent renal metabolic disorder was hypercalciuria
(39.1%; 622/1592). This was followed in order of frequency by
decreased urinary flow (22.4%; 357/1592) and hypocitraturia
(18.2%; 289/1592). Other urinary metabolic disorders in the
study had an overall frequency of <10%. Comparing children
and adolescents, we found statistically significant differences

Table 1: Patient distribution by age and sex
S

Total
Age(years) | Male | Female |
56.8 222 43.2 514 32.3
10—19 639 59.3 439 40.7 1078 67.7
Total 931 58.5 661 41,5 1592 100.0
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in the relative frequencies of hypercalciuria, hypocitraturia
and hyperoxaluria, which were higher in children; and also for
decreased urinary flow and hyperuricosuria, which were more
common in adolescents. Urinary tract infection was low in overall
frequency and similar between the two groups (Table 2).

In terms of frequency of urinary metabolic disorders, it should be
noted that we found minimal differences between the sexes in
either children or adolescents. The greatest differences were found
in hypocitraturia in children: 45.5% (101/222) in girls versus 37.3%
(209/292) in boys, and in hyperuricosuria in adolescents; 1.8%
(8/439) in female patients versus 6.3% (40/639) in male (Table 3).

There were notable differences in the frequencies of hypercalciuria
and hypocitraturia in children and in the frequencies of
hyperuricosuria and hypocitraturia in adolescents (Table 4).

Table 2: Absolute and relative frequencies of urinary metabolic
disorders in children and adolescents

Total
n = 1592

2-9 years
n =514

10-19 years

Urinary o
n=

metabolic
disorder

Hypercalciuria 257 50.0 365 339 622 39.1 <0.01
Low urinary flow 78 152 279 259 357 224 <0.01
Hypocitraturia 209 40.7 80 7.4 289 18.2 <0.01
#ggt""irn);ecﬁon 42 82 95 88 137 86 011
Hyperoxaluria 25 4.9 29 2.7 54 3.4 0.04
Hyperuricosuria 3 0.6 48 4.5 51 3.2 <0.01
Cystinuria 1 0.2 5 0.5 6 0.4 0.70

*p value associated with testing homogeneity between children and adolescents

Table 3: Absolute and relative frequencies of the main urinary
metabolic disorders in children and adolescents by sex

Metabolic disorder

S Hyper- Hyper- Hyper- Hypo-
£X calciuria oxaluria | uricosuria | citraturia

Age

(VEEIS)

2.9 Male 144 49.3 18 6.2 2 07 109 373
Female 113 50.9 6 27 1 05 101 455
10-19 Male 219 343 17 27 40 6.3 47 7.4
Female 146 33.3 18| 30 8 18 B2 NNES

Table 4: Absolute and relative frequencies of the main urinary
metabolic disorders in children and adolescents by age

Metabolic disorder

(years) calciuria oxaluria | uricosuria | citraturia
2-4.9 99 52 525 6 6.1 0 0.0 55 55.6
5-6.9 140 83 59.3 6 4.3 1 07 68 48.6
7-7.9 82 28 34.1 4 49 0 0.0 29 354
8-9.9 193 94 48.7 9 47 2 10 57 295
10-11.9 242 87 36.0 9 37 4 1.7 37 15.3
12-13.9 266 97 36.5 10 3.8 9 34 13 4.9
14-15.9 271 94 34.7 6 22 15 55 16 5.9
16-19 299 87 29.1 4 1.3 20 6.7 14 4.7

Table 5: Absolute and relative frequencies of the main urinary
metabolic disorders in children and adolescents by nutritional status

Metabolic disorder

Age Nutritional Hyper- Hyper Hyper- Hypo-

(years) |status calciuria | oxaluria |uricosuria | citraturia
Undernourished 5, 655 1 21 o 00 30 625
n=48
L) 29537 5 93 0 00 26 481
n=54

2-9 Normal weight

(12514) n= 321 173 539 16 50 3 0.9 128 39.9
OB 10 217 2 43 0 00 17 37.0
n =46
Obese 15333 1 22 0 00 8 178
n=45
UiesnmniEied) oot ool gl sl @ on| el ez
n=49
Thin 25 439 0 00 1 18 10 175
n=57

10-19 Normal weight

e 245 344 24 34 23 32 52 73
Overweight 47 309 3 20 11 72 3 20
n =152
Obese
108 21 194 1 09 13 120 9 83

In children, hypercalciuria appeared more often in children aged
5.0-6.9 years (59.3%, 83/140), while least often found in children
aged 7.0-7.9 years (34.1%, 28/82). Hypocitraturia presented at
higher rates in children at younger ages, which decreased as they
grew older. In adolescents, frequency of hypocitraturia was higher
in patients aged 10.0-11.9 years (15.3%, 37/242), compared with
other age groups. Frequency of hyperuricosuria increased from
1.7% (4/242) in patients aged 10.0-11.9 years to 6.7% (20/299) in
those aged 16.0-19.9 years.

There were also appreciable differences for hypercalciuria and
hypocitraturia in children, and for hypercalciuria, hyperuricosuria
and hypocitraturia in adolescents when comparing disorder
frequencies with groups according to patient nutritional status
(Table 5). Frequencies of hypercalciuria and hypocitraturia
were higher in undernourished children (62.5%; 30/48 for both
disorders); frequencies of hypercalciuria were lower among
overweight children (21.7%; 10/46) and cases of hypocitraturia
were less frequent in obese children (17.8%; 8/45). Among
adolescents, frequency of hypercalciuria and hypocitraturia were
also high in undernourished patients, at 55.1% (27/49) and 12.2%
(6/49) respectively. However, contrary to what we observed
in children, frequency of hyperuricosuria was higher in obese
adolescents (12.0%; 13/108) than in other weight categories.

DISCUSSION

Although 24-hour urine composition tests are essential for
diagnosing urinary metabolic disorders that promote lithogenesis
and, consequently, for preventing lithogenesis recurrence, studies
of this type in significant numbers of pediatric patients are rare
on the global scale and nonexistent in Cuba. Additionally, urinary
metabolic disorders are conditioned by dietary, genetic, water quality
and climatic factors, among others, which does not allow data from
other populations to be extrapolated to the Cuban population.[17]
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The higher frequency of urolithiasis we found in the male sex
coincides with results from both national and international
epidemiological studies in adults.[18,19] However, the results in
the pediatric population are less consistent.[20-22] Prevalence
of lithiasis has also been described in adolescents,[23] and it
is believed that the recent increase of the disorder in pediatric
patients has occurred mainly within this age group. However, we
can make no such assertions in the context of this study, since it
was not conducted in an open population but only in urolithiastic
patients who underwent urinary composition studies. It should
also be noted that while urinary composition studies may have
been conducted during adolescence, a first lithiastic episode
could have happened during childhood. But to conduct such tests
in children is difficult, as problems with 24-hour urine collection
are more common in younger individuals.[24]

Worth noting is that approximately one fifth of the children in our
study were in either the thin or undernourished categories. This
may be due to the fact that several causes of lithiasis during
childhood have an impact on nutritional status. One of the most
important is renal tubular acidosis, whose incidence peaks during
childhood and is a known cause of malnutrition in children. We
were not able to explore this possible link since our research did
not include urinary acidification studies.[25] It is also noteworthy
that nearly a quarter of adolescents were either overweight or
obese, both well-known risk factors for lithogenesis in adults
and whose rates have increased in adolescent populations
worldwide.[26]

Renal function was preserved in the vast majority of patients,
to be expected given their young age, as the damage to renal
function caused by stones in the urinary tract is cumulative, and
often due to obstructive nephropathy. Another consideration is
that urinary tract infections are often associated with lithiasis,
which can contribute to impaired kidney function.[27] However,
in this study, the frequency of urinary tract infections was low and
similar between all groups.

In the absence of 24-hour urinary composition studies in healthy
Cuban children, for this study we used internationally-accepted
reference values in defining each disorder.[16] One problem
with these definitions is that the risk of lithiasis increases with
an increase in excretion or in concentration of the metabolite
in question, which does not necessarily occur within a defined
threshold, even when healthy individuals have been used to
determine these thresholds.[20]

Frequencies of hypocitraturia and low urinary flow are
higher in the pediatric populations with lithiasis than in the
Cuban adult population with lithiasis. However, frequency of
hyperuricosuria and urinary infections is higher in the adult
population, consistent with findings in other studies.[8,28,29]
Relative frequencies of urinary metabolic disorders in pediatric
patients are similar to those found by Celiksoy in Turkey[30]
and Amancio in Brazil.[10] Other studies, including Yang in
China,[31] and Akhavan in Iran,[32] found hypocitraturia to be
the most common disorder. These differences may be due to
dietary habits or genetics.

