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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 
scientifi c 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 benefi cial to 
people in both countries and, indeed, the world.

The fi rst 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 scientifi c and health areas.” It noted that fi rst 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 fl ow 
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 signifi cantly better record of confronting 
the pandemic with the Trump administration’s COVID-19 denialism, 
and emphasized the “thousands of Cuban health professionals 
volunteering to fi ght 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 fi rst 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. 

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 fi ndings 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 

Build Back Better: Leadership for US–Cuba Health Cooperation

Editorial

“With so much at stake, we need to build on partnerships 
like this one to ensure that our medical communities are 
benefi ting 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
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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.

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?

The Editors

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

https://doi.org/10.37757/MR2021.V23.N1.4
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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 (offi ce 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 fi nding 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-specifi c 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. 
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ID-19. Versión 1.5. [Internet]. Havana: Ministry of Public Health (CU); 2020 
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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] I 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 signifi cant and helpful 
role than fi rst 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 benefi t patients early in the disease’s progression, prevent-
ing ARDS and reducing the need for invasive ventilation.[3,5] 
Hence, I highly recommend beginning CPAP in COVID-19 
patients as soon as the fi rst respiratory symptoms appear—even 
during care outside of intensive care units—especially for those 
patients with OSAS.[4] 

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.
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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 universe of 2233 people who had contracted COVID-19 
through June 11 was whittled down to 1182, our fi nal 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 fi nal 
group, from all 15 provinces plus the Isle of Youth Special Munici-
pality, also included health workers.

MEDICC Review: It seems you had a relatively 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 

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 fi rst and only 
one of its kind in Latin America.

When the fi rst 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-

ability, symptoms, immune response and severity of the dis-
ease, as well as its profi le 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 defi ned, and principal 
investigators went to work developing the instruments needed 
and training personnel across the island on their use. While 
fi nal 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 fi ndings.

Cuba's Women of Science

The team (l. to r.): Dr Giselle Monzón, clinical geneticist; Dr Beatriz Suárez, family physi-
cian; Dr Beatriz Marcheco, clinical geneticist and CNGM Director; Dr Yaíma Zúñiga, 
immunologist; and Dr Hilda Roblejo, clinical geneticist.
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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 confi rmed 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-confi rmed 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 fi rst-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 fl ow 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 fl ow cytometry, and various DNA markers. But fl ow 
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 fi rst-degree relatives. If we look at the lines of research 
we expect to refl ect in scientifi c papers, I can summarize these, 
beginning with specifi c 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 fl ow cytometry, related to lymphocyte subpop-

ulations in both convalescing patients and controls.
• Characterization of molecular markers: tumor necrosis fac-

tor alpha (TNF-α), 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 
Yaíma Zúñiga 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 fi nal one 
with the Finlay Vaccine Institute (IFV). The Immunoassay Center 
proposed detection of antibodies specifi c to SARS-CoV-2. CIM 
proposed an inhibition assay with samples from the fl ow 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 suffi cient ‘quality’ to neutralize the 
virus in subsequent exposures. The latter has helped researchers 
there determine the levels of effi ciency required for the Cuban 
vaccine candidates. 

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

Yaíma Zúñiga: 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 fi rst-degree cohabitating fam-
ily members who remained healthy.

Confi rmation 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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reviewing patients’ hospital charts and through interviews. Inter-
estingly, although 60% to 70% had originally been classifi ed as 
asymptomatic, this portion dropped considerably through reclassi-
fi cation, 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 diffi cult 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 fi nd 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 infl uence 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 

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.

Cuba's Women of Science

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)

No. Study participants/subjects and specifi c 
parameters Number Comments

1

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

Patients: 1182 
Controls: 500 
Total: 1682
Plus: 84 deceased  

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

Persistent symptoms 67 Convalescent patients studied in six municipalities of 
Havana Province

Hematological profi le 344 Includes 31 parameters (complete blood count, ABO blood 
group, etc.)

Molecular markers

TNF-α:1028
Vitamin D receptor: 133
ILK12: 128
ACE2 receptor gene: 400

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

Immunological status via fl ow cytometry 389

2 Subpopulation: older adults (≥60 years old) Living: 241 Patients from all except Granma Province; includes 14 
health workers

3 Subpopulation: pregnant women 7 Extended to their newborns 

4 Subpopulation: Havana Province 431 All 15 municipalities (In Cuba, Havana Province is also the 
capital city.)

5 Subpopulation: pediatric patients 137 Emphasis on cardiovascular sequelae, myocarditis

NOTES: All confi rmed 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 (fi rst at hospital and second 15 days after 
discharge). Controls were RT-PCR–negative fi st-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.

“One strength of the study was its national character, involving 
convalescing patients from all 15 provinces,” Dr. Yaíma Zúñiga.
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Yaíma Zúñiga: We confi rmed 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 
infl uenced this (thankfully, with no deaths in that subpopulation). 

We also looked at blood types. We didn’t fi nd 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?

Yaíma Zúñiga: Yes, 84, determined by death certifi cates, 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-
fi ed 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 fi ndings: 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 fi ndings 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. 

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

Beatriz Suárez:  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 Cárdenas Municipality, close to the resort town 
of Varadero, which made it particularly vulnerable given that 
the fi rst 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. 

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

Yaíma Zúñiga: 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 fi nd 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, I 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 fi nd with the group of wom-
en who were pregnant when they contracted COVID-19? Dr 
Monzón?

Giselle Monzón:  I’m originally from Camagüey Province, but 
have been at the Center since 1998, when I 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 
confi rmed 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 identifi ed mainly in 
the community, as a result of active case fi nding 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 Monzón:  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. 

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

Yaíma Zúñiga: 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 
fi rst 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 fi rst….groups such as older adults, 
health workers in Havana, people in blood group A, and so forth.  

“No evidence of vertical transmission, either in the study, or in 
Cuba up to now,” Dr Giselle Monzón.
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Beatriz Marcheco: That’s what I would emphasize: this research 
contributes results to the health system for decision-making on 
priority actions, based on a better stratifi cation of vulnerabilities.

Yaíma Zúñiga: Not only therapeutic management but also for 
preventive approaches, what to do epidemiologically, what kinds 
of measures to adopt for different populations. Because I think a 
strength we have is that we now have DNA and sera from these 
patients, representing the fi rst 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 Kourí 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. I expect so. They are also sequenc-
ing variants from outbreaks in Ciego de Ávila Province, to see if 
they are different from others circulating in Cuba. In the case of 
Ciego de Ávila, 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 Ávila than else-
where, which could facilitate greater transmission. And there are 
genetic markers that also indicate different disease behavior in 

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 fi nd 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. 

Yaíma Zúñiga: 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 specifi c 
immunogen, then there should be no problem. But that’s the key 
factor.

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

Beatriz Marcheco: I 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 fi ndings 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.

“...the most far-reaching population-based study (on COVID-19) 
reported in Latin America,” Dr Beatriz Marcheco.

E
. A

ñé

Cuba's Women of Science

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



MEDICC Review, January 2021, Vol 23, No 118

Cuba’s Medical Team in the European Epicenter of COVID-19: 
Carlos R. Pérez-Díaz MD MS PhD
Director, Joaquín Albarrán 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 fi eld 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 fi ghting 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-Díaz, 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-Díaz 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-Díaz 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 fl ooding struck the Atacama region.  

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

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-Díaz is currently the director of the Joaquín 
Albarrán 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-Díaz 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-Díaz as he 
juggled various responsibilities—including the possibility of 
heading overseas again as subsequent waves of COVID-19 
strike around the world. 
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Interview

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 scientifi c and medical 
standards there are high, COVID-19 was new, it was ravaging 

the region and we had to apply our knowledge and incorporate 
emerging evidence within this diffi cult 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 
fi rsthand experiences with others. I 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 fi ghting Ebola. 

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 Kourí 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 confi rmed 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 fi rst cases in Cuba 
were diagnosed on March 11, 2020, Eds).

Personally, the OPCW courses I 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 I 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 classifi cation, 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 fi re 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 diffi cult 
context—medical and personal. Can you talk about the col-
laborative aspect of your work?

Carlos R. Pérez: The language barrier was challenging at fi rst 
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-
tifi c 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 benefi ts 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.

The learning process 
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, I 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 
fl ags and banners with messages of gratitude for our coopera-

Interview

Successful cooperation of this 
type depends on mutual respect

We learned a lot from our 
Italian colleagues and were 
confident that working 
together we could save lives
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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 fi lled 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 diffi cult, 
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 fi eld hospital is an invaluable 
takeaway; this will serve us well in future collaborations, wherever 
they may take us.

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 fi rst 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, scientifi c, 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 I 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.  
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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.

Interview
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Cuban Prophylactic and Therapeutic Vaccines 
for Controlling Hepatitis B
Eduardo Pentón-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 fi rst 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 qualifi ed and 
requalifi ed 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 infl uenzae type 
b antigens and tetanus and diptheria toxoids.

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, effi cacy and therapeutic benefi ts.
 
KEYWORDS Hepatitis B, vaccines, recombinant DNA, clinical trials, 
Cuba

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/rHBcAg). 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 

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 effi cacy 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 scientifi c 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 (rHBsAg), 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 fi nancially self-sus-
taining.[10] It must also meet the needs of the domestic market 

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.
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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, but immunother-
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 μg 
of the hepatitis B surface antigen “s” produced using recombi-
nant DNA technology (rHBsAg) in Al3+ 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 purifi ca-
tion using adsorption and desorption in diatomaceous earth, and 
industrial columns with immunoaffi nity with a suitable, specifi c 
and selective monoclonal antibody developed at CIGB, preserves 
the molecular integrity of the rHBsAg.[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 multispecifi c 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 infl uenzae 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 (rHBcAg). 

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 (rHBcAg) 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 μg/mL dose of Heberbio-
vac HB in adults, children and newborns demonstrated its safety, 
immunogenicity and protective effi cacy. 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 fi rst 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 confi rmed its 
safety, immunogenicity and protective effi cacy.[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 fi ve 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 IU/L) was reported in 92% of adults and 100% of children. At 
two years, the studies confi rmed 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 fi rst accepted Heberbiovac HB in 2001 and certifi ed 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, multispecifi c 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 necroinfl ammatory 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 benefi ts 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 effi cacy 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 effi cacy 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 fi rst 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 confi rm the 
results of completed and published studies, HeberNasvac could 
be recognized as the fi rst 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-specifi c 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 confi rmed its safety and effi cacy, 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 (Th1) 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 fi rst product with activity against CHB that 
contains both surface antigens (HBsAg) and nucleocapsid anti-
gens (HBcAg) 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 ≥6 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 Santamaría Cuadrado 
Provincial Clinical-Surgical Hospital in Pinar del Río 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 certifi cation by CECMED.

After receiving a detailed explanation of the study’s risks and 
benefi ts, each participant provided written consent. Investigators 
selected laboratory methods according to principles of maximum 
possible benefi ts 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 μg of each antigen per dose (0.5 mL), at 
14-day intervals.[1]

In this trial, HeberNasvac showed a safety profi le 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 fi rst dose and 71% one month 
after the second dose in healthy young adults.[48,49] These were 
encouraging results, considering that these were the fi rst 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 

Figure 2: HeberNasvac immunization and followup schedules
0 2 4 6 8 10 12 14 16 18 42 66 week

First cycle Second cycle 24-week 
followup

48-week 
followup

Nasal vaccine: 100μg HBsAg and 100μg HBcAg

Subcutaneous vaccine: 100μg HBsAg and 100μg HBcAg
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Table 1: Summary of clinical trials to evaluate HeberNasvac 

Phase 1 CT in healthy 
volunteers[1]

Phase 2 CT in CHB 
patients[2]

Phase 2/3 CT in CHB 
patients[3]

Phase 3 CT in CHB 
patients[4]

Country Cuba Cuba Bangladesh Bangladesh

Design Placebo-controlled, 
randomized, double-blind trial Open single-arm trial Open two-arm trial Open, randomized, two-arm trial 

with control treatment (PEG-IFN) 

Objective Preliminary safety and 
inmunogenicity

Preliminary safety and 
immunogenicity Safety and immunogenicity Effi cacy, inmunogenicity and 

safety

General 
demographics

N = 19, healthy volunteers
Healthy young men (18–45 
years)
9 with TV and 10 with 
placebo

N = 6, 18–65 years, failed 
alfa-2b IFN treatment
3 HBeAg+
3 HBeAg–

N = 20, 19–65 years, no 
prior treatment. 
13 HBeAg+
7 HBeAg–

N = 160, 18–65 years, >80% 
without prior treatment 
~80% HBeAg–
80 with TV and 80 with PEG-IFN

Treatment, schedule, 
routes and dose

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

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

2 cycles
1st: 0, 2, 4, 6, 8 weeks
IN (100 μg/Ag/dose+100 
μg HBcAg)
2nd: 12, 14, 16, 18, 20 
weeks
IN (100 μg/Ag/dose+100 
μg HBcAg)
SC (100 μg/Ag/dose)

2 cycles
1st: 0, 2, 4, 6, 8 weeks
IN (100 μg/Ag/dose+100 μg 
HBcAg)
2nd: 12, 14, 16, 18, 20 weeks
IN (100 μg/Ag/dose+100 μg 
HBcAg+100 μg HBcAg)
SC (100 μg/Ag/dose)
vs PEG-IFN 48 weeks

Main results with 
focus on safety

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

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.

Demonstrated safety and 
immunogenicity based 
on in vitro detection of 
proinfl ammatory cytokines. 
Evidence of effi cacy, such 
as decreased viral load in 
most patients; 50% had 
undetectable levels at end 
of followup. Sustained 
antiviral response and 
generalized normalization 
of transaminases.

Fewer adverse events related 
to HeberNasvac compared to 
PEG-IFN.
Similar antiviral effi cacy 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     HBeAg: Marker of an actively replicating hepatitis B virus infection     
PEG-IFN: Polyethylene glycol-conjugated interferon     SC: Subcutaneous     TV: Therapeutic vaccine 

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 μg doses of HeberNasvac (1 mL) intra-
nasally every two weeks (Table 1), using a nasal actuator (VP7D, 
Valois, France) calibrated to release 125 μL 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 
fi brosis levels.

The improvement in virologic and serologic variables associated 
with HBV and mild fi brosis after fi ve years of followup suggest 
that in addition to the therapeutic benefi ts 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 benefi ts.[2]

Phase 1/2 clinical trial in previously untreated CHB HeberNasvac 
was evaluated in a 2009 phase 1/2 clinical trial in 20 treatment-
naïve 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, (≥1000 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 (qHBsAg) 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 fi rst 5-dose treatment cycle 
(each 1 mL dose contained 100 μg HBsAg + 100 μg HBcAg); 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 fi rst safety and effi cacy profi les of the HeberNasvac 
regimen for both routes. Vaccination with rHBs/rHBcAg via both 
routes induced production of proinfl ammatory 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 fi rst fi ve 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 effi cacy.

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 Offi ce 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 signifi cantly 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 benefi cial immune acti-
vation to eliminate the virus after fi ve 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 fi brosis. 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 signifi cantly 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 signifi cant 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 
confi rm the relevance of mucosal immunization and its mecha-
nisms of action in the fi eld of therapeutic vaccination.

The marketing registration granted to HeberNasvac in Cuba and 
the fi rst international collaboration using this TV in Japan and 
other Asian countries[50,51] are encouraging signs for patients 
with CHB. To fi nd 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 fi brosis. 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.
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Hypoxic Ischemic Encephalopathy in Units Reporting 
to the Ibero-American Society of Neonatology Network: 
Prevalence and Mortality
Fernando Domínguez-Dieppa MD PhD, Marcelo Cardetti MD, Susana Rodríguez MD, Alfredo García-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 ≥36 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 ≥36 weeks gestational age reported during 
2019. Each unit received a guide with defi nitions and questions based 
on the Society’s 7th Clinical Consensus. Evaluated were encepha-
lopathy frequency and severity, Apgar score, need for resuscitation 

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 fi rst minute (p = 0.001), Apgar scores ≤3 at the 
fi fth 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 refl ect a regional situation that requires urgent action.

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

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 fi rst 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 specifi c 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]

According to WHO, in 2017 some 2.5 million children died in their 
fi rst month of life. This is approximately 7000 newborns each day, 
1 million in the fi rst 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 specifi c 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 

IMPORTANCE 
This study, the fi rst 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.
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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 infl uence 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 specifi c 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 ≥36 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 ≥36 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 ≥36 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 

classifi ed 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 fi rst 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 (FiO2) 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, classifi ed 
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 fi ve 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 fi rst minute of life and 258 (8.6%) 
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Table 1: Case data supplied to SIBEN Network
Country Number of NICUs 

reporting
Number of newborns 

reported
Dominican Republic 11 1839
Argentina 18 1002
Ecuador 1 14
Peru 1 10
Brazil 1 7
Venezuela 1 4
Total 33 2876

NICU: neonatal intensive care unit
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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% FiO2 and 40% were resuscitated with 100% oxygen. 
FiO2 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 ≥36 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 refl ect a situation demanding urgent action.

TH has proven benefi ts 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 stratifi ed 
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 specifi c 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% FiO2). 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 
fi rst 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 

Table 2: Apgar score, advanced resuscitation, seizures, therapeutic 
hypothermia use, and mortality by HIE severity

HIE
Total *

(N = 146)Mild 
(N = 27)

Moderate 
(N = 36)

Severe 
(N = 43)

n % n % n % n %
Apgar score (minutes)
≤3 15 55.6 33 91.7 35 81.4 111 76.0
>3 12 44.4 3 8.3 8 18.6 35 24.0
Apgar score (minutes)
≤5 11 40.7 33 91.7 33 76.7 103 70.5
>5 16 59.3 3 8.3 10 23.3 43 29.5
Advanced resuscitation
Yes 8 29.6 20 55.6 27 62.8 74 50.7
No 19 70.4 16 44.4 16 37.2 72 49.3
Seizures
Yes 10 37.0 29 80.6 30 69.8 98 67.1
No 17 63.0 7 19.4 13 30.2 48 32.9
TI use 2 7.4 4 11.1 8 18.6 19 13.0
Mortality 3 11.1 14 38.9 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
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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 
fi rst 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 condition 
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 fi rst 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 
available for newborns with neonatal encephalopathy.
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Characterization of Adverse Events Following 
Childhood Immunizations in Pinar del Río, Cuba
Elba Cruz-Rodríguez MD MS, Belkys M. Galindo-Santana MD MS PhD, Waldemar Baldoquín-Rodríguez MD, 
Dayana Rodríguez-Velázquez, Damarys Concepción-Díaz, Miriam C. Luis-Martínez 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 Río 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 Río 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 Río 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 Río 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 

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 
quadrant of the thigh (772.5 per 100,000 doses). Symptoms classifi ed 
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

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 benefi ts, 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.

