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Editorial

COVID-19 and the Rocket Science of Public Health

We are all fatigued, frazzled. Many of us have lost too many and
too much, and still more will suffer long-term physical and men-
tal effects. A strange geography has cropped into our lexicon:
states, provinces and entire countries mapped by their rates of
COVID-19, telling us how dangerous it is to go outside, go to work
or school. It is also the geography of health care, leadership and
policies that aim to protect people first—or not—the willingness to
embrace the simply brilliant and brilliantly simple lessons of public
health.

Coming for all of us, the entire human population, the disease has
laid bare the social, economic and racial disparities between and
within nations. It has exposed our failings brutally. Yet it has also
revealed bright spots on the map that denote our resolve. The
result is, indeed, a marked difference in how countries and people
are faring, determined as much by the vagaries of the virus as by
the public health protections already in place.

What we are learning from regions like the Caribbean, and from
countries as diverse as Vietnam, Uruguay, Cuba and New Zea-
land, is that success in battling the pandemic is determined nei-
ther by blithe ignorance nor by blinding rhetoric, but by subtler,
determined efforts born of a sense of public and personal respon-
sibility, well-placed faith in sound healthcare systems that revere
prevention, plus that elusive ingredient of empathy. Our collective
predicament has driven home one of the basic tenants of public
health: the success of any one public health campaign is deter-
mined not fundamentally by the amount of material resources, but
rather how resources have historically been allocated to build in
protection for entire populations.

Countries that had not made such investments in the public
good—in scientific literacy and in comprehensive, functional and
accessible healthcare—are adrift, their populations infinitely more
vulnerable.

Nowhere is this more evident than in the Americas, the pandem-
ic’s most recent epicenter and home to its most glaring hot spots:
the United States and Brazil. Latin America, already the world’s
most unequal region by any measure, is faced with a depres-
sion the likes of which has not been seen for decades. And the
poor, the informal sector, the indigenous and Afro-descendent,
the women...are already its most egregious, predictable victims.
Yet, Uruguay, sandwiched between Brazil and Argentina, is doing
much better. So is Cuba, the country and people shouted about,
but so little reflected upon.

In this issue, we take a much closer look at what has galvanized
public health efforts in Cuba, resulting in just over 6000 COVID-19
cases since the first were diagnosed last March, and fewer than
150 deaths. Perhaps it is Cuba that makes the clearest case for
public health: its single, universal health system constituting an
underlying, national grid already capable of prevention and care;
an abundance of health professionals on the job; a strong primary
healthcare subsystem accessible everywhere; an epidemiological
surveillance network with experience facing down epidemics like
dengue; a science and biotech capability poised to generate new
medications and put old ones to work; a public schooled in public
health. Not to mention that they early developed a national plan.

Two articles in this issue assess the Cuban response: one from
inside the health system by Galban and Mas, and the other from
the vantage point of the PAHO/WHO Permanent Representa-
tive in Havana, Dr José Moya, who also contemplates the coun-
try’s current opening towards a “new normal” and the element
of public trust in health care. He also refers to multilateralism
and global solidarity as essential underpinnings for tackling the
pandemic. In this respect, Cuban health professionals and medi-
cal educators have also provided examples of cooperation dur-
ing COVID-19: 52 teams have served in 39 countries in Europe,
Africa, Latin America and the Caribbean.

We dedicate the Feature in this issue to 17 young physicians
who lost their lives to COVID-19 while serving in their coun-
tries. All were among the over 30,000 in 118 countries who had
received scholarships from Cuba to study medicine at Havana’'s
Latin American School of Medicine. Their average age was 35,
reminding us of the thousands of health workers who have been
felled by the virus on the front lines.

Cuban specialists in neurology, nephrology, mental health and
veterinary medicine explore the seemingly infinite ramifications
of the virus in the human body and beyond. Guzman reviews
the research and clinical practice involving COVID-19 patients at
Cuba’s Pedro Kouri Tropical Medicine Institute.

Cuba’s Women of Science focuses
on Dr Dagmar Garcia who directs
research at the Finlay Vaccine
Institute in Havana, where efforts
are concentrated on Phase I/l
trials on the WHO-registered vaccine for COVID-19. In a classic
case of burying the lead, at the interview’s close she indicates
that Cuban biotech will have a vaccine for the Cuban researchers
anticipate a vaccine in first half of 2021. Cuba is the first and, at
this writing, the only Latin American country that has produced a
vaccine candidate in clinical trials, and is now moving to introduce
others.

Cuban researchers
anticipate a vaccine in
first half of 2021

Cuban innovation in biotechnology, so important to patients in
the country and worldwide, has been reinforced by the sheer
necessity implied by stiffened US sanctions. The current US
administration has taken some 120 new draconian measures
against Cuba since 2019: everything from capping family remit-
tances to barring US citizens from hotel stays on the island to
eliminating US flights to every Cuban city but Havana. All appar-
ently in a cynical drive to curry election votes among hardliners
in Florida—who would perhaps be better served by more atten-
tion to the pandemic there.

Which brings us back to public health: Florida, with just twice
Cuba’s population, has registered over 762,000 cases and
16,000 deaths, according to The New York Times, or 3550
cases and 75 deaths per 100,000 population. In the USA as
a whole, we see 8.4 million cases at this writing and 222,000
deaths, or 2525 cases and 67 deaths per 100,000 population.
Comparing these data to Cuba, at 56 cases and just one death
per 100,000 population, is reason enough to look at what Cuba
is doing.
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Editorial

In contrast, the US federal government's pandemic response
has been muddled by racism, misinformation campaigns and the
politicization of simple preventive measures like mask-wearing
and social distancing. All of this has landed in the context of
a health system so difficult to access and navigate that 27.5
million people simply cannot, even after extensive reform. And
now, with the Supreme Court dangerously swerving to thwart
the Affordable Care Act, those 8 million-and-counting may be
dumped from insurance schemes after suffering COVID-19,
the disease labeled a disqualifying ‘pre-existing condition.’
Thus, while in 2019, the Global Health Security Index ranked
the United States as the country “most prepared to respond to
an epidemic or pandemic,” by this year, it has become a tragic
example of what not to do when faced with a public health chal-
lenge of such magnitude.

However, misinformation and faulty science are not the exclu-
sive purview of certain public officials: the challenges continue to
involve new faces, evidenced by the Great Barrington Declara-
tion, a manifesto that, in direct defiance of everything we know
thus far about COVID-19, urges policies based on eventual devel-
opment of herd immunity. In the absence of an effective vaccine,
the proposal would mean millions of deaths worldwide. MEDICC

Review'’s Editor-in-Chief Dr C. William Keck has joined with thou-
sands other scientists and health professionals in signing the
John Snow Memo, a memorandum published by The Lancet that
decries the strategies suggested in Barrington as both unethical
and impractical; “ignoring sound public health advice” and “selling
false hope that will predictably backfire.”

As we move into the second year of the pandemic, one paper
in this issue is particularly useful to help take stock: from Egypt,
Dr Abd El-Wahab’s extensive review of what has been learned
worldwide about SARS-CoV-2 transmission channels.

COVID-19 is, fundamentally, a lesson, and one we can ill-afford
to ignore. This is not the last pandemic we will face. It is likely
not the worst. And certainly it is not the only challenge ahead for
us as people sharing the same planet. What is working to stem
COVID-19—a sense of collective responsibility and collaborative
investment in population health, education and well-being, informed
by the basic tenets of public health science—surely should guide
us forward. Perhaps the most important lesson learned is that
better results in any context boil down to leadership. M-

The Editors

https://doi.org/10.37757/MR2020.V22.N4.20
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Letters

RT-PCR USEFULNESS IN MICROBIOLOGICAL
DISCHARGE DECISIONS FOR COVID-19 PATIENTS

To the Editors:

The Cuban Ministry of Public Health’s Protocol for Attention to
COVID-19 Patients establishes that case confirmations are deter-
mined by positive virological tests of persons with and without
symptoms.[1] These studies are carried out for SARS-CoV-2 by
real-time polymerase chain reaction (RT-PCR) in specimens of
respiratory mucosa collected via nasopharyngeal swab. The Pro-
tocol also establishes three types of discharge: microbiological
(based on negative RT-PCR), clinical-imaging (no signs or symp-
toms and negative chest scan) and epidemiological (14 days after
negative RT-PCR). A microbiological release from hospital is war-
ranted when a patient tests negative by RT-PCR at nine days after
testing positive.[1]

For organizing case management, it becomes important to assess
the usefulness of this RT-PCR at nine days post-confirmation. At
the Pedro Kouri Tropical Medicine Institute, we analyzed the per-
cent of patients who tested negative on day 9, as well as those
testing negative on days 10-14, 15-21 and 22-28. All COVID-19
patients released from the Institute from April through August 2020
were included: 153 total, 95 symptomatic and 58 asymptomatic.

RT-PCRs were negative on day 9 for 75% of cases (115), with
statistically significant differences between symptomatic and
asymptomatic patients: 68.4% of symptomatic (65) and 86.2% of
asymptomatic (50) (p = 0.0228).

For the remaining groups, symptomatic and asymptomatic

patients tested negative post diagnosis as follows:

¢ 10-14 days: 10 symptomatic (10.5%) vs. 4 asymptomatic
(6.9%);

e 15-21 days: 15 (15.8%) vs. 2 (3.4%); and

e 22-28 days: 5 (5.3%) vs. 2 (3.4%).

The fact that 75% of patients tested negative on day 9 validates
the usefulness of the current clinical conduct and its impact on
reducing hospital burdens, freeing up beds for other patients if
necessary.

We thank Dr Maria Guadalupe Guzman-Tirado and Dr Daniel
Gonzélez-Rubio for their revision of the findings expressed in this

letter. -

1. Ministry of Public Health (CU). Protocolo de actuacién nacional para la COV-
ID-19 [Internet]. Havana: Ministry of Public Health (CU); 2020 Aug [cited 2020
Aug 31]. 215 p. Available at: https://ffiles.sld.cu/editorhomef/files/2020/08/
VERSION-5-DEL-PROTOCOLO-PARA-PUBLICAR-13-DE-AGOSTO-2020
.pdf. Spanish.

Osvaldo Enrique Castro-Peraza MD MS (osvaldo@ipk.sld.cu), Pedro
Kouri Tropical Medicine Institute, Havana, Cuba. https://orcid.org/0000
-0002-7208-099X

Alina Martinez-Rodriguez MD MS, Pedro Kouri Tropical Medicine Insti-
tute, Havana, Cuba. https://orcid.org/0000-0002-9946-9399
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COVID-19 AND DIABETES: HANDLE WITH CARE

To the Editors:

As the latest issues of MEDICC Review reveal, the global sci-
entific community is fully engaged in unraveling the mysteries of
COVID-19, including its relationship to chronic conditions such
as diabetes mellitus (DM), a frequent comorbidity with SARS-
CoV-2 infection. Various studies report up to 30% of persons with
COVID-19 are diabetic,[1] and such patients are at greater risk of
intrahospital deaths from the disease.[2]

Huang's meta-analysis in China reviewed 30 studies assessing
6452 cases showed that DM patients had worse prognosis (RR
2.38 [Cl 95%: 1.88-3.03; p <0.001]) and higher risk of death (RR
2.12 [Cl 95%: 1.44-3.11; p <0.001]), severe COVID-19 (RR 2.45
[C1 95%: 1.79-3.35; p <0.001]) and disease progression (RR 3.31
[Cl 95%: 1.08-10.14; p = 0.04]).[3] Diabetic patients with com-
promised immune systems and those aged >65 years also had
greater risk of dying from COVID-19.[4]

Among the physiopathological factors relating COVID-19 with DM
is over expression of angiotensin converting enzyme 2 (ACE2),
above all in those patients treated with ACE2 inhibitors for comor-
bidities or diabetic complications, as well as the cytokine storm
induced by glucolipid disorders.

These observations give us ample warning of the need to protect
DM patients in the context of COVID-19. However, circumstances
provoked by the pandemic, in which specialist consults and follow
up for these patients have been limited, can contribute to deterio-
rating disease control. The lack of physical activity coupled with the
stress brought on by social isolation further aggravates the situation
for those living with diabetes. Thus, it is left up to patients and their
families to pay greater attention to self-care and safety measures.

Health systems and their professionals must seek alternatives
that facilitate personalized medical care in the context of the pan-
demic, including telemedicine options. At the same time, health
professionals are challenged to continuously update their knowl-
edge concerning DM and its relation to COVID-19. M-
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STRENGTHEN MEDICAL EDUCATION TO IMPROVE
ATTENTION TO GERIATRIC HEALTH

To the Editors:

In her MEDICC Review article earlier this year, Ponce-Laguardia
emphasized the need for integrating social and psychological
support in efforts to improve quality of life (QoL) for older Cuban
adults.[1] With global life expectancy on the rise, health profes-
sions education should emphasize the importance of active aging
and stress appropriate preparation of future doctors on compe-
tencies related to geriatric health concerns. In the Dominican
Republic, a country of 10.8 million residents with 7.5% of the
total population older than 65 years, this complementary training
should be widely incorporated across medical schools.

To address this learning gap in our country, we suggest that medi-
cal curricula incorporate geriatrics training through three innova-
tive strategies. First, by creating student interest groups, even
through established national medical student organizations like
Organizacion Dominicana de Estudiantes de Medicina (ODEM)
that can develop student-run activities with community elders that
focus on social interactions and health education. Second, by
coordinating a community rotation with primary healthcare com-
munity centers (Unidad de Atencion Primaria, UNAP) so that fam-
ily doctors can supervise students and facilitate direct interactions
with elders to highlight geriatric health concerns and stress the
important role of preventive medicine in geriatric health and QoL.
Third, by revising clinical rotations to include palliative or end of
life training, in order for students to learn and strengthen essential

competencies in preventive medicine, palliative care and commu-
nication skills with patients and families.

Integrating such academic community experiences into medical
education can also highlight the value of the humanistic touch
and more robust social and communication skills, as well as
encourage students to seek community-serving opportunities and
become involved in a wide range of wellness areas.

We would encourage expansion of this approach to other Latin
American countries, to prepare medical students to lead com-
munity initiatives that promote adoption of healthy lifestyles and
encourage social and community support for older adults. Such
action can address current learning gaps about geriatric medicine
in medical curricula, offer skills-based training in geriatric health
concerns, and provide valuable leadership training for these
future physicians as the world experiences a demographic shift
towards aging populations. M-
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SOBERANA, Cuba’s COVID-19 Vaccine Candidates:
Dagmar Garcia-Rivera PhD
Director of Research, Finlay Vaccine Institute

Conner Gorry MA

On August 13, 2020, Cuba’s national regu-
latory agency, the Center for Quality Con-
trol of Medicines, Equipment and Medical
Devices (CECMED), authorized clinical
trials for SOBERANA 01—Cuba’s first
vaccine candidate and the first from Latin
America and the Caribbean. On August 24,
parallel Phase I/ll double blind, random-
ized, controlled clinical trials were launched
at clinical sites in Havana to evaluate the
vaccine’s safety and immunogenicity. Anal-
ysis of results and development of differ-
ent formulations are currently under way
and Phase Il clinical trials are planned for
early 2021. At the time of writing, a second
vaccine candidate, SOBERANA 02, was in
late-stage development and preparing to
begin separate trials this fall.

Cuba’s biotech industry, comprised of more
than 30 research institutes and manufactur-
ing companies in the state-owned conglom-
erate BioCubaFarma, has developed and
distributed vaccines according to international standards of good
clinical and manufacturing practices and protocols for decades.
BioCubaFarma supplies over 800 products to Cuba’s national
health system—349 of those are on Cuba’s Basic Drug List,
the medicines approved for use in the country’s health system.
Additionally, BioCubaFarma has 2438 patents registered outside
Cuba and its products, including vaccines, medicines and medi-
cal equipment, are in 100 simultaneous trials at 200 clinical sites
and are registered and sold in more than 50 countries.

These factors proved advantageous for making a fast, con-
fident pivot towards COVID-19 vaccine development. Spe-
cifically, these antecedents meant all necessary technical
capacities and regulatory certifications were already in place.
Founded in 1989, CECMED was certified as a WHO Level
4 Regulatory Authority of Reference for vaccine control (the
highest certification level conferred) in 2017; also in 1989, a
team at Cuba'’s Finlay Vaccine Institute led by Dr Concepcién
Campa, developed VA-MENGOC-BC, the world’s first safe,
effective vaccine against serogroup B meningococcus; and in
2000, Cuba’s recombinant hepatitis B vaccine received WHO-
PAHO pre-qualification. To date, millions of people in Cuba
and elsewhere have been immunized against a variety of dis-
eases with vaccines from the island.