Unfortunately, relative frequencies of disorders in these kinds of
studies are not usually stratified in children and adolescents. Our
findings are similar to those of the Cambareri study, which was

carried out in four US centers and identified higher frequencies of
hypercalciuria and hyperoxaluria in children <10 years of age and
decreased urinary flow in those over the age of 10.[33]

Our finding of low urinary flow in adolescents stands out, and its
cause should be investigated. This could be due to engaging in
demanding physical activity without adequate hydration, which is
common in school, sports and military settings, or to the trend in
these age groups, as identified in the general pediatric population in
the United States, to fail to comply with dietary recommendations.
[34] We consider promoting increased water intake a fundamental
therapeutic recommendation for these age groups, and vital for
both primary and secondary urolithiasis prevention.

The low frequency of cystinuria found in this study is consistent
with findings in Cuban adults with lithiasis,[28] and contrasts with
other studies in China and Turkey, revealing considerably higher
frequency. This may be due to genetics underlying the frequency
of cystinuria, which exhibits great variability between populations
with different ethnic origins.[8,30,31]

The higherfrequency of hyperuricosuriain male adolescents seems
to be linked to increased concentration of male sex hormones that
occurs in the second decade of life. These hormones do not have
a direct effect on the frequency of hyperuricosuria, but act through
other metabolic mediators.[21,35] Uric acid is produced in the liver
as a byproduct of digestion, and, as it cannot be metabolized by
humans, constitutes a final metabolic product. This product is then
eliminated in the gastrointestinal tract by bacteria that break down
uric acid (intestinal uricholysis), a process that is responsible for
one third of excretion (the remaining two thirds are excreted in
urine).[35] Endogenous production of uric acid is the element
that seems to be the most heavily influenced by sex hormones
and thus may be responsible for an increase in urinary excretion
(hyperuricosuria), which occurs in higher frequencies among
overweight and obese adolescents, both of which are nutritional
states that are linked to higher incidence rates of hyperuricemia
and hyperuricosuria.[36]

Both children and adolescents experience development through
notable changes in relatively short periods of time, so it is
important to understand how frequencies of disorders most prone
to lithogenesis vary by age subgroups. However, there are no
other studies that include comparisons between age groups,
probably due to the relatively large number of patients that would
be required to perform this stratification.

The higher frequency of hypercalciuria in children aged <7 years
is consistent with Bergland's findings in male children aged <8
years,[37] and other evidence pointing to decreased urinary
calcium excretion with aging.[38] No dietary modifications
were made before this study was carried out, so hypercalciuria
could not be classified into renal, intestinal or bone (resorptive
hypercalciuria).[20]

The increased rate of hypocitraturia in earlier ages, both in children
and adolescent subgroups, is likely due to a progressive increase
in urinary citrate excretion with age, as identified by Kirejczyk in
a study of 2334 Polish children and adolescents.[39] This is of
particular interest, considering the trend pointing to increased
frequency of hypocitraturia in several studies of lithiasis patients.
This increased rate also points to the importance of urinary citrate,
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which is the most abundant organic anion in urine and is a notable
inhibitor of urinary calculi, as it bonds to ionic calcium and reduces
urinary calcium saturation, which in turn prevents the growth of
calcium crystals in addition to promoting an increase in urinary
pH that decreases uric acid lithogenesis.[9,16,30,32,40] In light of
the results of this study, young children and younger adolescents
would benefit the most from oral citrate salt supplements.

Although the influence of diet on urolithiasis is well known,
surprisingly little work has been done exploring the relationship
between urolithiasis and nutritional status.[41] This makes it
difficult to draw larger comparisons using the results of this study.

Association between hypercalciuria and malnutrition has been
studied in particular disorders, like renal tubular acidosis, but at
least part of this association is due to a defined calcium cut-off
value of 4 mg/kg/day for this disorder, as undernourished and lean
individuals, who as a matter of definition have lower body weights
than their peers, are diagnosed with hypercalciuria despite having
levels of calcium excretion similar to that of other children their
age.[16,25] Added to this is new evidence suggesting monogenic
causes of urolithiasis, many of which are characterized by the
presence of hypercalciuria, which in turn may affect patient
nutritional status.[42]

Association of hypocitraturia with thinness and undernutrition have
been classically attributed to states of chronic metabolic acidosis
that cause increased proximal citrate reabsorption and tissue
catabolism.[20,25] Other causes include chronic diarrhea, use of
drugs influencing urinary acidification (which were not considered
in our study, due to exclusion criteria), and distal renal tubular
acidosis (including incomplete forms).[20,43] Although we did not
evaluate urinary acidification for the purpose of diagnosing renal
tubular acidosis, and this precludes us from making categorical
attributions, we are aware that idiopathic hypocitraturia must have
made at least some contribution to our study results.[25]

Association of hyperuricosuria with obesity in adolescents was
expected, as the relationship between obesity and increased trunk

fat with hyperuricemia and hyperuricosuria is known. This has been
proposed as an explanation for the increased incidence of lithiasis
in adolescents, although not all studies have drawn this conclusion.
[36,44—-46] Hyperuricosuria not only causes uric acid lithiasis, but
also urinary calculi. Obesity and states of insulin resistance create
conditions of acidic urinary pH, which in turn favors the formation
of urate crystals that can constitute nuclei leading to the formation
of uric and calcium stones (a phenomenom known as epitaxis).
[43,47,48] Prevention and treatment of obesity in adolescents
should be included in guidelines for preventing pediatric lithiasis.

The main limitations of this study are the use of only one 24-hour
urine sample per patient (more samples are ideal, but these are
difficult to obtain in children),[49] the poor representation of children
in the total study sample, the use of international cut-off values
in defining metabolic disorders and the failure to study urinary
acidification or control patients’ diets prior to sample collection,
which would have allowed for greater diagnostic precision.
However, this research included a considerable number of
individuals from across Cuba, with a standardized study protocol,
and constitutes the best evidence available for the country on
urinary metabolic disorders prone to causing urolithiasis in the
pediatric population. It can thus serve as a reference in designing
strategies for primary and secondary urolithiasis prevention in
Cuban pediatric patients.

CONCLUSIONS

Hypercalciuria, decreased urinary flow and hypocitraturia are
the main metabolic disorders identified in the Cuban pediatric
population with urolithiasis. Hypercalciuria, hypocitraturia and
hyperoxaluria are more frequent in children, while decreased
urinary flow and hyperuricosuria are more frequent in adolescents.
Hypercalciuria in children is most closely related to age and
nutritional status. Hyperuricosuria in adolescents is most closely
related to age, sex and nutritional status. The findings of this study
provide a foundation for the prevention of urolithiasis in Cuban
children and adolescents. -
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Short-Term Tolerance of Nasally-Administered NeuroEPO
in Patients with Parkinson Disease
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ABSTRACT

INTRODUCTION No neuroprotective treatment has been able to
successfully halt the progression of Parkinson disease or prevent
development of associated complications. Recombinant erythropo-
etin (EPO), an erythropoiesis-stimulating agent originally indicated in
anemia, produced and manufactured in Cuba (iorEPOCIM, CIMAB
S.A, Havana, Cuba) has neuroprotective properties. NeuroEPO is a
new nasal formulation of recombinant EPO with a low content of sialic
acid and without hematopoietic effects. It has neuroprotective effects
in animal models.

OBJECTIVE Evaluate short-term tolerance of intranasal NeuroEPO in
patients with Parkinson disease.