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 defi ned 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 specifi es 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 classifi ed 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 classifi ed in fi ve 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, defi ned as an event not included in the 
previous four categories.[6,8]

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.
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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 classifi ed 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 infl uence 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 notifi cation rates.[11,14] In 2017, as in previous 
years, Pinar del Río 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 
Río 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 
notifi cations for children in Pinar del Río 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 defi nitions 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 (≥2 
months and <1 year; 1–4 years; 5–9 years; 10–14 years) and 
municipality (Sandino, Mantua, Minas de Matahambre, Viñales, 
La Palma, Los Palacios, Consolación del Sur, Pinar del Río, San 
Luis, San Juan y Martínez, 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 infl uenzae 
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 (infl uenza)

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

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

• 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 classifi ed AEFIs into the following frequencies of those 
vaccinated:
• very common: >10% 
• common: ≥1%–10% 
• infrequent: ≥0.1%–<1% 
• rare: ≥0.01%–<0.1% 
• very rare: <0.01% 

We classifi ed 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 classifi ed AEFIs according to the intensity of  the clinical 
picture:
• mild: pain, redness and slight induration at or near the injection 

site <5 cm2, 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 cm2, lasting 48–72 hours; fever of 39 °C–39.9 
°C; and persistent crying

• severe: severe induration of the puncture area >10 cm2, or 
induration that went past the nearest joint, lasting >72 hours; 
fever ≥40 °C; and EHH

AEFIs were classifi ed according to the following clinical 
implications:
• serious: symptoms and signs resulted in prolonged hospitaliza-

tion, in persistent or signifi cant disability, if they endangered 
life, or if they resulted in the death of the child

• 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 classifi ed 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 Kourí Tropical Medicine Institute in 
Havana and Pinar del Río Provincial health authorities. Anonymity 
and confi dentiality of information were assured.

RESULTS
In 2017, Pinar del Río 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 Río (207.6 per 100,000 DA) and Consolación del Sur (193.7 
per 100,000 DA) remained below that value. Viñales and San 
Juan y Martínez municipalities did not report AEFIs. An increase 
in the general rate to 336.9 AEFI per 100,000 DA was reported 
in Pinar del Río province for seven vaccines within the national 
vaccine program and for the infl uenza vaccine given to pediatric 
groups at risk for infl uenza-like illness. 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 identifi ed, 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 classifi ed 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

Factors AEFI
n

Doses 
administered 

Rate per 
100,000 DA

Administration route
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
Location of application
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

Age group Doses 
administered 

AEFI
n

ER per 
100,000 DA

OR per 
100,000 DA

<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 classifi ed as very common; 53.1% were classifi ed 
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 classifi ed 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 fi rst 72 hours 
after vaccination and could not be attributed to known causes. 

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 Río Province and 115 in Sancti Spíritus 
Province.[14] González obtained annual rates of 119–604 per 
100,000 DA in the Isle of Youth Special Municipality,[23] and 
Mantecón identifi ed 150 events per 100,000 DA in Camagüey 
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 Río could be attributed to Cuba’s 
surveillance system, which identifi es 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 
notifi cations. These values could be infl uenced 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 fi rst 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 
occur, acquired diseases can be more serious, and 
reactions to drugs can be more diverse. Children 
also receive the highest number of vaccine doses 
during their fi rst 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.

The differences observed in AEFI rates and 
patterns between Cuba and other countries 

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

Vaccine
Rash Persistent 

Crying

Hypotonic 
hyporesponsive 

episode
Cellulitis Severe

 induration

ER OR ER OR ER OR ER OR ER OR
Penta 0.0 21.8 <1/1000 1.4 <1/10,000 0.5 - - 0.0 10.9
AM-BC - - <1/1000 1.3 - - - - 0.0 16.4
MMR ≤1/100 8.7 - - 0.0 8.7 - - 0.0 15.2
DTwP - - <1/1000 0.1 - - 0.0 45.5 0.0 17.5
AT 0.0 7.4 - - - - - - - -
AG <1/1000 0.05 <1/1000 0.1 - - - - - -

AG: fl u 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

Table 3: AEFI rates per 100,000 doses administered, according to 
vaccine type and number of serial doses
Vaccine Dose 1 Dose 2 Dose 3 Booster General rate
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: fl u 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 infl uenzae 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
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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 fi rms. 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 infl uenza 
vaccine.[27]

In Pinar del Río, 82% of municipalities reported adverse 
events during the study period, a rate similar to that found in 
Camagüey Province in eastern Cuba (84.6%),[24] and higher 
than those reported in other countries.[26,35] In Cuba, AEFI 
surveillance and notifi cation is the responsibility of physicians 
and nurses in family practice at the primary healthcare level.
[14] Surveillance increases confi dence in vaccine programs, 
completes the safety profi le 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 infl uenza 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 fi rst 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 specifi c 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 
researchers report similar fi ndings,[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 classifi ed as severe).[48] No AEFI in this study was 
classifi ed 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 
infl ammatory 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 Río’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 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 

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

CONCLUSIONS
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 Mañalich-Comas MD PhD, Francisco Gutiérrez-García MD MS, 
Carlos F. Madrid-Mancia MD, Catalina Lucero-Méndez MD, Magaly J. Smith-González

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 López 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 

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 fl ow (22.4%; 
357/1592) and hypocitraturia (18.2%; 289/1592). Hypercalciuria, 
hypocitraturia and hyperoxaluria were more common in children, 
while decreased urinary fl ow 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 
fl ow and hypocitraturia. Hypercalciuria, hypocitraturia and hyperoxal-
uria are more common in children, and decreased urinary fl ow 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

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 

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 diffi cult 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 López Nephrology Institute in 
Havana, Cuba from January 2008 through December 2019. 

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.
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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 fi ve 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/m2, and classifi ed 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 infl uence 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 defi cient) Agar media (National 
Biopreparations Center, BIOCEN, Cuba).

Renal function was measured by creatinine clearance in mL/
min/1.73m2 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 m2/ day
Hyperoxaluria Urinary oxalate >45 mg or 0.5 mmol/1.73 m2/day

Hypocitraturia Daily urinary citrate <365 mg or 1.90 mmol /1.73 m2 
in males and <310 mg or 1.61 mmol/1.73 m2 in females
Low urinary fl ow Urinary volume <20 mL/ kg /day[16]

Data collection and analysis We obtained information for 
the above selected variables from the fi rst 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 Scientifi c Council and 
the Research Ethics Committee of the Dr Abelardo Buch López 
Nephrology Institute. Confi dentiality 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 m2 BS 
(SD: 21.5); mean BMI of 16.2 kg/m2 (SD: 3.3) and mean body 
surface area of 0.87 m2 (SD: 0.22), while 321/514 (62.5%) of 
children were classifi ed 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 m2 

BS (SD: 20.2); mean BMI of 19.4 kg/m2 (SD: 3.6) and mean body 
surface area of 1.43 m2 (SD: 0.26). Of the adolescents, 66.0% 
(712/1078) were of normal weight, 5.3% (57/1078) were classifi ed 
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 fl ow (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 signifi cant differences 

Table 1: Patient distribution by age and sex

Age (years)
Sex

Total
Male Female

No. % No. % No. %
2–9 292 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 fl ow 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% 
(109/292) 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). 

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 signifi cant 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]

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

Urinary 
metabolic 
disorder

2–9 years
n = 514

10–19 years
n = 1078

Total
n = 1592 p*

No. % No. % No. %

Hypercalciuria 257 50.0 365 33.9 622 39.1 <0.01

Low urinary fl ow 78 15.2 279 25.9 357 22.4 <0.01

Hypocitraturia 209 40.7 80 7.4 289 18.2 <0.01

Urinary 
tract infection 42 8.2 95 8.8 137 8.6 0.11

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

Age 
(years) Sex

Metabolic disorder
Hyper-

calciuria
Hyper-

oxaluria
Hyper-

uricosuria
Hypo-

citraturia
No. % No. % No. % No. %

2–9
Male 144 49.3 18 6.2 2 0.7 109 37.3
Female 113 50.9 6 2.7 1 0.5 101 45.5

10–19
Male 219 34.3 17 2.7 40 6.3 47 7.4
Female 146 33.3 13 3.0 8 1.8 32 7.3

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

Age
(years) No.

Metabolic disorder
Hyper-

calciuria
Hyper-

oxaluria
Hyper-

uricosuria
Hypo-

citraturia
No. % No. % No. % No. %

2–4.9 99 52 52.5 6 6.1 0 0.0 55 55.6
5–6.9 140 83 59.3 6 4.3 1 0.7 68 48.6
7–7.9 82 28 34.1 4 4.9 0 0.0 29 35.4
8–9.9 193 94 48.7 9 4.7 2 1.0 57 29.5
10–11.9 242 87 36.0 9 3.7 4 1.7 37 15.3
12–13.9 266 97 36.5 10 3.8 9 3.4 13 4.9
14–15.9 271 94 34.7 6 2.2 15 5.5 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

Age 
(years)

Nutritional 
status

Metabolic disorder
Hyper-

calciuria
Hyper-

oxaluria
Hyper-

uricosuria
Hypo-

citraturia

No. % No. % No. % No. %

2–9 
(n = 514)

Undernourished 
n = 48 30 62.5 1 2.1 0 0.0 30 62.5

Thin
n = 54 29 53.7 5 9.3 0 0.0 26 48.1

Normal weight 
n = 321 173 53.9 16 5.0 3 0.9 128 39.9

Overweight
n = 46 10 21.7 2 4.3 0 0.0 17 37.0

Obese 
n = 45 15 33.3 1 2.2 0 0.0 8 17.8

10–19
(n = 1078) 

Undernourished 
n = 49 27 55.1 1 2.0 0 0.0 6 12.2

Thin
n = 57 25 43.9 0 0.0 1 1.8 10 17.5

Normal weight 
n = 712 245 34.4 24 3.4 23 3.2 52 7.3

Overweight
n = 152 47 30.9 3 2.0 11 7.2 3 2.0

Obese 
n = 108 21 19.4 1 0.9 13 12.0 9 8.3
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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 fi rst lithiastic episode 
could have happened during childhood. But to conduct such tests 
in children is diffi cult, as problems with 24-hour urine collection 
are more common in younger individuals.[24]

Worth noting is that approximately one fi fth 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 acidifi cation 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 defi ning each disorder.[16] One problem 
with these defi nitions 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 defi ned 
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 stratifi ed in children and adolescents. Our 
fi ndings are similar to those of the Cambareri study, which was 

carried out in four US centers and identifi ed higher frequencies of 
hypercalciuria and hyperoxaluria in children ≤10 years of age and 
decreased urinary fl ow in those over the age of 10.[33] 

Our fi nding of low urinary fl ow 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 identifi ed 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 fi ndings 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 higher frequency of hyperuricosuria in 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 fi nal 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 infl uenced 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 stratifi cation.

The higher frequency of hypercalciuria in children aged <7 years 
is consistent with Bergland’s fi ndings in male children aged <8 
years,[37] and other evidence pointing to decreased urinary 
calcium excretion with aging.[38] No dietary modifi cations 
were made before this study was carried out, so hypercalciuria 
could not be classifi ed 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 identifi ed 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 benefi t the most from oral citrate salt supplements.

Although the infl uence 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 
diffi cult 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 defi ned calcium cut-off 
value of 4 mg/kg/day for this disorder, as undernourished and lean 
individuals, who as a matter of defi nition 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 infl uencing urinary acidifi cation (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 acidifi cation 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 
diffi cult to obtain in children),[49] the poor representation of children 
in the total study sample, the use of international cut-off values 
in defi ning metabolic disorders and the failure to study urinary 
acidifi cation 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 fl ow and hypocitraturia are 
the main metabolic disorders identifi ed in the Cuban pediatric 
population with urolithiasis. Hypercalciuria, hypocitraturia and 
hyperoxaluria are more frequent in children, while decreased 
urinary fl ow 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 fi ndings of this study 
provide a foundation for the prevention of urolithiasis in Cuban 
children and adolescents.
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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 fi rst 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 neuroinfl ammation through neurotrophic 

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 
A monocentric 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. 

Short-Term Tolerance of Nasally-Administered NeuroEPO 
in Patients with Parkinson Disease
Marité García-Llano MD MS, Ivonne Pedroso-Ibáñez MD MS, Lilia Morales-Chacón MD PhD DSc, Teresita Rodríguez-Obaya MD PhD, 
Leslie Pérez-Ruiz MS, Iliana Sosa-Testé DVM PhD, Daniel Amaro González PhD, María Luisa Bringas-Vega PhD

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.

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 

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 signifi cant 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 fi ve 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
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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 

confi rm 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]

• age 40–70 years
• good response to dopaminergic stimulation with >30% change in 

score on the motor section of the Movement Disorders Society-
Unifi ed 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-
fi ciency, polycythemia, or hematocrit ≥50. 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 infl ammatory 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 fi nal 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 fi ve consecutive weeks with 
the patient lying in a supine position. During the fi rst 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, defi ned 
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.

Defi nition  and classifi cation 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 classifi ed 
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 classifi ed as: “Extremely 
likely/sure,” “Likely,” “Possible,” “Unlikely,” “Not related,” or “Not 
able to be evaluated/unclassifi able,” according to WHO causality 
criteria.[31] The participants’ code was opened after study com-
pletion, which enabled identifi cation 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 confi dentiality 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 (X2) 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 
value as a covariant); and (b) for all other variables, 
comparison of means for independent groups based 
on relative change.

RESULTS 
Participants' demographic and clinical characteristics 
were collected during enrollment (Table 1). All partici-
pants remained in the study through its completion. 

Adverse events occurred in both groups: four adverse 
events in three patients in the NeuroEPO group 
(20.0%) and two adverse events in one patient in the 
placebo group (9.1%), with no signifi cant 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 

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 fi rst 
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 fi ve post-application measurements (Table 3). The hema-
tological and biochemical parameters remained steady and with-

Table 1: Demographic and clinical characteristics of the NeuroEPO 
group and placebo group
Parameter NeuroEPO Placebo Total
Age
Mean (SD) 56.4 (7.8) 61.1 (6.6) 58.4 (7.6)
Sex
Male 7 (46.6 %) 8 (72.7%) 15 (55%)
Female 8 (53.4%) 3 (27.2%) 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%) 3 (27.2%) 9 (34.6%)
No 9 (60%) 8 (72.8%) 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%)
Use of neuroprotectors
Yes    1 (6.7%) 2 (18.2%) 3 (11.5%)
No 14 (93.3%) 9 (81.8%) 23 (88.5%)
Use of other drugs
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.)

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

Parameter
Participant  

JDA-02 
(placebo)

MRLL-06 
(NeuroEPO)

LAPG-12 
(NeuroEPO)

NAR-09 
(NeuroEPO)

Adverse events 2 2 1 1
Nausea 1 1 1
Vomiting 1
Nasal itching 1
Polyuria 1

Onset 2nd 
application

1st 
application 

1st 
application

1st 
application

Duration 4 hours 3 hours 2 hours 10 hours
Intensity* Mild Mild Mild Mild

Causality Not related Extremely likely/
sure

Extremely likely/
sure

Extremely likely/
sure

Outcome Recovery Recovery Recovery Recovery
Conduct Observation Observation Observation Observation

* Intensity of event was classifi ed 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
Parameter Group
Blood pressure NeuroEPO Placebo
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 fi nal 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.  
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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 confi rms 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 infl uence 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-effi cacy 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 fi nd signifi cant 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 fi rst 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 fi ve weeks), where for the fi rst 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 fi rst administration. In subsequent applications of the 
drug, head position was modifi ed, 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 benefi cial 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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Table 4: Relative change in hematological parameters pre- and post-
treatment in the NeuroEPO and placebo groups 

Parameter
Group

ta pb

NeuroEPO Placebo
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 8.6 (5.8) 9.8 (9.4)

0.73 0.47
Post-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 fi nal 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
Parameter NeuroEPO Placebo ta pb

Pre-creatinine (μmol/L) 89.9 (25.3) 90.6 (11.6)
1.71 0.10

Post-creatinine (μmol/L) 95.7 (13.8) 88.7 (15.2)
Pre-uric acid (μmol/L) 288.8 (77.0) 291.3 (68.7)

1.57 0.13
Post-uric acid (μmol/L) 294.3 (58.9) 279.4 (88.6)
Pre-GPT (u/L) 22.1 (6.2) 16.7 (10.6)

0.71 0.48
Post-GPT (u/L) 15.6 (9.0) 17.4 (6.14)
Pre-GOT (u/L) 22.1 (6.2) 27.2 (17.8)

0.59 0.56
Post-GOT (u/L) 20.2 (5.2) 20.1 (4.02)
Pre-GGT (u/L) 28 (24.9) 37.6 (33.7)

0.67 0.51
Post-GGT (u/L) 23.2 (13.1) 30 (25.5)
Pre-TGC (mmol/L) 0.9 (0.5) 1.0 (0.6)

0.54 0.59
Post-TGC (mmol/L) 0.9 (0.4) 0.9 (0.5)
Pre-cholesterol (mmol/L) 4.5 (1.0) 4.9 (0.9)

1.14 0.27
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 fi nal 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.
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Evaluating Cerebral Perfusion in Alzheimer Patients 
and First-Degree Relatives: Lessons from Artemisa Province, Cuba
Yamilé Peña-Quián MD PhD, Saily Sosa-Pérez MD MS, Juan F. Batista-Cuéllar MD, Chryslaine Rodríguez-Tanty PhD, 
Leonel A. Torres-Aroche PhD, Elvia Luz-Sánchez 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 specifi c 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 Determin e the usefulness of cerebral perfusion studies 
in Alzheimer patients and fi rst-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 fi rst-degree relatives with 
normal cognition), all from Artemisa Province, Cuba. We performed 
clinical, laboratory, neuropsychological and genetic (apolipoprotein 
E—ApoE, 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 

(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 classifi cation of stage and disease diagnosis after cerebral 
perfusion results were considered. In the relative group, 14.6% (6/41) 
had c erebral 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 confi rmed the Alzheimer 
disease diagnosis, classifi ed disease stages, and differentiated 
between the types of dementia. The test s howed perfusion changes 
in several asymptomatic fi rst-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

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 

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 
≥60 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 ≥65 
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 ≥65 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]

IMPORTANCE 
This study confi rms the usefulness of cerebral perfusion 
single photon emission computed tomography in evaluat-
ing patients with different stages of Alzheimer disease and 
their fi rst-degree relatives. In fi rst-degree relatives, diag-
nosing abnormalities may allow for early diagnosis of the 
disease and possible early interventions in the community.
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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 confi rmatory 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 fl uid biomarkers
• Functional or metabolic: Regional cerebral hypoperfusion 

detected by single photon emission computed tomography 
(SPECT), fl uorodeoxyglucose 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 fi rst 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 specifi c 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 specifi city 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 insuffi cient.

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 stratifi ed 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 defi ned 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 fi rst-
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 Baños, 
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 fi rst-degree relatives with 
normal cognition (41 parents, children or siblings).

Inclusion criteria AD patients, fi rst-degree relatives of AD patients 
with normal cognition, age ≥40 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 
signifi cant disability (cancer, septic embolism, endocarditis, 
myeloproliferative disease, creatinine >3 mg/dL or 265 μmol/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 (signifi cant and early episodic memory 
impairment associated with supporting characteristics such 
as medial temporal lobe atrophy, abnormal cerebrospinal fl uid 
biomarkers, specifi c patterns in functional and/or metabolic 
neuroimaging, and autosomal dominant mutation of ApoE).[8–10] 
Neuropsychological  tests were conducted wi th scores from:
• Montreal Cognitive Assessment (MOCA): <16 points[5]
• Clinical Dementia Rating (CDR): ≥1 point[18,19]
• Mini-Mental State Examination (MMSE): ≤23 points[5]
• Global Deterioration Scale (GDS): ≥4 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: ≥26 points[5]
• CDR: 0 points[18,19]
• MMSE: 27–30 points[5]
• GDS: 1 point[20]

Age Confi rmed by the participant’s le gal identifi cation document 
(offi cial identity card)

Skin color Based on direct observation and offi cial 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 
(MBq), 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, coeffi cient of 0.11 cm-1 

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 fi lm 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 classifi ed 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, 
identifi ed 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 fi ssure 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-

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.