Shortly after COVID-19 was declared a pandemic by WHO,
this expertise was marshaled to develop a Cuban vaccine

against the disease. Researchers from the Finlay Vaccine
Institute (IFV), the Molecular Immunology Center (CIM) and
the University of Havana’s Chemical and Biomolecular Syn-
thesis Laboratory, with support from other BioCubaFarma
enterprises, are leading the project aimed at delivering a safe,
effective vaccine in 2021.

The SOBERANA team, which is working on two vaccine can-
didates, SOBERANA 01 and SOBERANA 02 and several for-
mulations thereof, is led by Dr Vicente Vérez-Bencomo, IFV
Director, Dr Yury Valdés Balbin, IFV Deputy Director; and Dr
Dagmar Garcia Rivera, IFV’s Director of Research, a post she
has held since 2014. A vaccine expert with a PhD in pharma-
ceutical sciences, Dr Garcia Rivera is recognized for her mul-
tiple contributions to Cuban science, including development of
a pneumococcal conjugate vaccine that is concluding Phase
Il clinical trials in preparation for introduction into the coun-
try’s national health system. She was awarded Cuba’s Annual
Health Prize, the national prize of the Cuban Academy of Sci-
ences on three occasions, and in 2019, received the Carlos J
Finlay Order of Merit. Dr Garcia Rivera has represented Cuba
in meetings of WHO, UNICEF and other multilateral organi-
zations. In late September, with safety and immunogenicity
trials for SOBERANA 01 continuing apace, Dr Garcia Rivera
paused her feverish work schedule for this exclusive interview
with MEDICC Review.
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MEDICC Review: Cuba’s first vaccine candidate, SOBERANA
01, qualified for clinical trials rapidly—in just 90 days. Can
you describe the research process?

Dagmar Garcia: In January 2020, Cuba drafted its National
COVID-19 Prevention & Control Plan and convened an innova-
tion committee to work on a vaccine. But since we're dealing
with a novel coronavirus, there wasn’t enough scientific evidence
available at that time for us to determine what kind of candidate
might be appropriate.

So our first challenge as researchers was to amass all the scien-
tific evidence and analyze it. And analyze it again. And then re-
analyze it, incorporating new studies and scientific information as
it emerged. We had to understand the physiopathological mecha-
nisms of the virus, as well as the nature of the protective immune
response the virus induced in infected people.

We have a situation with the emergence of SARS-CoV-2 where-
by the virus and its devastating consequences advanced faster
than our knowledge base. Research conducted globally becomes
enormously important in this context.

MEDICC Review: And Cuban researchers had access to this
research?

Dagmar Garcia: Scientific research and publishing took an
unprecedented turn with COVID-19: journals worldwide provided
open access to their publications, guaranteeing broad, timely
access to the information needed to help control the epidemic.
This allowed us to incorporate new knowledge about the virus,
the disease and the relevance of potential antigens for vaccine
candidates on a daily basis.

| think this open-access
model for knowledge-
sharing should become
the norm. And we hope it does—access to scientific knowledge
should not be limited.

Access to scientific knowledge
should not be limited

MEDICC Review: Unprecedented also, is the adjustment
of regulatory mechanisms to develop a vaccine as fast as
possible. What implications does this have—for the vaccine
itself and related bioethics protocols?

Dagmar Garcia: We're in the midst of a global health emergen-
cy. Normally it takes an average of 10 years to develop a vac-
cine, but we don’t have that luxury with COVID-19. So regulatory
mechanisms have been reorganized to shorten the development
cycle to produce a vaccine as quickly as possible. In fact, most
national regulatory authorities (NRAs) in those countries with vac-
cine candidates in development or clinical trials have made their
regulatory mechanisms more flexible, permitting overlap of differ-
ent phases. But that does not mean violating the ethical research
principles or the necessary steps to develop and register a vac-
cine once it has proven safe and effective.

Our clinical trials are designed and conducted according
to the highest international standards and established best
practices; a vaccine’s target population is a healthy population,
which explains why the vaccine industry is the world’s most
highly regulated. Transparency is mandatory. Cuba practices

transparency and has shared all the necessary information
throughout this vaccine development process. All our clinical
trial protocols are published in the Cuban Public Registry of
Clinical Trials (a WHO-accredited primary registry since 2011
and member of WHO International Clinical Trials Registry
Platform, ICTRP; https://rpcec.sld.cu, Eds), a step required of
all trials globally. And our national media regularly report to a
broader public on the progress of SOBERANA 01.

Both our vaccine candidates, SOBERANA 01 and 02 have applied
for patent registration with the Cuban Office of Industrial Property
and our scientific results will be submitted to peer-reviewed jour-
nals once they’re ready.

Cuba’s biotechnology sector has been awarded 10 gold
medals from the World Intellectual Property Organization
(WIPQ), including for the VA-MENGOC-BC vaccine
developed by the Finlay Vaccine Institute (1989) and

for Quimi-Hib developed by the University of Havana’s
Chemical and Biomolecular Synthesis Laboratory (2005).

MEDICC Review: Globally, over 40 vaccines have reached
the stage of clinical trials in humans, using different tech-
nologies. What type of vaccine is SOBERANA 01?

Dagmar Garcia: By March 2020, we began to see vaccine can-
didates that employed more traditional technologies—like those
using inactive viruses to provoke a protective immune response.
Given the urgency for a potential vaccine, certain processes were
sped up allowing vaccine prototypes using newer technologies
still in development to proceed to clinical phases. Adenoviral vec-
tor vaccine candidates and those using messenger RNA (mRNA)
technology, for example, are among those not yet proven effec-
tive in humans.

But given our past experience, knowledge and success with oth-
er vaccines, we leaned towards a protein-subunit vaccine. The
subunit vaccine platform is well established in Cuba. Importantly,
VA-MENGOC-BC, IFV’s meningitis B vaccine, is a subunits vac-
cine developed over 30 years ago and is a key component in our
SOBERANA vaccine candidates. We have other subunit vaccines
in our portfolio, including a recombinant hepatitis B vaccine and
the Haemophilus influenzae type b (Hib) vaccine using a synthet-
ic antigen, the first of its kind in the world (Hib vaccine develop-
ment was headed by Dr Vicente Vérez-Bencomo; for more on his
work and this vaccine, see MEDICC Review October 2007, Vol 9,
No 1, Eds). The pentavalent vaccine used to vaccinate all Cuban
children under one year old has subunit components (introduced
in 2006, this Cuban-manufactured vaccine immunizes children
against diphtheria, tetanus, pertussis, hepatitis B and Haemophi-
lus influenzae type b, Eds).

MEDICC Review: Can you explain how the Cuban COVID-19
subunit vaccine candidate works and if it has inherent advan-
tages?

Dagmar Garcia: For this type of vaccine to be effective, its cru-
cial to know which part of the virus subunit, which antigen, is
most significant. This took us more time to figure out. But once
it became clear that the most relevant antigen is the receptor-
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binding domain (RBD) of the viral Spike (S) glycoprotein—the
protein that allows SARS-CoV-2 to invade human cells through
the angiotensin-converting enzyme 2 or ACE2 receptor—this is
where we focused our research. Using established genetic engi-
neering methods and biotechnology processes, our colleagues at
CIM successfully produced the RBD protein in mammalian cells.
This gave us a well-defined and stable molecular structure with
which to continue research.

Ouir first candidate, SOBERANA 01, is a two-dose vaccine based
on an RBD amino-acid sequence that by design allows natural
dimerization of two RBD molecules. This is combined with outer
membrane vesicles of meningococcus B that act as an immuno-
potentiator. In short, the goal is to induce production of neutral-
izing antibodies against SARS-CoV-2.

“The presence of receptor-binding domain (RBD) anti-

bodies 7 days post-vaccination in animals—and even

more, after 28 days—is likely attributable to the immune-

response strengthening ability of the outer membrane
vesicles in which we formulated the vaccine.”

—Dr Dagmar Garcia, Mesa Redonda prime time

TV news program, Aug 20, 2020

There are several advantages to this approach. First, it uses an
established technological platform proven over more than 30
years’ experience—the platform used for our VA-MENGOC-BC
vaccine. This translates into faster development and implies safe-
ty advantages for vaccine candidates. Second, we believe that a
vaccine based on the RBD protein has high probabilities of suc-
cess because immunological studies in patients recovering from
COVID-19 show it's the most relevant viral component for induc-
ing neutralizing antibodies.

Importantly, our biotechnology industry uses a model in which
the scientific and technological capacities of each institution are
coordinated, complementing one another. For example, for over
20 years, CIM has worked in large-scale production of complex
recombinant proteins in mammalian cells and has mastered the

necessary immunological techniques used in earlier development
of their therapeutic cancer vaccines. The University of Havana’s
Chemical and Biomolecular Synthesis Laboratory, meanwhile,
contributes molecular-level research. We work as a consortium,
an alliance that has allowed us to make rapid progress towards a
vaccine; none of our institutions could have developed a vaccine
candidate this fast alone.

Finally, we know there will be COVID-19 vaccines available
around the world. But for a country like Cuba, it's prudent and
strategic to develop and manufacture our own vaccine. So for us
a major advantage of SOBERANA 01 is that it's Cuban.

MEDICC Review: Hence the name...

Dagmar Garcia: Calling our first vac-
cine candidate “SOVEREIGN 01"
wasn’'t the original idea. This was simply
the short name we gave to the clinical
trial for this candidate. But once it was
announced, the Cuban public reacted
so enthusiastically that we decided to
honor their support by grouping all our
vaccine candidates under the name

Given our past
experience,
knowledge and
success with other
vaccines, we
leaned towards

a protein-subunit

SOBERANA. The candidate now in
Phase I/ll trials is SOBERANA 01; our
second candidate—also based on the RBD protein but using a dif-
ferent platform—uwill begin trials soon, is SOBERANA 02, and so
on. We hope both of these candidates, in one of their formulations,
will demonstrate clinical efficacy.

vaccine

MEDICC Review: What does the clinical trial process for
SOBERANA 01 entail? How are trials conducted and by
whom?

Dagmar Garcia: The first step was receiving authorization for
the trials from CECMED, Cuba’s national regulatory agency. This
requires submitting a dossier that contains detailed information
related to the product’s development and preclinical research: the
chemical-pharmaceutical components, quality criteria, pharmacol-
ogy and toxicology analyses in animal experiments, and protocols
for clinical evaluation, among others. Once authorized, trial proto-
cols and details must be published in the Cuban Public Registry of
Clinical Trials. All clinical trials in Cuba require approval from the
pertinent Independent Ethics Committee for Scientific Research
before they can move forward—in this case, the National Toxicol-
ogy Center (CENATOX).

The SOBERANA 01 clinical trials are administered by CENA-
TOX. In 2009, this institute was certified according to best
clinical practices by CECMED to conduct clinical trials, under-
goes regular inspections by international agencies and has
successfully conducted clinical trials with other biotechnology
products. The design protocol calls for two doses, adminis-
tered 28 days apart to healthy volunteers, including a ran-
domized control group, which receives the VA-MENGOC-BC
vaccine. It's hoped that the reactogenicity in both cohorts will
be similar.

Inclusion criteria for the trial are strictly defined. Potential vol-
unteers receive comprehensive information—written and ver-
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bally—about what the trial entails and a description of how it
will proceed so they can decide whether to participate. This
includes the risks and benefits involved, the most common
adverse events and what to do should such an event occur;
we also explain to volunteers that conditions are guaranteed
to treat adverse events and that they are free to leave the trial
at any time.

Each person who decides to participate gives written informed
consent. We then conduct comprehensive clinical studies,
administer RT-PCR tests, and analyze other inclusion criteria
like body mass index. Those testing positive for SARS-CoV-2
antibodies are not eligible to participate. Clinical evaluations
occur 24, 48 and 72 hours after the first and second injections,
followed by similar evaluations 14, 21 and 30 days after each
injection. Followup with volunteers continues for two months
and adheres strictly to the protocols established in our clinical
trial design.

The trials are being conducted at certified clinical sites in Havana—
we have extensive experience conducting trials with other vac-
cine candidates in other provinces, but due to epidemiological
constraints and other logistical considerations, these phases are
being conducted in the capital only. The 19-59 year old cohort
received their first doses on August 24. Once preliminary safety
of the vaccine was demonstrated with them, the second cohort,
ages 60-80, received their first doses on September 11.

MEDICC Review: Inclusion criteria were for healthy adults
from 19 to 80 years old, among others. Did you have chal-
lenges recruiting volunteers?

Dagmar Garcia: The biggest challenge we faced recruiting vol-
unteers is that we were inundated with requests. Too many people
wanted to participate and we had to explain that this was a small-
scale trial and that there would be more opportunities to volunteer
in the future with this vaccine candidate or others. This includes
the possibility of trials in other provinces, not just Havana. (Cuba’s
National Clinical Trials Site Network coordinates extension of tri-
als to certified sites throughout the health system. For details see
The ABCs of Clinical Trials in Cuba, MEDICC Review, July 2016,
Vol 18, No 3, Eds).

There is public trust in these national programs, our vaccines and
the science behind them.

This overwhelming response is partly due to the urgency for a
COVID-19 vaccine, but also because there is public trust in these
national programs, our vaccines and the science behind them.
Cuba established its National Immunization Program in 1962
and has very high rates of coverage. This ‘culture of health,
coupled with a transparent process, means trial volunteers are
making quite a conscious decision to participate in trials.

MEDICC Review: Are there special considerations or pre-
cautions taken with the cohort of older adults—a vulnerable
group, especially with regards to COVID-19—during the trials?

Dagmar Garcia: The inclusion criteria and protocols for the older
cohort are the same as those aged 19 to 59. However, to be eli-
gible, those volunteers with chronic conditions had to demonstrate
that they were clinically controlled. In addition to the periodic exams
of every participant that | described, everyone also received a card
that identifies them as a participant in the SOBERANA 01 clinical
trial. And our entire health system is on alert. Should a volunteer
become ill or have any health issue during the trial, including the
two-month follow up period, they show this ID card to anyone at a
health institution. This allows procedures to be implemented that
are designed specifically for participants in this clinical trial. Fur-
thermore, should a participant receive a positive RT-PCR test dur-
ing the clinical trial, our national protocols for COVID-19 treatment
are immediately activated and that person is removed from the trial.

MEDICC Review: Can you share initial results of the SOBER-
ANA 01 trials?

Dagmar Garcia: Our initial safety results are satisfactory, with no
severe adverse events. For the next two months, we’'ll be gath-
ering immunogenicity data to analyze which formulations, using
different antigen levels, will proceed to future trials. Everyone is
anxious for information and a successful vaccine, but at this point
the clinical process is very slow and we can’t speed it up. Two
months are two months.

Looking forward, we have to demonstrate safety, immunogenic-
ity and efficacy of whichever formulation of SOBERANA 01 (or
another of our vaccine candidates) proceeds to the next phases
of clinical trials. This is true for our vaccine candidates, as well
as those in clinical trials around the world. Not enough time has
elapsed to determine what level of immunity one of these candi-
dates will confer or how long it will last—obviously this is incred-
ibly important for any vaccine, including ours, and we will have to
demonstrate this as well.

MEDICC Review: Will Phase lll trials be conducted in Cuba?

Dagmar Garcia: Phase Il clinical trials involve thousands of
people and while Cuba has a very willing population, anxious to

Phase Il objective: Increased immune response (serocon-

version of antibody titers equal to or greater than 4 times

the initial baseline) in at least 50% of subjects compared
to control group.

—Objectives and Variables, SOBERANA 01,

Cuban Public Registry of Clinical Trials
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volunteer, we probably don’t have the neces-
sary COVID-19 incidence rate in our country to
conduct trials of this scale.

While it is still too early to define where, when
and how we would conduct these ftrials since
this depends on the evolution of current clini-
cal research, | can say unequivocally that if we
need to go to another country to conduct Phase
Il trials, we will. Cuba has options for where
that might be and all regulatory requirements
of that country or those countries will be met
to conduct those trials—with SOBERANA 01 or
any other vaccine candidate.

MEDICC Review: One consideration around
the world is production capacity for a COV-
ID-19 vaccine. Assuming one of the SOBER-
ANA candidates is approved for use, do you
anticipate problems producing the doses
needed?

Dagmar Garcia: Our first challenge will be to produce enough
doses of a safe, effective vaccine to satisfy domestic demand.
Cuba is a small country of just over 11 million people, so we’re not
talking about huge demand, but this does mean producing several
million doses so that we can vaccinate our entire population.