METHODS As part of a monocentric randomized placebo-controlled
double-blind study (registered at www.clinicaltrials.gov number
NCT04110678), 26 patients with Parkinson disease (stages 1 and 2
on Hoehn & Yahr Scale), were randomly divided into two groups: Neu-
roEPO (n = 15) and placebo (n = 11), both treated intranasally either
with the drug (1 mL, at a concentration of 1 mg/mL of NeuroEPO) or

INTRODUCTION

Parkinson disease (PD) is the second leading neurodegenerative
disorder in the world after Alzheimer disease.[1] Disability caused
by PD is a growing economic and social burden that parallels the
aging of the world’s population.[2] PD is characterized by progres-
sive loss of dopaminergic neurons. Dopamine precursors (such
as L-3,4-dihydroxyphenylalanine, L-DOPA) are the first line of
therapy, but only provide a symptomatic remedy since they do not
modify the course of the disease. For this reason, one of the main
lines of investigation worldwide is the search for neuroprotective
agents.[3,4]

There is evidence that erythropoietin (EPO), an erythropoiesis-
stimulating agent important in tissue oxygenation, with roles origi-
nally indicated in anemia and kidney failure, has neuroprotective
properties.[5,6] EPO has a demonstrated effect on mechanisms
involved in cell death due to its antiapoptotic and antioxidant
qualities, which prevent cell damage during the nitric oxide cas-
cade. These qualities also lend themselves to EPO's neurotrophic
effects and its effects on neurogenesis. It is believed that EPO
protects neurons through a combination of these mechanisms.
[7,8] EPO modulates neuroinflammation through neurotrophic

IMPORTANCE

This article shows that NeuroEPO is safe and well toler-
ated by patients with Parkinson disease and proposes
recommendations for the use of this compound as a neu-
roprotector.

placebo once a week for 5 weeks. At each application, we recorded
any adverse events and blood pressure. To assess potential hemato-
poietic effects of the drug, hematological and biochemical variables
were evaluated one week before and one week after the intervention.

RESULTS There were no significant differences (p = 0.22) between
the two groups in terms of frequency of adverse events (20.0% in
NeuroEPO and 9.1% in placebo groups). Three patients in Neu-
roEPO presented nausea, and one vomited (possibly due to the
patient’s positioning during drug application). One patient in place-
bo group reported polyuria and nasal irritation. In both groups, the
adverse events were mild, brief, required no treatment and did not
present sequelae.

CONCLUSION Nasally administered NeuroEPO for five weeks in
patients with Parkinson disease stages 1 and 2 on Hoehn & Yahr
Scale is well tolerated.

KEYWORDS Parkinson disease, intranasal drug, neurodegenerative
diseases, erythropoietin, biopharmaceutics, Cuba

actions on astrocytes, microglia and neurons.[9] It can pass
through the blood-brain barrier and acts on the central nervous
system through inhibition of apoptosis in microvascular endothe-
lial cells and activation of astrocytes.[10,11]

EPO has a high content of sialic acid, which protects it from
hepatic degradation and enables its erythropoietic function, caus-
ing a rise in hemoglobin synthesis and blood pressure.[12] These
effects are not present in NeuroEPO due to its low content of sialic
acid. The molecule thus conserves its neuroprotective properties
without its hematopoietic activity, which makes it a better candi-
date as a neuroprotective agent.[10,11]

NeuroEPO is produced by the Molecular Immunology Center
(CIM, CIMAB S.A., Havana, Cuba) and is under study at the Cen-
ter for Drug Research and Development (CIDEM, Havana, Cuba.)

The safety and tolerance of NeuroEPO have been proven in
healthy people[13] (Cuban Public Registry of Clinical Trials
RPCEC00000157) but there is no evidence yet of PD patients’
tolerance of the drug.

This study evaluates short-term tolerance of intranasally adminis-
tered NeuroEPO in patients with PD stages 1 and 2 on the Hoehn
and Yahr Scale.[14] It examines the onset of adverse events and
their potential effect on blood pressure and hematological variables.

METHODS
Amonocentric randomized placebo-controlled double-blind clinical
trial (registered at www.clinicaltrials.gov number NCT04110678)
was conducted to evaluate tolerance and safety of NeuroEPO in
PD patients.
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Participants Participants were recruited from February 1, 2015
through July 31, 2015 at the outpatient services at the Movement
Disorder Clinic, International Neurological Restoration Center
(CIREN) in Havana, Cuba, 46 of whom were diagnosed with idio-
pathic Parkinson disease in accordance with the operational cri-
teria of the Brain Bank of London (BBL).[15]

Inclusion criteria A prior EPO-tolerance study by our group[16]

using ior EPOCIM provided the framework for inclusion criteria:

¢ at least one year since PD onset, so disease progression can
confirm diagnosis

< no limit on number of years since disease onset of PD whenever
patient’s severity is between stages 1 and 2 on the Hoehn &
Yahr (H&Y) Scale[14]

e age 40-70 years

¢ good response to dopaminergic stimulation with >30% change in
score on the motor section of the Movement Disorders Society-
Unified Parkinson Disease Rating Scale (MDS-UPDRS)[17]

¢ no cognitive decline (>26 points) as measured by the Mini-
Mental State Examination (MMSE).[18]

Exclusion criteria Because EPO stimulates erythrocyte forma-
tion and is a leading natural erythropoiesis-stimulating agent,
the following individuals should be excluded from its use and
were excluded from the study: pregnant and breastfeeding
women; women of childbearing age who use contraceptives;
patients with hematological disorders (sickle cell disease,
myelodysplastic syndromes, active clotting and bleeding dis-
orders), peripheral vascular diseases, renal or hepatic insuf-
ficiency, polycythemia, or hematocrit 250. Due to the intranasal
administration, patients with allergic rhinitis or vasomotor rhi-
nitis in its acute phase were excluded, as well as those with
nasal cavity malformations. We also excluded patients with
sepsis or active acute or chronic inflammatory diseases; malig-
nant tumors or cancer treatment; alcoholism or drug addiction
in the two years prior to the study; high blood pressure or other
decompensated chronic illnesses; or patients receiving immu-
nosuppressant, androgen or anabolic steroid treatments in the
month prior to recruitment.

The sample size was selected following the established interna-
tional practice for tolerance clinical trials that emphasize the need
to minimize the number of subjects exposed to an experimental
product.[19,20]

In order to assign patients to the groups, the Molecular Immu-
nology Center (CIM, provider of the drug) automatically gener-
ated a single list of randomized numbers and labeled the vials
containing the product and cases with the corresponding code.
Although the initial study design called for only 20 patients, the
decision was made to include more patients due to the satis-
factory tolerance results obtained in a clinical trial on healthy
subjects and subjects with ataxia.[13] The same coding method
was applied until completion of the final sample (n = 26), made
up of 15 patients treated with NeuroEPO and 11 patients treated
with placebo.

Criteria for removal from the study Accidents or another disease
diagnosed during the study that would exclude a participant;
patient's expressed interest in abandoning the study; treatment
suspended for more than one dose, consecutively or in isolated
instances; and death.

Product and administration NeuroEPO is presented in a single-
dose 1-mL vial, containing 1 mg/mL of low sialic acid, recombi-
nant human erythropoietin (rHu-EPO) produced in cultures of the
ovarian cells of Chinese hamsters (CHO cells). Each vial also
contains polysorbate 80, sodium edetic acid, sodium chloride,
medium molecular weight hydroxypropyl methylcellulose thick-
ener and water for injection. The placebo formula is identical
except for absence of the active ingredient. The drug was admin-
istered intranasally once a week for five consecutive weeks with
the patient lying in a supine position. During the first application,
the patient’s head was inclined at a 45-degree angle below the
horizontal plane of the body, to ensure that the product arrives
to its site of action. A dose of 0.5 mL was administered slowly
in each nostril as two doses of 0.25 mL 15 minutes apart. This
ensured arrival at the superior turbinate while keeping in mind the
maximum capacity for intranasal medications.[21,22] The initial
maximum dose was based on preclinical and clinical studies, as
well as safety guidelines.[23-28]

Hematological and biochemical tests Blood tests were
conducted prior to start of treatment and one week after completion.
These included: hemoglobin, hematocrit, platelet count and
erythrocyte-sedimentation rate, creatinine, uric acid, glutamic
oxaloacetic transaminase, glutamic pyruvic transaminase,
gamma-glutamyl transpeptidase, cholesterol and triglycerides.
For statistical analysis, calculations were made of the relative
change in all hematological and biochemical parameters, defined
as the difference between the two measurements divided by the
initial value.

Clinical evaluation Vital signs were measured before treatment
and one hour after drug application. Tolerance was evaluated dur-
ing the entire study through investigation of adverse events via
patient surveys after each treatment session. In the case of an
adverse event, the medical researcher acted in accordance with
its nature and severity.