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
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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 classifi ed 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 plaques 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, 

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
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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 fi rst study in Cuba related to cerebral 
SPECT tests on AD. SPECT not only evaluates cerebral 
blood fl ow, 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 fi rst-degree relatives; 
and compares the SPECT results with clinical evaluation and 
ApoE 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 ≥65 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 fi ndings 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  perc entage 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 confi rm 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 fi ndings 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 specifi city of 87%–100%, and 
a diagnostic confi dence of 98%.[13] In advanced stages, in 

Table 1: Comparison of cerebral perfusion SPECT results and 
presence or absence of ApoE e4 in patients and family members

Group Cerebral SPECT 
result 

ApoE e4
ApoE e4 
Positive

ApoE e4 
Negative Total

Alzheimer 
patients

Typical AD 
pattern

n 52 16 68
% 76.5 23.5 100

Minimal changes
in perfusion

n 5 6 11
% 45.5 54.5 100

Focal 
hypoperfusion 

n 0 5 5
% 0 100 100

Frontal
hypoperfusion 

n 0 3 3
% 0 100 100

Normal perfusion 
n 1 0 1

% 100 0 100

First-degree 
relatives

Minimal changes
in perfusion

n 6 0 6
% 100 0 100

Normal perfusion 
n 9 25 34

% 26.5 73.5 100

Total
n 73 55 128

% 57 43 100

AD: Alzheimer disease      ApoE e4: APOE genotype       
SPECT: Single photon emission computed tomography
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addition to temporal–parietal hypoperfusion, blood fl ow is 
reduced in the frontal, parietal and occipital cortex areas.[13]

Some 25 years ago, McMurdo used SPECT brain imaging to 
assess 26 patients with a clinical diagnosis of AD: 15 showed 
bilateral temporal–parietal hypoperfusion, 4 normal perfusion, 
4 signs of ischemic episodes, and 3 frontal hypoperfusion with 
normal perfusion of the temporal–parietal cerebral cortex.[32] 
These results were similar to our study fi ndings. 

Other research in AD patients has revealed an association 
between cerebral blood fl ow patterns and the histopathological 
fi ndings typical of the disease. Authors of a prospective study 
estimated the predictive value of SPECT in AD diagnosis and 
found that a patient with memory loss and a normal SPECT 
has a 19% probability of developing AD. In comparison, the 
probability of developing AD in patients with memory loss and 
bilateral temporal–parietal hypoperfusion increases to 82%. 
Patients without perfusion defects in the SPECT have a very 
low probability of getting AD.[29]

Several studies have used SPECT for differential diagnosis in 
dementia and have described some characteristic perfusion 
patterns. Dementia of vascular origin shows single or multiple 
areas of hypoperfusion with wedge-shaped or semicircular 
appearances in any region of the cerebral cortex. In Parkinson 
disease, the results are variable as cerebral regional blood fl ow 
changes are based on L-Dopa levels and on the presence or 
absence of dementia (and, if present, its severity). Early stages 
exhibit hypoperfusion in the caudate nuclei and thalamus, 
which, among other areas, are involved in disease progression. 
Studies have described hypoperfusion of the basal ganglia, 
specifi cally in the caudate nuclei, in patients with Huntington 
disease. Patients with Creutzfeldt–Jakob disease exhibit 
cortical hypoperfusion of the frontal and parietal lobes. Patients 
with depression show decreased cerebral blood fl ow in the 
prefrontal cortex and in the limbic and paralimbic systems.[29]

First-degree relatives with normal cognition Several 
general characteristics of this group are similar to those of the 
patient group. The mean age in this case was <65, which was 
expected, since the group included the children of some study 
patients. These results once again show the effect of age on 
symptom onset and imply that cerebral perfusion assessment 
could assist with early detection.

Like the patient group, this group was predominantly women. 
The fact that many patients arrived with their female caregivers 
(relatives who also participated in the study) could explain this 
fi nding. Due to family connections with the patients, participants 
in this group were predominantly white. The most common 
atherogenic risk factors were also diabetes, dyslipidemia, and 
hypertension, but in a smaller percentage than the patient 
group.

Approximately 15% of the relatives showed changes in cerebral 
perfusion consistent with initial AD stages. Tests confi rmed that 
100% of these subjects had positive ApoE e4, which increases 
risk. These results enabled early screening of a group with a 
high probability of developing AD, who can then be provided 
with early clinical and therapeutic support to slow the onset of 
disease. 

SPECT brain imaging and ApoE e4 There was a strong association 
between SPECT results and presence or absence of ApoE e4 for 
the 128 study subjects (Table 1). More than 70% of AD patients with 
typical AD patterns in the cerebral SPECT had a positive ApoE e4, 
which matched reports by other authors.[16] All the relatives with 
changes in cerebral perfusion had positive ApoE e4.

For years, the e4 allele of ApoE has been associated with 
increased risk of dementia. The ApoE gene seems to be a risk 
factor for late-onset AD. There are three forms of this gene: 
ApoE e2, ApoE e3 and ApoE e4. Even though inheriting ApoE 
e4 increases AD risk, APO e2 provides substantial protection 
against the disease. Some research focuses on the association 
between these two forms of ApoE and Alzheimer disease.[16,33] 

Previous studies confi rm that the ApoE e4 allele’s involvement 
in cerebral blood fl ow may have therapeutic implications for AD 
patients. Although presence of the ApoE e4 allele increases 
AD risk and decreases the mean age of onset, the association 
between positive ApoE e4 and cerebral blood fl ow is disputed. 
Some authors suggest that this association may depend on the 
patient’s age and AD stage.[34]

This study found an association between presence of ApoE 
e4 and decreased cerebral perfusion, but additional studies 
are needed on potential associations between cerebral blood 
fl ow, ApoE, vascular risk factors, and neuroimaging markers 
of cerebrovascular disease to provide more information about 
ApoE interaction and neurovascular changes in brain function 
in older adults at risk for dementia.

Despite the limitations of this study—small sample size, lack 
of comparison with anatomic and metabolic imaging results 
such as MRI and PET, and lack of a control group of healthy 
persons properly balanced regarding age and other relevant 
covariates—the research is important because this is the fi rst 
time that a group of patients with AD and fi rst-degree relatives 
in a community have been jointly evaluated in Cuba using 
SPECT and the ApoE e4 test. The study showed the usefulness 
of cerebral SPECT, which is not often used to evaluate AD 
patients in our setting and revealed the usefulness in patients 
and populations with identifi ed risk factors (fi rst-degree relatives 
with NC who are ApoE e4 positive) for timely diagnosis and 
subsequent intervention strategies at the primary care level. 

CONCLUSIONS
The cerebral perfusion test allowed us to confi rm the diagnosis 
of Alzheimer disease, classify the disease stage, and 
differentiate between the types of dementia. The SPECT brain 
imaging showed perfusion changes in several asymptomatic 
fi rst-degree relatives with positive ApoE e4, which could be 
predictors of disease. The technique was useful for evaluating 
both patients and relatives, who received an early warning of 
their risk of developing the disease.
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ABSTRACT
INTRODUCTION With a global adult prevalence of 24%, non-
alcoholic fatty liver disease is a global health problem that parallels the 
worldwide increase of obesity. Its frequency, clinical characteristics 
and related diseases in Cuba remain unknown.

OBJECTIVE Describe the clinical characteristics, comorbidities and 
personal habits of patients with non-alcoholic fatty liver disease who 
are being treated in secondary and tertiary health facilities in seven 
Cuban provinces.

METHODS A cross-sectional, multicenter study was carried out in 
6601 adults seen at gastroenterology outpatient clinics of nine hos-
pitals in seven Cuban provinces from September 2018 through May 
2019. Non-alcoholic fatty liver disease was diagnosed by abdominal 
ultrasound. The study included 1070 patients who met the diagnostic 
and study criteria and agreed to participate. Their personal habits and 
anthropometric and clinical characteristics, comorbidities and other 
aspects of their medical histories were recorded. 

RESULTS Of the 1070 participants, 60.7% (649) were women. Partici-
pants’ average age was 54.5 years and average body mass index was 
30.5 kg/m2. A total of 397 (37.1%) were overweight and 574 (53.6%) 
were obese, 945 (88.3%) led a sedentary lifestyle, 564 (52.7%) had high 
blood pressure, 406 (37.9%) had lipid disorders and 301 (28.1%) were 
diabetic. While 484 (45.2%) of patients were asymptomatic, the most fre-
quent clinical signs and symptoms were fatigue (262; 24.5%), dyspep-
sia (209; 19.5%), abdominal pain (306; 28.5%) and hepatomegaly (189; 
17.7%). Liver cirrhosis was present in 37 (3.5%) patients at the time of 
diagnosis. Family history of type 2 diabetes mellitus and obesity were 
identifi ed in 391 (36.5%) and 279 (26.1%) of participants, respectively.

CONCLUSIONS Prevalence of non-alcoholic fatty liver disease in these 
Cuban patients coincides with that reported in the Caribbean region, 
which has high levels of obesity, overweight and sedentary lifestyles. Most 
were asymptomatic, female or had metabolism-related comorbidities such 
as high blood pressure, type 2 diabetes mellitus and dyslipidemia.

KEYWORDS Non-alcoholic fatty liver disease, overweight, obesity, 
type 2 diabetes mellitus, Cuba

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) includes a broad 
spectrum of metabolic damage associated with fatty deposits in 
the liver. Its diagnosis excludes other causes that may lead to 
steatosis, such as excessive alcohol consumption, viral infections, 
use of steatogenic drugs and/or hereditary disorders.[1]  

NAFLD is generally diagnosed in one of three clinical scenarios: 
patients with abnormal liver enzymes, abnormalities in 
abdominal imaging or clinical characteristics associated with 
metabolic syndrome (MetS).[1–3] NAFLD has a diverse clinical 
presentation, and diagnosis is established when >5% of liver cells 
are composed of fat. Although a liver biopsy remains the gold 
standard, noninvasive diagnosis of NAFLD can be carried out 
via liver imaging in most patients.[4] This clinical form is known 
as non-alcoholic fatty liver (NAFL), which, by defi nition, does not 
progress beyond the fi rst stages of liver disease. Another form is 
non-alcoholic steatohepatitis accompanied by necroinfl ammation 
of hepatocytes with or without liver fi brosis, considered a type of 
progressive liver disease that leads to fi brosis in 41% of cases. 
Hepatocellular carcinoma is detected in 2%–3% of patients, with 
annual mortality rates estimated at 25.6 per 1000 population.[5,6] 

The epidemic of chronic liver disease is related to the burden of 
NAFLD, itself associated with the global increase in obesity.[7,8] 
An overall prevalence of 24% is reported globally with highest 
rates in the Middle East (32%) and South America (31%), followed 
by Asia (27%) and Europe (23%); it is less common in Africa 
(14%).[8] 

Since obesity is associated with presence and severity of NAFLD, 
it is useful to note that in 2016, 39% of adults worldwide (39% of 
men and 40% of women) were overweight, and some 13% (11% 
of men and 15% of women) were obese.[9] Prevalence of excess 
weight and obesity in Latin America is much higher (62.8% in men 
and 59.8% in women), explaining why estimated NAFLD rates are 
increasing in this region. Based on obesity rates, it is estimated 
that NAFLD prevalence is 26% in Mexico and 15%–20% in 
Central America.[10–12] 

There is a bidirectional association between NAFLD and the 
components of MetS, as the latter is frequent in NAFLD patients 
and MetS, in turn, increases risk for NAFLD. NAFLD has been 
reported in 22.5% of patients with type 2 diabetes mellitus 
(DM), in 51.3% of those who are obese, 42.5% of patients with 
MetS, 39.3% of hypertensive patients and 69.2% of those with 
hyperlipidemia.[4]

NAFLD prevalence is expected to increase, accompanying the 
upward trend of the global obesity epidemic and the increase 
observed in type 2 DM.[6] A number of MetS characteristics, 
particularly type 2 DM and family history of MetS, are risk factors 
for NAFLD.[13]

IMPORTANCE 
This is the fi rst study of the frequency of non-alcoholic liver 
disease in Cuba, for which there were no national data 
available at the time this article was written. 
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In Cuba, overweight and obesity are major health problems and 
their prevalence increased from 35.5% in 1982 to 44.3% in 2012.
[14] In 2010, the rates for high blood pressure (HBP) and type 
2 DM were 202.7 and 40.4 per 1000 population, respectively. In 
2019, these rates increased to 233 and 66.7.[15,16] 

Post-mortem studies of 3317 persons who had been diagnosed 
with NALFD from 1991 to 2009 revealed that 53% had simple 
hepatic steatosis, 44.2% steatohepatitis and 2.6% hepatic 
steatosis with fi brosis or cirrhosis, which highlights the impact this 
disease has on the liver. In this group, the main cause of death 
was coronary atherosclerosis.[17]

In Cuba, NAFLD is most often diagnosed in gastroenterology 
services and its current prevalence in the country is unknown. The 
purpose of our study was to describe the clinical characteristics 
at diagnosis, associated comorbidities and personal habits of 
NAFLD patients seen in secondary and tertiary health facilities in 
seven Cuban provinces. 

METHODS
Design and sample A cross-sectional study was carried out 
from September 2018 through May 2019 in patients seen at 
gastroenterology outpatient services in nine Cuban hospitals in 
seven provinces. These services provided care and monitoring 
of patients with gastrointestinal, liver, biliary and pancreatic 
conditions who were referred from community-based polyclinics, 
family doctors or other specialists. NAFLD diagnosis was based 
on presence of hepatic steatosis in abdominal ultrasound (US) in 
the absence of known secondary causes of fat accumulation in the 
liver, in accordance with the criteria of the American Association 
for the Study of Liver Diseases.[1] 

Personal and family medical history, personal habits, medications 
used at the time of recruitment and anthropometric data were 
obtained through a questionnaire developed for that purpose.

A total of 6601 patients seen in gastroenterology consultations 
during the study period were considered. Those who met 
NAFLD diagnostic and our own research criteria were 
included. Excluded were persons who did not want to 
participate and those who had other causes of chronic liver 
disease that can lead to steatosis (Figure 1). Specific traits 
that led to exclusion were: 1) Alcoholics or individuals who 
consume more than the maximum recommended weekly 
alcohol intake,[1] 2) individuals who suffered from chronic 
autoimmune or inherited liver diseases, 3) individuals who 
had a history of steatogenic drug use in the six months prior to 
recruitment date (corticosteroids, methotrexate, tetracycline, 
amiodarone, diltiazem or tamoxifen), 4) women who were 
pregnant, breastfeeding or taking hormonal contraceptives, 
5) those diagnosed with an active malignant tumor and 6) 
individuals who tested positive for the surface antigen of the 
hepatitis B virus (HBV) or hepatitis C virus (HCV) antibodies. 
We included patients with a history of HCV infection when the 
viral load had remained negative for more than a year.

Patients were recruited consecutively during the study period, 
resulting in inclusion of 1070 persons: 420 men (39.3%) and 650 
women (60.7%), with a median age of 55 years and age range 18 
to 88 years.

NAFLD diagnosis by abdominal US was defi ned by presence 
of liver homogeneous or heterogeneous hyperechogenicity 
(increased echogenicity with respect to the kidney parenchyma) 
and attenuation of the liver’s deep structures (diaphragm, vessels, 
posterior segments). For US diagnosis of steatosis, longitudinal 
and transverse cuts were made with a low frequency (2.5–5 
MHz) convex probe. The following ultrasound scanners were 
used: Toshiba Aplio 300 (Toshiba Medical Systems Europe, The 
Netherlands), Aloka SSD-4000 (Hitachi Aloka Medical, Japan) and 
EPIQ 5 (Philips Ltd, UK). US was performed and diagnosis made 
by radiologists in all units participating in the study.

Sex, age, area of residence (urban or rural) and skin color (white, 
black, or mestizo) were recorded according to the classifi cation 
of Cuba’s National Statistics and Information Bureau (http://www
.onei.gob.cu/).

Actual weight (AW, kg) and height (cm) were measured at the 
time of study enrollment and body mass index (BMI) calculated. 
A BMI of <18 kg/m2 was considered underweight, 18–24.9 kg/m2 
normal weight, 25–29.9 kg/m2 overweight and ≥30 kg/m2 obese. 
Waist circumference was measured to ascertain central obesity, 
a condition associated with metabolic complications. Criteria of 
the National Cholesterol Education Program Adult Treatment 
Panel III (NCEP ATPIII) were used as reference points for 
waist circumference: 102 cm in men and 88 cm in women.[18] 
Anthropometric measurements were carried out during patient 
recruitment and doctor visits, according to methodology outlined 
for nutritional studies by the Nutrition and Food Hygiene Institute 
of Cuba.[19] A calculation was to determine ideal weight (IW), with 
IW = 0.75 (height in cm–150) +50 and was used to determine 
the difference between actual and ideal weight according to the 
expression IW = (AW–IW)*100/IW.

Any medical history of interest was recorded: HBP, type 2 DM, 
hyperuricemia, dyslipidemia (high cholesterol and/or triglycerides), 
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Figure 1: Flow of patients in the study. Cuba, 2018–2019
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thyroid disease, myocardial infarction and cancer, as well as 
treatments for these conditions. Medical history considered in 
fi rst-degree relatives were fatty liver, cirrhosis of the liver, type 2 
DM, obesity and cancer.

Personal habits considered included smoking, degree of physical 
activity and alcohol consumption. These were categorized as 
follows:

Smoking Smoker: regular or occasional consumption of tobacco 
products; non-smoker: no consumption of tobacco products. 

Physical activity Adapted from WHO criteria on physical activity.
[20] Sedentary lifestyle: physical activity <15 minutes <3 times 
per week during the last quarter, or performing only everyday 
tasks (occupational activities, traveling, household chores and 
recreational activities). Moderate or intense physical activity: 
walking (30 minutes a day ≥5 days a week), games, dancing, 
non-intense extra work, light weights (≤20 kg) or jogging, racing, 
aerobics, sports, intense work, heavy weights (≥20 kg).

Alcohol consumption We used guidelines of the American 
Association for the Study of Liver Diseases and the National 
Institute on Alcohol Abuse and Alcoholism (USA) to defi ne risks 
associated with alcohol consumption, as women who consume 
≥ 7 standard drink units and men who consume ≥14 every week 
are at increased risk for alcohol-related problems.

Patients who had no symptoms and in which NAFLD was found 
incidentally by US ordered for other reasons, or because they 
had abnormal liver enzymes, were recorded as asymptomatic. 
Patients were recorded as symptomatic if they reported any 
symptoms usually linked to NAFLD such as: fatigue, chronic 
abdominal pain, myalgia and dyspepsia. Among the included 
signs detected during physical examination were hepatomegaly, 
xanthomas/xanthelasmas and signs of liver cirrhosis (non-
invasive US diagnosis or presence of edema, ascites, 
splenomegaly, collateral circulation, jaundice, palmar erythema, 
telangiectasia, petechiae, ecchymosis). 

In the initial patient recruitment consultation, blood pressure (BP) 
was measured and the average of the last two measurements 
from a total of three measurements, carried out in intervals of 
one minute with a mercury sphygmomanometer (Kindcare 
Medical System, China) were recorded. In accordance with the 
characteristics of the sample, ≥130/85 mmHg was considered 
high, following the criteria of the American College of Cardiology, 
the American Heart Association (USA), and the working group 
for treatment of high blood pressure of the European Society of 
Cardiology and the European Society of Hypertension.[22,23] 

Infection by hepatitis B and C viruses was ruled out by using an 
enzyme-linked immunosorbent assay (ELISA) kit (Ultra Micro 
Analytical System, SUMA, Tecnosuma International, Cuba) for the 
surface antigen of the hepatitis B virus (HBsAg), the hepatitis B 
core antibody (anti-HBc) and hepatitis C virus antibody (AcHCV). 