On the plus side, IFV’s

IFV and CIM are ready to
vaccine candidates are

start producing the number

based on technol-
of doses needed for our ogy and platforms that
population in existing, our consortium uses

to produce other vac-
cines. This means we
don’t have to construct
production plants or
train professionals. IFV
and CIM are ready to start producing the number of doses
needed for our population in existing, certified manufactur-
ing plants conforming to international standards. Obviously,
we will have to invest in upgrades and scale up production
in some cases, but our capacity is already established and
functioning.

certified manufacturing plants
conforming to international
standards

Cuba also markets its biotech products, including vaccines,
to dozens of countries. Once a SOBERANA vaccine becomes
available for our population and then for sale abroad, these
countries with which we already have contracts will logically be
firstin line.

MEDICC Review: What about the ingredients needed to pro-
duce the necessary doses? Does Cuba have them?

Dagmar Garcia: We don’t have in Cuba all the raw materials
and supplies we’ll need for the unprecedented scale of produc-
tion that vaccinating our whole population requires. They have
to be purchased and for this, we need financing. This is made
infinitely more difficult by the US embargo—which as you know
is an economic and financial embargo, hence we call it a block-
ade. It affects development of every economic and social sector
in Cuba, including vaccines. Procuring the necessary reagents for

We’re deeply motivated by science: we maintain our spirits imagining months of hard
work paying off with a successful vaccine.

research and the raw materials for production is a challenge we
face daily due to limitations imposed by the embargo.

MEDICC Review: Once a Cuban vaccine is available, how will
it be introduced into the health system? Will certain groups
be prioritized?

Dagmar Garcia: We’'ll be able to produce enough of the vaccine
for our whole population. How will that be implemented and what
groups will be prioritized? | can’t give a precise answer because
it's not an industry decision. But | can tell you that it will be a
national strategy developed together with the Ministry of Public
Health (MINSAP) based on the clinical data and number of doses
available. Most likely, certain high-risk groups will be considered
first....but that has yet to be decided.

MEDICC Review: The stress and urgency of your work, com-
bined with the US sanctions and difficulties in Cuba, must be
enormous. How do you and your team handle this?

Dagmar Garcia: For months, we've faced the same problems
created by the pandemic as everyone else in Cuba: the limita-
tions, our kids at home instead of at school, our families in lock-
down. We haven't rested since the vaccine development process
started months ago. We've had no vacations. But we're deeply
motivated by science: we maintain our spirits imagining months
of hard work paying off with a successful vaccine. It's gratifying to
imagine our work saving lives and benefiting our country.

| think this is the fundamental motivation for everyone working on our
COVID-19 vaccine. You see it in people working overtime, making
sure they make their deadlines, working weekends. But no one com-
plains. Everyone is in good spirits and knows that results achieved
today will be important for decisions taken tomorrow, so we just can’t
fall behind. The good will and optimism is real and runs deep.

A distinctive characteristic of Cuban science is that there are more
women in the scientific sector than men and this is true for the
SOBERANA 01 project as well. It helps that there are many young
people on our team, too. This injects a vibrant spirit into our work.

14

MEDICC Review, October 2020, Vol 22, No 4



Cuba’s Women of Science

Everyone is pulling together so that we can deliver a successful vac-
cine as soon as possible. Our families are a tremendous help in this
regard: husbands, partners or other family members of many of the
women working on SOBERANA, including mine, are at home as we
speak taking care of the kids, cooking and cleaning. It would be very
difficult for us to dedicate ourselves fully to this project otherwise.

MEDICC Review: Can you talk about the importance of inter-
national collaboration in confronting this pandemic? Will
Cuba participate in the global COVAX initiative?

Dagmar Garcia: This is the moment
for international solidarity. No coun-
try can go it alone; a solution to this
pandemic is only possible if it's con-
tained the world over. | would add that
the ‘vaccine nationalism’ we'’re see-
ing with COVID-19 is a direct result
of globalization. Every time a new disease emerges, the gap
between rich and poor countries is underscored. The difference
with COVID-19, as opposed to Ebola for instance, is that this dis-
ease affects rich and poor countries alike—but access to an effec-
tive vaccine will not be equitable. In spite of WHO efforts, we are
going to see differences in vaccine access on a global scale over
the next year.

We are going to
see differences in
vaccine access on
a dlobal scale over
the next year

In terms of COVAX (COVID-19 Vaccines Global Access Facility),
we’re assessing the possibility of Cuban participation. We’ve been
in talks with the Coalition for Epidemic Preparedness Innovations
(CEPI, a co-leader with WHO and GAVI in the COVAX initiative
to accelerate development, production and equitable access to a
vaccine, Eds.), but we will have to wait for results.

MEDICC Review: Looking ahead, what other Cuban research
related to COVID-19 looks promising and what comes next
for the SOBERANA project?

Dagmar Garcia: Research is well under way by other Cuban
scientists to determine whether genetics play a role in people’s
probability of developing severe cases of COVID-19 and if so,
how. This research, led by the National Medical Genetics Center,
includes people living with others infected by COVID-19 but who
themselves have not become infected.

The National Blood Donors Group and the Hematology and Immu-
nology Institute are co-leading a clinical research project involv-
ing use of blood plasma from patients recovering from COVID-19
used in therapies for those who have the disease. Of course, this
research adheres to established clinical research protocols. This
is just to mention a few of the projects under way for COVID-19
diagnosis and treatment.

As for our vaccine candidates, the balance of this year is dedi-
cated to clinical trials of SOBERANA 01 and 02. Before the
year is over, we will publish our pre-clinical trial results, and
expect to publish the clinical trial results in early 2021. And
while | can’t pin down an exact date for when a vaccine will be
ready, | can tell you two things: the first Cuban COVID-19 vac-
cine that is registered will be called SOBERANA and it will be
ready to vaccinate our entire population sometime in the first
six months of 2021.

ACKNOWLEDGMENTS

| am grateful for contributions by MEDICC Review'’s editorial team
that made this interview possible. -~

https://doi.org/10.37757/MR2020.V22.N4.11

MEDICC Review, October 2020, Vol 22, No 4

15



Interview

Early Action, Applied Research & Collaboration to Combat COVID-19:

Maria Guadalupe Guzman MD PhD DSc
Director, Reference Center for Research & Diagnosis, Pedro Kouri Tropical Medicine

Institute, Havana

Gisele Coutin MD MS and Conner Gorry MA

Virologist Dr Maria Guadalupe Guzman is
recognized as a global leader in dengue
research and heads the Pedro Kouri
Tropical Medicine Institute’s work as a
WHO/PAHO Collaborating Center for
the Study of Dengue and lts Vector. The
Institute (IPK) was founded in 1937 and is
now Cuba’s national reference center for the
diagnosis, treatment, control and prevention
of communicable diseases. Dr Guzman
is also president of the Cuban Society of
Microbiology and Parasitology and directs
IPK’s Scientific Council, which is responsible
for setting the Institute’s research priorities.
A recent h-index analysis found that
Dr Guzman is among the most widely-
published and cited Cuban researchers.

As part of the National Intersectoral Com-
mission for COVID-19, IPK was integral to
the design of Cuba’s COVID-19 Prevention
and Control Plan, approved in February
2020, more than a month before the first
cases were confirmed in Cuba. This included the three-tiered
biosafety training program for frontline health professionals,
designed and launched at IPK, which built on the institution’s
experience preparing Cuban doctors who served in West
Africa with the Henry Reeve Emergency Medical Contingent
during the 2014-2016 Ebola outbreak. As of this writing, the
Contingent has served in 39 countries fighting COVID-19.
Prior to departure, members were trained in biosafety at IPK.

Today, IPK conducts COVID-19 testing and research and pro-
vides patient care. The institution is supported by an integrat-
ed national network of diagnostic laboratories, hospitals and
isolation centers. In addition to research related to the clini-

MEDICC Review: Latin America has become an epicenter of
the COVID-19 pandemic, with some of the highest per capita
infection rates in the world. Yet Cuba and Uruguay stand out
as examples of containment, with lower rates. What might
Cuba’s experience offer in this context?

Maria Guadalupe Guzman: The situation in the region is indeed
complex, with an alarming rise in confirmed cases and COVID-19
fatalities—according to WHO data as of July 5, Latin America had
registered over 5.5 million cases. Cuba took early action with a
national plan aimed at controlling SARS-CoV-2 transmission and

cal evolution and epidemiology of COVID-19, IPK has several
studies under way on its diagnosis, pathogenesis, kinetics,
immunity and genetics. In July 2020, Dr Guzman, along with 7
other Cuban specialists, was appointed to the InterAcademy
Partnership’s (IAP) COVID-19 Expert Group, a 60-member,
multi-disciplinary group comprised of researchers from around
the world. The group is designed to promote knowledge shar-
ing and regional and international collaborations concerning
the coronavirus using a multisector approach that takes into
account the health, social and environmental factors related
to the disease. This MEDICC Review interview took place in
early July, a few days before the Cuban IAP appointments
were announced.

its impact on the country (between March 11 and September
17, 2020, Cuba administered over 520,000 real-time polymerase
chain reaction (RT-PCR) tests, with 5004 people testing positive
for COVID-19. Of those, 4249 recovered, 111 died, and 2 were
evacuated; 642 cases were still active, Eds).

The main measures contributing to Cuba’s more favorable
situation as compared to some other countries in the region
include: comprehensive stay-at-home messaging and obligatory
mask mandates; early hospitalization of people fitting the clinical
parameters of possible infection; quarantining people who had
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contact with confirmed cases in isolation centers equipped for
this purpose; and active screening across the country, including
in workplaces and among high-risk groups.

| think Cuba’s COVID-19 experience can be useful in the
following areas: clinical case management; epidemiological
measures designed to identify hot spots and better contain
and control transmission; treatment protocols and products
developed and produced by Cuba’s biotech sector; laboratory
diagnostics; and international collaboration—our specialists
are serving in many countries where COVID-19 has created
complex health situations.

MEDICC Review: Research is indicating that SARS-CoV-2
is much more contagious than other human coronaviruses
including SARS-CoV and MERS-CoV. How is this indicator
playing out in Cuba?

Maria Guadalupe Guzman: This virus's highly contagious
nature is one reason why COVID-19 has spread so far, so
fast and to so many countries. Several articles have described
that each infected person can transmit the virus to three more
people. Slowing transmission requires lowering the disease’s
reproduction number (R-value).

Since the first cases in Cuba, scientists here have been working
on transmission forecasts using mathematical models based on
time-varying reproduction numbers (R,; effective reproduction).
As opposed to R, which is the basic reproduction number
quantifying a disease’s transmission potential at the start of
an epidemic, R numbers change over time and depend on the
population’s actual susceptibility to the disease. At the beginning
of the epidemic, we were seeing high R, numbers—near 5, which
is consistent with the exponential transmission dynamic seen in
other countries. After 15 days, that number steadily dropped to
just above 1 and by the seventh week, it fell below the R, 1 target.
This indicator has fluctuated with periodic local transmission
events, but once prevention and control measures contain the
outbreak, the R _number falls below 1 again—underscoring the
importance of maintaining these measures to slow transmission.

MEDICC Review: Given how contagious SARS-CoV-2 has
proven to be, how is Cuba managing testing, contact tracing
and treatment?

Maria Guadalupe Guzman: One fundamental action we've
taken is administering and analyzing a large number of tests to
identify both symptomatic and asymptomatic cases. (According
to the website of Cuba’s Ministry of Public Health, between
August 17 and September 17, Cuba was processing an average
of 6010 RT-PCR tests daily and at the time of this writing had
performed 524,374 tests since March, Eds). This allows for early
diagnosis, tracing of all available contacts for each confirmed
case and remittance to isolation centers.

Applied research from Cuba’s biotech sector is another important
element. Adding Cuban biotech products to treatment protocols;
sample collection; implementing case management policies;
and assuring we have the necessary equipment and materials
for treating critical patients by switching production lines at some
plants to produce personal protective equipment, ventilators and

diagnostic kits, are some ways our biotech sector is helping us
confront the epidemic.

MEDICC Review: You mentioned that Cubaperforms RT-PCR
tests—several thousand a day. Where do these come from
and where are they processed? Are labs in Cuba equipped
and prepared for this kind of diagnostic load?

Maria Guadalupe Guzman: At the moment our RT-PCR tests
are imported, though the Immunoassay Center in Havana (CIE)
is working on standardizing a molecular diagnostic kit and
several population studies are already underway using the CIE’s
system for detecting COVID-19 antibodies.

In terms of laboratories diagnosing COVID-19, we currently have
7. Those processing tests for Havana are located at the Provincial
Hygiene, Epidemiology and Microbiology Center and the
Hermanos Ameijeiras Clinical-Surgical Teaching Hospital, plus
the Genetic Engineering and Biotechnology Center (CIGB) and
Civil Defense laboratories. The laboratory here at IPK processes
tests for the capital, plus the western region of the country, while
the Ministry of Public Health’s lab in Villa Clara handles testing
from Cuba’s central region and the one in Santiago de Cuba
processes those from the eastern region. Four additional labs
are currently being equipped in the provinces for processing
tests as well and should be up and running soon. (Two labs, in
Holguin and Matanzas provinces, will be operable by the end of
September, and the other two, in Ciego de Avila province and
the Isle of Youth, soon thereafter. Since this interview, Havana
has added five more labs to process RT-PCR tests, Eds). IPK is
charged with evaluating these labs, plus training and assessing
the personnel working there.

In addition to training lab personnel to process these tests,
IPK evaluates the kits and technologies used in coronavirus
diagnosis, as well as the transportation mechanisms used to
collect patient samples, the equipment introduced to strengthen
case diagnosis, and serological systems used for patient
screening. IPK is also responsible for periodic quality control of
samples to corroborate results from other laboratories around
the country.

MEDICC Review: Was this all put into place with the advent
of COVID-197?

Maria Guadalupe Guzman: No. As a WHO/PAHO Collaborating
Center for the Study of Dengue and Its Vector, IPK has a long,
strong work history related to the clinical, epidemiological,
laboratory, training, entomology-vectors and research
components concerning arboviruses. Our collaborating center
works on these issues as part of the PAHO-led Integrated
Management Strategy for Arboviral Diseases and helped draft
several guidelines used regionally today. These include clinical
case management for dengue; diagnosis and treatment of
patients with possible arbovirus infections; and diagnostic
algorithms for laboratory surveillance of dengue, Zika and
chikungunya.

In 2008, the Arbovirus Diagnosis Laboratory Network of the
Americas (RELDA) was established to strengthen laboratory
diagnostic and surveillance capabilities in the region (The WHO/
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PAHO Coordinating Center at IPK headed RELDA from 2010—
2018, with Dr Guzman as president, Eds). It's also designed to
systematize best practices and foster collaboration among labs
in the region. To this end, RELDA holds training courses in new
diagnostic technologies, develops protocols and guidelines,
coordinates the exchange of reagents between labs, performs
serological and molecular proficiency testing to verify the
reliability of laboratory diagnostics, standardizes diagnostic
systems and more. Today, 32 laboratories in 26 countries are
part of this network—many are also WHO/PAHO Collaborating
Centers.

It’s crucial that countries
devise strategies for dealing

with coexisting dengue and
COVID-19 epidemics

The work creating and
strengthening these labs,
their infrastructure and
training capacities, plus
our regional experience
with the 2009 flu pan-
demic, means we were better prepared and equipped to pivot
from arboviruses to COVID-19. RELDA and the labs in its network
have worked diligently to face this emergency—and laboratory
diagnosis of COVID-19 has proven challenging for all countries—
without slowing the diagnosis and surveillance of arboviruses. In
fact, we're expecting an increase in dengue transmission this year
and RELDA has been discussing how to manage both at once.
It's crucial that countries devise strategies for dealing with coexist-
ing dengue and COVID-19 epidemics; controlling dengue-related
deaths while maintaining measures implemented in recent years
to lower dengue fatalities in the midst of COVID-19...it's quite a
complex situation.

MEDICC Review: SARS-CoV-2 has shown to be highly
lethal, with a 13% patient fatality rate in some countries
and around 6% in Latin America. How has Cuba, with its
aging population and heavy chronic disease burden—not
to mention the US embargo—been able to keep its rate well
below 5%?