Definition and classification of adverse events An adverse
event was considered as any unfavorable medical event present-
ing in patients receiving the product without necessarily having
a causal relation with treatment. Adverse events were classified
as local (site of application) or systemic,[29] in accordance with
guidelines provided by the Center for State Control of Medicines
and Medical Devices (CECMED). An event was considered mild
if it was well tolerated, caused minimum bother, and did not inter-
fere with daily activities; moderate if it was a bother but did not
interfere with daily activities; and severe if it did interfere with daily
activities.[30] The causal relation was classified as: “Extremely
likely/sure,” “Likely,” “Possible,” “Unlikely,” “Not related,” or “Not
able to be evaluated/unclassifiable,” according to WHO causality
criteria.[31] The participants’ code was opened after study com-
pletion, which enabled identification of patients belonging to each

group.

Ethical considerations The study adhered to the ethical consid-
erations of the Declaration of Helsinki.[32] Written informed con-
sent was obtained from all participants; and confidentiality was
ensured.

Statistical procedures Information was summarized in means
and standard deviations for quantitative data and in percentages
for qualitative data. To compare distribution of frequencies of the
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two groups’ adverse events, the Chi square (X?) test
was used. For comparisons of the groups with respect
to the continuous variables, two analytically equiva-
lent procedures were used: (a) an analysis of variance
for repeated observations in the readings of systolic
and diastolic blood pressure (taking the pretreatment

Table 2: Description and follow-up for adverse events upon NeuroEPO or
placebo application

P
Parameter JDA-02 MRLL-06
(placebo) (NeuroEPO)
2

Adverse events 2

LAPG-12 NAR-09
(NeuroEPO) (NeuroEPO)
1 1

value as a covariant); and (b) for all other variables, ~ Nausea 1 1 1
comparison of means for independent groups based ~ Vomiting 1

on relative change. Nasal itching 1
Polyuria 1

2nd 1st 1st 1st

RES_U_I-TS . o o Onset application application application application

Participants’ demographic and clinical characteristics  pyration 4 hours 3 hours 2 hours 10 hours

were collected during enroliment (Table 1). All partici-  |ensity* Mild Mild Mild Mild

pants remained in the study through its completion. Extremely likely/ Extremely likely/ Extremely likely/
Causality Not related

sure sure sure

Adverse events occurred in both groups: four adverse  Outcome Recovery Recovery Recovery Recovery

events in three patients in the NeuroEPO group  Conduct Observation Observation Observation Observation

(20.0%) and two adverse events in one patient in the
placebo group (9.1%), with no significant differences
between groups (p = 0.22) (Table 2). All events were
mild and likely related to the patient’s positioning
during product administration. One patient in the placebo group
presented polyuria and nasal irritation in the second application,
apparently unrelated to the product, as this effect was not reported

Table 1: Demographic and clinical characteristics of the NeuroEPO
group and placebo group

Parameter NeuroEPO

Age

Mean (SD) 56.4 (7.8)
Sex
Male

Female

Total

61.1 (6.6)

58.4 (7.6)

7 (46.6 %)
8 (53.4%)

8 (72.7%)
3 (27.2%)

15 (55%)
11(45%)

H&Y Scale
1 4 (26.6%) 1(9.1%) 5 (19.2%)
2 11 (73.4%) 10 (90.9%) 21 (80.8%)

PD Progression (years post-diagnosis)

5.4 (3.2) 5.8 (4.1) 5.6 (3.5)

PD in family history
Yes 6 (40%)
No 9 (60%)

3 (27.2%)
8 (72.8%)

9 (34.6%)
17(65.4%)

Personal history of other chronic disorders
Yes 8 (53.4%) 7 (63.6%) 15 (57.7%)
No 7 (46.6%) 4 (36.4%) 11 (42.3%)

Use of levodopa
Yes 11 (73.3%) 9 (81.8%) 20 (76.9%)
No 4 (26.7%) 2 (18.2%) 6 (23.1%)

Use of precursors

Yes 9 (60%) 6 (54.5%) 15 (57.7%)
No 6 (40%) 5 (45.5%) 11 (42.3%)
Yes 1 (6.7%) 2 (18.2%) 3 (11.5%)
No 14 (93.3%) 9 (81.8%) 23 (88.5%)
Yes 8 (53.3%) 5 (45.4%) 13 (50%)
No 7 (46.7%) 6 (54.6%) 13 (50%)

H&Y Scale: disease severity according to Hoehn & Yahr Scale;[14] PD: Parkinson
disease; Precursors: dopaminergic drug precursors; neuroprotectors: drugs

with proven neuroprotective action; other drugs: those used for PD patients’
comorbidities (anti-hypertensives, lipid-lowering, etc.)

* Intensity of event was classified based on CDER guidelines.[27] Mild corresponds to Grade
1 in the Common Terminology Criteria for Adverse Events (CTCAE, https://www.uptodate.com/
contents/common-terminology-criteria-for-adverse-events)

Table 3: Blood pressure for both groups pretreatment, during
study and post-treatment

Blood pressure NeuroEPO

Pre-SBP 125.6 (9.4) 129 (9.2)
Pre-DBP 79.3 (7.0) 79.1 (4.9)
SBP 1 122.3 (10.4) 126.3 (14.8)
DBP 1 77 (5.9) 79.5 (9.1)
SBP 2 121 (8.4) 121.3 (10.0)
DBP 2 79 (5.9) 77.7 (6.1)
SBP 3 121 (8.4) 125.9 (11.3)
DBP 3 74 (7.1) 78.3 (6.7)
SBP 4 122.6 (15.1) 126.8 (9.5)
DBP 4 70 (4.4) 80.4 (5.6)
SBP 5 120.3 (8.1) 123.6 (8.9)
DBP 5 70 (4.4) 78.6 (5.5)
Post-SBP 122.3 (8.4) 124.1 (10.4)
Post-DBP 70 (3.2) 78.1 (2.5)

Fa=0.27 (p = 0.90)

SBP: systolic blood pressure (mmHg); DBP: diastolic blood pressure (mmHg); pre:
pre-treatment; post: post-treatment (one week after final application of product).
Numbers correspond to week of treatment. Figures correspond to means and
standard deviations (in parentheses). a: Fisher’s overall test for the effect of change
in a repeated observations analysis of variance.

for recombinant EPO or in the NeuroEPO tolerance study
involving healthy subjects.[13] Three patients in the NeuroEPO
group presented systemic events: immediate nausea on first
administration and in one case, vomiting. Event duration was
three to ten hours, with a steady decline in symptom intensity
over time. All events required only observation, and patients
experiencing the adverse event spontaneously recovered
without sequelae or need for medication.

Blood pressure readings were within normal range for partici-
pants in both groups, both before application of the product and
in the five post-application measurements (Table 3). The hema-
tological and biochemical parameters remained steady and with-
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Table 4: Relative change in hematological parameters pre- and post-
treatment in the NeuroEPO and placebo groups

Parameter t2

Pre-hemoglobin 13.1 (1.4) 13.6 (1.4)

- 0.36 0.72
Post-hemoglobin 13.1 (1.2) 13.7 (1.4)
Pre-hematocrit 41.6 (3.8) 41.6 (3.2)

- 0.47 0.64
Post-hematocrit 43.3 (4.9) 41.6 (3.2)
Pre-erythrocyte
sedimentation rate 86(58) 98(94)
Post-erythrocyt 0.73 0.47

ost-erythrocyte
sedimentation rate 8.0 (6.9) 9.2 (8.7)
Pre-platelet 242.4 (51.3) 236.6 (57.4)
0.29 0.77
Post-platelet 236.1 (50.6) 226.2 (56.5)

Pre: pre-treatment; Post: Post-treatment (1 week after final application of product).
Data presented as means and standard deviations in parentheses.

a: Value of comparison t-Student test (means over relative change) in the groups.
b: p value associated with comparison test.