To ensure consistency of information reported at participating 
sites, criteria unifi cation workshops were held for researchers and 
guidelines were established for information collection and data 
entry in an Excel (Microsoft, USA) database designed for this 
purpose. The principal investigator at each center controlled the 

quality of data and standardization of procedures according to the 
established protocol. 

Ethics The study was approved by the research ethics 
committees of Cuba’s Gastroenterology Institute and of 
participating hospitals. Patients were provided with detailed 
information on study purposes, importance of their participation 
and benefi ts. There were no potential risks to patient health. All 
participants provided written informed consent. The information 
was kept confi dential and in no case will participant identity be 
revealed. 

Diagnostic tools were selected according to principles of maximum 
benefi cence. They followed the Declaration of Helsinki’s Good 
Clinical Practices guidelines[24] and the Guidelines of the Council 
for International Organizations of Medical Sciences.[25]  

Patients who did not meet the selection criteria were informed of 
the reasons for their non-inclusion in the study and were sent to 
specialized clinics in each institution for monitoring and control. 
Benefi ts received by the patients included the diagnosis and 
treatment of diseases. 

Statistical analysis Variables were processed in a database 
created in the statistical package for social sciences for Windows 
version 21.0 (IBM-SPSS, USA). Descriptive statistics, absolute 
and relative frequencies, averages and standard deviations 
and the difference of the average of waist circumference (cm) 
with respect to the cutoff point in both sexes were calculated 
(confi dence interval, 95%). 

RESULTS
Of the 1070 patients studied, 786 (73.5%) resided in provinces in 
Cuba’s western region, 169 (15.8%) in the central region and 115 
(10.7%) in eastern Cuba; 650 participants (60.7%) were women. 
NAFLD was diagnosed in 16.2% of all participants. The range of 
the frequency of patients with NAFLD among centers was 10.8%–
19.5% (Table 1). 

Sociodemographic characteristics, personal habits and personal 
medical history of the patients revealed that sedentary lifestyle 
was a frequently observed phenomenon. HBP, dyslipidemia 
and type 2 DM were the most frequent previous medical issues, 
followed by acute myocardial infarction, hyperuricemia, thyroid 
disease and cancer (Table 2). 

Average BMI of participants was 30.5 kg/m2, or grade I obesity. 
Distribution of BMI values is shown in Table 3, where the high 
percentages of overweight and obesity (37.1% and 53.6%, 
respectively) are of particular note. Average waist circumference 
was 101.2 cm in men and 99 cm in women. Difference in average 
waist circumference (cm) with respect to the cut-off point in both 
sexes was –0.77 (–1.9 to –0.4; p = 0.208) in men and 11.05 (10.0 
to 12.0; p <0.001) in women, which implies that women had a rate 
of central obesity averaging 11 cm above the reference value for 
abdominal circumference, while men had a rate 0.7 cm below the 
reference value. Average excess weight of patients with respect 
to ideal weight was 36.3 kg. 

The most frequent symptoms and signs, blood pressure readings, 
and the proportion of patients with liver cirrhosis can be found 
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in Table 3, in which fatigue, dyspepsia, abdominal pain, and 
hepatomegaly stand out due to their higher frequencies. Nearly 
half of the patients were asymptomatic. 

The most frequent conditions observed in the patients’ family 
medical history were type 2 DM, obesity and cancer, with notably 
high values for the fi rst two (Table 4).

DISCUSSION
This is the fi rst study on the disease conducted 
with a large number of patients and in several 
hospitals in three regions of Cuba. It fi lls a gap 
in knowledge on NAFLD frequency in Cuba, 
although smaller-sample studies have been 
published.[26–30] 
 
Despite the fact that this study was carried 
out in each patient’s gastroenterology 
department, which allows for standardized 
measuring conditions, its results do not 
differ from those reported in the literature. 
Fleischman[31] carried out a multi-ethnic 
study on atherosclerosis (MESA) in a Hispanic 
population in the United States, finding a 
NAFLD prevalence of 33% in those of Mexican 
descent, 16% in those of Dominican descent 
and 18% in those of Puerto Rican descent, 
indicating this disease is common among 
Hispanics in the USA. Various Latin American 
countries have reported relatively high rates: 
Brazil (18.0%–35.2%), Chile (23%) and 
Colombia (26.6%).[11,32–36] The proportion 
of patients in this study with NAFLD as 
measured by center and by province did not 
exceed 20%. 

Prevalence varies according to study method, population 
characteristics, presence of risk factor, and area of residence, among 
other factors. NAFLD frequency detected in this study by US was 
similar to estimates based on obesity prevalence, which are between 
15% and 20% for Central America and the Caribbean.[11] 

The most recent survey on risk factors and non-communicable 
diseases in Cubans[37] revealed smoking frequency at 23.7%; 
excess weight and obesity at 29.8% and 13.7%, respectively; 
sedentary lifestyle with no physical activity at 40.4%; and 
prevalence of chronic diseases—such as HBP, type 2 DM and 
dyslipidemia—at 30.9%, 10% and 4.6%, respectively. Average 
BMI and waist circumference was 24.5 kg/m2 and 85.1 cm in 
Cuban men and 25.5 kg/m2 and 81.8 cm in women. 

In our study, the proportion of smokers was lower, and the relative 
frequencies of excess weight and obesity were between two 
and three times higher than those found in the national survey. 
The higher levels of central obesity and greater presence of 
metabolic comorbidities are distinctive characteristics that 
were expected in the sample with NAFLD, which is related to 
metabolic syndrome.[13] It should be noted that excess weight 
and obesity in the Cuban population is rising and is already a 
health problem in the country.[38] 

The effects of tobacco on NAFLD progression is a source 
of controversy. A systematic review showed that both active 
and passive smoking are associated with this disease, but the 
mechanisms of this association are unknown because physical 
activity, diet type, caffeine consumption and some socio-economic 
factors act as potential confounding variables.[39] The average 
prevalence of smoking in the Cuban population is higher than that 
detected in this study.[37] 
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Table 1: Total patients and study participants by center and province

Province Hospital
Study 

participants 
(n)

Total 
patients 
seen (n) 

Proportion 
of NAFLD 

(%)

Pinar del Río
Abel Santamaría Cuadrado 
Provincial Clinical-Surgical 
Hospital

301 1536 19.6

Santiago de Cuba
Saturnino Lora Torres 
Provincial Clinical-Surgical 
Teaching Hospital 

115 970 11.9

Camagüey
Manuel Ascunce Domenech 
Provincial Clinical-Surgical 
Teaching Hospital 

109 656 16.6

Matanzas
Faustino Pérez Hernández 
University Clinical-Surgical 
Teaching Hospital

60 432 13.9

Artemisa Iván Portuondo General 
Teaching Hospital 28 257 10.9

Villa Clara
Celestino Hernández Robau 
Provincial Oncology University 
Hospital 

60 442 13.6

Havana Calixto García University 
Clinical-Surgical Hospital 99 652 15.2

Havana Manuel Fajardo Clinical-
Surgical Teaching Hospital 45 310 14.5

Havana Gastroenterology Institute 253 1346 18.8
Total 1070 6601 16.2

NAFLD: Non-alcoholic fatty liver disease

Table 2: Sociodemographic characteristics, personal habits and 
medical history of study participants

Variable Total
n = 1070

Age (years) (mean/SD) 54.5 (11.1)
Skin color, n (%)
White
Black 
Mestizo

698 (65.2)
156 (14.6)
216 (20.2)

Area of residence, n (%)
Urban
Rural

1010 (94.4)
60 (5.6)

Smokers, n (%) 183 (17.1)
Physical activity, n (%)
Sedentary
Moderate or Intense

945 (88.3)
125 (11.7)

Personal medical history, n (%)
High blood pressure 564 (52.7)
Dyslipidemia 406 (37.9)
Diabetes mellitus 301 (28.1)
Myocardial Infarction 191 (17.9)
Hyperuricemia 142 (13.3)
Thyroid Diseases 59 (5.5)
Cancer 26 (2.4)
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The sedentary lifestyle of our study participants was more than 
twice the rate reported in the national survey (38.3%),[37] and 
in Latin America and the Caribbean, (39.1%)[14,40] although the 
rate of sedentary lifestyles among Cubans is one of the highest 
in the world.[37] 

Globally, differences have been reported between men and 
women in terms of prevalence, risk factors, fi brosis, disease 
severity and symptoms associated with NAFLD. Being male is 
considered a NAFLD risk factor and prevalence as great as twice 
that for women has been reported.[1,2,41] However, there is little 
consistency in the evidence since other studies show an increased 
risk for women,[42–44] consistent with our study’s fi nding that 
NAFLD was more frequent in women than in men. 

When the analysis is adjusted for age, studies reveal NAFLD 
prevalence and incidence is greater in women after menopause 
because body fat is redistributed toward the abdomen due to loss 
of estrogen's protective effects, a factor that favors appearance of 
MetS.[43–45]  

Although it is known that insulin resistance and obesity are 
associated with the metabolic alterations characteristic of 
NAFLD,[46] some studies have reported a relatively high 
prevalence of NAFLD in lean people, particularly in young 
women, who are very unlikely to have insulin resistance and 
hypercholesterolemia and who have a lipid profi le that is different 
from that of overweight or obese individuals. NAFLD frequency in 
lean patients in our study (9.2%) is less than the 18% reported by 
Younossi.[47] This is a potential topic for further research. 

NAFLD is considered a polygenic disease and an inherited condition 
involving genetic variants related to disease progression.[48,49] 
Higher frequencies of NAFLD have been reported in the Hispanic 
population than in Afro-descendants or indigenous Americans. 
These differences seem to be associated with genetic variations 
such as the patatin-like phospholipase domain-containing protein 
3 gene (PNPLA-3), which is more frequent in Hispanics. These 
variations increase the risk of disease progression in persons 
who do not have metabolic syndrome, regardless of their dietary 
patterns and metabolic traits.[50] So far, there have been no 
genetic studies of this type in Cuba and skin color has proven to 
be unreliable as a proxy for these genetic variations, given the 
broad admixture in the Cuban population.[51,52] 

It has been shown that family history of type 2 DM is closely linked to 
NAFLD, with a high risk of nonalcoholic steatohepatitis (OR: 1.51, 95% 
CI = 1.01–2.25; p = 0.04) and fi brosis (OR: 1.49, 95% CI = 1.01–2.20; 
p = 0.04),[13] which may explain the high frequency of type 2 DM in 
family medical histories of patients with NAFLD. This should be taken 
into account when conducting population-based studies. 

Liver cirrhosis was diagnosed in a proportion of patients that is 
alarming if we bear in mind that cirrhosis was not the main subject 
of this investigation. A large proportion of patients with cryptogenic 
cirrhosis presented frequent metabolic risk factors that, in most 
cases, suggested undiagnosed non-alcoholic steatohepatitis that 
developed undetected over time, and also that the diagnosis of 
cirrhosis was established at advanced stages.[53] 

A multicenter study involving several countries, including Cuba, 
showed that patients with cirrhosis due to NAFLD (indicative of 
severe fi brosis) suffer complications related to chronic liver failure, 
while those with less severe fi brosis present with other conditions 
such as cancer (not liver cancer) and vascular complications.
[54] Studies are needed to identify predictors of liver fi brosis 
and progression to cirrhosis in Cuban NAFLD patients who have 
conditions characteristic of metabolic syndrome.

Table 3: Anthropometric measurements, clinical signs and 
symptoms of study participants

Variable Total
n = 1070

Mean (SD) 30.5 (4.6)
Classifi cation according to body mass index (kg/m2) n (%)
Underweight: <18 
Normal weight: 18–24.9 
Overweight: 25–29.9 
Obesity:  ≥30 

2 (2)
97 (9.1)

397 (37.1)
574 (53.6)

Variation of ideal weight (kg)
Mean (SD) 36.3 (20.9)

SBP (mmHg)
Mean (SD) 129 (15)

DBP (mmHg)
Mean (SD) 83 (10)

HR (beats per min)
Mean (SD) 79.1 (8.3)

Asymptomatic 
n (%) 484 (45.2)

Abdominal pain
n (%) 306 (28.6)

Fatigue
n (%) 262 (24.5)

Dyspepsia
n (%) 209 (19.5)

Hepatomegaly
n (%) 189 (17.7)

Myalgia
n (%) 70 (6.5)

Xanthomas/xanthelasmas 
n (%) 70 (6.5)

Liver cirrhosis
n (%) 37 (3.5)

DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure

Table 4: Family medical history of study participants
Variables n (%)
Diabetes
Yes
No
Unknown

391 (36.5)
619 (57.9)

  60 (5.6)
Obesity
Yes
No
Unknown

279 (26.1)
731 (68.3)

  60 (5.6)
Cancer
Yes
No
Unknown

210 (19.6)
800 (74.8)

  60 (5.6)
NAFLD 
Yes
No
Unknown

105 (9.8)
905 (84.6)

  60 (5.6)
Cirrhosis
Yes
No
Unknown

57 (5.3)
953 (89.1)

60 (5.6)
NAFLD: non-alcoholic fatty liver disease
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It was not possible to assess the reliability of measurements in the 
NAFLD ultrasound diagnosis, as they were carried out at a single point 
in time, by a single observer (a radiologist) and in differing clinical sce-
narios, using dissimilar ultrasound equipment. However, in order to mini-
mize bias, standardized diagnostic criteria for this disease were used,[1] 
and the examination was carried out by the most highly-skilled radiolo-
gist in each center. The fact that 17% of eligible patients with a probable 
diagnosis of NAFLD were excluded from the study (either because they 
refused to participate or failed to complete the required information), 
may represent an underestimation bias of disease frequency. Regions 
within the country could not be compared and results cannot be gener-
alized to the whole Cuban population, since for practical reasons most 
participants were recruited in western Cuba. However, outcomes are 
important as a fi rst approach to the study of this disease in the country.

CONCLUSIONS
The proportion of NAFLD in these Cuban patients coincides with 
that reported in the wider Caribbean, which has a high frequency 
of obesity, overweight and sedentary lifestyles. Most NAFLD 
patients were asymptomatic, female or had metabolic-related 
comorbidities such as HBP, type 2 DM and dyslipidemia. In 
addition, type 2 DM and obesity were frequent in these patients’ 
family medical histories. 
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Congenital and Intrapartum SARS-CoV-2 Infection in Neonates: 
Hypotheses, Evidence and Perspectives
Gerardo R. Robaina-Castellanos MD PhD and Solangel de la Caridad Riesgo-Rodríguez MD MS

ABSTRACT
INTRODUCTION Both intrauterine and intrapartum mother-to-child 
transmission of SARS-CoV-2 have been reported. However, there is 
still disagreement as to the likelihood and frequency of such vertical 
transmission.

OBJECTIVE Summarize and analyze the published evidence on forms 
of SARS-CoV-2 vertical transmission (either intrauterine or intrapartum).

EVIDENCE ACQUISITION We carried out a review of literature pub-
lished in English and Spanish from January 1, 2020 through October 30, 
2020. Search engines included PubMed/MEDLINE, SciELO, LILACS, 
Cochrane, Google Scholar, ResearchGate and medRxiv. There were 
no restrictions concerning type of study. The review included 48 original 
research articles, 11 review articles, a meta-analysis, 2 pre-published 
articles, 15 systematic reviews, and 10 editorials or comments.

DEVELOPMENT Medical thinking on congenital or intrapartum mater-
nal–fetal/neonatal transmission of SARS-CoV-2 has evolved from 
preliminary evidence that was divided as to whether these forms of 
vertical transmission were even possible to current evidence support-

ing both forms of transmission and hypothesizing as to the mecha-
nisms that guide them. The presence of the SARS-CoV-2 virus in 
maternal, placental, fetal or neonatal tissues has been demonstrated 
by RT-PCR, specifi c immunoglobulin detection tests, immunostain-
ing and in-situ hybridization. It is estimated that infections acquired 
either congenitally or intrapartum occur in 1.8%–8.0% of newborns 
born to women who test positive for COVID-19 at the end of their 
pregnancies. This review found 53 neonates who were diagnosed with 
COVID-19 in the fi rst 48 hours of life by either RT-PCR or specifi c IgM 
tests. According to criteria outlined in this review, the timing of infec-
tion corresponded to congenital or intrapartum transmission in 39.6% 
(21/53) of COVID-19–positive newborns, to postpartum transmission 
in 15.1% (8/53) and remains unspecifi ed in 45.3% (24/53).

CONCLUSIONS Congenital and intrapartum SARS-CoV-2 infection 
in the fetus/newborn is possible, but rare. International collabora-
tive studies using common epidemiological surveillance instruments 
would allow for a more precise specifi cation of the frequency of con-
genital and intrapartum SARS-CoV-2 infection at the population level.

KEYWORDS COVID-19; SARS-CoV-2; vertical transmission of infec-
tious disease; infant, newborn

INTRODUCTION
Since the outbreak of the novel coronavirus in late 2019, there have 
been indications of SARS-CoV-2 infections in neonates.[1] Such 
infection can be due either to ‘vertical’ transmission (from mother 
to child) or to ‘horizontal’ transmission (from familial contacts or 
nosocomial infections acquired during hospitalization).

Vertical transmission can occur by one of three mechanisms: 
intrauterine infection (transplacental or ascending), intrapartum 
infection (transmission that occurs during birth) and postpartum 
infection (through breast milk, nasal secretions, etc.) Evidence of 
transplacental transmission of emerging diseases like HIV, Ebola 
and Zika suggest the possibility of intrauterine or intra-amniotic 
transmission of SARS-CoV-2 infection.[3] Positive results from 
quantitative reverse-transcriptase polymerase chain reaction 
(RT-PCR) for SARS-CoV-2 RNA during the fi rst few hours or days 
of life and identifi cation of newborns with manifestations of early-
onset clinical signs and symptoms of COVID-19 would confi rm 
vertical SARS-CoV-2 infection.[1,3]

Given that postnatal transmission from mother to child is also 
considered ‘vertical transmission”, the term is imprecise, prompting 
increasing use of the categories proposed by Shah.[4] Under this 

defi nition, ‘vertical transmission’ includes congenital infections 
with intrauterine or perinatal fetal death, congenital infections in 
living newborns, neonatal infections acquired intrapartum and 
neonatal infections acquired postpartum (Figure 1).

Determining the possibility of maternal SARS-CoV-2 infection 
during pregnancy has obvious implications for clinical practice 
and healthcare. Among others, these include: 1) giving parents a 
better understanding of the probability of vertical transmission and 
how it could affect their current or future offspring; 2) allowing for 
compliance by obstetricians and neonatologists with measures 
suggested by perinatal care protocols designed to minimize the risk 
of vertical transmission (e.g. transmission related to the birth route, 
immediate isolation of suspected or study cases) and guidelines 
for early maternal skin-to-skin contact, newborn care, optimal 
time for cord clamping, etc;[5] and 3) allowing for implementation 
and development of specifi c protection measures for healthcare 
workers to help prevent infection during delivery, patient care and 
neonatal resuscitation. It would also allow the scientifi c community 
to evaluate treatments and design drugs aimed at minimizing the 
risk of transplacental or intrapartum transmission.

Even when both intrauterine and intrapartum mother-to-child 
transmission of SARS-CoV-2 have been reported, there is still 
disagreement as to their likelihood and frequency. This article 
presents a review of current available knowledge on congenital 
and intrapartum transmission of SARS-CoV-2.