Maria Guadalupe Guzman: | think early action is one of the
main factors. Active screening in neighborhoods everywhere
in the country, along with hospitalization of all suspected
cases and timely attention to them—in health institutions with
separate areas specially equipped and staffed—has helped
us keep fatality rates here below 5%. Application of different
treatment protocols, which are showing good results, is another
factor. Our health messaging strategy, alerting and keeping
the population informed, and their collaboration in active
screening is one more. Staying informed about COVID-19 and
continuing to observe health measures, including using masks,
is imperative.

It's important to underscore the role of our primary care system
in this regard. Primary care professionals here are community-
based, have direct contact with the people they serve in the
neighborhoods where they live, and are actively looking for and
diagnosing cases.

MEDICC Review: Cuba’s biotech products and treatment
protocols are showing good results, as you mentioned. As
part of the team that sets IPK’s research priorities, what is
the Institute’'s research agenda for COVID-19?

Maria Guadalupe Guzman: IPK is pursuing several research
initiatives, including in the following areas:

e COVID-19 etiology;
e Morphology of SARS-CoV-2 (in collaboration with CEAC);

* Nucleotide sequence (whole genome) and molecular charac-
terization;

 Viral shedding kinetics in clinical samples; Ultrastructural
tissue damage, identifying immunological biomarkers associ-
ated with severe clinical prognosis, immune system response
associated with protection/severity, and genetic and epigen-
etic influences on the progression of the infection (in collabo-
ration with CEAC);

« Evaluation of reagents, materials and equipment (in collabo-
ration with the National Biopreparations Center, BIOCEN, as
well as MEDICUBA and the National Biomedical Engineering
Center);

« Evaluation of serologic diagnostic kits and PCR tests (in col-
laboration with the Immunoassay Center; CIE);

« Development of a biosensor to diagnose COVID-19 in coop-
eration with the Cuban Center for Advanced Studies (CEAC);

» Epidemiological studies of asymptomatic infections, out-
breaks themselves, and socioeconomic factors related to the
disease; and

 Clinical characterization of critical and non-critical patients,
and clinical follow-up of symptomatic and asymptomatic
patients.

Several of these research avenues are already showing results.
We've characterized the clinical features of the first COVID-19
patients in Cuba, identified the immunological biomarkers for
disease severity, and have a deeper understanding of those
patients and asymptomatic carriers who maintain positive RT-PCR
tests over time. We've also evaluated serologic diagnostic Kkits,
including those produced in Cuba using UMELISA technology,
currently in use in screening studies.

MEDICC Review: Cuba is known globally for its overseas
medical cooperation, while IPK is known for its biennial
International Course on Dengue, Zika and Other Emerging
Arboviruses. How important is cooperation—locally, region-
ally, internationally—in fighting COVID-19?

Maria Guadalupe Guzman: The role of international organiza-
tions like PAHO and WHO cannot be overstated. From best
practices and recommendations for confronting the epidemic
to donations of reagents and materials, their collaboration has
been fundamental. Other organizations including the Global
Fund and MediCuba Europe have also provided necessary
support.

Also important is participation in thematic networks to exchange
ideas, such as those organized by the Community of Latin
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American and Caribbean States (CELAC), the International
Association of National Public Health Institutes (IANPHI) and
the Ibero-American Science and Technology for Development
Program (CYTED).

| also see a broad range
of opportunities for col-
laboration between Cuba
and the United States.
Exchanging findings on
eachcountry’sCOVID-19
policies and lessons learned—what has worked and what
hasn’'t—is one place to start. Sharing clinical case experiences

I also see a broad range

of opportunities for
collaboration between Cuba
and the United States

and the use of different treatment protocols is another. Joint
research to develop a better diagnostic kit or vaccine, to deepen
our understanding of the disease and its viral agent or effec-
tive prevention measures...these are all potential areas for col-
laboration, as is joint publishing on findings. Even global medical
cooperation, in which Cuba has vast experience, could be on
the table.

For more on the research, clinical practices and diagnostic
systems of the Pedro Kouri Tropical Medicine Institute (IPK),
see Cuba’s Pedro Kouri Tropical Medicine Institute: Battling
COVID-19 One Study, One Test, One Patient at a Time, in
MEDICC Review April 2020, Vol 22, No 2. A\
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A PAHO Perspective on COVID-19 in Cuba

José Moya MD MPH PhD

PAHO/WHO Permanent Representative in Cuba

Gail A. Reed MS

If all physicians are detectives, using
their skills to track down what ails body
and mind, then epidemiologists are medi-
cine’s social detectives, using their train-
ing to understand the great calamities of
population health. For over 30 years, Dr
José Moya has worked in the field since
his initial position as head of epidemiol-
ogy in Ayacucho, in his home country of
Peru. His journey into global health began
with Doctors Without Borders in Guate-
mala, Mozambique and Nigeria. Later at
PAHO, he was Permanent Representative
in Venezuela, after earlier postings as an
epidemiologist in Haiti, Mexico, Brazil, the
Dominican Republic and Argentina.

Dr Moya has faced down epidemics of
malaria, dengue, yellow fever and bubonic
plague, and also rampant chronic diseases
such as hypertension and diabetes. Yet
undoubtedly he has seen nothing like
COVID-19 in the Americas, where at this
writing 17 million cases have ravaged Latin America and the
United States is the pandemic’s epicenter in the hemisphere
and the world. In 2019, Dr Moya became PAHO/WHO
Permanent Representative in Cuba, shortly before COVID-19

MEDICC Review: Cuba has recorded just over 6000 COVID-19
cases since March and fewer than 150 deaths. With the excep-
tion of positive results in Uruguay, the rest of Latin America
is still faced with an alarming spread. Are there strategies
adopted by countries like Cuba that help explain such differ-
ent results?

José Moya: Up to now, Cuba has done everything a country
should do in the face of a pandemic like this one, building on the
strengths it already had. These include the health system itself,
which is a single, universal system with national coverage and
free-of-charge to patients. Family doctors and nurses are posted
in communities across the country—professionals who know their
communities and work with local people on a permanent basis.

Such primary health care is an enormous strength of Cuba’s sys-
tem: family doctor-and-nurse offices and community-based poly-
clinics carry out the main health programs and play a key role
in the successes of Cuban public health. Another strength is the
workforce’s magnitude and training: the physicians, nurses, labo-
ratory technicians and so on. And a third strength is science itself.
Cuba’s experience in research, with the institutions that today

presented itself. Eight months later, as most of Cuba began its
“new normal” phase with new cases waning, MEDICC Review
spoke with the epidemiologist about conditions on the ground
and Cuba’s response to COVID-19.

make up BioCubaFarma, dates back over 30 years. These are
very serious research centers with first-class scientists organized
for innovation. As a result, Cuba has developed domestic produc-
tion capabilities in such areas as COVID-19 diagnostics, personal
protection equipment (PPE) for the country’s health workers and
novel medications in clinical trials. They are also producing medi-
cines for prevention that strengthen the immune system, partic-
ularly important for vulnerable people such as older adults and
health workers.

So these three strengths—primary health care, human resources
for health and development of science and technology—are
the basis for a better response to the pandemic. Thus, when
COVID-19 was on the horizon, they were able to take quick and
timely action. By the end of January, Cuba had put together a
national multi-sector plan, which is continually updated. Very
early, they also had a protocol for treatment. This has meant
almost daily sessions of the cabinet and of the various sectors, in
order to monitor the COVID-19 response and its results, based on
good epidemiological surveillance capacities through the health
system’s extensive epidemiological and laboratory networks
already in existence.
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Cuba started with 3 labs for COVID-19 testing, and now has 13,
so nearly every province has one, enabling the country to upgrade
capacities for RT-PCR testing from some 2000 tests daily in March
to 7000-8000 daily now.

We've seen an excellent response in terms of active screen-
ing for cases, confirmatory laboratory testing, contact tracing
and follow-up. This enabled control of the epidemic’s evolution,
as we saw in June and July. Later, in August and September,
we saw an uptick in cases—much like that in other countries
as they began to re-open—punctuated unfortunately by some
people failing to abide by the safety measures adopted. Now,
once again, we have many provinces without transmission for
several weeks, entering what's called the “new normal” period.
Just three provinces, including Havana, still have some of the
most restrictive measures in place.

At this new juncture, the message is loud and clear: the burden
falls on every one of us here in Cuba to help tame the epidemic,
by continuing to wear masks, practice social distancing, wash
hands, disinfect surfaces and avoid big gatherings. We need to do
our part so that in the next few months, although we have trans-
mission, it will be controlled and not get out of hand. This means
internalizing new habits in our daily lives.

Cuba has also moved to quickly identify cases and apply treat-
ment protocols, using their own medications as well as others,
thus reducing case fatality. In April, this was over 4%, and now it
is under 2%.

These are some of the elements contributing to more favorable
results, starting from a solid health system foundation and a uni-
fied national response plan, implemented throughout the national,
provincial and municipal levels. This marks the difference from
some other countries in our region that are suffering intense
and sustained transmission due to overcrowded health facilities,
population density in our megacities, and a concentration of pov-
erty and social inequalities exacerbated by the pandemic, among
other factors. Our health services haven't been able to confront
this situation in time, and some have even collapsed. This is the
lamentable reality we see in Latin America.

MEDICC Review: | want to ask you about two aspects of
Cuba’s response that may seem unrelated: the first concerns
to what degree Cubans feel confident in their health sys-
tem, and the second relates to the health system’s decision
to hospitalize all confirmed cases instead of sending them
home...something not common elsewhere.

José Moya: The confidence Cubans have in their health system
is palpable wherever you go here. They're aware of the capabili-
ties of their health professionals, of health services, to attend to
and resolve their health problems, from the simple to the most
complex. Not only at the primary care level, but also at very high-
level hospital and research institutions, teaching centers where
the most highly trained specialists are concentrated.

And this goes to the second part of your question: | don't think
another country has hospitalized all patients diagnosed with COV-
ID-19. Every person confirmed with COVID-19 is hospitalized in
one of 30 hospitals specially equipped throughout Cuba to provide
care to these patients, including ICU beds. It's worth mentioning

that in April, when we saw the highest transmission rates, just
20% of ICU beds were occupied.

Another key decision was contact tracing for all confirmed cases,
referring many people to isolation centers, where they were test-
ed and under medical observation for 14 days. This strategy has
brought the epidemic under control at different points, the first in
June—July as | mentioned, and also in the last few weeks with the
decrease in cases.

Now, in the “new normal” period, they will continue active case
finding and contact tracing, but contacts are able to self-quarantine
at home for the required period, under medical supervision and
visited by their neighborhood family doctor. This is an important
change, and once again, its success depends on all of us: our
ability to self-quarantine when necessary, acting responsibly as
individuals and communities during Cuba’s re-opening. It's the
only way forward until there is a vaccine.

MEDICC Review: This period envisions opening schools and
universities, correct?

José Moya: Yes, although in Havana this won’t happen until
November 2. This process is accompanied by clear protocols,
ones we've already seen on television being applied in several
other provinces where the educational institutions are already up
and running again. Children go to school with their masks on and
in the first few days, receive an orientation and training on how
they need to behave. This doesn’t come as a surprise to them
of course: most have been watching the daily briefings by Dr
Francisco Duran, the country’s chief epidemiologist. In general,
I'd say that I've observed children acting quite responsibly. This
responsibility—to mask up, wash their hands, not attend class
if they have any symptoms—of course also implies a greater
responsibility on the part of their parents and the schools
themselves.

MEDICC Review: You referred to the biotech sector’'s 30
years of experience. Cuba now has a vaccine candidate for
COVID-19 in clinical trials. What does the regulatory frame-
work look like? Does PAHO or WHO have a relationship that
allows these agencies to evaluate the regulatory process?

The Center for State Control of
Medicines and Medical Devices
(CECMED), Cuba’s regulatory
agency, has

top-notch capabilities

José Moya: The Cen-
ter for State Control of
Medicines and Medical
Devices (CECMED),
Cuba’s regulatory agen-
¢y, has top-notch capa-
bilites and because of
this, is a regional reference and PAHO/WHO Collaborating Center.
The National Clinical Trials Coordinating Center has also earned
this distinction. These two Cuban institutions are constantly evalu-
ated, linked as they are to production of medicines, lab reagents and
medical technologies. In Cuba, no such product can be used without
CECMED authorization.

During the pandemic, the two agencies have been essential to
clinical trials and approvals for use of various medications, both
domestically produced and imported, and play an important role
as part of a regional network through PAHO/WHO. And of course
in vaccine development.
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Nearly 80% of vaccines applied in the National Immunization
Program are manufactured in Cuba itself, where there are ample
manufacturing facilities to produce high-quality vaccines that
are also exported. The Finlay Vaccine Institute has decades
of experience, and with other institutions experienced in R&D
such as the Molecular Immunology Center, has developed a
vaccine candidate, SOBERANA 01. There is also a second
candidate in pre-clinical studies, and | understand there are
two more in the pipeline. That is, Cuba will have four COVID-19
vaccine candidates.

SOBERANA 01 has successfully completed Phase | trials that
test safety, and is now in Phase Il trials to test immunogenicity.
Preliminary reports I've reviewed indicate the results are very
good thus far. So this is good news for Cuba, but also for Latin
America and the Caribbean. This is the first vaccine from our
region in clinical trials, joining others listed with WHO that are
being tested.

We're all pleased and proud that this Cuban vaccine is the
first developed in our region, and that hopefully Phase Il trials
will conclude successfully, and it can begin Phase Il trials in
a much larger population with greater COVID-19 transmission
rates, to discern its impact. If and when the trials conclude
successfully, then the vaccine requires CECMED approval
before use in the Cuban population and, if production exceeds
domestic needs, then made available to other countries in our
region and elsewhere.

MEDICC Review: Experience indicates that Cuban manu-
facturers have marketed their medicines and vaccines to
other countries, but usually at lower prices for developing
nations.

José Moya: Yes, in this case, Cuba would have a proven
COVID-19 vaccine, the production capacities for domestic
distribution to cover the Cuban population, and perhaps also
a level of production that could be used for people throughout
Latin America and the Caribbean, at much more reasonable
prices.

MEDICC Review: Yet, Cuba has many challenges ahead—
shortages of some imported medicines, food security,
the economy more broadly—that may threaten its ability
to successfully “co-exist with COVID-19.” In this context,
what role do UN agencies play, and PAHO in particular?

José Moya: Since the start, PAHO has played a role in infor-
mation sharing, as the hemispheric agency specializing in
health, alerting governments and health authorities of the dan-
gers posed by COVID-19. Our director, Dr Carissa Etienne,
authorized all our country representatives to mobilize techni-
cal cooperation resources to respond to the most urgent initial
needs. That's something we have done here, providing per-
sonal protection equipment (PPE) and RT-PCR tests, which
are fundamental, in addition to virtual training sessions that we
continue to hold between teams from the ministries and those
at PAHO headquarters.

Here in Havana during the first several months, we held
meetings involving the various UN agencies, PAHO itself and

Cuba’s Ministry of Public Health (MINSAP) to determine how
each of us, under the auspices of the UN Resident Coordinator,
could mobilize resources to respond to the country’s vital needs.
Without exception, all answered the call: UNFPA, UNDP, FAO,
everyone. And these action plans, which we review periodically
with MINSAP, have been fulfilled.

Now we head into a new period, when the UN Resident Coor-
dinator is organizing a longer-term response to COVID-19 in a
number of essential areas—one of them, health. PAHO con-
tinues to take the lead in this field, but of course the socioeco-
nomic arena is vital. There, the UN agencies specializing in
production, agriculture and food are at work.

MEDICC Review: Of course now Cuba has been elected
to the Executive Committee of PAHO’s Directing Council.
What significance do you attach to this?

José Moya: Like many countries of the Americas, Cuba was a
founding member of PAHO in 1902, and since then it has had
various leadership functions in PAHO/WHO. A few years ago,
the World Health Assembly was chaired by Cuba’s Minister of
Public Health, for instance. Such important roles highlight the
stature and relevance of Cuba in the field of health.

In PAHO’s case, Cuba is a full participating member, and was new-
ly elected with two other countries to the nine-member Executive
Committee, as part of the regular rotation. This is good news for
us here, since MINSAP delegates will have an active presence in
the Committee, which meets twice a year to discuss issues that
affect our region, offering technical guidance to the organization,
later producing resolutions, policies and projects to be implemented
by our countries. We're very pleased that Cuba has been elected.

MEDICC Review: In the midst of a deep recession in Latin
America and the Caribbean, PAHO itself is facing a serious
budgetary crisis. What has this meant for your offices in
Cuba?

José Moya: The pandemic has certainly affected PAHO's
finances. Our funding is based on contributions by member
states, using a quota system. Meeting these quotas allows us
to fulfill our mandate in terms of financing our offices, our in-
country projects and our cooperation.