Table 5: Relative changes of pre-and post-treatment biochemical
parameters in the NeuroEPO and placebo groups

Pre-creatinine (umol/L) 89.9 (25.3) 90.6 (11.6)
Post-creatinine (umol/L) 95.7 (13.8) 88.7 (15.2)
Pre-uric acid (umol/L) 288.8 (77.0) 291.3 (68.7)
Post-uric acid (umol/L) 294.3 (58.9) 279.4 (88.6)
Pre-GPT (u/L) 22.1(6.2) 16.7 (10.6)
Post-GPT (u/L) 15.6 (9.0) 17.4(6.14)
Pre-GOT (u/L) 22.1(6.2) 27.2(17.8)
Post-GOT (u/L) 20.2 (5.2) 20.1(4.02)
Pre-GGT (u/L) 28 (24.9) 37.6(33.7)
Post-GGT (u/L) 23.2(13.1) 30 (25.5)
Pre-TGC (mmol/L) 0.9 (0.5) 1.0 (0.6)
Post-TGC (mmol/L) 0.9 (0.4) 0.9 (0.5)
Pre-cholesterol (mmol/L) 4.5 (1.0) 4.9 (0.9)
Post-cholesterol (mmol/L) 4.5 (0.9) 4.6 (1.0)

Legend: GPT: glutamic pyruvic transaminase; GOT: glutamic oxaloacetic transami-
nase; GGT. gamma-glutamyl transpeptidase, TGC: Triglycerides; Pre: day zero,
pre-treatment, Post: post- treatment (1 week after final application of product).
Data presented as means and standard deviations in parentheses.

a: t—Student comparison test (means over relative change) in the groups.

b: p value associated with comparison test.

in normal limits (Tables 4 and 5), and for this reason statistical
tests (intra- and inter-group) were not performed. The means of
each parameter for each group were similar before treatment
and one week after treatment completion (Tables 3-5).

DISCUSSION

This clinical trial confirms PD patients’ short-term tolerance to
intranasally administered NeuroEPO at the doses employed.
There is an imbalance in sex and severity in both groups. In our
opinion, this disparity did not influence the results of the trial.

Sex The prevalence of PD is lower in females than in males,
in a proportion 1:3.[32,33] In our study, the placebo group had
fewer women (n = 3) than the NeuroEPO group (n = 8). This is
an effect of general randomization; it does not have the same
implication as in a drug-efficacy study. Due to its angiogenic

effect, EPO could act in females as a hormone, playing a role
in reproductive organ function;[34,45] this effect is not present
in NeuroEPO, a form of EPO without the hematopoietic effect.
In addition, women of childbearing age/pregnant women were
excluded in the recruitment process.

Severity PD severity was evaluated using the H&Y scale. The
placebo group had only one patient in H&Y stage 1, while the
NeuroEPO group had four. This imbalance was present in
recruited participants (only 10 of the 46 patients who met the
BBL criteria were in H&Y stage 1 while 36 were in H&Y stage
2). In our experience the symptoms of stage-1 patients are mild
and patients rarely seek treatment, while stage-2 patients pres-
ent bilateral motor compromise so they often volunteer to par-
ticipate in clinical trials.

Tolerance We did not find significant changes in the hema-
tological parameters. Four adverse events occurred in three
patients treated with NeuroEPO (20%); all were mild and hap-
pened after the first intranasal administration. The frequency
of adverse events reported here is lower than that found in the
NeuroEPO clinical trial conducted in healthy individuals,[13]
where 80% of the subjects who received NeuroEPO reported
at least 1 mild adverse event. This can be related to the lower
doses and frequency employed in our study (1 mg, once per
week for five weeks), where for the first time, patients with Par-
kinson were exposed to this molecule, in comparison with 1 mg
every eight hours for four days.[13]

Evidence showed good local tolerance. The mild adverse
events at site of administration are similar to those observed
in preclinical studies with both NeuroEPO and controls in the
nasal irritation test and could be considered to be common
when using this route of administration.[23]

The nausea reported by three patients in the NeuroEPO group
was not reported in the study with healthy volunteers. This
adverse event could be explained by the positioning of the
patient’s head for half an hour during the administration of the
drug (lowered at an angle to the body). These events occurred
in the first administration. In subsequent applications of the
drug, head position was modified, adopting a horizontal posi-
tion, and this effect disappeared.

The data indicate an appropriate dose level at which NeuroE-
PO can be safely nasally administered to PD patients. A phase
2-3 clinical trial of NeuroEPO is now underway to evaluate its
possible beneficial effects.

CONCLUSIONS

Nasal administration of NeuroEPO in patients with Parkinson
disease (stages 1 and 2 on the Hoehn & Yahr Scale) is well
tolerated. These results endorse further clinical study of this
product for PD treatment.
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Evaluating Cerebral Perfusion in Alzheimer Patients
and First-Degree Relatives: Lessons from Artemisa Province, Cuba

Yamilé Pefia-Quian MD PhD, Saily Sosa-Pérez MD MS, Juan F. Batista-Cuéllar MD, Chryslaine Rodriguez-Tanty PhD,
Leonel A. Torres-Aroche PhD, Elvia Luz-Sanchez RN MS, Susana Romero-Collado RN MS

ABSTRACT

INTRODUCTION Alzheimer disease is related to several risk factors
including aging, family history, high blood pressure and diabetes.
Studies have shown specific regional cerebral perfusion changes
in patients with Alzheimer disease. Some authors state that these
changes could appear years before patient memory becomes
impaired, enabling early diagnosis in high-risk persons who appear
to be healthy.

OBJECTIVE Determine the usefulness of cerebral perfusion studies
in Alzheimer patients and first-degree relatives for obtaining additional
diagnostic information and detecting functional changes that may
suggest elevated disease risk.

METHODS This study involved 128 persons (87 clinically diagnosed
with Alzheimer disease and 41 of their first-degree relatives with
normal cognition), all from Artemisa Province, Cuba. We performed
clinical, laboratory, neuropsychological and genetic (apolipoprotein
E—ApoOE, e4 allele) tests, as well as cerebral perfusion studies using
single photon emission computed tomography after administering
740-925 MBq of 99m Tc-ECD, following internationally standardized
protocols.

RESULTS In the Alzheimer disease group, the cerebral single photon
emission computed tomography showed a typical Alzheimer pattern

INTRODUCTION

Alzheimer disease (AD) is a neurodegenerative condition
with insidious onset and slow progression. The disease is
responsible for 70% of dementia cases and is the main cause
of dementia in persons aged =65.[1]

The main risk factors for onset of the disease are age, family
history of AD, high blood pressure, high cholesterol, obesity,
diabetes mellitus and low education level. The disease is
more common in women and has been linked to the e4 allele
of the gene that codes for ApoE.[2]

Longer life expectancy leads to an older population and
increases in AD incidence. Cuba has one of the oldest
populations in Latin America.[3] According to the annual
Cuban Health Statistics Report, in 2019 the Cuban population

IMPORTANCE

This study confirms the usefulness of cerebral perfusion
single photon emission computed tomography in evaluat-
ing patients with different stages of Alzheimer disease and
their first-degree relatives. In first-degree relatives, diag-
nosing abnormalities may allow for early diagnosis of the
disease and possible early interventions in the community.

(bilateral posterior temporal-parietal hypoperfusion) in 77% (67/87)
of participants; 35.9% (28/67) in stage 1; 51.3% (40/67) in stage 2;
and 12.8% (10/67) in stage 3 of the disease. In this group, 12.7%
(11/87) had mild or unilateral cerebral perfusion changes; 5.7% (5/87)
vascular dementia; 3.4% (3/87) frontal dementia; and 1.2% (1/87)
normal cerebral perfusion. Of the patients, 28.7% (25/87) received a
different classification of stage and disease diagnosis after cerebral
perfusion results were considered. In the relative group, 14.6% (6/41)
had cerebral perfusion abnormalities. Among these, 7.1% (3/41)
were mild bilateral temporal—parietal hypoperfusion; 4.8% (2/41)
mild unilateral temporal—parietal hypoperfusion; and 2.4% (1/41) had
perfusion defecits in their right frontal lobes. Of patients with typical
Alzheimer disease patterns in the cerebral single photon emission
computed tomography, 76.6% (52/67) had positive ApoE e4. All
relatives with perfusion abnormalities (6/6) had positive ApoE e4.

CONCLUSIONS Cerebral perfusion studies confirmed the Alzheimer
disease diagnosis, classified disease stages, and differentiated
between the types of dementia. The test showed perfusion changes
in several asymptomatic first-degree relatives with positive ApoE e4,
which could be predictors of disease. The technique was useful for
evaluating patients and their relatives.