EVIDENCE ACQUISITION
We reviewed literature published on the topic of SARS-CoV-2 
vertical transmission through an exhaustive search of the 

IMPORTANCE
This article summarizes evidence available on congenital 
and intrapartum SARS-CoV-2 infection, an understudied 
aspect of the COVID-19 pandemic that requires more 
study due to its clinical and healthcare implications.
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Pubmed/MEDLINE, SciELO, LILACS, Cochrane, Google Schol-
ar, Research Gate and medRxiv databases. There were no 
restrictions on study type. We used the following search terms: 
COVID-19, SARS-CoV-2, intrauterine infection, neonatal infec-
tion, vertical transmission; as well as their Spanish equivalents. 
We also searched through the references of review papers that 
emerged during the search for all other relevant sources. When 
several reports documented the same case, a single report was 
selected.

The quality of reports and case series were evaluated using an 
instrument developed by the Mayo Clinic Center for Evidence-
Based Practice.[6] Descriptive observational studies were 
evaluated using a modifi ed version of the Newcastle-Ottawa 
scale fi rst introduced by Kotlyar.[7] Evaluation of single studies 
and document classifi cation was performed independently by 
each of the authors, who then cross-compared their criteria and 
resolved their discrepancies as a team. After a thorough selection 
of the reviewed literature using the above criteria, our review 
contained 87 publications: 48 original articles, 11 review articles, 
1 meta-analysis, 2 pre-publication articles (articles that have 
not yet undergone peer review), 15 systematic reviews, and 10 
editorials or comments.

Only cases documenting congenital infection in live newborns 
or suspected intrapartum infection were selected, and only if 
the mother had been diagnosed with COVID-19 during her third 
trimester of pregnancy and the RT-PCR or serological antibody 
tests for immunoglobulin M (IgM) were positive in the newborn in 
their fi rst 48 hours of life. In symptomatic neonates, the clinical 
manifestations should also have occurred within the fi rst 48 
hours.

We classifi ed infections according to criteria established by Shah 
(Figure 1),[4] which specify detection of SARS-CoV-2 in chorionic 
villi through electron microscopy, through immunohistological 
techniques using antibodies against viral antigens, and in situ 
hybridization (detection of RNA targets without affecting cell 
morphology).[3,8,9] 

Patients whose clinical manifestations occurred ≥48 hours after 
birth were classifi ed as postnatally-acquired neonatal infections. 
This is in line with Shah’s criteria.[4] If it was not possible to 
specify when the initial infection occurred, the case was classifi ed 
as ‘not yet specifi ed’. We classifi ed maternal infection severity 
according to guidelines proposed by Wu and McGoogan:[10] mild 
(without pneumonia or with mild pneumonia); severe (dyspnea, 
respiratory rate ≥30 respirations per minute, oxygen saturation 
≤93%, ratio of partial pressure of oxygen to inspired fraction of 
oxygen <300 and/or pulmonary infi ltrates >50% in 24–48 hours); 
or as critical (respiratory failure, septic shock, and/or multiple 
organ dysfunction or failure.[10]

DEVELOPMENT
Diagnosis of congenital and intrapartum SARS-CoV-2 
infection Evidence of viral replication in fetal lung tissue would 
provide the most conclusive evidence for intrauterine transmission, 
but this evidence is inaccessible for obvious technical and ethical 
reasons. It has therefore been proposed that clinical evidence 
of vertical transmission be obtained by isolating the virus from 
samples taken from the placenta, amniotic fl uid, umbilical cord 

and pharyngeal swabs immediately after birth. This last criterion 
is the one used in clinical practice when testing for intrauterine 
transmission of SARS-CoV-2.[11]

Among newborns of COVID-19–positive mothers who have also 
tested positive for SARS-CoV-2, there are asymptomatic cases 
and cases in which the disease appeared anytime in the fi rst 
few hours or the fi rst days after birth. Given our current lack of 
knowledge on infection mechanisms and timing, early-onset 
disease has been presumed by some authors to be the result of 
vertical transmission. This practice is under discussion. There is 
no current consensus defi ning early-onset neonatal COVID-19; 
and in fact, time limits vary among studies even for neonatal 
bacterial infections.[8,12] 

The classifi cation scheme proposed by Shah[4] attempts to 
resolve these inconsistencies based on the direction in which 
disease transmission occurred by including precise indicators 
of the most frequently used diagnostic methods for detecting 
the virus. As there is very little knowledge about SARS-CoV-2 
incubation periods in the fetus or neonate, the time periods 
proposed for each category of infection could change as the 
incubation process becomes better understood. Symptoms 
present from birth up to 48 hours after birth indicate congenital 
or intrapartum infection, but do not confi rm whether the infection 
was transplacental, and the presence of SARS-CoV-2 in placental 
tissue demonstrated by RT-PCR is not necessarily an indication 
of transplacental transmission. The effi cacy of RT-PCR analysis 
of nasopharyngeal swab samples in newborns in diagnosing 
congenital or intrapartum infection has not yet been demonstrated.
[8,13,14] The classifi cation scheme by Shah[4]  makes reference 
to specifi c clinical manifestations of SARS-CoV-2 infection, but 
the clinical presentation of COVID-19 in newborns is still poorly 
understood, and both clinical markers and imaging fi ndings 
remain nonspecifi c.

We present the current state of medical thinking on maternal–
fetal/neonatal transmission of SARS-CoV-2, based on studies 
conducted in newborns of mothers diagnosed with COVID-19 
in the third trimester of pregnancy. The information is classifi ed 
into three groups: evidence that supports non-transmission, 
evidence of early neonatal infection without demonstrated 
vertical transmission, and evidence that supports congenital 
or intrapartum transmission with differing degrees of certainty. 
The evidence supporting congenital or intrapartum infection 
was classifi ed according to three out of the fi ve case categories 
proposed by Shah:[4] confi rmed (strong evidence of infection 
with confi rmatory microbiology), probable (strong evidence of 
infection but lacking confi rmatory microbiology) and possible 
(evidence suggestive of infection but inconclusive).

Group one: no evidence of SARS-CoV-2 vertical transmission 
The hypothesis that the SARS-CoV-2 virus is not transmissable 
to the fetus or newborn via transplacental or intrapartum routes 
is based on the fact that no cases of vertical transmission were 
documented during previous coronavirus epidemics (SARS-
CoV-2 in 2002 and MERS-CoV in 2014) or in either disease since.
[15]

In most studies carried out early in the COVID-19 pandemic on 
whether congenital or intrapartum transmission was possible from 
infected women, presence of the virus could not be demonstrated 
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in either vaginal secretions, amniotic fl uid, tissue samples from 
the placenta or umbilical cords, or neonatal pharyngeal swabs.
[1,11,16,17]

Penfi eld[18] demonstrated exposure to SARS-CoV-2 in three 
neonates of mothers with severe or critical COVID-19 whose 
placental or ovular membrane samples were positive for SARS-
CoV-2. However, none of the neonate samples were positive 
and none of the newborns showed symptoms of the disease, 
so the work in question could not demonstrate maternal-fetal 
transmission.

In this context, it should be noted that little attention has been 
paid to the proportion of false negatives in RT-PCR tests in 
children of COVID-19–positive mothers, which, according to 
studies performed on other age groups, can be up to 100% when 
sampling is performed the fi rst day of the incubation period of the 
disease and 67% if performed on the fourth day.[19] Thus, it is 
entirely possible that cases reported as negative at birth or in the 
fi rst few hours after birth are false negatives.

Group two: early neonatal SARS-CoV-2 infection without 
demonstrated vertical transmission The possibility of transmis-
sion during childbirth was considered when the fi rst cases of new-
borns with COVID-19–positive mothers tested positive by RT-PCR. 
Wang[20] reported a newborn who presented with a positive naso-
pharyngeal sample 36 hours after birth whose COVID-19–positive 
mother tested negative (by RT-PCR) in samples taken from the pla-

centa, umbilical cord and breast milk (Table 1). For similar reasons, 
it was not possible to prove intrapartum or congenital infection in 
case series published in China documenting positive pharyngeal 
samples taken 24–36 hours after birth.[21–23]

Two neonates of mothers with severe or critical COVID-19 tested 
positive for SARS-CoV-2, one of them in Peru and one in Great 
Britain, with nasopharyngeal samples obtained, respectively, at 
16 hours of life and at birth.[24,25] A newborn tested positive 
in Italy one day after birth, after receiving breastmilk from their 
mother, who was unaware that she was positive for COVID-19.
[26] The absence of evidence of SARS-CoV-2 in amniotic fl uid, 
umbilical cord blood or placenta makes it impossible to confi rm 
that any of these cases arose from a congenital or intrapartum 
infection; nor was it possible to determine the timing of infection in 
four other positive newborns according to RT-PCR in respiratory 
samples after birth, one reported by Kalane[27] and three others 
by Savasi.[28]

A prospective population cohort study in Great Britain found 12 SARS-
CoV-2–positive infants born to mothers with COVID-19, 6 of whom 
had samples obtained in the fi rst 12 hours of life.[29] This raises the 
possibility that these infections were acquired either congenitally or 
during birth, but this cannot be confi rmed due to the lack of evidence 
that would pinpoint the timing of infection. This means these 
infections must be classifi ed as ‘undetermined’ as to the timing and 
route of infection.[29] The same is true for six neonates reported by 
Sola,[30] all of whom had positive nasopharyngeal samples obtained 

Figure 1: Fetal/neonatal SARS-CoV-2 infection

 
*after cleaning the newborn, †born via cesarean section before rupture of membrane, NB: newborn, AF: amniotic fl uid, (+): positive, (-): negative, EM: electron microscopy, 
IHC: immunohistochemistry, ISH: in-situ hybridization.
Category defi nitions: Confi rmed, Strong evidence of infection with confi rmatory microbiology; Probable, Strong evidence of infection but confi rmatory microbiology lacking; 
Possible, Evidence suggestive of infection but incomplete; Unlikely, Little support for diagnosis but infection cannot be ruled out; Not infected, No evidence of infection.
Prepared by Shah[4] (modifi ed by the authors).
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16–36 hours after birth; this study involved 86 pregnant women with 
COVID-19 confi rmed by RT-PCR in seven countries (6 from Latin 
America, and Equatorial Guinea).

Group three: SARS-CoV-2 congenital or intrapartum transmis-
sion confi rmed (strong evidence of infection with confi rmatory 
microbiology), probable (strong evidence of infection but con-
fi rmatory microbiology lacking) or possible (evidence sugges-
tive of infection but incomplete). The third category summarizes 
information on SARS-CoV-2–positive newborns for whom we know 
the timing of infection, who were diagnosed in the fi rst 48 hours of 
life, and who were born to mothers who contracted COVID-19 in their 
third trimester (Table 2). Vivanti[31] offered the strongest evidence 
of transplacental transmission of SARS-CoV-2; namely a preterm 
newborn who presented with depression at birth followed by neuro-
logical signs. RT-PCR tests on the placenta and amniotic fl uid were 
positive for SARS-CoV-2, and immunohistochemical examination of 
the placenta detected viral nuclear proteins. RT-PCR performed on 
samples from neonatal lavage, blood, nasopharynx and rectum were 
also positive. Only cerebrospinal fl uid was negative. This case has 
been classifi ed as a confi rmed congenital infection of SARS-CoV-2, 
with associated neurological manifestations.

There are three other cases of SARS-CoV-2–positive newborns 
with confi rmed congenital infections. The fi rst was a symptomatic 
full-term newborn whose RT-PCR on respiratory samples was 
deemed ‘doubtful’ at birth and positive at 36 and 72 hours of 
life. Presence of  SARS-CoV-2 was also confi rmed by electron 
microscopy, immunohistochemistry, and in situ hybridization.
[32,33] The second case was a symptomatic neonate born to 
a symptomatic mother whose nasopharyngeal samples were 
negative for SARS-CoV-2 but whose serological studies were 
positive for the virus. RT-PCR tests taken from the newborn’s 
nasopharynx, from the placenta and from umbilical cord blood were 
all positive at birth.[34] The third case involved an asymptomatic 
neonate with negative RT-PCR tests on nasopharyngeal samples 
on the fi rst and third days of life who nevertheless had positive 
molecular studies of cord blood and placenta.[35]

Some of the fi rst evidence of congenital SARS-CoV-2 infection was 
provided by Zamaniyan, who isolated the virus in amniotic fl uid 
using RT-PCR.[36] Nasopharyngeal samples were positive at 24 
hours and 1 week of life, but samples from umbilical cord blood, 
the nasal cavity and the pharynx were negative at birth, making 
congenital infection likely, given the presence of the virus in the 
amniotic fl uid. Kirstman demonstrated SARS-CoV-2 presence 
on both the maternal and fetal sides of the placenta in a neonate 
whose nasopharyngeal samples were positive at birth.[37]

Patanè found RT-PCR evidence of SARS-CoV-2 infection in 
the mother, the placenta and the newborn.[38] Patanè’s study 
included 22 mother–child dyads, in which only two neonates 
tested positive for SARS-CoV-2. The fi rst newborn had positive 
nasopharyngeal samples at birth, at 24 hours and at 7 days 
after birth; and the second was negative at birth but positive at 
7 days of life, despite having no contact with the COVID-19–
positive mother during this time. Presence of messenger RNA 
from SARS-CoV-2 spike proteins at the syncytiotrophoblast level 
was confi rmed via in situ hybridization. Both of these cases were 
classifi ed as probable congenital infections. However, given 
that nasopharyngeal samples in the second newborn were only 
positive after seven days of life, this case pushes the boundaries 

of what we can consider a congenitally-acquired infection and 
raises the question of whether a positive nasopharyngeal sample 
obtained after 48 hours accompanied by viral detection on the 
fetal side of the placenta via in situ hybridization counts according 
to the classifi cations used in this review.[4] Both newborns 
presented with slight feeding diffi culties.

Another neonate reported by Sisman[9] was classifi ed as 
‘probable’ for congenitally-acquired COVID-19, while a newborn 
in a study published by Carosso[39] was classifi ed as ‘possible’ 
for infection acquired intrapartum.  

Specifi c tests for IgG and IgM antibodies against SARS-CoV-2 
have suggested the possibility of vertical intrauterine transmission 
in at least three studies.[40–42] In the fi rst two studies,[40,41] 
three neonates had elevated levels of SARS-CoV-2–specifi c IgM 
and IgG. However, negative RT-PCR tests coupled with rapidly 
declining levels of SARS-CoV-2–specifi c antibodies in neonatal 
serum cast doubt on whether these antibodies were produced in 
the fetuses or neonates or were, instead, relics from the mothers.
[43] Unlike IgG antibodies, IgM antibodies do not usually cross 
the placental barrier. As they can be produced by the fetus, 
their presence in neonatal serum has been used in diagnosing 
congenital infections, although the high proportion of false 
positives and false negatives (likely due to cross-reactivity) has 
limited their usefulness as diagnostic tests.[8,43,44]

Gao[42] reported on an asymptomatic neonate born to a mother 
with confi rmed symptomatic COVID-19 at 33 weeks gestation. On 
the day of delivery, both mother and child had negative RT-PCR 
results from pharyngeal, placental and amniotic fl uid samples, but 
levels were high for IgG and IgM specifi c to SARS-CoV-2. The 
possibility of acute maternal and neonatal postpartum infection 
was ruled out as serial RT-PCR tests performed on the newborn 
up to 14 days after birth were all negative, with only one positive 
single-step reverse-transcriptase droplet digital PCR (RT-ddPCR) 
test—RT-ddPCR is more sensitive than RT-PCR—on the seventh 
day of life, and the levels of antibodies steadily decreased. 
Histological studies showed infl ammation in the placenta. 
According to the criteria proposed by Shah,[4] these last four 
cases of newborns could be classifi ed as congenitally-acquired 
SARS-CoV-2 infections.

It was diffi cult to distinguish whether the case reported in Mexico 
by Hinojasa-Velasco[45] was acquired congenitally or intrapartum, 
as no samples from the umbilical cord, neonatal blood, placenta or 
nasopharynx were tested during the time period specifi ed by the 
criteria outlined in this study.[4] Postpartum infection was ruled out.

Three neonates reported in the series by Martínez-Pérez[46] 
and two reported by Schwartz[47] were classifi ed as infections 
possibly acquired intrapartum, as they could not  be confi rmed 
as the positive RT-PCR tests on samples from the nasopharynx 
taken at birth were not repeated 24–48 hours later. McDevitt 
[48] described a case of possible intrapartum infection garnered 
from an observational study of neonates included in a universal 
screening. The neonate in question had positive RT-PCR results 
at nine hours after birth. The mother was also positive. Both 
mother and baby were asymptomatic.[48]

The literature we reviewed includes other cases of probable 
postpartum SARS-CoV-2 infection diagnosed at 48 hours of life 
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by nasopharyngeal RT-PCR or by bronchoalveolar aspirate in 
children of pregnant women positive for COVID-19 (Table 2).[49–
54] During the course of this review, we did not fi nd any case–
control or cohort studies that reported the presence of congenital 
and intrapartum infections as the most likely case.