In the case of the offices here in Cuba, we’re facing a difficult
financial crunch, so we've concentrated resources in priority
areas, fundamentally in response to COVID-19, but also oth-
ers we can't neglect. We hope this situation will improve in the
coming months.

MEDICC Review: Nevertheless, the pandemic has opened a
Pandora’s box of challenges to multilateralism, and we're even
seeing ‘vaccine nationalism.” How has this affected PAHO’s
operations? Is multilateralism relevant in times like these?

José Moya: Multilateralism is as valid and relevant as ever. Our
organization has brought together the countries of the Ameri-
cas for 118 years based on cooperation, solidarity and Pan-
Americanism—an important concept within PAHO itself. We are a
technical agency, and we shouldn’t permit politicization that could
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affect that spirit of coop-
eration and solidarity on
which we were founded.
We work for people’s
health, for the health of
people in the Americas,
and we do it through col-
laboration among our countries, South-South cooperation, trian-
gular cooperation. That's our value.

We shouldn’t permit
politicization that could affect
that spirit of cooperation and
solidarity on which we were
founded

Certainly this nationalism is affecting us, but we have to be true
to our history and to our purpose. More so in these times, not

only of pandemic, but also in the face of more chronic problems
within health systems, of social inequalities, overcrowding of our
cities, climate change. This is the scenario we have, the context.
And in this scenario, we have to keep up the work and continue
to cooperate.

Lastly, | think it's imperative that our countries continue to
examine our health systems and how they are organized. And
hopefully, one day, think much more about ways to sustain and
strengthen primary health care—efficiently and with a perma-
nent presence near where people live. | think this is one of the
great challenges we have ahead. |-

https://doi.org/10.37757/MR2020.V22.N4.12
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Ahora se habla mads de lo fragdiles que somos, y se hace mds presente
la pregunta acerca de cudles son las verdaderas prioridades
Reflexiones de la escritora espanola Belén Gopegui

Dr.Cs. Lila Castellanos-Serra

Belén Gopegui (Madrid, 1963) Licenciada
en Derecho en la Universidad Autbnoma
de Madrid. Novelista y guionista espafiola.
Con su Opera prima La escala de los
mapas, (1993) recibié varios premios y
su tercera obra, La conquista del aire,
fue adaptada al cine. Belén Gopegui fue
descrita como la mejor de su generacion
por el escritor y ensayista espafiol
Francisco Umbral. Sus novelas han sido
traducidas a varios idiomas. En 2019 se
publica su conferencia Ella pis6 la Luna,
ellas pisaron la luna, un poderoso texto
gue reivindica a todas las mujeres cuyos
logros no han visto la luz.

Cuando celebramos la llegada del nuevo milenio, nadie podria
sospechar la sorpresa que nos deparaba el 2020. La peste
medieval, el exterminio masivo de indigenas por enfermedades
importadas con los conquistadores, la epidemia de Marsella
de 1720-1722, las cuatro grandes epidemias de célera del
siglo XIX, la gripe de 1918-1919 -por citar algunos- parecian
capitulos cerrados. Epidemias recientes como el ébola, o el
célera, muy letales pero relativamente locales, sugerian haber
alcanzado cierta capacidad para limitar espacialmente los
dafios. Nos creiamos mas alla de ciertos peligros. Hoy, la crisis
mundial causada por la pandemia de COVID-19 nos descubre
fragilidades que no queriamos o no podiamos ver. MEDICC
Review comparte con sus lectores los puntos de vista de
la escritora Belén Gopegui, una voz de la cultura hispanica
respetada internacionalmente.

MEDICC Review: ¢Cudl es su vision de las consecuencias
de la epidemia en Espafia?

Belén Gopegui: AlUn es muy pronto para saber qué significado
va a tener esta epidemia en la mentalidad de las personas. Lo
gue ya vamos viendo son consecuencias directas, inmediatas,
de angustia y de dolor. Coincido palabra por palabra con lo que
ha escrito el periodista Ignacio Pato Lorente[1] y que dice asi:
“Es una atrocidad llamarle “cura de humildad” o “mensaje del
planeta” a miles de personas lanzadas al paro, solas, mayores,
asustadas, mujeres encerradas con sus maltratadores y todo
el etcétera. Romantizar el “sacrificio” es una victoria liberal.

Es decir, cruel”. En este momento, en la sociedad espafiola,
tanto la epidemia como la cuarentena estan agudizando las
desigualdades sociales que ya existian. Hay muchas personas
con trabajos irregulares que no cobran y no tienen dinero ni
siquiera para comprar alimentos. El confinamiento es muy
diferente segin donde se viva. Y muy distinto también si, cuando
termine, lo que espera es un largo periodo de desempleo y/o
de dificultad para sobrevivir. Si bien es cierto que va a haber
algunas ayudas sociales, estas son insuficientes.

MEDICC Review: Y lavision desde una éptica mas amplia,
planetaria?

Belén Gopegui: Es dificil dejar de pensar en todas las
personas caidas, levantar la mirada y ver al planeta como una
unidad, pero voy a intentar hacerlo.

Diria que la epidemia ha traido a un primer plano este
pensamiento del mateméatico Ivar Ekeland[2]: “Caminamos
anestesiados entre los riesgos que creamos. De vez en
cuando, un accidente nos sacude de nuestro letargo, y
echamos un vistazo al precipicio”. Ahora se habla mas de lo
fragiles que somos, y se hace mas presente la pregunta acerca
de cudles son las verdaderas prioridades y cuéles cosas que
considerabamos imprescindibles resultan hoy completamente
ridiculas. No obstante, la realidad en que vivimos es una
maquinaria que tiene su propia inercia. Deshacerla y
transformarla requiere un gran esfuerzo revolucionario, un
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“sentido del momento histérico” que llegue casi a la vez a
muchas poblaciones y una capacidad de conducir ese sentido.
Sin embargo, como se esta viendo estos dias, la logica brutal
de la supervivencia, no del mas apto desde el punto de vista
fisico -al menos en Espafa-, pero si de quien mas dinero y
patrimonio tiene acumulado, existe ya desde hace mucho
tiempo. No es que se vaya a “promulgar” como algo nuevo
a partir de la epidemia, es que se va a agudizar. Esa nueva
sociedad basada en la coordinacion y la colaboracién requerira
que se derriben millares de instituciones y empresas de
Occidente, y que la violencia y la desesperaciéon encuentren
cauces organizados. No es algo que, de momento, parezca
préximo. Pero decir “de momento” siempre expresa una forma
de confianza.

MEDICC Review: ¢(Como la pandemia afecta las dicotomias
globalizacién-aislacionismo, solidaridad-individualismo?

Belén Gopegui: En teoria, la pandemia deja clara la
interdependencia, laidea, o mas bien las evidencias sepultadas,
de que no hay colectividad sin individuos ni individuos sin
colectividad. Como escribi una vez “somos gotas y somos, al
mismo tiempo, lluvia”. Esto se ha visto con nitidez, por ejemplo,
en la peticion de la Comision Europea a Espafia y otros paises
miembros de abrir las fronteras para que los trabajadores
temporales africanos puedan cruzarlas y asi provocar la
menor alteracién posible en la cadena de suministro de fruta
a toda la Unidn. Son las mismas trabajadoras despreciadas y
mal pagadas cuando recogen la fresa, los mismos temporeros
alojados en barracones, sin papeles y mal pagados. Ahora se
ve hasta qué punto no soélo la riqueza, también la salud de los
ricos depende del trabajo de los pobres. Pero decia Graham
Greene[3] que “miedo y amor son inseparables”, porque temes
perder lo que amas, y que son inseparables el miedo y el odio,
“porque el miedo humilla”. Cuando pase esta pandemia, si
pasa, habra que dedicar toda la atencién a quienes ejerciendo
el poder se hayan sentido humillados por sus propios errores,
por suimprevision, por las consecuencias que para sus vidas ha
tenido haber discriminado y maltratado a quienes desempefian
trabajos mal pagados: habra que velar porque no reaccionen
de manera vengativa, despreciando mas y odiando mas.

MEDICC Review: ¢ Cree que esta crisis afectala percepcidn
gue la sociedad tiene sobre la ciencia?

Belén Gopegui: Espero que si, y que ocurra en ambos
sentidos: la percepcién que la sociedad tiene sobre la ciencia
y la percepcion que la ciencia tiene sobre la sociedad. Creo
qgue es bueno tener conciencia de los limites de la ciencia.
No todo lo puede, no todo lo sabe, lo complicado a veces se
puede abarcar pero lo complejo es mucho mas dificil y las
certidumbres son provisionales. Un solo contraejemplo puede
obligar a replantearlo todo, la excepcion puede probar que la
regla es falsa. La arrogancia de quienes piensan que la ciencia
es omnipotente no ayuda a comprender. Al mismo tiempo,
quedan hoy confirmadas las palabras de Agustin Lage [4] en
su magnifico libro La osadia de la ciencia: “Cuando se siembra
ciencia en una sociedad no se obtienen solamente nuevos
conocimientos o nuevas tecnologias, se siembra también
una cultura de la racionalidad, objetividad, debate, critica y
verificacion constante, que es fuente de ética y valores, los
cuales a su vez contribuyen a la cultura general”.

Lo grave es que en muchos paises la ciencia se siembra
mutilada, son semillas modificadas para que lo verificable
qguede por debajo del interés econémico.

Hoy en Europa estamos pagando la consecuencia de muchos
afios de investigar en cotos cerrados en universidades super-
especializadas, sin compartir conocimientos que, por delante
del debate honesto, ponen el interés por una compensacion
econdmica, y que no se preguntan cuales son los problemas que
mas investigacion necesitan sino cuales, si los resuelvo, daran
mayor rentabilidad a corto plazo. La ciencia, claro esté, necesita
ser sostenida econdmicamente, no hablo de situaciones etéreas
e ideales, pero lo que no tiene sentido es descuidar los problemas
graves de la humanidad y dedicarse a supuestos problemas que
no lo son, que no evitan sufrimiento ni ayudan a vivir.

MEDICC Review: El papel que en esta crisis estan jugando
los medios de comunicacién y las redes sociales tiene
multiples facetas, positivas y negativas. (COmo ve su
impacto en la sociedad?

Belén Gopegui: Hoy las redes son un elemento mas de la vida,
no son un estrato diferente. Se han integrado en la vida diaria,
si bien una crisis energética puede hacer que caigan y que
todo lo que hoy resulta natural en ellas desaparezca. Se habla
de la posverdad y es cierto que se propagan noticias falsas.
Pero no hay que olvidar que antes también sucedia aunque
la escala fuera menor. Antes, la supuesta verdad estaba
monopolizada por los grandes medios de comunicacién y hoy
las redes permiten que se escuchen otras voces. Lo que, sin
embargo, sigue siendo un monopolio, o varios, es la potencia
de difusion. Por otro lado, las redes no son, desde un punto de
vista descriptivo, redes: son esferas en manos de empresas
que deciden lo que entra 'y lo que no.

Afortunadamente, cuando surge algo nuevo, es dificil
controlarlo por completo y las redes permiten que se muestre
lo mejor del ser humano, su talento masivo, su solidaridad,
su humor. Pero, como decia, la potencia de difusidon sigue
estando en manos de los mas poderosos, por lo que al final es
dificil que los grandes medios y las grandes empresas no sigan
marcando la pauta de qué pensar, una pauta que, segun se ha
visto, no se guia por el bien, ni por la verdad.

MEDICC Review: ¢ Consejos paralos jovenes cuyos esfuerzos
necesitaria el mundo para evitar futuras pandemias? ¢Cémo
ampliar y hacer efectivo su compromiso con la sociedad en
su conjunto?

Belén Gopegui: No daré consejos porque en la adolescencia
y en la juventud hay un impulso muy valioso, algo que te lleva
a querer buscar tu propio camino. Y dado el rumbo que ha
tomado este mundo en decadencia, no somos quienes, creo,
para darles consejos. Pienso que lo mejor esta intacto en
ellos. Por eso, mas que dar consejos, nuestra tarea es, quizas,
desbrozar lo que les impide ver lo que tienen dentro. En todo
caso, por no huir de la pregunta, acudiré a un fragmento de
letra de cancidn que escribi hace poco para Ana Molina[5],
con el deseo de que sea verdad que hayamos sabido darselo:
Lleva tu contigo/ lo que supe darte/ la razén ardiente/ y no
retirarse/ cuando ya no hay sombra/ cuando arrecia el sol/ y en
la noche oscura/ no brilla el farol.
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MEDICC Review: ¢Es posible, entonces, pese a todo, un
cierto optimismo?

Belén Gopegui: La reaccion de muchisimas personas ante
esta crisis permite un cierto optimismo, en efecto, y no solo
de la voluntad, también de la razéon. Porque esta claro que el
potencial para la solidaridad, el trabajo, para darlo todo por
personas a quienes no se conoce, existe y se esta viendo con
absoluta nitidez en el personal sanitario, por ejemplo. Empieza
a desarrollarse, ademas, una conciencia mayor de la injusticia;
en Espafia hoy se extiende una voluntad casi general de
defender la sanidad publica, de no permitir un solo hospital
privado mas, y tratar de nacionalizar los existentes. Mas que
una pregunta, lo que hay ahora por delante es una gran tarea
con dos frentes: paliar el dolor y la carestia de muchisimas
personas, y al mismo tiempo, impedir que la situacion de
desigualdad que la ha provocado vuelva a producirse.

En estos momentos queda muy claro que la ciencia y la politica
necesitan trabajar unidas y con un sentido emancipatorio,
pues de poco sirve que la ciencia encuentre una vacuna si,
durante el tiempo que tarda en encontrarla, la politica no es
capaz de dar apoyo a quien lo necesita. Y de nada sirven las
sociedades que no son capaces de compartir sus recursos
sino que los acaparan por clases, por naciones, por grupos de
privilegio, y de este modo retrasan la difusién del conocimiento
y su avance. Me gustaria terminar con una frase hermosa,

conmovedora. Pero haoy, lo Unico verdaderamente hermoso y
conmovedor son los actos. -

NOTAS

1. Ignacio Pato Lorente (1983-). Periodista y politélogo, ha trabajado
en diversos medios de comunicacion. En la actualidad escribe un
ensayo sobre la crisis motivada por la pandemia de préxima apar-
icion y forma parte del equipo del suplemento Apuntes de clase,
perteneciente al medio de comunicacién alternativo La Marea.

2. Ivar Ekeland (1944-). Matematico francés. Se ha especializado en
analisis funcional. Autor de numerosos libros de texto de su espe-
cialidad y de difusién sobre matematica y en particular, la teoria del
caos y fractales.

3. Henry Graham Greene (1904-1991). Escritor, guionista y critico bri-
tanico. Trat6é en sus obras asuntos politica 0 moralmente ambiguos
en un trasfondo contemporaneo.

4.  Agustin Lage Davila (1949-). Cientifico cubano. Médico, especializa-
do en inmunologia del cancer. Fundador del Centro de Inmunologia
Molecular de Cuba. Autor de méas de 200 publicaciones cientificas,
también ha publicado varios libros y numerosos articulos sobre la
relacion entre ciencia y sociedad.

5. Ana Molina Hita (1977-). Profesora del colegio publico Pio XII —
ubicado en el barrio de La Ventilla, al norte de Madrid, que formé con
varias alumnas el grupo coral Milagros en 2012-2013. En 2020, el
grupo ahora formado por 10 integrantes, ha grabado canciones con
letras de Belén Gopegui.
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Fallen in the Face of COVID-19:

Graduates of Cuba’s Latin American School of Medicine (ELAM)

Gail Reed MS

The 2020 fall semester at Havana’s Latin American School of
Medicine (ELAM) began on an especially somber note: honoring
17 of its alumni felled as they battled COVID-19 in their home
countries and beyond. A few were recent graduates among the
30,047 from 118 countries who received scholarships from Cuba
to study medicine at ELAM. Others were members of its first
graduating class in 2005.

Their service on the front lines during the pandemic reflects the
school’s mission to train low-income students the world over
who pledge to care for communities and their patients, irre-

Ly

Dr. Ericka Julissa Flores Torres
(1981-2020)

Peru

ELAM Class of 2005

o
Dr. Luis Fernando Orozco Andrade
(1977-2020)
Guatemala
ELAM Class of 2005

(1974-2020)
Equatorial Guinea
ELAM Class of 2007

Source: Department of International Relations, ELAM, October 7, 2020.