KEYWORDS Cerebrovascular circulation; tomography, emission-
computed, single-photon; Alzheimer disease; Alzheimer’s disease;
Cuba

was 11,201,549, with an average life expectancy of
78.4 years. The number of persons aged =60 has doubled in
less than 40 years and comprised 20% of the population.[3]
It is estimated that in 2025, 1 in every 4 persons will be aged
260 and about 500,000 will be aged =80.[2]

Dementia is the sixth leading cause of death in Cuba.[3] In
2019, dementia was the cause of death in 5097 persons,
with a gross rate of 45.4 and an adjusted rate of 16.7 per
100,000 population.[3] A 2012 prospective longitudinal study
in Havana and Matanzas Provinces showed an annual
dementia incidence of 21.2 per 100,000 population.[4]
Dementia prevalence is 6.4%-10.2% in persons aged 265
years, and is more common in women. In the 2012 study,
AD was the most common cause of dementia.[4] Considering
the rapid aging of the Cuban population, it is estimated that
130,000 persons would have AD or another type of dementia
by 2025.[4]

AD is one of the main causes of disability in older adults
and also a disability that leads to the greatest dependence,
financial burden and psychological stress on caregivers.
[5] Without an effective intervention, by 2050 the number of
new dementia cases in persons aged 265 will substantially
increase yearly costs. The long-term demands on caregivers
of persons with dementia will increase far beyond current
levels, with significant social and economic impacts.[2,6,7]
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Diagnosing AD is primarily a clinical endeavor and based on
a triad of medical history, caregiver-provided information and
cognitive testing. With current technological advances, structural
biomarkers, biological biomarkers and nuclear neuroimaging
have been added to confirmatory diagnostic criteria.[8-10] In
summary, the criteria are:

Hippocampal amnesia (alone or associated with other cognitive

or behavioral impairments) appearing at any age, with insidious

onset and progressive worsening, associated with one or more of

the following biomarkers:

 Structural: Medial temporal lobe atrophy (detected by MRI)

 Biological: Abnormalities in cerebrospinal fluid biomarkers

* Functional or metabolic: Regional cerebral hypoperfusion
detected by single photon emission computed tomography
(SPECT), fluorodeoxyglucose hypometabolism and observa-
tion of amyloid or tau protein buildups using positron emission
tomography (PET).

The new diagnostic criteria show that AD’s physiopathological
process starts several years before the first clinical symptoms
appear. These criteria support the use of biomarkers that
can predict AD progression in preclinical phases and support
diagnosis in stages of mild cognitive impairment or dementia.
While some biomarkers are currently used for research
purposes, they may also be available in clinical practice in the
near future.[9]

SPECT is a minimally invasive technique that plays a fundamen-
tal role in brain function assessment in establishing AD diagnosis,
disease stage, prognosis, differential diagnosis and evaluation of
treatment options for AD patients.[11,12] Patients receive an intra-
venous radiopharmaceutical that crosses the blood-brain barrier,
permitting SPECT gamma cameras to acquire 3D images.[11,12]

AD patients show specific changes in cerebral perfusion
diagnosed by SPECT.[13] In stage 1 (disease onset), there tends
to be mild perfusion changes in the cerebral cortex, which can be
unilateral and localized. As the disease progresses to stage 2,
these changes form a typical bilateral posterior temporal—parietal
hypoperfusion pattern. In advanced stages, hypoperfusion can
extend to the frontal lobes of the cerebral cortex. Hypoperfusion
of the posterior cingulate can also occur.[13] In AD, perfusion
remains normal in the sensory—motor cortex, basal ganglia,
cerebellum and brainstem. These patterns, along with clinical
manifestations and other test results, allow for evaluation and
differential diagnosis of the types of dementia.[13]

In practice, diagnosing dementia continues to be a clinical
endeavor, which substantially contributes to delayed diagnoses
because once symptoms manifest, the neuropathological
abnormalities are generally already extensive. This leads to
failure of current drug and non-drug therapies. The fundamental
role of and the challenge in developing new neuroimaging
techniques is being able to detect with a high degree of sensitivity
and specificity the predictive functional abnormalities that lead to
irreversible structural damage.[14]

Some authors suggest that these functional abnormalities could
appear in persons many years before memory impairment.
[8,14,15] In high-risk populations, tests such as SPECT could

lead to early diagnosis, allowing for timely intervention before
irreversible memory loss occurs. Lopera reported on SPECT's
value in evaluating patients’ relatives.[16] However, research is
still insufficient.

Detecting abnormality patterns in functional neuroimaging in
asymptomatic carriers of familial Alzheimer disease could serve
as an early diagnostic marker before the age of onset in subjects
at risk of sporadic AD.[16]

Cuba’s Ministry of Public Health has been working for years to
develop stratified active screening programs at all three levels
of health care—primary, secondary and tertiary. These programs
could be optimized with neuroimaging.[17] Yet the usefulness of
neuroimaging has not been defined in our setting, and it is not
widely used by specialists charged with AD patient care.

The objective of this study is to determine the usefulness of the
SPECT cerebral perfusion test in AD patients and their first-
degree relatives in obtaining additional diagnostic information and
detecting functional changes that suggest elevated disease risk.

METHODS

Type of study and participants We conducted an observational,
analytic cohort study from January 2018 through March 2020.
128 participants were seen at the Comprehensive Memory
Disorder Community Care Service in San Antonio de los Bafios,
Artemisa Province, Cuba, and were screened based on criteria
described below. We conducted a medical interview, clinical
examination, laboratory tests (complete blood count, blood
glucose, urea, creatinine and lipid panel), neuropsychological
evaluation, ApoE e4 test, non-contrasted CT scan, and cerebral
perfusion SPECT. The SPECT was conducted at the Isotope
Center’s Clinical Research Division in Havana.

We divided participants into two groups: AD patients (87 with
a clinical diagnosis of AD) and their first-degree relatives with
normal cognition (41 parents, children or siblings).

Inclusion criteria AD patients, first-degree relatives of AD patients
with normal cognition, age 240 years, agreement to participate
expressed in written informed consent or, for patients unable to
provide this, written consent by legal guardian.

Exclusion criteria Patients with neurological symptoms or signs
of other medical conditions (e.g., non-Alzheimer dementia, major
depressive disorder, cerebrovascular disease, toxic and metabolic
abnormalities); head injury or recent intracranial surgery;
patients with another demonstrated comorbidity that causes
significant disability (cancer, septic embolism, endocarditis,
myeloproliferative disease, creatinine >3 mg/dL or 265 pmol/L,
hyperkalemia >5.0 mmol/L, chronic or severe liver, kidney, or
heart disorders); patients or relatives of patients with histories of
alcoholism and/or drug dependence.

Variables included in the study

Clinical diagnosis

Alzheimer disease Persons with clinical disorders consistent
with AD who meet the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINCDS-ADRDA)
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Alzheimer criteria (significant and early episodic memory
impairment associated with supporting characteristics such
as medial temporal lobe atrophy, abnormal cerebrospinal fluid
biomarkers, specific patterns in functional and/or metabolic
neuroimaging, and autosomal dominant mutation of ApoE).[8—10]
Neuropsychological tests were conducted with scores from:

* Montreal Cognitive Assessment (MOCA): <16 points[5]

¢ Clinical Dementia Rating (CDR): 21 point[18,19]

¢ Mini-Mental State Examination (MMSE): <23 points[5]

¢ Global Deterioration Scale (GDS): 24 points[20]

Normal cognition (NC) Lack of memory impairment or other
cognitive function impairment according to the patient or the
relative. Preserved independence in basic activities of daily living
and instrumental activities of daily living. Neuropsychological
tests were conducted with scores from:

* MOCA: 226 points[5]

¢ CDR: 0 points[18,19]

¢ MMSE: 27-30 points[5]

¢ GDS: 1 point[20]

Age Confirmed by the participant’s legal identification document
(official identity card)

Skin color Based on direct observation and official identity card
Atherogenic risk factors From medical interview
Family history of AD From medical interview

ApoE e4 (Polymerase chain reaction-based genotyping of
ApoE) We performed ApoE DNA genotyping using the protocol
described by Hixon and Vernier.[21] After this determination, we
researched status of participants’ ApoE e4 carrier and frequency
of the e4 allele. A blood test determined presence of ApoE e4
alleles, recorded as positive or negative.