Population studies, systematic reviews and meta-analyses Low 
incidence of neonatal infection has been found in population studies 
of COVID-19–positive mothers (confi rmed by RT-PCR tests). A 
prospective cohort study by Khoury in the United States found a 2.5% 
(6/236) incidence rate of early-onset neonatal infection in newborns 
of COVID-19–positive mothers screened with nasopharyngeal swabs 
at 24 hours of life, repeated serially up to 96 hours of life.[55] The 
aforementioned study by Knight in the UK reported that of a total of 
265 neonates screened for the virus, approximately 5% (12/265) were 
positive, half of whom tested positive during the fi rst 12 hours of life.[29]

Universal screening for COVID-19 in neonates born to asymptomatic 
mothers has shown unexpected results: of 418 newborns screened, 
9 (2.2%) were positive for SARS-CoV-2 in the fi rst 12 hours of life; 
3 (0.7%) of whom tested positive within the fi rst 3 hours after birth. 
Eight  of  nine mothers had negative RT-PCR tests. The only one 
RT-PCR positive newborn whose mother was COVID-19–positive 
in this case series is shown in Table 2.[48] 

Table 3 summarizes results of systematic reviews focusing on 
congenital and intrapartum SARS-CoV-2 infections in newborns.
[56–68] In the review published by Gajbhiye,[61] the frequency 
of neonates born to COVID-19–positive mothers testing positive 
for SARS-CoV-2 via either RT-PCR or antibody tests was 7.6% 
(24/313); while Lopes-Sousa found a lower prevalence, with 1.8% 
(9/493).[64] A secondary analysis undertaken by Gajbhiye[61] that 
only took into account neonates diagnosed within the fi rst 48 hours 

Table 1: Neonates of COVID-19–positive mothers who tested positive for SARS-CoV-2 in the fi rst 48 hours of life, for whom the timing of 
infection cannot be pinpointed 

Reference Wang
[20] 

Nie
[21]

Khan
[22]

Khan
[22]

Zhang
[23]

Alzamora 
[24]

Govind
[25]

Ferrazzi
[26]

Kalane
[27]

Savasi
[28]

Knight
[29] 

Sola
[30]

Country China China China China China Peru Great 
Britain Italy India Italy Great 

Britain
Latin America and 
Equatorial Guinea 

Study type CR DO CS CS CS CR CS DO CR DO DO DO
Evidence quality Good Fair Fair Fair Fair Fair Fair Fair Good Poor Fair Fair
Mothers (No.) 1 1 1* 2* 1 1 1 1 1 3** 6** 6**
Maternal symptoms S–M S–M S–M A S–M S–SC S–SC S–U S–M S–M S–NS S–NS

GA (weeks) 40 NS 40 39 39 33 39 NS 32 NS PT 3, 
FT 3 NS

Birth type C C C C C C C C C V C NS
RT-PCR, NP/OP (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+)
RT-PCR, vaginal 
secretions NS NS NS NS NS NS NS NS NS NS No NS

RT-PCR, breast milk (–) NS NS NS NS NS NS NS NS NS NS NS
Newborns (No.) 1 1 1* 2* 1 1 1 1 1 3** 6** 6** 

Apgar 1/5/10 min 8/9 8–9/
9–10 9/10 9/10 NS 6/8 5/9 5 min >7 7/7 NS NS NS

Neonate symptoms S A A A S S S NS S A NS S
RT-PCR, cord/cord 
blood (–) (–) (–) (–) NS NS NS NS No NS No NS

RT-PCR, NP/OP (+) (+) (+) (+) (+) (+) (+) (+) ET Secr 
(+) (+) (+) (+)

Birth- 1st sample 
(+) (h) 36 36 24 24 30 16 At birth 24 24 24 < 12 16–36 

RT-PCR, rectal/stool (–) NS NS NS NS NS NS NS NS NS NS NS

RT-PCR over time 
(hours or days)

NP (–) 
17 d 

OP (–) 
4, 8 y 
15 d

NS NS NS NP (+) 2 d NS NS ET Secr 
(+) 4d NS NS NS

RT-PCR, AF (–) No No NS NS NS NS No NS NS NS
RT-PCR, placenta, 
membranes (–) (–) No No NS NS NS NS No NS No NS

Evidence of SARS-
CoV-2 in placenta 
(specifi c technique)

NS NS NS NS NS NS NS NS NS NS NS NS

SARS-CoV-2 IgG/
IgM at birth NS NS NS NS No (–)/(–) NS NS NS NS NS NS

Classifi cation NS NS NS NS NS NS NS NS NS NS NS NS
CR: case report CS: case series DO: descriptive/observational S-SC: symptoms-severe or critical S-M: symptoms-mild S-NS: symptoms-severity not specifi ed GA: 
gestational age PT: preterm FT: full-term C: cesarean V: vaginal  (+): positive (–): negative NS: not specifi ed RT-PCR: real-time polymerase chain reaction S: symptomatic 
A: asymptomatic NP: nasopharyngeal OP: oropharyngeal ET Secr: endotracheal secretion IgG: immunoglobulin G IgM: immunoglobulin M IP: intrapartum PP: postpartum 
*Different mothers or newborns reported from a same study **Number of mothers or newborns.
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Table 2: Neonates of COVID-19–positive mothers who tested positive for SARS-CoV-2 in the fi rst 48 hours of life, for whom timing of infection 
can be determined 

Reference Vivanti 
[31]

Marzollo & 
Facchetti 

[32,33]

Kulkarni 
[34]

Buonsenso 
[35]

Zamaniyan 
[36]

Kirstman 
[37]

Patanè 
[38]

Patanè 
[38]

Sisman 
[9]

Country France Italy India Italy Iran Canada Italy Italy USA
Study type RC RC/OD RC SC RC RC SC SC RC
Evidence Quality Good Good/Good Good Fair Good Good Good Good Good
Mothers (No.) 1 1 1 1 1 1 1* 2* 1
Maternal symptoms S-M S-M S-M S-M S-SC S-M S-M S-M S-M
GA (weeks) 35 38 38 35 32 35 37 35 34
Birth type C V V C C C V C V
RT-PCR, NP/OT (+) (+) (–)‡ (+) (+) (+) (+) (+) (+)
RT-PCR, vaginal secretions (+) No NS NS (–) (+) NS NS NS
RT-PCR, breast milk NP NS NS (+) NS (+) NS NS No
Newborn (No.) 1 1 1 1 1 1 1* 2* 1
Apgar 1/5/10 min 4/2/7 9/10 6/9 8/9 8/9 9/9 9/10 9/10 7/9
Neonate symptoms S S S A S S A A S 
RT-PCR , cord/cord blood (+) NS (+) (+) (–) No NP NP No

RT-PCR, NP/OT (+) doubtful at 
birth, later (+) (+) (–) (–) at birth, 

later (+) (+) (+)
(–) at 

birth, later 
(+)

(+)

Birth-1st sample (+) (h) 1 36 At birth At birth 24 At birth At birth 7 d 24
RT-PCR, rectal/stool (+) (+)  NS  NS NS (+) NS NS NS

RT-PCR over time 
(hours or days)

Blood and 
BAL <6 h 
(+). NP & 

rectal (+) 3 d. 
CSF(–) 3 d

Tracheal 
aspiration (+) 
72 h, NP (+) 
17d & rectal 

(+) 19 d 

NP (+) 5 
and 10 d 

NP (–) 1 and 
5 d

2 NP (+) at 
1 week

NP (+) 48 
h and 7 

d; Plasma 
and stool 

(+) 4 d

NP (+) 24 
h and 7d NS

NP (+) 
48 h and 

14 d

RT-PCR, AF (+) No NS NS (+) NS NS NS No

RT-PCR, 
placenta/membranes (+) No (+) (+) No

(+) (Sur-
face of the 
maternal 
and fetal 

side, 
paren-

chyma and 
chorion)

(+) (+) NS

Evidence of SARS-CoV-2 
in placenta (specifi c
technique)

(+) (EM, IS 
SARS-CoV-2  

N-protein)

(+) (EM, IS, 
SARS-CoV-2  
N & S-pro-
teins, ISH)

NS NS NS
Inconclu-
sive fi nd-
ings (EM)

(+) (EM, 
ISH)

(+) (EM, 
ISH)

(+) (EM, 
IS SARS-

CoV-2 
N-pro-
teins)

SARS-CoV-2 IgG/IgM at 
birth NS No NS NS NS NS No No NS

Classifi cation Confi rmed 
congenital

Confi rmed 
congenital

Confi rmed 
congenital

Confi rmed 
congenital

Probable 
congenital

Probable 
congenital

Probable 
congenital

Probable 
congenital

Probable 
congenital

CR: case report CS: case series DO: descriptive/observational S-SC: symptoms-severe or critical S-M: symptoms-mild S-NS: symptoms- severity not specifi ed GA: 
gestational age PT: preterm FT: full-term C: cesarean V: vaginal (+): positive (–): negative NS: not specifi ed RT-PCR: real-time polymerase chain reaction S: symptomatic 
A: asymptomatic NP: nasopharyngeal OP: oropharyngeal Secr ET: endotracheal secretion IgG: immunoglobulin G IgM: immunoglobulin M NA: not apply IP: intrapartum 
PP: postpartum BAL: broncoalveolar lavage CSF: cerebrospinal fl uid ABA: broncoalveolar aspirate RT-ddPCR: reverse transcription droplet digital polymerase chain 
reaction EM: electron microscopy ISH: in-situ hybridization IS: immunostaining IgG: immunoglobulin G IgM: immunoglobulin M *Different mothers or newborns reported 
from a same study **Number of mothers or newborns ‡serological studies positive for SARS-CoV-2 

found a frequency of 8.0%, which constitutes an estimate of the 
frequency of infections acquired either congenitally or intrapartum.

A systematic review by Dhir[66] also using criteria developed by 
Shah[4] includes 58 newborns diagnosed positive for COVID-19 
by RT-PCR, regardless of whether or not the mother was positive. 
Frequency of infections acquired congenitally, intrapartum or 
postpartum was 6.9% (4/58), 0.0% (0/58) and 70.7% (41/58), 
respectively. In 22.4% (13/58) of newborns, the timing of infection 
could not be determined. 

Another systematic review examing all newborns confirmed 
positive for SARS-CoV-2 by RT-PCR, which did consider 

either maternal COVID-19 status or the child’s age at 
diagnosis, found 112 neonates whose infection timing 
was known, 29.5% (36/122) corresponding to congenital 
or intrapartum infections, and the remainder to infections 
acquired postpartum. Of these 36 infants, in 30.6% (11/36) 
the timing of infections (congenital or intrapartum) was 
classified as confirmed. In 25/36 (69.4%) the timing of 
infections was classified as probable or possible. In addition 
to the 112 infants assessed in this analysis, the review 
included another 54 infants for whom it was not possible to 
specify the timing of infection due to insufficient data in the 
original articles.[67] Authors of this systematic review used 
the classification scheme developed by Shah.[4]  
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(Continuation of Table 2) 

Reference Carosso 
[39]

Dong 
[40]

Zeng H 
[41]

Zeng H 
[41]

Gao
 [42]

Hinojosa-
Velasco 

[45]

Martínez-
Pérez 
[46]

Schwartz 
[47]

Schwartz 
[47]

McDevitt 
[48]

Country Italy China China China China Mexico Spain Iran Iran USA
Study type CR CR CS CS CR CR CS CS CS DO
Evidence quality Fair Fair Fair Fair Good Good Poor Poor Poor Fair
Mothers (No.) 1 1 1* 2* 1 1 3** 1* 2* 1
Maternal symptoms S-M S-SC S-NS S-NS S-NS S-SC A/S-M S-SC S-NS A

GA (weeks) 37 34 ND NS 38 38 PT 2, GA 
NS 1 34 34 42

Birth type V C C C C C V 2, C 1 C C C
RT-PCR, NP/OP (+) (+) (+) (+) (+) (+) (+) (+) (+) (+)
RT-PCR, vaginal 
secretions (–) (–) NS NS NS NS NS NS NS NS

RT-PCR, breast milk (–) (–) NS NS NS (+) NS NS NS NS
Newborn (No.) 1 1 1 2 1 1 3† 1 2 1

Apgar 1/5/10 min 9/10 9/10 8-9/9-10 8-9/9-10 8/9 8/9
5 min >5 in 
2 and  <5 

in 1
4/5 9/10 NS

Neonatal symptoms 1 1 1* 2* 1 1 3** 1* 2* 1
RT-PCR, cord/cord 
blood (–) NS (–) (–) (–) No NS NS NS NS

RT-PCR, NP/OP (+) (–) (–) (–) (–) (+) (+) (+) (+) (+)
Birth-1st sample (+) (h) At birth NA NA NA NA At birth At birth 2 1 9
RT-PCR, rectal/stool  NS NS  NS  NS (–) (+) NS NS NS NS

RT-PR over time 
(hours or days) NP (–) 37 h

5 tests (–) 
from 2 h 
to  15 d 

NS NS 

 NP and 
rectal (–) 
7 d. RT-

ddPCR (+) 
7 d

Stool (+) 
4 d, NP y 
stool (–) 

13 d

NP (–) 2 d NS NS No

RT-PCR, AF No NS NS NS (–) NS NS NS NS NS
RT-PCR, placenta/
membranes (–) NS NS NS (–) No NS NS NS NS

Evidence of SARS-
CoV-2 in placenta 
(specifi c 
technique)

NS NS NS NS NS NS NS NS NS NS

SARS-CoV-2 IgG/IgM 
at birth (+/-) +/+ +/+ +/+ +/+ NS NS NS NS NS

Classifi cation Possible 
intrapartum

Possible 
congenital

Possible 
congenital

Possible 
congenital

Possible 
congenital

Probable 
intrapartum

Possible 
intrapartum

Possible 
intrapartum

Possible 
intrapartum

Possible 
intrapartum

CR: case report CS: case series DO: descriptive/observational S-SC: symptoms-severe or critical S-M: symptoms-mild S-NS: symptoms- severity not specifi ed GA: 
gestational age PT: preterm FT: full-term C: cesarean V: vaginal (+): positive (–): negative NS: not specifi ed RT-PCR: real-time polymerase chain reaction S: symptomatic 
A: asymptomatic NP: nasopharyngeal OP: oropharyngeal Secr ET: endotracheal secretion IgG: immunoglobulin G IgM: immunoglobulin M NA: not apply IP: intrapartum 
PP: postpartum BAL: broncoalveolar lavage CSF: cerebrospinal fl uid ABA: broncoalveolar aspirate RT-ddPCR: reverse transcription droplet digital polymerase chain  
reaction EM: electron microscopy ISH: in-situ hybridization IS: immunostaining IgG: immunoglobulin G IgM: immunoglobulin M *Different mothers or newborns reported 
from a same study **Number of mothers or newborns ‡serological studies positive for SARS-CoV-2 

An article currently in publication summarizes the largest number 
of COVID-19–positive mothers and their newborns (1787 mother–
child pairs). Only 2.7% (49/1787) of newborns tested positive.[68] 
However, diagnostic criteria are not specifi ed. This percentage is 
similar to that found by Lopes-Sousa,[64] at 1.8% (9/493) and its 
authors confi rm that this percentage is similar to the frequency 
of newborns (2/71) affected in the three previous coronavirus 
epidemics (SARS-1, MERS, HKCoV/SARS), in which the only 
two neonates reported were diagnosed during the HKCoV/SARS 
epidemic. Both reviews [64,68] assume these to be cases of 
vertical transmission.

A meta-analysis by Kotlyar[7] includes newborns with diagnoses 
of COVID-19 in the fi rst 48 hours after birth born to women 
diagnosed with COVID-19 in their third trimester of pregnancy. 
The authors found that frequency of vertical infection varies 
according to diagnostic method: nasopharyngeal (3.2%, 27/936), 

placental (7.7%, 2/26), serological (3.7%, 3/82) or umbilical cord 
blood samples (2.9%, 1/34).

In our review, we identifi ed 53 reports of COVID-19 cases 
diagnosed in the fi rst 48 hours of life. The rates of infections 
acquired either congenitally or intrapartum were 24.5% (13/53) 
and 15.1% (8/53), respectively, in addition to 15.1% (8/53) 
whose infection timing was classifi ed as postpartum. The timing 
of infection could not be determined in 45.3% (24/53) This was 
due to the decision by the authors to classify all cases via strict 
adherence to the classifi cation criteria established for this study, 
with the aim of gaining precision in classifying cases, especially 
those acquired either in-utero or during birth (Figure 2).

Epidemiological analyses have confi rmed the possibility of 
intrauterine or intrapartum SARS-CoV-2 transmission, but the 
frequency of presentation is low. Even in COVID-19–positive 
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(Continuation of Table 2) 

Reference Zeng L 
[49]

Zeng L
 [49]

Zeng L 
[49]

Bordbar 
[50]

Lorenz 
[51]

Sinelli
 [52]

Pierce-
Williams 

[53]

Gregorio-
Hernández 

[54]
Country China China China Iran Germany Italy USA Spain
Study type DO DO DO CR CR CR DO CS
Evidence quality Fair Fair Fair Good Good Good Fair Good
Mothers (No.) 1* 2* 3* 1 1 1 1 1
Maternal symptoms S-M A A A S-L A S-SC S-M
GA (weeks) 40 40 31 NS 40 FT NS 38
Birth type C C C C V V NS V
RT-PCR, NP/OP (+) (+) (+) (+) (+) (+) (+) (+)
RT-PCR, vaginal secretions NS NS NS NS NS NS NS NS
RT-PCR, breast milk NS NS NS NS NS NS NS NS
Newborn (No.) 1* 2* 3* 1 1 1 1 1
Apgar 1/5/10 min NS NS 3/4/5 8/9 9/9 9/10 NS NS
Neonatal symptoms S S S S S S A S
RT-PCR, cord/cord blood NS NS NS No NS NS NS No

RT-PCR, NP/OP (+) (+) (+) (+) (+) (+) (–) 24 h, 
after (+) ABA (+)

Birth-1st sample (+) (h) 48 48 48 48 ±48 48–72 48 ≥48
RT-PCR, rectal/stool (+) (+) (+) NS (+) NS NS NS

RT-PR over time (hours or days) NP (+) 4 d 
and (–) 6 d

NP (+) 4 d 
and (–) 6 d

NP (+) 4 d 
and (–) 7 d NP (–) >4 d NP and rectal 

(+) 14 d
NP (+) 15 
and 21 d NS NS (–) 8 d

RT-PCR, AF NS NS NS NS NS NS NS NS
RT-PCR, placenta/membranes NS NS NS NS NS NS NS NS
Evidence of SARS-CoV-2 in 
placenta (specifi c technique) NS NS NS NS NS NS NS NS

SARS-CoV-2 IgG/IgM at birth NS NS NS NS NS NS NS NS

Classifi cation Probable 
postpartum

Probable 
postpartum

Probable 
postpartum

Probable 
postpartum

Probable 
postpartum

Probable 
postpartum

Probable 
postpartum

Probable 
postpartum

CR: case report CS: case series DO: descriptive/observational S-SC: symptoms-severe or critical S-M: symptoms-mild S-NS: symptoms- severity not specifi ed GA: ges-
tational age PT: preterm FT: full-term C: cesarean V: vaginal (+): positive (–): negative NS: not specifi ed RT-PCR: real-time polymerase chain reaction S: symptomatic A: 
asymptomatic NP: nasopharyngeal OP: oropharyngeal Secr ET: endotracheal secretion IgG: immunoglobulin G IgM: immunoglobulin M NA: not apply IP: intrapartum PP: 
postpartum BAL: broncoalveolar lavage CSF: cerebrospinal fl uid ABA: broncoalveolar aspirate RT-ddPCR: reverse transcription droplet digital polymerase chain reaction EM: 
electron microscopy ISH: in-situ hybridization IS: immunostaining IgG: immunoglobulin G IgM: immunoglobulin M *Different mothers or newborns reported from a same study 
**Number of mothers or newborns ‡serological studies positive for SARS-CoV-2 

Figure 2: Distribution according to timing of infection. 
SARS-CoV-2–positive neonates diagnosed during the fi rst 48 hours 
of life born to COVID-19–positive mothers, N=53 (n,%)

cases identifi ed during the fi rst 48 hours of life, incidence of 
vertical transmission represents less than half  of all cases, 
although it should be noted that this fi gure could be biased as it 
was not possible to determine the timing of infection in almost half 
of all cases.