Dr. Yessenia Herrera Ruiz
(1981-2020)
Panama

ELAM Class of 2005

Dr. Ambrosio-Moyo Ondo Ayecaba

spective of ability to pay...and often in public health facilities
at no charge.

MEDICC Review joins fellow ELAM graduates, students and fac-
ulty in paying tribute to the service of these talented, dedicated
young health professionals, and expresses our deepest condo-
lences to their families, friends, colleagues and mentors.

Many of the pictures in this photo-feature are not publication qual-

ity. That's not why they were taken. Rest in peace, service, and
confidence in the fact that health for all is possible. M~

-

Dr. Orlando Julio Isacc King
(1979-2020)

Venezuela

ELAM Class of 2005

PR
Dr. Roger Layme Salgueiro
(1984-2020)
Bolivia
ELAM Class of 2011
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Dr. José Humberto Paredes Abanto
(1988-2020)

Peru

ELAM Class of 2011

Dr. Sara Chambi Méndez
(1988-2020)

Bolivia

ELAM Class of 2012

Dr. Edgar Patricio Aynaguano Ufio
(1984-2020)

Ecuador

ELAM Class of 2012

Dr. Nemecio Choque Nifio
(1983-2020)

Bolivia

ELAM Class of 2012

Dr. Juan Orellana Cardenas
(1986-2020)

Bolivia

ELAM Class of 2012

Dr. Jhonny Josué Nilton Villegas Atora
(1986-2020)

Bolivia

ELAM Class of 2012

Dr. Hebert Ortufio Vallejos
(1985-2020)

Bolivia

ELAM Class of 2012

Dr. Mariano Luis Barrios Lijerén
(1989-2020)

Bolivia

ELAM Class of 2012

Dr. Martin Adolfo Morales Figueredo
(1986-2020)

Bolivia

ELAM Class of 2012

Dr. Job Gerardo Villanueva Nufiez
(1987-2020)

Honduras

ELAM Class of 2012

Dr. Alberto Arteaga Jiménez
(1985-2020)

Bolivia

ELAM Class of 2013
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COVID-19 in Cuba: Assessing the National Response

Enrique Galban-Garcia MD PhD, Pedro Mas-Bermejo MD PhD DSc

ABSTRACT

The COVID-19 pandemic exhibits different characteristics in each
country, related to the extent of SARS-CoV-2 local transmission, as
well as the speed and effectiveness of epidemic response implement-
ed by authorities. This study presents a descriptive epidemiological
analysis of the daily and cumulative incidence of confirmed cases and
deaths in Cuba from COVID-19 in the first 110 days after first-case
confirmation on March 11, 2020. During this period, 2340 cases (20.7
x 100,000 population) were confirmed, of which 86 patients died (case
fatality 3.67%; 52 men and 34 women). Mean age of the deceased
was 73.6 years (with a minimum of 35 years and a maximum of 101),
with the average age of men lower than that of women. More than
70% of all deceased had associated noncommunicable diseases.
The incidence curve ascended for five weeks and then descended
steadily. The average number of confirmed cases and deaths for the
last week included (June 23-28, 2020) were 25 and 1 respectively;
the curve always moved within the most favorable forecast zone of

INTRODUCTION

COVID-19, aided in its spread by the rapid and extensive
international movement of people and goods, was designated a
global pandemic by WHO in March 2020, after its initial onset in
China in late 2019. Epidemics of other coronaviruses producing
severe respiratory symptoms, such as SARS-CoV-1 in 2002[1] and
MERS-CoV in 2012,[2] never earned this designation.

The susceptibility of an epidemiologically-naive world population
to COVID-19’s etiological agent, SARS-CoV-2, and its basic
reproduction number (R)) (initially estimated to be between 2
and 3), favored wide penetration of human communities and
resulted in far-reaching chains of transmission from almost all
infected individuals.[3] Compared to other diseases caused
by coronaviruses, COVID-19 has resulted in a large number
of severe cases and deaths, leading to a high global case
fatality rate (>5% during the period analyzed),[3] at a time when
preventive or curative treatments specific to the virus (antiviral
drugs or vaccines) were not yet available.

The magnitude of this disease and its clinical implications have
been such that within just the first 6 months after its identification,
more than 10 million cases and 50,000 deaths were recorded.[4]
Given these figures, it is unsurprising that health services in many
population centers worldwide were strained and, in some cases,
even overwhelmed.

IMPORTANCE

This paper describes and analyzes the characteristics of
Cuba’s response to the COVID-19 epidemic during the first
110 days after the first case was diagnosed. It highlights
the particularities and the participation of the country’s
healthcare system, scientific community and government
in confronting the disease.

available mathematical models and the effective reproductive number
fell below 1 after the fifth week following the onset of the epidemic.

We present the prevention and control measures implemented dur-
ing this period—some unique to Cuba—and assess their effective-
ness using two analytical tools: comparison of observed deaths and
confirmed cases with those predicted by mathematical models; and
estimation of the effective reproductive rate of SARS-CoV-2. Some
distinctive features of this strategy include nationwide door-to-door
active screening for individuals with fever and/or symptoms of respi-
ratory distress, isolation of cases and quarantine of contacts of con-
firmed cases and of persons suspected of having the virus. During this
period, Cuba’s response to the epidemic was successful in flattening
the curve and limiting transmission, resulting in fewer cases and a
lower number of subsequent deaths.

KEYWORDS COVID-19, SARS-CoV-2, epidemiology, pandemic,
emerging infectious disease, contact tracing, patient isolation, Cuba

The pandemic has manifested differently in each country, both
in terms of the level to which various communities have been
affected, and authorities’ response to the disease, including
transmission prevention and containment measures. As of June
28, 2020, global data reveal the United States and Brazil as the
countries with the most confirmed cases and the most deaths
from COVID-19, with cases in the millions and deaths in the
hundreds of thousands in each. Countries such as Russia, India,
the United Kingdom, Peru, Chile, Spain, Iran, Mexico, Pakistan,
Turkey, Germany, France and South Africa also report very high
case numbers and deaths.[4]

In other countries—including Iceland, Paraguay, Uruguay,
Lebanon, Slovakia, Lithuania, Latvia, Costa Rica and Jamaica—
the epidemic has evolved more favorably, despite recent
outbreaks in some. A group of countries on the African continent
are reporting low or moderate numbers of confirmed cases and
deaths, but the pandemic started later in that region and could still
be considered in its initial period.[4]

When comparing the numbers of confirmed cases and deaths
between different countries, factors both intrinsic and extrinsic to
SARS-CoV-2 must be considered. For example, the number of
cases at any given point depends on the time the epidemic has
been developing in each nation, the intensity of case detection
(measured in the number of confirmatory tests carried out per
million inhabitants), as well as on the virus’s pathogenicity,
virulence and transmissibility. These last three factors have
been common to all regions, regardless of the genomic variants
identified to date.[5]

Statistics on the number of cases, case fatality rates and other
indices specific to each country depend on the mitigation strategies
adopted and how the data are compiled.[6] In Cuba, positive
cases, their contacts and suspected cases (the latter identified
through active, door-to-door screening) are isolated either in
health institutions or in centers adapted for this purpose.[7] In other
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countries, responsibilities for isolation and reporting are often left to
individual households, which can increase the likelihood of under-
reporting in the absence of contact tracing, given that many of these
cases may be asymptomatic. Recording cause of death of a patient
with a severe comorbidity such as cancer or chronic kidney disease
who is also positive for SARS-CoV-2 adds to reporting differences
depending on the practices of each country, and misreporting
increases when a high proportion of deaths occur in the home. The
number of tests carried out can also modify the statistics, as the
greater the number of individuals tested, the greater the number of
less-severe infections detected, which will then show a drop in the
overall case fatality rate.

Finally, the case fatality rate also depends on factors such as
the average age of the population (older populations tend to
increase case fatality), prevalence of underlying chronic non-
communicable diseases (comorbidities), and the strain placed
on health services (either exhaustion or infection of healthcare
personnel attending COVID-19 cases, or when health services
have been overwhelmed and are thus unable to care for the
patient load).

This paper analyzes the particular characteristics of Cuba’s
response to the COVID-19 epidemic, as well as participation of
the country’s health system, scientific community and government
in confronting it.

THE COVID-19 EPIDEMIC IN CUBA

The first three cases (all ltalian tourists) were identified on March
11, 2020. This date represents the start of the epidemic in Cuba.
In the following 110 days (through June 28, 2020), 2340 cases of
COVID-19 were confirmed, and 86 of those individuals died from
the disease. Of the total infected, 162 (7.0%) acquired the disease
abroad, returning to Cuba within the virus’s incubation period.

Figure 1 shows the number of cases diagnosed daily during this
period. The extreme values are between 0 and 74 with an average
of 21 cases/day, while case detection, always confirmed by real-
time polymerase chain reaction (RT-PCR) increased throughout
the period, resulting in >168,000 tests with an average of 1500—
2000 daily, totaling almost 15,000 per million population by the
end of the 110-day period.

Figure 1: Moving average trend of COVID-19-confirmed cases in
Cuba, for 110 days after first-case diagnosis
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Source: Daily report of confirmed COVID-19 cases. Ministry of Public Health, Cuba.
Available at: https://salud.msp.gob.cu/

The highest number of confirmed cases for one day coincided
with outbreaks of local transmission in two institutions where
vulnerable people lived (a nursing home and a social security
institution where 47 and 58 cases were identified, respectively). In
this period, small- and moderate-sized outbreaks were relatively
frequent, mainly within family groups and involving some sort
of violation of established preventive measures, as revealed in
epidemiological followup.[8]

The trend line calculated by five-day moving averages (Figure
1) smooths out the short-term fluctuations derived from the time
elapsed between identification of suspected cases or contacts of
primary cases and the sampling, transportation, RT-PCR testing
and the cutoff timing for including results in the national registry and
reporting system. The confirmed curve shows a rise of just over a
month in duration, followed by a plateau lasting for approximately
15 days. The descent begins near day 45 and is interrupted only
briefly by spikes in cases associated with the outbreaks already
mentioned. The weekly case record corroborates our earlier
assertion that the curve has a 5-week ascending arm and then
begins to descend for the next 11 weeks (Figure 2).

During the 110-day period studied, the 2340 people infected with
the SARS-CoV-2 virus constituted a national incidence rate of 20.7
per 100,000 population. Of this total, 1174 were men (50.2%) and
1166 women (49.8%); 162 (7.0%) acquired the infection abroad,
mainly in the USA and Spain, countries with significant travel to
and from Cuba. The largest number of cases sorted according
to geographic area occurred in western Cuba, specifically in
Havana, the capital and most cosmopolitan city. Havana alone
accounted for 54.7% of the country’s total cases.

As a result of contact tracing, 88.4% of confirmed cases were
traced to previously confirmed cases, and 54% were identified
when asymptomatic or presymptomatic, suggesting that most
were found in the early stages of infection. This has probably

Figure 2: COVID-19 cases in Cuba by week
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contributed to reducing SARS-CoV-2 transmission in Cuba, as
contacts that are traced from previously confirmed cases are
referred for quarantine in isolation centers for the maximum
incubation period counted from the most recent exposure that
contact had with their index case.[7]

Total confirmed cases included persons from 1 year to 101 years
of age. For the purposes of this analysis, they were divided into
the following age groups: <20 (12.4%); 20-39 (29.9%); 40-59
(35.6%); and =60 (22.1%) years.

In the 110-day period studied COVID-19 was the cause of 86
deaths, resulting in case fatality rate of 3.7%. This rate in Cuba
was lower than that reported worldwide (4.96%) and lower than
that of Latin America (4.8%) in the same time frame. The monthly
case fatality rate decreased to 1.2% in June. Of the 86 deceased,
52 (60.5%) were men and 34 (39.5%) women, with case fatality
considerably higher for men (4.4% vs. 2.9%), despite the fact
that the average age of men was lower (70 years vs. 79.1 years).
The deceased included two non-Cubans (one Russian and one
Italian), and a Cuban national residing in Spain, all of whom were
infected abroad.

Of the deceased, 85% had a history of one or more serious
chronic non-communicable disease (NCD) comorbidities. Table
1 summarizes the most common NCDs associated with SARS-
CoV-2 infection in the 86 people who died. High blood pressure
and diabetes mellitus were the most frequent, which concurs with
reports in the international literature.[9] Given the wide range of
comorbidities that sometimes accompany positive cases it is not
possible to assume that COVID-19 was the primary cause of
death in all cases, although older adults and people of any age
with serious underlying conditions are known to be at increased
risk of becoming seriously ill and dying if infected with SARS-
CoV-2.[10]

Figure 3 shows the results of estimating the effective reproductive
number R using daily data from new cases reported between March
11 and June 28, 2020 across Cuba. The dark line corresponds to
the mean of each value and the shaded lines correspond to 95%
confidence intervals. R, expresses the epidemic’s reproduction
ratio; a key goal for stemming any epidemic is to achieve R <1,
indicating that infected individuals are not causing new cases. Both
R,and R by themselves are insufficient measures to characterize

Table 1: Most frequent comorbidities associated with COVID-19
deaths in Cuba, by sex, March 11-June 28, 2020

A
Comorbidity N =86
(No.| % [No.| % [No.| % |
13

Arterial hypertension 382 30 57.7 43 50.0
Diabetes mellitus 15 441 18 346 33 384
Ischemic heart disease 6 17.6 13 25.0 19 221
E:"r;reoarzg obstructive pulmonary 3 88 9 173 12 140
Chronic kidney disease 5 147 8 154 13 151
Cancer 1 29 8 154 9 10.5
Dementia 4 11.8 3 58 7 8.1
Heart failure 3 88 1 1.9 4 47

Source: epidemiological case histories
*A deceased individual may have had more than one comorbidity

the dynamics of any disease in a population, but they have value
as a complement to other indicators, as illustrated in the Cuban
experience.

Figure 3: Effective reproductive number (R) for COVID-19 cases in
Cuba, March 2—July 6, 2020
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The effective reproduction number R differs from the basic
reproduction number R in that it changes over time and depends
on the true susceptibility of the population.[11] R has been
estimated periodically during the first 110 days after the first
confirmed case. In the first few days, high values (close to 5) can
be observed in Figure 3, which is consistent with the exponential
dynamics of the COVID-19 epidemics in many countries.[12] For
the next 15 days, R began a sustained decline, reaching values
slightly above 1, until later in the seventh week when it fell below
this limit (R, _<1). This indicator temporarily spiked above 1 during
a local transmission outbreak, but once it was controlled, R
continued to fall. At the end of the 110-day period, the red portion
of the figure demonstrates that even the upper value of the 95%
interval is <1, suggesting that the transmission rate has slowed,
consistent with the introduction of prevention and containment
measures.

CONFRONTING COVID-19:

CUBAN STRATEGIES AND RESULTS

Among the decisions taken by Cuban authorities was to gather
specialists in biomedical, hard and social sciences into a Technical
Advisory Team within the Ministry of Public Health. The team
was tasked with periodically analyzing the epidemic situation,
identifying problems and recommending solutions for different
scenarios. Among other things, this facilitated incorporation of
new treatments and innovations for improved patient care, as well
as timely predictions useful in guiding strategies for controlling
the epidemic. The contribution of Cuban institutions and scientists
has been recognized in the media by government and health
authorities.[13]

Researchers from the University of Havana’'s Mathematics
Department applied several prognostic models for the course of
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the epidemic in Cuba (Figure 4). The SIR model (Susceptible-
Infected-Recovered), based on a system of ordinary differential
equations, has been used elsewhere and was chosen due to its
simplicity and ease of interpretation.[14,15] Figure 4 shows the
expected case curves in three theoretically possible scenarios
(favorable, moderate and critical). The active confirmed cases
reported each day are registered in black (total cases minus
those recovered or deceased).

Figure 4: SIR forecast model of hospitalized COVID-19 cases diag-
nosed up to 106 days after epidemic’s start and projected epidemio-
logical scenarios for the epidemic in Cuba. March-July 2020
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Source: Dr Raul Guinovart. Mathematics Faculty, University of Havana

The Cuban strategy included active screening for persons with
asymptomatic infections. This was supported by the use of an
epidemiological surveillance system (which tracks the location and
contacts of potential vectors of communicable diseases) in place
throughout the country for many years before the appearance
of COVID-19.[7,16] This explains why 54% of confirmed cases
were either in asymptomatic or presymptomatic stages at the
time of their confirmation, and the share of asymptomatic cases
continued to increase as the epidemic evolved, reaching close to
70% in the final weeks of the 110-day period.