Cerebral perfusion SPECT We performed SPECT scans after
administering the radiopharmaceutical, once participants had been
prepared according to internationally standardized protocols.[12]

To perform the SPECT scan, we placed participants in the supine
position on a bed in a room with a calm atmosphere and inserted
a line into a vein. We left participants to rest, relaxed, in silence,
in a dimly lit room, with their eyes closed and without speaking
for 10 minutes. Then we administered 740-925 megabecquerels
(MBQq), at 20—25 millicurie (mCi) of Technium-99m-—ethyl cysteinate
dimer (99m Tc-ECD) (Tecnonucleo, Argentina) intravenously
and waited 10 more minutes in the same conditions before
sitting participants up. For the next 30 minutes, we ensured that
participants had no intense visual or auditory stimuli. We acquired
images 30—-45 minutes after radiopharmaceutical administration.

Image acquisition parameters A Nucline Spirit DH-V (Mediso,
Hungary) dual-head gamma camera acquired the images. The
camera used SPECT acquisition mode with a low-energy high-
resolution collimator, and a 15% window centered on the 140 KeV
(Kiloelectronvolt) technetium-99m photopeak. Detectors were
placed in anterior projection as close as possible to the patient’s
head. The detector moved automatically along one orbit, rotating
360°, permitting the camera to acquire 180 shots, with a 128x128
matrix and 1.2 zoom.

Image processing
Reconstruction Filtered backprojection, with borders right above
and below the brain (including the cerebellum).

Filter 4th-order Butterworth, slice frequency 0.25
Attenuation correction Chang’s method, coefficient of 0.11 cm™?

Zoom Post-reconstruction variable based on operator’s discretion
The three axes (sagittal, coronal and transverse) were reoriented
so that the transverse slices were parallel to the orbitomeatal line
(in the sagittal slice, this line is tangential to the inferior border of
the frontal and occipital lobes).

Scan interpretation At least two observers evaluated the SPECT
scans, reporting observations independently and subsequently
resolving differences by consensus. They evaluated the images
in the context of relevant anatomical information provided by CT
structural methods. The programs used for image processing
contained a database of persons with normal results.

The unprocessed SPECT images (raw' projections) were
reviewed in film mode before CT slices were created, to verify
whether the study was complete and to evaluate the presence
and degree of movement, abnormal biodistributions, ratio of organ
to background activity, and other potential sources of artifacts.

The observers interpreted scans directly from the computer
screen, without subtracting background activity. They evaluated
scans using continuous color scales and visually evaluated them
with slice-by-slice analysis (sagittal, coronal and transverse
slices), establishing automatic correlation with the CT. The
analysis included 3D images.

Researchers also conducted a color-scale semiquantitative
analysis and a quantitative analysis by cerebral region using
processing software programs (Mediso, Hungary). This evaluation
showed perfusion in the different cerebral lobes and compared
one cerebral hemisphere with the other, determining differences
between the two.

The results were classified as:

Normal Symmetric distribution of the radiopharmaceutical in one
hemisphere with respect to the other. Uniform distribution of the
radiopharmaceutical in the cerebral cortex and cerebellum. Basal
nuclei with normal and symmetric uptake.

Pathological Focal or diffuse cortical hypoperfusion image,
identified in three spatial projections and not corresponding to the
interlobar sulci.

Typical AD pattern Evidence of symmetric and predominantly
posterior bilateral temporal-parietal cortical hypoperfusion.
Enhancement of interhemispheric fissure and sulci suggesting
frontal atrophy in the high slice. In advanced stages of the disease,
this hypoperfusion included the frontal lobes of the cerebral cortex
and the posterior cingulate. Basal nuclei and occipital lobe show
normal perfusion.

SPECT stages consistent with AD
Stage 1 Any abnormality of diffuse unilateral posterior temporal—
parietal perfusion.
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Stage 2 Symmetric and predominantly posterior bilateral
temporal—parietal cortical hypoperfusion, of moderate intensity.

Stage 3 Symmetric and predominantly posterior bilateral
temporal—parietal cortical hypoperfusion, of severe intensity
and extending to the frontal lobe, associated with generalized
cerebral cortex thinning.

Data compilation and analysis We evaluated 128 clinical
charts and medical reports of patients and relatives who
provided written informed consent. Data were coded on an
Excel spreadsheet, maintaining confidentially and anonymity,
and entered into double-entry tables with participants’
general characteristics. We divided patients into two study
groups (patients with AD and first-degree relatives with NC),
determined the number and percentage of patients based on
SPECT results, and created graphs with the data obtained.
We obtained the absolute and relative frequencies of patients
with AD based on the three clinical stages of the disease.

We created cross-classification tables to explore the
association between clinical classification and the presence or
absence of ApoE e4 with the results of the cerebral perfusion
SPECT.

Ethical considerations The ethics committees of all
participating institutions (Isotope Center, Cuban Neuroscience
Center, and the Artemisa Provincial Health Department
Comprehensive Memory Disorder Community Care Service)
analyzed and approved the research. We encrypted
participant data for analysis. All participants (patients or their
legal guardians, and their relatives) gave informed consent in
writing.

RESULTS

AD patient group Included in this group were 60 women
and 27 men. The mean age was 74, and skin color was
classified in 60.9% (53/87) as white and 39.1% (34/87) as
mestizo (according to categories established by the Cuban
census). The atherogenic risk factors in the patients were
diabetes mellitus in 62% (54/87), dyslipidemia in 50%
(44/87) and arterial hypertension in 31% (27/87). A family
history of AD was reported in 62% (54/87) of patients.

Cerebral perfusion SPECT Evaluation showed a typical AD
pattern (bilateral posterior temporal—parietal hypoperfusion)
in 77% (67/87) of patients. A lower percentage, 12.7% (11/87),
showed mild or unilateral perfusion changes consistent with
the initial stage of AD. We observed mild-to-moderate focal
hypoperfusion patterns consistent with vascular disease in
5.7% (5/87) of patients (individuals with an initial diagnosis
of AD). In only 3.4% (3/87) of patients did we observe frontal
hypoperfusion with good perfusion in the rest of the cerebral
cortex (pattern consistent with frontal dementia), and we
observed in 1.2% (1/87) normal cerebral perfusion (Figure 1).

Cerebral SPECT results showed changes consistent with
AD in 78 patients—typical AD pattern or minimal unilateral
perfusion changes (Figure 2). Most AD patients, 51.3%
(40/78), were in stage 2 of the disease (moderate); 35.9%
(28/78) were in stage 1 (mild); and 12.8% (10/78) were in
stage 3 (advanced). The bottom of the figure shows the cross-

Figure 1: Patients with clinical diagnosis of Alzheimer disease
group (n = 87): SPECT cerebral perfusion results

Figure 2: Patients by Alzheimer Disease stages according to
cerebral SPECT (n =78)

Stage 1: Any abnormality of diffuse unilateral posterior temporal—
parietal perfusion

Stage 2: Symmetric and predominantly posterior bilateral temporal—
parietal cortical hypoperfusion, of moderate intensity

Stage 3: Symmetric and predominantly posterior bilateral temporal—
parietal cortical hypoperfusion, of severe intensity and extending to the
frontal lobe, associated with generalized cerebral cortex thinning

sections of cerebral perfusion SPECT with typical patterns for
each of the three AD stages.

In most patients, clinical diagnoses matched SPECT results.
However, 28.7% (25/87) of patients received a different
classification of disease stage and disease diagnosis after
cerebral perfusion results were considered; five patients with
vascular dementia and three patients with frontal-temporal
dementia.
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Figure 3: First-degree relatives with normal cognition group
(n = 41): SPECT cerebral perfusion results

SPECT: Single photon emission computed tomography

Figure 4: Transverse slices of cerebral perfusion SPECT of a
67-year-old woman (relative with normal cognition), positive ApoE e4

ApoE e4: APOE genotype

The arrows point to regions with mild bilateral temporal—parietal
hypoperfusion, more severe in the left hemisphere. Images also show
mild diffuse hypoperfusion in the left frontal lobe. A: Anterior; L: Left;
P: Posterior; R: Right

First-degree relatives group This group included 28 women
and 13 men. The mean age was 56, and skin color in 60%
(25/41) of participants was classified as white, and as mestizo in
40% (16/41) of patients. Atherogenic risk factors were diabetes
mellitus in 58% (24/41), dyslipidemia in 41% (17/41), and arterial
hypertension in 29% (12/41). All participants (41/41) had a family
history of AD.