Possible mechanisms driving SARS-CoV-2 vertical trans-
mission The mechanisms by which SARS-CoV-2 can cause 

congenital or intrapartum infections are still unknown. In con-
genital SARS-CoV-2, there are currently four proposed path-
ways of infection: 1) direct infection of the syncytiotrophoblast 
and introduction through the syncytial layers via certain recep-
tors, specifi cally angiotensin-converting enzyme 2 (ACE2) and 
Fc receptors; 2) exposure to extravillous trophoblasts or other 
placental cells through maternal circulation; 3) viral passage 
through cells in the placenta; and 4) ascending infection through 
the maternal vaginal tract and cervix. In intrapartum infections, 
one of the main mechanisms of transmission appears to be 
through maternal vaginal secretions.[69,70] Aspiration of amni-
otic fl uid or maternal blood at birth has also been considered.
[8,14]

Epidemiological studies have not demonstrated increased risk 
of miscarriage for COVID-19–positive women.[29] Placental 
changes consisting of defects in the proliferation and formation 
of chorionic villi, typical of early stages of pregnancy, occur in 
a similar proportion to the rate of SARS-CoV-2 infections in the 
fi rst trimester of pregnancy, which might suggest a correlation 
between these two rare phenomena. In more advanced stages 
of pregnancy, placental insuffi ciency and its direct consequence, 
intrauterine hypoxia, become more important from both 
pathophysiological and epidemiological standpoints. Research 
suggests that placental insuffi ciency and intrauterine hypoxia 
occur in 20% (9/45) of pregnancies involving COVID-19–positive 
mothers.[68]
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Placental studies of women diagnosed with COVID-19 in their 
third trimester have shown signs of poor maternal and fetal 
vascular perfusion in fetuses and newborns negative for SARS-
CoV-2.[69] Studies of COVID-19–positive neonates have shown 
chronic intervillitis with macrophage infi ltrates at the placental 
level.[38] This was also the case in the placenta of a dead fetus, 
also COVID-19–positive.[71] Evidence of placental SARS-CoV-2 
by in situ hybridization, immunostaining or visualization of viral 
particles by transmission electron microscopy in newborns whose 
nucleic acid tests were negative suggests that even in cases 
where SARS-CoV-2 is present in the placenta, the risk of vertical 
transmission is limited.[70,72]

The placenta constitutes an immunological barrier guarding against 
vertical transmission of pathogens, which could minimize colonization 
of the syncytiotrophoblast and subsequent transmission of SARS-
CoV-2 to the fetus. An important immunomodulatory factor is the 
maternal–fetal interface, which is composed in turn of the decidua 
derived from the mother and the placenta derived from the fetus.[73]

ACE2 expression is extensive in the female genital tract and in the 
feto-placental unit. ACE2 expression varies during the stages of 
pregnancy; via RNA sequencing of individual cells, some authors 
have found that it tends to increase as gestation progresses,[74] 
while others report ACE2 messenger RNA expression is higher in 
placental cells during the early phases of pregnancy.[75]

Analysis of transcriptomes in placental cells has shown low 
co-expression levels of ACE2 receptors and transmembrane-
serine protease 2 (TMPRSS2), suggesting that the virus may use 
other pathways to enter placental cells, which could differ from the 
pathways currently being suggested.[76]

Facchetti[33] analyzed expression of SARS-CoV-2 spike proteins (S) 
in 101 placentas using immunohistochemical techniques. Of the 101 
placentas, 15 belonged to mothers who tested positive for COVID-19. 
Of all the placentas studied, only one—belonging to a newborn 
with pneumonia who had previously been described as positive for 
SARS-CoV-2—showed high expression of viral S and nucleocapsid 
(NC) proteins in the syncytiotrophoblast.[32] SARS-CoV-2 RNA was 
detected in synctiotrophoblast and intervillous infl ammatory cells by 
in situ hybridization, and particles morphologically consistent with 
the novel coronavirus were visualized by electron microscopy in 
the cytoplasm of syncytiotrophoblast cells, the endothelium of fetal 
capillaries, fi broblasts and mononuclear cells. High expression of S 
and NC viral proteins were found in areas of dense infl ammation, with a 
predominance of monocytes and macrophages, as well as in maternal 
and fetal villous cells. These fi ndings suggest that infections can spread 
via circulating viruses present in infected fetal mononuclear cells, after 
recruitment of maternal infl ammatory cells, without resulting in villitis. 
The fact that this was found in only 1 of the 101 placentas examined in 
the study also supports the notion that vertical transmission of SARS-
CoV-2 via the transplacental route is a rare event.

Table 3: Systematic reviews of SARS-CoV-2 vertical transmission in living newborns

Author Study period
Articles 
included 

(No.)

COVID-19–positive neonates/total 
No. of neonates with 

COVID-19–positive mothers (%)

Diagnostic 
criteria

Number of neonates with 
congenital or intrapartum 

infections*/ 
COVID-19–positive 

neonates (%)
Chi[56] Dec/2019–Mar/2020 14 7/90† (8.8)‡ RT-PCR or IgM 1/7 (14) 
Fornari[57] Jan/2020–Mar/2020 9 5/70 (7.1) RT-PCR or IgM 1/5 (20) 
Durán[58] Dec/2019–Apr/2020 20 16/NS RT-PCR or IgM 3/16 (18) 
Cabero-Pérez[59] Dec/2019–Apr/2020 33 13/381 (3.4) RT-PCR or IgM 3/13 (23)  
Cavalcante de 
Melo[60] Dec/2019–May/2020 38 16/432 (3.7) RT-PCR or IgM 1/16 (6) 

Gajbhiye[61] Dec/2019–May/2020 50 24/313†(8) RT-PCR or
 specifi c antibodies 21/261 (8) <48 h 

Gordon[62] Dec/2019–May/2020 8 10/NS‡ RT-PCR 0

Pettirosso[63] Dec/2019–May/2020 61 13/717 (1.8) RT-PCR, 
nasopharyngeal 2/13 (15)

Lopes-Sousa[64] Dec/2019–May/2020 9/493 (1.8) + 3 IgG(+) and IgM(+) 
neonates RT-PCR 1/9 (11) 

Kotlyar[7]§ll Dec/2019–May/2020 69 27/936† (3.2) RT-PCR or IgM 9/27 (33) 
Thamir Ahmed[65] Jan/2020–Jun/2020 19 8/125 (8.1)‡ RT-PCR 2/8 (25) 

Dhir[66] Dec/2019–Jun/2020 32
39/1005† (3.9)‡ They identifi ed 58 

neonates with or without 
COVID-19–positive mothers

RT-PCR 4/58 (6.9)  

Raschetti[67] Dec/2019–Jul/2020 74 176/NS RT-PCR, nasopha-
ryngeal or IgM 

Vertical infection: 36/122 
(29.5)

Congenital: 15/122 (12.2) 
Intrapartum acquired 21/122 

(17.3)

AbdelMassih[68] Nov/2019–Aug/2020 66 49/1787 (2.7) NS

According to the authors: 
19/49 (38.8) positive at 

<12 h; 7/49 (14.3) positive 
between 12–24 h. 

Total <24 h 26/49 (53)
*According to modifi ed criteria by Shah et al.[4] †Number of newborns tested ‡Patients who recur in different studies were excluded §Includes only COVID-19–positive 
neonates diagnosed at ≤48 h after birth ll Includes meta-analysis of vertical transmission NS: not specifi ed IgG: immunoglobulin G IgM: immunoglobulin M
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The rarity of this phenomenon has also been suggested by 
results of other research. Hecht studied 19 placentas from 
mothers with COVID-19 and detected presence of SARS-
CoV-2 by in situ hybridization in only 2.[13] Examinations using 
immunohistochemical techniques demonstrated ACE2  expression 
differs from that of TMPRSS2 in placentas of women who 
contracted COVID-19 during pregnancy. ACE2 was localized in 
the synctiotrophoblast, away from maternal blood sources and 
mainly in the stroma. TMPRSS2 was present only and sparsely 
in the villous endothelium and rarely in the syncytiotrophoblast. 
Taglauer[77] visualized the location and relative abundance of the 
SARS-CoV-2 spike glycoprotein and the colocalization of the ACE2 
and TMPRSS2 proteins using comparative immunofl uorescence in 
placental samples from 15 pregnant women with COVID-19, 5 of 
whom showed evidence of vertical transmission. In cases with and 
without evidence of vertical transmission, there was evidence of 
the presence of the SARS-CoV-2 spike glycoprotein in the villous 
compartment of placental tissues and predominance of ACE2 
protein expression over TMPRSS2 protein expression. Both ACE2 
and spike gylcoproteins were consistently expressed in the outer 
layer of the syncytiotrophoblast of placental villi, in juxtaposition 
with placental regions associated with maternal blood fl ow.

The fact that viremia has been found in only 1% of COVID-19 
patients[78] also supports the proposition that vertical transmission 
of SARS-CoV-2 via the transplacental route is a rare event.

The impact of disease severity in the mother on the likelihood of 
congenital infection is still under discussion. It has been suggested 
that congenital infection could be more frequent in cases of 
women with severe or critical infections,[24] and less frequent 
after a short-term exposure to the virus in the early stages of fetal 
development. Speculative explanations have been proposed based 
on viral incubation periods and the limitations of diagnostic tests.
[14] However, a recent study reports presence of SARS-CoV-2 in 
chorionic villi endothelial cells and, to a lesser extent, in trophoblasts, 
in COVID-19–positive pregnant women with mild manifestations of the 
disease.[79] Maternal comorbidities such as preeclampsia, diabetes 
mellitus and other diseases that can infl uence expression of ACE2 
receptors, as well as certain HLA haplotypes and polymorphisms of 
immunoregulatory genes, should be taken into account.[70]

In our review, in eight of nine confi rmed or probable cases of congenital 
infection, maternal disease was mild, which seems to suggest that 
congenital infection can occur regardless of the severity of maternal 
presentation; or perhaps might even be more common in children born 
to mothers with mild symptoms. A retrospective cohort study from a US 
hospital shows that severe or critical infection in the mother was not 
associated with vertical transmission of COVID-19.[80]

Transmission of protective antibodies from mother to fetus through 
the placenta could provide a tentative explanation for the lower 
proportion of congenital infections in newborns of mothers with 
severe or critical illness presentations found in this review; however 
there is no certainty regarding the role of antibodies transferred from 
the mother. Although some of these antibodies can neutralize viral 
particles, others facilitate their capture by cells with a high presence 
of Fc receptors, such as endothelial and syncytiotrophoblast 
cells, which would favor transplacental viral transmission.[70] 
Asymptomatic neonates or neonates presenting with mild symptoms 
born to women with COVID-19 confi rmed either via nucleic acid 

tests or serology have presented with elevated levels of anti–SARS-
CoV-2–specifi c IgG but negative RT-PCR tests.[81] 

PERSPECTIVES
More studies are required on intrauterine and intrapartum SARS-
CoV-2 transmission, and larger datasets are required before we 
can estimate the incidence of this phenomenon or perform causality 
analyses. Some registries have been working in this direction and 
various initiatives have emerged to catalogue vertical transmission.
[2,29,82]

Current mathematical modeling suggests that combining drug-based 
therapies with vaccines could optimize treatment of diseases capable 
of both vertical and horizontal transmission.[83]

Although it is premature to propose drugs to prevent maternal-fetal 
transmission of SARS-CoV-2 and its effects on pregnancy, drugs that 
can infl uence levels of gene expression or enzymatic activity of ACE2 
could be potential candidates. However, a better understanding 
is still needed of the ACE2-receptor contribution to facilitating viral 
entry into placental cells.[76,84] Passive immunization could be 
another option, due to its potential for minimizing effects of maternal 
viral infection in gestational products and in the fetal systemic 
infl ammatory response.[85]

An ideal proposal would involve active immunization of pregnant 
women, but historically, pregnant and lactating women have not 
been included in such studies for safety reasons. It is possible that 
effective vaccination of the general population will prevent SARS-
CoV-2 infection in pregnant women through herd immunity. New 
proposals have been forwarded allowing for the use of vaccines in 
pregnant women during epidemics of emerging diseases, including 
WHO support for recommendations in 2019 by the Working Group 
on Research Ethics in Pregnancy, Epidemics and New Technologies.
[86,87] Nevertheless, before considering vaccination of pregnant 
women, the short- and long-term effects of COVID-19 on pregnancy, 
as well as on fetuses and newborns, should be investigated, 
as suffi cient information is lacking. Related elements for further 
research are the type of vaccine to be used (platform, adjuvants, 
immunogenicity, toxicological analysis, etc.) and the likelihood of 
vaccine acceptance in this population group.

The main limitation of this review is the high level of uncertainty 
that persists regarding the timing of infection, which could not be 
determined in all cases. The strengths of the review lie in the novelty 
of the case-by-case analysis, the use of a new classifi cation system, 
the decision to include only newborns of COVID-19–positive mothers 
who tested positive for the virus in the fi rst 48 hours after birth or near 
this time limit, and the extensive review of articles published in both 
Spanish and English.

CONCLUSIONS
Congenital and intrapartum SARS-CoV-2 infection in the fetus/
newborn is possible, but rare. In the published literature, among 
newborns of COVID-19–positive mothers who tested positive in 
the fi rst 48 hours of life, congenital and intrapartum infections 
account for just over a third of all infections. We recommend 
undertaking international collaborative studies at the population 
level using standardized instruments to determine the frequency 
of vertical transmission of SARS-CoV-2.
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INTRODUCTION 
The importance of risk factors in cardiovascular diseases has 
been acknowledged by medical science for over 60 years. WHO 
has called for cooperation and collaboration toward reducing 
premature mortality from noncommunicable diseases by 2025, 
including cardiovascular diseases, which remain the main cause 
of death and disability worldwide.[1] Preventive activities and life-
style modifi cations are needed to reduce the risk, morbidity and 
mortality of cardiovascular diseases.[2] In Cuba, these diseases 
have followed an upward trend for the last 10 years and are the 
leading cause of death.[3]

The key role of psychological factors in the onset and evolution 
of cardiovascular diseases and their risk factors, including socio-
psychological factors, has been recognized for years.[4] In Cuba, 
psychocardiology has contributed new theoretical and practical 
approaches based on outcomes of research conducted in 2002–

2018 in the Cardiology Department of the Dr Gustavo Aldereguía 
Lima University General Hospital (HGAL) in the central province 
of Cienfuegos.[5–8] As a result of these studies, psychocardiolo-
gists are incorporated into treatment in phase 1 cardiovascular 
rehabilitation (during hospitalization) and continue through phase 
2 convalescence (generally, two to six months after discharge) 
and phase 3 (lifelong maintenance).

DEVELOPMENT
Background Certain personality traits increase the risk of car-
diovascular diseases, particularly type A personality, in which 
hostility is a predictive factor,[9] and type D personality, character-
ized by depression, social alienation and suppression of nega-
tive emotions.[10] Depression accelerates disease progression; 
induces tachycardia, ventricular arrhythmia and fatal fi brillation; 
and is associated with functional deterioration and adverse car-
diac events.[10] Stress can raise blood pressure and heart rate, 
and affect other physiological mechanisms and lifestyle. Hemody-
namic activation can trigger acute coronary episodes in individu-
als with atherosclerotic plaque and is associated with recurrence 
of cardiac events and death. Anxiety diminishes quality of life. 
Among anxiety disorders, post-traumatic stress is a risk factor 
for cardiovascular diseases.[10] Socioeconomic factors and poor 
social support are predictive of adverse clinical outcomes in car-
diovascular diseases.[10]

In line with this, in 1998, the Status and Consensus Conference 
on Psychocardiology noted the importance of behavior and sev-
eral psychosocial risk factors in the etiology, development, reha-
bilitation and management of cardiovascular diseases.[11,12] 
These factors include socioeconomic inequality, emotional stress, 
exhaustion, anxiety and depression, chronic emotions, type A 
personality, hostility, and lack of family and social support. Impor-
tance was given to preventive treatment (diet, exercise, smoking 
cessation and introducing medication) to reduce stress. Recom-
mendations included gender studies with emphasis on risk factors 
in women, behavioral and other psychosocial risks, and the ben-
efi ts of postmenopausal hormone replacement.[11] These contri-
butions are the foundation of the cardiac rehabilitation guidelines 
currently in use in many countries.

Psychocardiology emphasizes the high comorbidity between psy-
chiatric disorders and cardiovascular diseases, including psycho-
social risk factors in primary prevention, as well as the importance 
of psychotherapeutic intervention in early stages of the disease, in 
hospital care and in outpatient cardiac rehabilitation.[13]
 
As a result of these contributions, a medical subspeciality in psy-
chocardiology was proposed, covering epidemiological, biologi-
cal and psychosocial factors; clinical disease management; and 
integration of cardiology, psychology and psychiatry in cardiol-
ogy research.[14] Despite extensive knowledge about the role 
of psychological and social variables in cardiovascular diseases, 
collaboration between medicine and psychology is lacking and 
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ABSTRACT
This paper describes psychocardiology studies conducted from 
2002 through 2018 in the Cardiology Department of the Dr Gustavo 
Aldereguía Lima University General Hospital in Cienfuegos Prov-
ince, Cuba. Given the strong association between cardiovascular 
diseases and lifestyle, negative emotions and personality traits, 
psychology and medicine are equally necessary components of 
prevention and patient care, indispensable to primary and second-
ary prevention and to rehabilitation. When its therapeutic principles 
are appropriately applied, psychology can have a positive impact 
on the course of the disease and on patients’ adaptation to new 
habits and lifestyles. The psychocardiologist’s job is fundamental 
in achieving conscious participation by patients in their rehabilita-
tion. Theoretical and practical contributions include a gender-based 
approach, addressing patients’ sexual needs, neuropsychological 
assessment of damage associated with cardiovascular diseases, 
the particularities of pediatric patient care, family involvement in 
rehabilitation, and services for families at risk for cardiovascular 
events due to genetic factors. Results of these studies are included 
in published methodology for intensive psychological treatment for 
patients and health care workers.
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IMPORTANCE
The theoretical and practical contributions of psychocardi-
ology to comprehensive care of patients with cardiovascu-
lar diseases make a positive impact on their rehabilitation. 
This article describes those contributions, emphasizing the 
multidisciplinary approach adopted in a Cuban provincial 
hospital.
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comprehensive, multidisciplinary approaches in medical practice 
are rare.

Theoretical contributions Psychological intervention is indis-
pensable in primary and secondary prevention, and rehabilitation. 
Given the strong association between cardiovascular diseases, 
negative emotions, personality and lifestyle, disease prevention 
and treatment require equal provision of clinical and psychologi-
cal care. Psychology must go hand in hand with prevention activi-
ties and clinical procedures throughout cardiovascular patients’ 
rehabilitation. When the therapeutic principles of psychocardiol-
ogy are appropriately applied, they make a favorable impact on 
the course of the disease and on patients’ adaptation to a new 
lifestyle. Furthermore, psychocardiological care is an important 
resource for ameliorating negative emotional responses to the 
invasive procedures needed to treat many patients. Together 
with physicians, psychocardiologists participate in modifying 
unhealthy behaviors and also play a fundamental role in prepar-
ing families, who provide indispensable patient support and can 
be promoters of lifestyle changes. In primary prevention, the spe-
cialty also plays an important role in identifying hereditary predis-
positions. The psychocardiologist intervenes in the treatment of 
neurological damage and its neuropsychological effects, applies 
a gender-based approach, and addresses sexual issues and their 
association with coronary conditions throughout the prevention 
and rehabilitation process. In Cuba, psychocardiology has pre-
sented new theoretical arguments in this fi eld.[5–7]

Practical contributions to cardiovascular rehabilitation The-
oretical knowledge of these conditions’ psychosocial aspects is 
extensive but seldom applied in clinical care.[12] This section 
describes practical applications of these principles.

Conscious participation by patients in cardiovascular rehabilita-
tion Psychocardiologist interaction with patients begins in the dis-
ease’s acute stage and aims to modify behavior following hospital 
discharge by raising awareness of necessary lifestyle changes. 
Psychocardiologists help patients understand their condition, as 
well as the need to modify their lifestyle and control their emotions 
to improve recovery. This includes providing resources facilitating 
the behavior modifi cation that is essential for clinical stabilization 
and success of clinical treatments. These health professionals 
help patients redesign their behavior by introducing heart-healthy 
habits as a means to self-care, which will later become self-
regulated and conscious daily behaviors. The family—an essen-
tial component in rehabilitation—participates in this process as an 
agent of lifestyle change.[6,7]

Psychological intervention in phase 1 of cardiovascular rehabilita-
tion developed in the Dr Gustavo Aldereguía Lima University Gen-
eral Hospital is termed “intensive psychological treatment in special 
situations,”[6,7] unprecedented in Cuba and undocumented in the 
scientifi c literature reviewed from other countries.[12] It initiates 
tertiary prevention through attitude modifi cation and by helping 
patients cope with hospitalization, emotional control in crisis situa-
tions, and modifying physiological processes exacerbated by such 
emotional states. It is applied as soon as patients are admitted and 
continues in a planned, systematic way until discharge, respecting 
both the disease complexity and patient disposition.[6,7]

These results have been applied in other settings for patients 
with stroke and other cardiovascular or circulatory conditions, 

as well as for diabetics, pregnant women with chronic condi-
tions, and health workers with chronic conditions or risk fac-
tors.