Surveillance of international travelers was established before the
first cases were confirmed in Cuba, and two weeks after these
confirmations (on March 24, 2020), the decision was made
to close airports to international flights.[17] Before closing the
airports on March 24, contacts of COVID-19—positive cases
(declared ‘suspected cases’) were advised to remain quarantined
for 14 days in hospital centers outfitted for this purpose, or were
monitored at home for the same period by primary healthcare
personnel, restricting movement outside and maintaining physical
distancing. This made it possible to trace all contacts of the first
detected case. All these contacts underwent RT-PCR tests
between the third and fourth days of their quarantine, and those
with symptoms were referred to hospital centers with a higher
level of clinical capacity.[7] At no time during the 110 days did
COVID-19 patient care cause either primary care facilities or
hospital emergency services to collapse, and intensive-care unit
(ICU) capacities were always available. At the end of this period,
a total of 39 infected persons were still in hospital with COVID-19,
one of them in the ICU.

It is known that SARS-CoV-2 infection can spread rapidly in
hospital settings.[18,19] This was also the case in Cuba, where

291 hospital workers were infected (12.1% of cases), including
212 doctors and nursing staff, with no deaths among them.

To achieve physical and social distancing at the population
level, government authorities eliminated large public gatherings,
closed schools and non-essential workplaces, and limited
public transportation, among other measures, recommending
in a massive public information campaign that people wash or
disinfect hands regularly, use face masks outside and leave
home only when necessary. Public messaging emphasized the
importance of these habits for all individuals, especially for high-
risk groups. Measures were more restrictive in communities with
local transmission outbreaks or a large number of cases.[17]
Various researchers have concluded that such strategies are
effective for cutting the chain of person-to-person transmission of
SARS-CoV-2. All of these interventions are included in WHO
guidelines for confronting the pandemic[12] and in the Oxford
COVID-19 Government Response Tracker (OXCGRT).[20]
OXCGRT was developed by Oxford University (UK) as a tool to
assess government response to the pandemic which achieved
and maintained a rating of 100 since May 11, 2020 (ratings are
assigned from 1 to 100, based on an aggregate of 17 indicators
measuring government response to the pandemic).[20]

The Cuban strategy has also incorporated nationwide door-to-door
screening for persons presenting with fever and/or respiratory
symptoms, carried out by primary care professionals supported by
medical sciences students.[7] Additionally, an application (‘app’)
for mobile devices (a ‘virtual screener’) was developed for people
to self-evaluate and indicate if they present symptoms, which then
advises local health authorities so that a primary healthcare service
provider can visit them at home.[21] Both components of the
strategy have provided valuable complementary epidemiological
information on presence of possible clinical cases of COVID-19
and have opened up new possibilities for surveillance and control
of other diseases in the future.

Research is continuing to identify asymptomatic cases in various
population groups in response to WHO'’s call for population-based
serological studies at the local or national level.[22] A national
infection prevalence survey based on infection research (RT-PCR
and antibody testing) is also being conducted in a probabilistic
sample representative of the entire Cuban population that includes
4000 people of all ages and 1300 households.

DISCUSSION

The COVID-19 epidemic in Cuba began after those in Asia,
Europe, North America and in various other Latin American
countries, which means that it is several days or weeks younger
than epidemics in other countries of the hemisphere (the USA,
Canada, Mexico, Dominican Republic, Brazil, Ecuador, Chile or
Peru, among others).[23] The day of the highest recorded number
of cases in Cuba (74) was due to an outbreak in an institution,
home to a highly vulnerable population, which contributed
88 cases to the cumulative total. This means the peak of the
Cuban epidemic during this 110-day period was not associated
with identification of active cases scattered among residents of
different communities. A sustained decline of confirmed cases
was recorded, beginning after a second peak of 63 cases on April
17, 2020. On that day the total number of accumulated cases was
fewer than 1000 (986). The day when the maximum number of
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cases was recorded (day 74) was accompanied by one reported
death and 32 accumulated deaths.

The main epidemiological indicators associated with morbidity
(number of confirmed cases, incidence rate, doubling time of cases,
contacts traced, rate of tests per million population) have been
consistent with the drop in infections made possible by efforts to
detect both asymptomatic and symptomatic individuals and follow-
up with their contacts. Thus, more than 85% of confirmed cases
were contacts of previous cases. The level of virus penetration
and the population’s immune level to SARS-CoV-2 is still unknown
but may be elucidated by the serological study currently being
conducted in a representative sample of the population.

The >14,000 RT-PCR tests carried out per million population
(pmp) is considered a good indicator of case finding, especially
since it has been guided by active case detection carried out at
the primary care level for both asymptomatic contacts as well
as persons with respiratory symptoms. However, the country
continues to work to obtain resources to increase this indicator
(pmp) to the extent that the complex economic situation allows.

Active nationwide door-to-door screening for symptomatic cases
through use of the primary healthcare system and medical
schools, admission of all positive cases to hospitals and testing
of all their known contacts are typical characteristics of the Cuban
response to the COVID-19 epidemic. All these ensured that
necessary care arrived in a timely manner, before complications.
These measures may also have contributed to the relatively
low case fatality rate that was observed in the country, as most
fatalities occurred in persons with an average age of 74 years,
almost all of whom (85%) had concurrent underlying NCDs. This
indicator (case fatality rate) was lower than the global average and
the average for countries of the western hemisphere calculated
within the same date range.[24] Additionally, the percentage of
deaths among seriously ill patients and among critically ill patients
(those requiring respiration assistance), at less than 20%, is much
lower than that reported elsewhere in the literature, which ranges
between 50% and 70%.[7,10]

Available epidemiological indicators suggest that timely
introduction of social distancing (begun on March 24, 2020
in Cuba) is recognized as an effective means of reducing
transmission. This may help explain Cuba’s favorable results
during this period in flattening the curve of infection.

The timing of measures adopted and the intensity with which they
were applied decreased opportunities for transmission between

contacts, which in turn contributed to reaching the peak of the
epidemic faster and with a relatively lower number of cumulative
deaths during this period.

In the database available from Johns Hopkins University, USA,
comparing rates of infection near epidemic day 60 in 10 Latin
American countries revealed that the only country exhibiting an
already flattened curve was Cuba. Costa Rica and Uruguay had
begun to stabilize their curves at this point, while Peru and Brazil
had the highest rates of multiplying cases.[25]

By the end of June 2020, 14 of the 15 provinces of Cuba and the
special municipality of the Isle of Youth had reported no new cases
for >15 days (in some provinces, for >30 days). This was one of
several main criteria that allowed these territories to transition to
the first of three recovery phases contemplated in the national
strategy for the country’s gradual reopening. Havana was the
last province to achieve that certification, beginning Phase 1 on
July 3, 2020, the same day that the rest of the provinces (except
Matanzas) entered Phase 2.[7]

Cuba’s response to the epidemic has been multisectoral.[25]
The Ministry of Public Health, in charge of organizing Cuba’s free
and universal health services at all levels of care, has assumed
technical leadership. However, the role of Civil Defense, already
a key player during other disasters and epidemics in Cuba, merits
recognition. Another key component of the Cuban strategy has
been the contribution by scientists and their institutions as advisors
to government for the design and application of various strategies,
ranging from the epidemiological to patient care and development
of vaccine candidates.[13] Last but not least, an essential pillar of
the Cuban strategy has been collaboration by the Cuban public
in adopting the measures designed and implemented by the
healthcare system and government authorities.

CONCLUSIONS

During the period studied, Cuba'’s response to the epidemic has
been among the most successful, in terms of flattening the curve
and limiting viral transmission in a relatively short time, resulting
in relatively low case numbers and deaths. Strategies particular
to Cuba’s epidemic response included building on the universal
character of the health system and its strong primary care network
by carrying out nationwide door-to-door screening for persons with
febrile and respiratory symptoms, isolating confirmed cases and
placing their traced contacts and suspected cases under quarantine,
as well as early inclusion of researchers and scientific institutions in
the design and structure of the strategies adopted. ;M-
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Characterization of Deaths from Cirrhosis of the Liver in Cuba,

1987-2017
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ABSTRACT

INTRODUCTION Cirrhosis of the liver is a chronic disease that
is widespread and irreversible. It represents the final stage of
numerous diseases that affect the liver. By the end of 2017, it was
the 11th most common cause of death, with a loss of 41.4 million
years of disability-adjusted life years, which represent 2.1% of
the total years of life lost in the global mortality burden. In Cuba,
cirrhosis and other chronic liver diseases have been among the top
10 causes of death for several decades, their rates consistently
increasing, from 576 deaths in 1970 (6.7 per 100,000 population)
to 1738 in 2017 (15.5 per 100,000 population), with a risk of death
that is 4.6 times higher in men.

OBJECTIVE Characterize deaths from cirrhosis of the liver in Cuba
from 1987 to 2017.

METHODS An ecological time-series study was conducted for 1987
to 2017 using information obtained from the mortality database of the
Medical Records and Health Statistics Bureau of Cuba’s Ministry of
Public Health. The study universe consisted of all deceased persons in
the country whose underlying cause of death was cirrhosis of the liver.
Both general mortality rates and specific mortality were calculated
by age group, sex and etiological classification using adjusted and
crude rates. Rates were age-adjusted using the direct method, and
the population from the 2002 Census of Population and Housing was
considered as the standard population. Percentages and means were
also calculated according to selected variables and the relative risk of
death due to the disease according to sex, age group and etiological

INTRODUCTION

Liver cirrhosis (LC) is a chronic disease that is widespread and
irreversible. It is characterized by fibrosis and formation of regen-
erative nodules that lead to alteration in the liver’'s vascular archi-
tecture and functionality. It represents the final stage of numerous
diseases affecting the liver.[1]

LC is one of the world’s main health problems due to its high morbid-
ity and mortality rates. By the end of 2017, it represented 2.4% of
all deaths worldwide, approximately 1.35 million deaths. It was the
11th cause of death, with a loss of 41.4 million disability-adjusted life
years, DALYs, which represent 2.1% of DALY in the global mortality
burden. LC is related to population growth and aging.[2,3] Different
etiological factors are attributed to the prevalence of LC, including
alcohol consumption, viral infections and morbid obesity, among oth-
ers, distributed with wide variability between and within populations.

IMPORTANCE

This study characterizes mortality due to liver cirrhosis in
Cuba (1987-2017), revealing an upward trend that is fore-
cast to continue in coming years. The finding that nonal-
coholic cirrhosis has the highest mortality rate suggests a
need for more in-depth causality studies.

classification. The trend and forecast for mortality rates were estimated
for this disease.

RESULTS The crude mortality rate from cirrhosis of the liver was 9.0
per 100,000 population for the period. Those aged 275 years had the
highest risk of death (48.3 per 100,000 population). The crude and
adjusted mortality rates were almost double for men (12.4 vs. 5.6
and 11.7 vs. 5.6 per 100,000 population, respectively), as was the
total relative risk of death, which was 2.2 times higher. Nonalcoholic
cirrhosis accounted for 71.6% of deaths. By the end of 2017, risk
of death from cirrhosis had climbed to 14.8 per 100,000 population
(adjusted rate: 10.6 per 100,000 population), a signal that mortality
had progressively increased over the 31 years analyzed. In addition,
forecasts predict that death rates will continue their gradual increase,
reaching 19.2 per 100,000 population in 2025.

CONCLUSIONS Deaths from cirrhosis of the liver constitute a
substantial health burden in Cuba. The upward trend and forecast,
in addition to increased risk of mortality in men and older adults, are
similar to those reported internationally. The finding that most of these
deaths result from nonalcoholic cirrhosis should be further studied,
as formulation of effective public health strategies depends largely on
attaining a better understanding of the etiology, progression and social
determinants of the disease.

KEYWORDS Liver cirrhosis, alcoholic liver cirrhosis, fatty liver,
mortality, Cuba

In Western and high-income, industrialized countries, alcoholic and
nonalcoholic fatty liver diseases are more prevalent than chronic
viral hepatitis, while in China and other Asian countries, hepatitis B
is more prevalent.[2] Cirrhosis primarily affects men and is common
around the fourth or fifth decade of life; however, there are reports
of cases in young adults and even in children.[1-3]

For several decades, cirrhosis and other chronic liver diseases
have been among the top 10 causes of death in Cuba, deaths and
mortality rates rising from 576 deaths in 1970 (6.7 per 100,000
population) to 1738 in 2017 (15.5 per 100,000 population), with a
risk of death 4.6 times higher for men.[4,5]

The real magnitude of LC deaths in Cuba is unknown, which is
why analyzing LC separately from the larger group of liver-disease
deaths is an important step towards understanding its contribution
to the mortality rate, data relevant for Cuban public health authori-
ties.

The objective of this study was to characterize deaths due to LC
from 1987 to 2017 in Cuba.

METHODS

We performed an ecological time-series study. The universe
included all persons who had died from 1987 to 2017 whose pri-
mary cause of death on their death certificate was liver cirrhosis.
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Study variables

Sex Male, female.

Age Age in years at the time of death. The following
age ranges were established: 0-14; 15-24; 25-39;
40-49; 50-59; 60-74; 275.

LC classification The ninth and tenth revisions of the

Table 1: Liver cirrhosis mortality rate by age group, sex and etiology. Cuba,
1987-2017

:
Sex

__N_[ % JRate| N | % JRate]l N | % |Rate]

21,635t 68.8 *12.4 9,789 31.2 *5.6 31,424t 100.0 *9.0

**11.7 **5.6 **8.6

International Classification of Diseases (ICD-9, ICD-
10) were used to classify liver cirrhosis.[6,7] 0-14 32 01 01 46 01 01 78 02 01
. AIcohpllc cirrhosis of the liver: Code 571.2 (I_CD- 15-24 57 02 02 57 02 02 114 04 02
gogg;l.l 2000) and code K70.3 (ICD-10 since  ,c_5q 925 2.9 19 261 08 05 1,186 38 12
* Nonalcoholic liver cirrhosis: Code 571.6 for bili- 40-49 e e e e e
ary cirrhosis (ICD-9 until 2000) and codes K74.3, 50-59 5515 17.6 =310 1512 48 82 7027 224 194
K74.4 y K74.5 for primary biliary cirrhosis, sec- 60-74 7,611 24.2 462 3,933 125 230 11,544 36.7 34.4
ondary biliary cirrhosis, and biliary cirrhosis, 275 3874 123 56.7 3288 105 411 7162 228 483

unspecified respectively (ICD-10 since 2001). For
unspecified nonalcoholic cirrhosis: code 571.5 for  a.onolic 8178 26.0 *47 758 2.4 *04 8936 284 *26
cirrhosis of liver without mention of alcohol (ICD-9 4.1 0.4 2.2
until 2000) and K74.6 for other and unspecified cir- Nonalcoholic 13,457 428 *7.7 9,031 287 *53 22488 716 *6.5
rhosis of liver (ICD-10 since 2001). **7.9 *5.6 **6.4

Accumulated rate per 100,000 population
T There were 3 men with unknown age at time of death

Data collection, processing, and analysis We
reviewed the mortality databases of the Ministry of
Public Health’'s Bureau of Medical Records.[8] Population data
was obtained from the National Statistics and Information Bureau
(ONEI).[9]

We calculated crude and adjusted mortality rates, both global
and specific to age group, sex and alcoholic or nonalcoholic eti-
ology. The rates were adjusted for age using the direct method,
and the standard population used was from Cuba’s 2002 Popu-
lation and Housing Census.[9] Means and percentages were
also calculated according to the selected variables and the rela-
tive risk of death from LC according to sex, age group and type
of LC.

An LC mortality rate for 2018-2025 was forecast using the
two-parameter Holt-Winters model,[10] taking into account the
annual frequency of the data. The model’s goodness of fit was
estimated using the mean square error and performing an analy-
sis of residuals. Excel (Microsoft, USA) was used to develop a
database to record results, presenting these in tables and fig-
ures.

Ethics The study was approved by the Research Ethics Com-
mittee of Cuba’s National Institute of Hygiene, Epidemiology and
Microbiology (INHEM). The Ministry of Public Health’s Medical
Records and Health Statistics Bureau authorized use of their data
solely for research purposes.

RESULTS

Deaths due to LC by age group and sex During the period ana-
lyzed, there were 31,424 deaths due to LC, for an annual mean of
1014 deaths. The crude mortality rate was 9.0 per 100,000 popu-
lation (adjusted rate: 8.6). The overall mean age at time of death
was 63.0 years (SD 14.2); for men 61.0 years (SD 13.7) and for
women, 67.2 years (SD 14.3). At the end of 2017, the risk of death
was 14.8 per 100,000 population (adjusted rate: 10.6).