Cerebral perfusion SPECT This showed regional cerebral
perfusion abnormalities in 14.6% (6/41) of evaluated
participants (Figure 3). We found mild bilateral temporal-
parietal hypoperfusion in 7.1% (3/41), unilateral mild temporal
and parietal hypoperfusion in 4.8% (2/41), and a diffuse

perfusion defect of the right frontal lobe in 2.4% (1/41). None
of these cases had a result consistent with normal variants.
Changes in cerebral perfusion could be predictors of AD.

The cerebral perfusion SPECT of a first-degree relative with
normal cognition (a woman aged 67 with hypertension and
type 2 diabetes, daughter of a patient with AD) showed mild
bilateral temporal—parietal hypoperfusion, more severe in the
left hemisphere (Figure 4). The images also revealed mild
diffuse hypoperfusion in the left frontal lobe. Before the study,
this relative had not reported any symptoms suggestive of AD.

Cerebral perfusion SPECT and ApoE e4 We conducted a
cross-comparison between the cerebral perfusion SPECT
results and presence or absence of ApoE e4 in blood for both
groups evaluated in the study (patients with AD and first-degree
relatives with NC) (Table 1). We observed a link between ApoE
e4 presence in blood and alterations in perfusion reported
by the SPECT. Of participants with a typical AD pattern in
the cerebral SPECT, 76.5% had positive ApoE e4. In the AD
patients’ group, ApoE e4 was also positive in 45.5% of cases
with mild and/or unilateral changes in cerebral perfusion. All
first-degree relatives with SPECT perfusion abnormalities had
positive ApoE e4. All participants who had frontal and focal
hypoperfusion, with normal perfusion in parietal and temporal
regions, had negative ApoE e4.

DISCUSSION

Neuroimaging techniques have made remarkable advances,
specifically in the areas of AD diagnosis, prognosis and
predicting response to treatment. The most frequently used
techniques include MRI, PET, and cerebral perfusion SPECT.
[12,15,22,23]

Advances in neurosciences have raised awareness of the
following: 1) existence of patients who have diffuse amyloid
plaques typical of AD without dementia; 2) that characteristic
disease pathology can be accompanied by atypical clinical
manifestations; and 3) abnormal pathology occurs years before
the first clinical symptoms appear—dementia is the final stage
of the disease. It is therefore possible to differentiate two AD
stages: a first preclinical, asymptomatic stage; and a second,
symptomatic stage, from the appearance of the first cognitive
manifestations to the more advanced phases of dementia.[8]

Nuclear medicine studies such as SPECT and PET could be
important in supporting early AD diagnosis.[8,10] Currently,
the sensitivity and specificity values of PET scan metabolic
imaging are higher than those of SPECT. PET scans are
able to detect glucose metabolism in brain cells as well as
deposits of beta-amyloid plagues and tau proteins using
specific radiopharmaceuticals. Multiple clinical trials are being
conducted with these specific markers.[24] However, high
cost, limited availability in most countries, and the need to rely
on radioactive isotopes with a short or ultra-short half lives
have limited the use of PET scans as a screening method on
asymptomatic patients.[11]

Although PET and SPECT scans use different tracers and
instruments, the principles of interpretation and underlying
neurobiological processes are similar. There is a confirmed
association between perfusion SPECT results and PET results,
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Table 1: Comparison of cerebral perfusion SPECT results and
presence or absence of ApoE e4 in patients and family members

ApoE e4

Cerebral SPECT

— ApoE e4 | ApoE e4 Total
Positive | Negative

Typical AD n 52 16 68
pattern % 76.5 23.5 100
Minimal changes N 5 6 1
in perfusion % 455 54.5 100
Focal n 0 5 5
hypoperfusion % 0 100 100
Frontal n 0 3 3
hypoperfusion % 0 100 100
. n 1 0 1

Normal perfusion
% 100 0 100
Minimal changes N 6 0 6
in perfusion % 100 0 100
. n 9 25 34

Normal perfusion
% 26.5 85 100
n 73 55 128
% 57 43 100

AD: Alzheimer disease  ApoE e4: APOE genotype
SPECT: Single photon emission computed tomography

and in degenerative diseases, the two have shown links
between cerebral blood flow and metabolism.[11] Regional
cerebral blood flow changes are an indirect manifestation of
changes in oxygen use and metabolism; therefore, SPECT
scans can identify patterns that are repeated in PET scans.
SPECT scans also have the added advantage of being
cheaper and more widely available.[11]

Cuba’s Ministry of Public Health has recently outlined a plan
to optimize medical equipment in the country, increasing
availability of cerebral SPECT tests and facilitating use of the
perfusion test to be used in clinical practice. However, as far
as we know, ours is the first study in Cuba related to cerebral
SPECT tests on AD. SPECT not only evaluates cerebral
blood flow, but also provides valuable information to support
diagnosis in early stages of AD and provides a useful tool for
minimally invasive research on human cognition.[12,13]

This study describes the results of evaluating patients with
AD and their relatives using cerebral SPECT tests; shows the
usefulness of this technique in diagnosis, progression, and
differential diagnosis of the patients; provides information about
usefulness of SPECT tests for studying first-degree relatives;
and compares the SPECT results with clinical evaluation and
ApoOE e4 tests.

AD Patient group Characteristics were similar to those
reported in other Cuban studies of AD patients. In our study, the
mean age was 265 years, and participants were predominantly
women. Many studies show a greater prevalence of AD in
women and show that most long-term caregivers of patients
are women, which indicates that the disease doubly affects
women, who therefore require greater care and support.[2,4]

Most patients evaluated were white, which is similar to studies
by other authors that report lower prevalences of AD in persons

of African descent.[2] Ethnicity is also related to predispositions
for cognitive disorders, and ApoE e4 has been shown to vary
based on ethnicity, with lower expression in persons of African
descent.[2]

We found three AD risk factors—diabetes mellitus, dyslipidemia
and high blood pressure—in a high percentage of patients,
similar to findings of other authors who posit that risk factors
associated with heart disease and stroke can also increase
AD risk.[27] They argue that high blood pressure can damage
blood vessels in the brain, resulting in abnormalities in regions
important for decision-making, memory and verbal skills,
therefore affecting AD progression.[27] These authors also
suggest that high cholesterol can inhibit the blood’s ability to
eliminate unwanted proteins (beta-amyloid plaques and tau)
from the brain. Additionally, growing evidence supports a link
between AD and type 2 diabetes, since higher glucose levels
in the blood can damage the brain and contribute to the AD
progression.[27]

A high percentage of patients had a family history of AD.
Studies have shown that persons have a greater chance of AD
when their father, mother, brother or sister has had the disease.
[28] The risk increases if more than one relative has had the
disease. When diseases such as AD tend to recur in families,
environmental as well as hereditary factors may be important.
(28]

Cerebral SPECT images showed a typical AD pattern in a high
percentage of patients (77%). A lower proportion of patients
showed patterns consistent with cerebrovascular disease and
frontal dementia, and in one patient the cerebral perfusion
result was normal. These results confirm the value of SPECT
for supporting AD diagnosis generally and for establishing a
differential diagnosis between dementia, depressive disorders,
psychiatric disorders and other diseases that could be initially
confused with AD.[29-31]

SPECT also helps classify patients based on disease
progression stages, identify patients’ functional status, and
thus evaluate possible interventions and drug therapies.
While disease-stage classification reported by medical orders
sent to nuclear medicine usually matched SPECT findings,
a number of patients (n = 25) were diagnosed in a different
stage based on imaging results. Most of them were in the
initial disease stage, when intervention to slow progression
is more useful.

Many studies conducted internationally also show that SPECT
brain imaging has become a valuable tool for evaluating
dementia,[29-32] with the aim of better understanding
functional impairments associated with the disease and
improving diagnostics. The insidious onset of AD is often
confused with normal aging processes. In these stages, the
SPECT technique plays a fundamental role.[12,13,29-31]

SPECT findings characteristic of AD are bilateral temporal—
parietal hypoperfusion with limited participation in sensory—
motor and occipital regions. This perfusion pattern can
distinguish AD patients from those with normal results, with
a sensitivity of 70%-100%, a specificity of 87%-100%, and
a diagnostic confidence of 98%.[13] In advanced stage