Neuropsychological assessment Patients suffering cerebral 
hypoperfusion may present cognitive decline associated with 
cortical pseudolaminar necrosis and hippocampal sclerosis. 
Traditional risk factors for cardiovascular diseases are also 
associated with a decline in cognitive function in people with 
heart disease.[15] Patients whose condition compromised oxy-
gen supply to the brain may present alterations in their ability to 
plan and anticipate their actions, in processing information, and 
in mobilizing the resources needed to correctly maintain cortical 
tone.[7] Damage to cognitive functions interferes with rehabili-
tation and hinders therapeutic adherence. The psychocardiolo-
gist’s job is to detect possible cognitive damage during phase 1 
and to design therapeutic strategies aimed at cognitive stimula-
tion to be implemented with family participation and extended 
through phases 2 and 3.[7]
 
Gender-based approach Implementation of specifi c gender-
based strategies is needed to improve outcomes of cardiovas-
cular therapy.[16] The specifi cities of prevention and treatment 
in women has gained importance, and there is growing research 
on the interactions between psychosocial and biomedical fac-
tors in women with heart disease.[17] Some studies look only 
at traditional risk factors in these conditions in women;[11] oth-
ers highlight the need to investigate gender differences.[12] Our 
approach takes into account from the start of therapy[7] the differ-
ences between men and women with ischemic heart disease that 
are associated with personality traits presenting as differences 
in expression and control of emotion, in fulfi llment of productive 
and reproductive roles, in willingness to actively participate in self-
care,[7] and in vulnerability to health risks.[18] 

Addressing altered sexual response Alterations in sexual 
response are common in people with cardiovascular diseases, 
due to organic or psychological causes, or the effects of medica-
tion.[19] Several authors address the impact of sexual dysfunc-
tion on patients’ quality of life, and recommend guidance based 
on lifestyle, physical activity, and the possibility of medication 
(sildenafi l);[2,19,20] however, this assistance is rarely provided.
[19] Our psychocardiology care program includes sexual counsel-
ing that takes into account subjective factors. It is carried out by 
means of consensus between the cardiologist and the psychocar-
diologist at the acute phase, during which a sexological diagnosis 
is made, which can include drug therapy and counseling for the 
patient and their spouse or partner. These therapeutic compo-
nents are also included in outpatient treatment.[7,8]

Multidisciplinary approach to cardiovascular rehabilitation Phase 
1 cardiovascular rehabilitation requires teamwork involving car-
diologists, psychologists, nurses and rehabilitation specialists. 
Data of psychological interest are recorded in the patient’s chart. 
Nursing staff have been trained in applying emotional control 
techniques refl ected in clinical indications. In the days leading 
up to hospital discharge, doctors, nurses and psychothera-
pists participate in group activities with patients and their fami-
lies to reinforce learned techniques, motivate lifestyle changes 
and prepare for the return home. Cardiologists have gained an 
understanding of patients’ psychophysiological responses and 
assist with psychological interventions, particularly in severely ill 
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patients. This approach integrates knowledge in designing self-
help methods and materials for phases 2 and 3.[6,7]

Pediatric psychocardiology Children with congenital heart dis-
ease frequently present anxiety, depression, psychological 
confl icts, low self-esteem, learning diffi culties and rejection of life-
styles imposed by the disease as well as medical care. In Cuba, 
cardiovascular rehabilitation provides psychological resources for 
coping with and adapting to the particular living conditions the 
disease implies for children and their families. It supports the pro-
cess of social integration in phase 3, which includes education for 
school-age children.[21]

Psychological care addresses needs of pediatric patients and 
their families, who have the diffi cult task of establishing an appro-
priate lifestyle, detecting psychological changes generated by the 
disease and notifying specialists responsible for care. A psycho-
logical care protocol for school-age pediatric cardiology patients 
has been created and is being evaluated in Cienfuegos Prov-
ince to verify its benefi ts and make necessary adjustments. The 
protocol’s introduction in other Cuban institutions is expected, 
culminating with a set of nationally standardized guidelines for 
psychocardiac care of pediatric patients and their families.

CONCLUSIONS
Despite the importance of psychological interventions in hospital-
ized heart patients, there are few published studies.[2,12,20,22] 
The described approach provides a methodology for psychocar-
diological intervention in acute-phase cardiovascular patients. It 
contains diagnostic techniques, self-help materials, relaxation 
methods and other psychotherapeutic techniques for phases 2 
and 3 described in the Programs and Methodologies section of 
the book Psychocardiology in the Health-Disease Process: from 
Theory to Practice,[7] integrating knowledge from the fi elds of 
cardiology and psychology, and which was awarded the 2014 
Annual Health Prize by the Ministry of Public Health. In 2019, the 
supporting studies were also awarded the Annual Health Prize for 
applied research.

Generalizing these results to all cardiology services in the coun-
try requires postgraduate training of cardiologists, psychologists 
and health policymakers in the comprehensive management of 
cardiovascular disease. These activities respond to WHO’s call to 
reduce the burden of cardiovascular disease by 2025, and they 
rely on the political will to guarantee free, universal access to 
health care in Cuba, from the primary level to specialized cardiol-
ogy services.
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It is unclear why we constantly need reminding, but COVID-19 
serves as a blatant reminder of the importance of international 
scientifi c cooperation—this should include cooperation between 
political rivals. In the case of Cuba and the United States, this 
might again be possible with the new US President, Joe Biden.

Globalization, climate change and social determinants will contin-
ue to fl edge new pathogens, some of them highly contagious and 
dangerous. The One Health approach advocated by WHO, the 
Food and Agriculture Organization (FAO), World Organization for 
Animal Health (OIE), the US Centers for Disease Control and Pre-
vention and others is an effort to study and recognize the many 
global connections between and among people, animals and the 
environment and implement relevant inter-disciplinary policies. 
COVID-19, which originated in animals, is a clear example and 
provides another lesson in collaboration.  
 
In 2015, we saluted apolitical efforts by the Cuban and US bio-
ethics communities to contribute to mutual goals and objectives 
in science and public health (primarily epidemiology), and to the 
role of bioethics in the process.[1] It was later suggested these 
efforts improved health in both countries and fostered the creation 
of knowledge and new tools.[2,3] 

A June 2016 memorandum of understanding between the US 
Department of Health and Human Services and the Cuban Min-
istry of Public Health supported cooperation in public health and 
medical research.[4] There was reason for optimism that sci-
entists in countries with fraught relationships could rise above 
politics and ideology and help improve the health of populations. 
The Trump administration unfortunately embraced other values.

COVID-19 was fi rst identifi ed in December 2019 and declared 
a global pandemic by WHO in March 2020. Many countries 
mounted a response. Most seem to have made a hash of it. 
Nevertheless, some governments, businesses and scientists 
collaborated with each other, and international drug and vac-
cine trials commenced. We now have promising treatments 
and vaccines. 

 Health science collab-
oration between and 
among political rivals 
could serve as an 
exemplar and guide 
the nations of the 
world to share data 
and resources to stem 

the pandemic. Indeed, there have been a number of examples of 
international cooperation, but we have also endured competition, 
‘vaccine nationalism’ and continued growth in cases and deaths. 

Were we overly optimistic fi ve years ago? Were we naïve in think-
ing that because Cuba and the United States are neighbors with a 
long and complex historical relationship they would allow enlight-
ened self-interest to drive collaboration? Perhaps. But a bolder 
and more optimistic assessment is this: If Cuba and the United 

States could take steps, however small, to link their scientifi c 
communities, then surely other countries could as well. 

We are not yet prepared to surrender to the idea that global scien-
tifi c collaboration is impossible; that politics will invariably under-
mine research and development; that selfi shness will always 
prevail over symbiosis. If we are wrong, there is no telling how 
bad the next pandemic will be. If we are right, however, and rivals 
can collaborate in the service of shared interests—public health 
might be the best opportunity, especially for Cuba and the United 
States—then there is room for optimism.

1. Ca ñete R, Goodman KW. Cuba-US collaboration and the role of bioethics. 
Lancet. 2015 Mar 14;385(9972):945. 

2. Isasi R, Zuchner SL, Villafranca RC. Community genetics: genetics boosts US-
Cuban links. Nature. 2016 Nov 17;539(7629):357.

3. Bausch DG, Kourí V, Resik S, Acosta B, Guillén G, Goraleski K, et al. The 
Cuba-United States Thaw: building bridges through science and global health. 
Am J Trop Med Hyg. 2017 Jun;96(6):1267–9. DOI:10.4269/ajtmh.17-0136.

4. Keck CW. The United States and Cuba: turning enemies into partners for 
health. N Engl J Med. 2016 Oct 20;375(16):1507–9.

5. Cañete R. The Cuban Public Health System focuses research on commu-
nity needs. Curr Ther Res Clin Exp. 2016 Dec 28;85:1. DOI: 10.1016/j.cur-
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Systemic lupus erythematosus (SLE) is an autoimmune disease 
of unknown etiology. The only means of reducing its morbidity and 
mortality remains early diagnosis followed by timely medical treat-
ment. SLE affects all populations worldwide, although prevalence 
rates differ between population groups, with higher rates among 
women of reproductive age and for African, Asian, and Hispanic 
ethnicities.[1]

The possibility of SLE diagnosis should be kept in mind during 
daily medical practice, not because of its high frequency, but 
because of the pronounced heterogenicity of its clinical presenta-
tion; of all autoimmune diseases, SLE probably has the greatest 
diversity in clinical manifestations. Biomarkers that can diagnose 
and differentiate SLE from other rheumatic autoimmune diseas-
es are needed. However, in more than 50 years of research, no 
single biomarker has emerged capable of identifying SLE in diag-
nostic tests.

SLE’s serological hallmark is the presence of circulating antinuclear 
antibodies (ANA). A positive ANA test is the starting point for 
diagnosing and classifying SLE, but by itself is not conclusive, 
because although ANA are expressed in virtually all SLE patients, 
they also occur in other autoimmune and non-autoimmune 
conditions. Consequently, SLE diagnosis and classifi cation also 
require that patients meet certain clinical and immunological 
criteria defi ned by the American College of Rheumatology (ACR), 
and more recently by the European League Against Rheumatism 
(EULAR).[2]

ANAs have been the largest pool of serological biomarkers for 
SLE. Of the dozens of antinuclear specifi cities associated with 
SLE, only two have been included in the condition’s diagnostic 
criteria: the double-stranded deoxyribonucleic acid antibodies 
(anti-dsDNA) and the Smith spliceosome antibody (anti-Sm). 
Both autoantibodies traditionally have been used to confi rm an 
SLE diagnosis due to their high specifi city for the disease. Nev-
ertheless, their specifi city—as well as sensitivity in the 90–98% 
range—depends on the assay used and the population in which 
it is employed. Recent studies reveal that presence of dsDNA 
antibodies is not exclusive to SLE. Considerable amounts of anti-
dsDNA are found in other rheumatic diseases, neoplasms, infec-
tions and endocrine disorders, as well as in healthy older adults, 
which lessens specifi city, and thus utility, of dsDNA antibodies in 
diagnosing SLE.[3]

In addition to the autoantibodies noted above, a number of novel 
immunological markers have been suggested as criteria for inclu-
sion in the most recent SLE classifi cation. The nominated bio-
markers include cytokines such as B lymphocyte stimulator (BLys) 
and tumor necrosis factor (TNF); chemokines including monocyte 
chemoattractant protein 1, or chemokine (C-C motif) ligand 2 
(MCP-1/CCL2) and interferon gamma-induced protein 10, also 
known as C-X-C motif chemokine ligand 10 (IP10/CXCL10); the 
expression of genes regulated by interferon I (type I IFN) and 
markers of the T helper 17 cell (Th17) subpopulation.[4] Although 

these markers have been associated with SLE pathogenesis or 
activity, the lack of technical wherewithal for their measurement 
in clinical settings—especially in low-resource contexts—has 
kept them from practical employment. Thus, the proposed novel 
immunologic markers may be important for classifying SLE in the 
future, but serological evidence of autoantibody production is still 
the prevalent diagnostic criteria for SLE.[2] 

A subset of antibodies directed 
against ribosomal P proteins 
(referred to as anti-RibP) has 
proven useful for SLE diagno-
sis in Cuba and elsewhere. Anti-
RibP reactivity is localized in three 
phosphoproteins: P0, P1 and P2 
(with molecular masses of 38, 19 

and 17 kDa, respectively) of the 60S ribosomal subunit. These 
phosphoproteins are located mainly in cell cytoplasm in the form 
of a pentameric protein complex whose functions likely include 
intervention in the elongation step of protein synthesis. RibP anti-
bodies show intriguing pathogenic potential based on evidence of 
their ability to penetrate living cells and inhibit in vivo and in vitro 
protein synthesis.[5]

Antibodies to ribosomal proteins have not fared as well as other 
nuclear antibodies like anti-dsDNA and anti-Sm. Although ribo-
somal antibodies’ specifi city to SLE was evident early on, RibP 
antibody determinations only became widespread in clinical labo-
ratories in this century.[6] The late emphasis on the value of RibP 
antibodies in diagnosing SLE is likely due to the fact that the most 
widely-used method for ANA screening, indirect immunofl uores-
cence assays (IFA), is of limited value in detecting RibP antibod-
ies. The low sensitivity of IFA in detecting RibP antibodies has 
been aggravated by omission of IFA cytoplasmic staining patterns 
(resulting from antibodies against cytoplasmic components like 
ribosomal P) by laboratories focused on ANA, which underesti-
mated the utility of anti-cellular antibodies (ACA) as diagnostic 
agents.[7] 

More recently, enzyme-linked immunosorbent assay (ELISA) 
kits have been used to detect RibP antibodies, allowing for high 
diagnostic fl ow at relatively low cost. Certainly, the current vari-
ety of diagnostic platforms with different antigenic preparations 
requires greater standardization, but most available assays rely 
on the specifi city of RibP antibodies even within diverse pop-
ulations of SLE patients. The ELISA test has shown the most 
consistent and least heterogeneous results among laboratories.
[6,8] Detection of RibP antibodies using the ELISA method in 
human P0, P1 and P2 ribosomal proteins in both Cuban SLE 
patients and healthy controls have shown extraordinary specifi c-
ity for SLE, exceeding that of dsDNA and Sm antibodies.[9] RibP 
antibodies are not abundant in patients with SLE—in the Cuban 
population, as in other populations, they were only found in a 
fi fth of SLE patients. Rather, their diagnostic value lies in their 
great specifi city, allowing for a defi nitive SLE diagnosis when 
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they are detected. The high specifi city of RibP antibodies is of 
particular importance in the diagnosis of anti-dsDNA– and anti-
Sm–negative patients, representing a signifi cant proportion of 
patients with anti-RibP–positive SLE.[10] Failure to consider the 
presence of RibP antibodies in these patients may delay diagno-
sis and medical treatment.

The high specifi city of RibP antibodies for SLE, now confi rmed in 
multiple studies from different geographical regions, merits their 
inclusion in SLE classifi cation and diagnostic criteria. Further-
more, since anti-RibP specifi city exceeds that of other serological 
markers for SLE, it is time to make greater use of this marker in 
establishing early SLE diagnosis. 
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           The coronavirus pandemic has shaken public health authorities 
around the world and raised questions about health sector prepared-
ness in responding to infectious disease outbreaks. As of Decem-
ber 7, 2020, more than 66 million cases had been reported globally, 
and more than 1.5 million people have died from the infection in 
219 nations and territories.   [1,2] The hard lesson is that prepared-
ness must be urgently improved, including case detection through 
better surveillance; improved laboratory diagnostic facilities; more 
and better-equipped isolation wards 
and treatment facilities; increased 
supply and better distribution of per-
sonal protective equipment; more 
effective risk communication; and 
adoption of community engagement 
action plans.[1,3]

Surveillance is key. Strengthening surveillance in China and else-
where has been acknowledged as a prime component for effective 
response to minimize the number of cases and prevent further loss 
of life.[4] This has proven true in other scenarios as well, such as 
the 2014 Ebola outbreak in West Africa, where stronger surveillance 
proved to be a main factor for effective containment.[5] 

Case detection and confi rmation testing, as well as contact trac-
ing, must include effective surveillance at all international points of 
entry—airports, border crossings and maritime ports. 

Turning for a moment to our own country, India: we can assume 
signifi cant under-reporting of cases, given the country’s population 
density and other sociodemographic factors that, taken together, 
favor rapid COVID-19 transmission. We believe this may be due 
to defi cient surveillance compounded by insuffi cient availability of 
testing facilities. In particular, comprehensive surveillance is hob-
bled by lack of diagnostic kits in laboratories and community set-
tings. This precludes more realistic caseload estimates and thus 
hinders more precise forecasts of logistic requirements. It is para-
mount at this stage to increase laboratory capacities and to include 
private facilities in the panel of approved laboratories where this 
has not already been done.[6] 

Returning to the global community: a worldwide surveillance system 
is already in a place capable of collecting and organizing data on 
disease magnitude and distribution.[3] Many countries have surveil-
lance systems and/or electronic data collection mechanisms which 
transmit information daily from WHO regional offi ces to its Geneva 
headquarters.[3,4] This requires countries to adhere to established 
case defi nitions—suspect, probable and confi rmed—for report-
ing COVID-19 infections,[3] providing data in a prescribed format 
in order to align global estimates. According to WHO surveillance 
guidelines, these data would ideally include details on the number 
of cases, deaths, laboratory tests performed, positive results and 
number of contacts being monitored. Further, it is recommended 
that each nation provide clinical-epidemiological travel histories 
of any new cases within two days of confi rmation. Member states 
should use WHO-established categories for classifying transmission 
status—no cases, sporadic cases, clusters or community transmis-
sion—in order to strengthen global surveillance, enable risk assess-
ment at various levels, assist in monitoring disease caseloads and 

provide evidence for national health authorities to mount a better 
public health response.[4]  

However, it is important to acknowledge that such comprehensive 
surveillance is only effi cient and effective in those nations that had 
viable health systems prior to the outbreak. Both WHO recommenda-
tions and our own would prove impractical for strengthening surveil-
lance in nations facing system-wide challenges such as fragmented 
healthcare delivery; access disparities; scarcity of trained personnel; 
and fi nancial or technological constraints. These systemic issues 
make it extremely diffi cult to perform risk assessments, provide time-
ly detection and monitor overall caseload. 

In those countries with weaker surveillance systems, strategies 
should be implemented to: ensure the general population is at least 
informed about COVID-19 and how it is transmitted; encourage self-
quarantine; and improve health-seeking behavior by symptomatic 
individuals. If the need arises based on caseload, active surveillance 
can be adopted with the help of outreach workers, trained as part of 
a community engagement action plan. In order to gain extra lever-
age and time to improve readiness and reduce transmission, many 
nations have imposed lockdowns, but these are passive interventions: 
once lockdown is over, cases will rise once again—as is happening 
currently in many countries. Lockdowns can be used effectively to 
actively search for cases in the community, while managing suspect 
or confi rmed cases according to established protocols. 

In essence, complacency is not an option for any country and 
surveillance has proven integral to preparedness, prevention and 
control of the COVID-19 pandemic. As nations review their health 
systems’ viability, ample attention should be paid to implementing 
effective surveillance activities, with suffi cient support for public 
health authorities. Our preparedness now—and in the face of 
future infectious threats—depends on it. 
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