Mortality rates by age group showed a progressive increase with
age. In descending order, the most deaths were in the =275 group

*Crude rate  **Adjusted rate

with a crude rate of 48.3 per 100,000 population (adjusted rate:
48.4), followed by the 60—74 age group at 34.4 per 100,000 popu-
lation (adjusted rate: 32.9) and finally the 50-59 age group at 19.4
per 100,000 population (adjusted rate: 18.6) (Table 1).

Men comprised 68.8% of deaths. The age groups contributing the
highest number of deaths for men were the 60-74 and 50-59
age groups, with 7611 and 5515, respectively. These two groups
accounted for 60.7% of deaths among men (13,126/21,635). In
women, the highest number of deaths occurred in the 60-74
(3933) and =75 (3288) age groups, which represented 73.8%
(7221/9789) of female deaths (Table 1).

The crude and adjusted mortality rates for the period were almost
double for men, with 12.4 vs. 5.6 and 11.7 vs. 5.6 per 100,000
population respectively (Table 1). In men, there was a relative
increase in crude mortality over the period of 242.2% (7.1 to
24.3 per 100,000 population); however, in women, there was a
decrease of 3.7% (5.6 to 5.4 per 100,000 population) (Figure 1).

For both sexes, the risk of death also increased with age. The 275
age group exhibited the highest mortality rate for both men and
women (Table 1).

Deaths due to LC by etiology The highest risk corresponded
to nonalcoholic LC, which accounted for 71.6% of deaths, while
alcoholic LC accounted for 28.4% (Table 1).

The crude and adjusted mortality rates were higher for nonalco-
holic cirrhosis (6.5 vs. 2.6 and 6.4 vs. 2.2 per 100,000 population,
respectively) and the risk of death from both types of LC were
higher among men (Table 1).

In men, mean age at time of death from alcoholic cirrhosis was
57.3 years (SD 11.9), lower than that for nonalcoholic cirrhosis
(63.3 years; SD 14.3). In women, death from alcoholic cirrhosis
also occurred at a younger age (59.8 years; SD 13.2) than among
women with nonalcoholic cirrhosis (67.9 years; SD 14.2).
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Figure 1: Liver cirrhosis mortality rate by year and sex. Cuba, 1987-2017
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1987 to 14.8 by 2017 (Figure 2), for an
increase of 131.2%.

We forecast that LC mortality rates in
Cuba will continue to rise gradually,
reaching 19.2 (17.7-20.7) per 100,000
population in 2025.

DISCUSSION
LC is the end result of a group of chronic
liver diseases,[1] representing a major

Rate per 100,000 population

5 2 72 3 72 K 2 5 3 8 B 2 Z T 2 I health problem due to the necessity of
T 2 2 2 2 2 2 8 B 8 B 8 8 =® =R =& prolonged treatment and the fact that
Male Female a liver transplant is, in some cases, the

Crude Rate ====- Adijusted Rate Crude Rate ==== Adjusted Rate only effective therapy.[11,12]

Relative risk of death from LC in men by age group and dis-
ease etiology The relative risk of death from LC was 2.2 times
higher in men than in women. Male sex was identified as a risk
factor for death in all age groups and for both types of liver cir-
rhosis, except in persons <24 years of age for both types of liv-
er cirrhosis, when no difference was observed for risk of death
between the sexes. For alcoholic cirrhosis, men'’s risk was 10.8
times higher than women’s and age groups between 25 and 59
years were at higher risk. The relative risk of death for nonalco-
holic cirrhosis was only 1.5 times higher in men than in women.
In the 40-49 age group, men were 3.2 times more likely to die of
nonalcoholic liver cirrhosis than women (Table 2).

LC mortality forecasting Mortality rates progressively increased
during the 31 years analyzed. In terms of crude rates, LC mortal-
ity experienced an increase from 6.4 per 100,000 population in

Table 2: Relative risk of death from alcoholic and nonalcoholic liver
cirrhosis in men by age group. Cuba, 1987-2017*

| Typeofcimhosis |

Age group (in years) Alcoholic Nonalcoholic Total

0-14 0.0 0.7 0.7
15-24 0.0 0.9 1.0
25-39 11.5 2.3 3.5
40-49 12.4 3.2 5.2
50-59 121 2.3 3.6
60-74 10.7 1.4 1.9
275 6.1 1.0 1.2
Total 10.8 15 2.2

*women were used as a reference group

Figure 2: Liver cirrhosis mortality rate and forecast. Cuba,
1987-2025
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We could not compare the crude and adjusted mortality rates with
other estimates, because the sources available only contained
information for specific years. The risk of death in Cuba in 2017
was similar to forecasts released by international bodies and
published epidemiological studies.[2,3,12] One recent study on
burden of mortality, injuries and risk factors for LC predicted a
standardized global mortality rate for 2017 of 16.5 (15.8-18.1) per
100,000 population, with a lower value in high-income countries
(10.1 per 100,000 population) and a higher value in the broad
region of Sub-Saharan Africa (32.2 per 100,000 population). In
that study, Caribbean countries’ predicted values were 10-20 per
100,000 population.[2]

The progressive increase in risk of death with age in both sexes was
the expected result, as also found in other countries, evidenced
by a recent systematic review.[2] In Cuba, characteristics of the
Cuban health care system (universal, accessible, free of charge
to patients), as well as newer medical treatments, may have
contributed to this finding; these factors facilitate more timely
diagnoses with proper care and followup, and consequently,
greater chronicity and death at older ages.[11,13] Various
studies conducted in different provinces of the country confirm
this conjecture.[14—-17] Cuba’s quickly aging population[5] will
undoubtably contribute to this increased risk.

The greatest risk of death in men is consistent with extensive
medical literature at the national and international levels and
can be explained by alcohol addiction.[1-3,14-20] In Bar-
celona and the United Kingdom, studies conducted in urban
and rural areas demonstrate the presence of socioeconomic
inequality in the male population with cirrhosis, which is cor-
related with low levels of education and socioeconomically
disadvantaged areas, which in turn may be related to alcohol
consumption.[18,19]

The main causes of LC are chronic consumption of alcohol and
chronic viral disease, primarily from hepatitis C virus (HCV) and
hepatitis B virus (HBV), which taken together account for 90%
of all cirrhosis cases.[1-3] In Cuba, the widespread prevalence
of harmful alcohol use (5%) and alcohol dependence (3%) from
1995 to 2010 was similar to that of other countries, and these
values have not changed over time.[18—-22] Worldwide, half of LC
deaths are attributed to alcoholism, with greater frequency among
men. Therefore, in our study, it was surprising to find that nonalco-
holic-LC causes were more prevalent in men, and that overall, 7
deaths in 10 corresponded to nonalcoholic cirrhosis.[2,3]
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Several national studies have identified infectious causes of LC in
men, primarily HBV.[14,17] However, etiology of nonalcoholic cir-
rhosis can also be noninfectious.[1,2] In Cuba, various causes of
nonalcoholic LC have been reported in different provinces,[14-17]
which emphasizes the need for further research.

One factor that may influence the predominance of nonalcoholic
LC in this population is obesity, which is recognized as a risk factor
for nonalcoholic steatohepatitis (fatty liver disease) and consequent
LC. From 2001 to 2010, Cuba experienced an increase in obesity
prevalence (from 11.8% to 14.8%). In addition, nonalcoholic fatty liver
in advanced stages of the disease were reported in samples from liver
biopsies.[20,23] Varying degrees of malnutrition observed in advanced
stages of LC are also associated with its onset and prognosis.[24]

Regarding infection, universal vaccination against hepatitis B virus
began in Cuba in 1992, with the application of a Cuban recombinant
vaccine (Heberbiovac-HB). While over two decades separate this
intervention from the end of our study period, it can still be assumed
that a portion of LC deaths we found may have been from infec-
tions acquired before availability of vaccination.[25] Cuba has not
been spared from the silent HCV epidemic that occurred from 1960
to 1989, the year when the virus was identified.[26] There are no
vaccines for HCV, only treatments, which may cure up to 95% of
cases, but which are expensive and have not been available in the
entire Cuban health system. HCV infection has been identified as
a public health problem in Cuba since 1990 after the first national
serology study was conducted in blood banks, finding 0.8% positiv-
ity. This has increased to about 2%, a value similar to global HCV
prevalence (2.3%) but higher than prevalence in the Caribbean as a
whole (1.5%).[3,27-29]

The increase in LC mortality rates over the course of the study
period was an expected result, since reports from prior stud-

ies in western and central Cuba had pointed to such a rise, and
increased presence of important variables contributing to higher
LC rates in the Cuban population were also recorded.[15,17,20]
However, this finding was in contrast to global data,[2,3] which
showed a decrease in LC mortality rates standardized by age in
both sexes, the decrease more pronounced in men. Interventions
to reduce alcohol and tobacco use, along with better treatments,
have contributed to this trend.[2,3]

It would be expected that the trend of increasing LC in Cuba
would continue if exposure to risk factors continues to increase.
However, causality studies are needed to identify the social deter-
minants with the greatest impact on the development of LC and
its mortality rate in Cuba. Several studies on the burden of LC
suggest that the causal factors with the greatest impact are those
related to lifestyle (alcohol addiction and obesity) and infections,
which may increase in the future in some countries.[3,30]

One important limitation of this study was the inability to break
down nonalcoholic cirrhosis into different types to understand the
incidence of each subtype.

CONCLUSIONS

Liver cirrhosis mortality represents a substantial health burden in
Cuba and has increased since 1987. This increase is also evi-
dent in forecasts for the disease, especially for men and older
adults, the latter a particularly important factor given the aging of
the Cuban population. The predominance of nonalcoholic cirrho-
sis should be the object of future study.
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ABSTRACT

INTRODUCTION Age-related cognitive disorders, including
Alzheimer disease, are among the main causes of disability and
dependence in older adults worldwide. High blood homocysteine
levels (hyperhomocysteinemia) are a risk factor for diseases whose
metabolism involves different B vitamins. Antioxidant vitamins pro-
vide a protective effect by mitigating oxidative stress generated by
these diseases. Epidemiological studies have presented varying
results on the relationships between blood levels of these vitamins
and such cognitive disorders.

OBJECTIVE Evaluate the association of vitamin and homocysteine
levels with mild cognitive impairment and Alzheimer disease in a
group of Cuban older adults.

METHODS A cross-sectional study was conducted in Havana, Cuba,
of 424 persons aged 265 years: 43 with Alzheimer disease, 131 with
mild cognitive impairment, and 250 with no signs of cognitive impair-
ment. Dementia was diagnosed using criteria of the International 10/66
Dementia Research Group and Diagnostic and Statistical Manual of
Mental Disorders (DSM [V), and mild cognitive impairment was diag-
nosed using Petersen’s criteria. Blood levels of vitamins (thiamine,
B-2, folate, B-12, C and A) and homocysteine were measured by stan-
dard procedures. Analysis of variance for continuous variables and
percentage comparison tests for dichotomous variables were used to
compare groups.

INTRODUCTION

Dementia and its most common form, Alzheimer disease (AD),
constitute one of the century’s main health problems due to global
population aging. These conditions are among the leading causes
of disability and dependence in older adults around the world,
with important implications for morbidity, quality of life, healthcare
costs and mortality.[1,2] WHO estimated that some 50 million
people suffered dementia in 2019 and that this figure will reach 82
million by 2030, and 152 million by 2050.[1]

AD is characterized by progressive decline of cognitive functions
and irreversible loss of neurons and their synapses, especially
in the structures responsible for memory: the hippocampus and
the cerebral cortex.[2] An estimated 170,000 Cubans suffered

IMPORTANCE

This is the first study in Cuba to examine vitamin and
homocysteine levels in older adults with Alzheimer disease
or mild cognitive impairment, and results show a relation-
ship between these nutritional indicators and the cognitive
disorders.

RESULTS Persons with Alzheimer disease presented significantly
lower levels of vitamins B-2, C and A than healthy participants (p
<0.05). Homocysteine levels were significantly higher in those with
Alzheimer disease and mild cognitive impairment than in partici-
pants with no cognitive impairment (p <0.05). Statistically, levels of
thiamine, folic acid, and vitamin B-12 were not significantly different
across groups. Compared with those without cognitive impairment,
prevalence rates (PR) in the Alzheimer group were significantly
higher for hyperhomocysteinemia (PR = 3.26; 1.84-5.80) and defi-
ciency of all B vitamins: thiamine (PR = 1.89; 1.04-3.43), B-2 (PR
= 2.85; 1.54-5.26), folate (PR = 3.02; 1.53-5.95), B-12 (PR = 2.21;
1.17-4.19), vitamin C (PR = 3.88; 2.12-7.10) and A (PR = 5.47;
3.26-9.17). In mild cognitive impairment, prevalence rates were sig-
nificantly higher for hyperhomocysteinemia (PR = 1.42; 1.08-1.87),
vitamin B-2 deficiency (PR = 1.70; 1.24-2.32) and vitamin A defi-
ciency (PR =1.88; 1.05-3.38).

CONCLUSIONS Hyperhomocysteinemia and various vitamin deficien-
cies are related to Alzheimer disease and mild cognitive impairment.
Longitudinal studies are needed to further elucidate the relationship
between different nutritional biomarkers and dementia. A better under-
standing of this relationship could provide a basis for therapeutic and
preventive strategies.

KEYWORDS Vitamins, homocysteine, geriatrics, Alzheimer disease,
cognitive impairment, Cuba

from dementia in 2019, and it is estimated that this figure will have
a 76% increase and reach 300,000 cases by 2040.[3] In recent
years, dementia and AD taken together have been the sixth
leading cause of death in Cuba for both sexes.[4,5]

Another cognitive disorder of interest is mild cognitive impairment
(MCI), considered the gateway to dementia (proportion of
conversion to dementia is 10%-15% of MCI persons annually).
[6] AD is an illness with multi-source etiology involving various
factors, both genetic and environmental. From 1% to 5% of cases
are hereditary. Risk factors include age (it is more common after
age 65), sex (more commonly affects women), low educational
and employment levels, depression, smoking, and genetic
presence of the apolipoprotein epsilon 4 allele (APOEe4),
especially in the case of homozygosity. Vascular risk factors
(including hypertension, diabetes, hypercholesterolemia and
obesity), heart disease, and stroke at mid-life increase the risk of
vascular dementia and Alzheimer disease, while physical activity
and healthy diet are protective factors.[2,7,8]

Homocysteine (Hcy) is a sulfur-containing amino acid that plays
a crucial role in transfer of methyl groups in cellular metabolism.
Its high levels present a risk factor for heart disease and stroke. In
systematic reviews and meta-analyses of relevant epidemiological
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studies (mostly prospective and case—control), high plasma levels
of Hey represent a modifiable risk factor for cognitive dysfunction
and AD.[9-11]

The B-group vitamins (B-2, B-6, folic acid, B-12) are involved
in Hcy metabolism. Deficiencies in folate and vitamin B-12 (and
to a lesser degree vitamin B-6) are associated with increased
homocysteine levels in plasma; it has even been proposed that
hyperhomocysteinemia be used as an indicator of these vitamin
deficiencies.[10-13] Folic acid and vitamin B-12 intervene in
cognitive activity through other functions. Folate deficiency
affects synthesis of nuclear and mitochondrial DNA, causing
neuronal deterioration and cellular death in areas of the brain
involved in AD; this deficiency can lead to hypomethylation
in regions that modulate expressions of genes presumably
involved in AD pathogenesis.[14,15] Vitamin B-12 also acts
as a cofactor in the enzyme methylmalonyl-CoA mutase, and
B-12 deficiency affects synthesis of fatty acids and can lead to
cognitive impairment.[16]

Several epidemiological studies have examined the relation of
B vitamins and antioxidant levels with cognitive function and AD
risk, but results are inconclusive.[8,16,17]

In 2000, vitamin B deficiencies were found in Cuba’s older adult
population.[18] Some older adults’ infrequent consumption of
foods including proteins, vegetables, fruit and other poor dietary
habits[19] may cause these deficiencies and may be related to
their cognitive disorders. Our study’s hypothesis is that vitamin
deficiencies and Hcy are associated with cognitive impairment.
This research aims to evaluate the relationship of homocysteine
and vitamin levels with MCl and AD in older Cuban adults.

METHODS

Type of study and participants An analytical cross-sectional
study was conducted in a randomly selected sub-sample of 174
individuals with cognitive impairment (131 with MCI and 43 with
AD) and 250 individuals with no cognitive impairment from the
prospective longitudinal Aging and Alzheimer Study. The Aging
and Alzheimer Study launched in 2003 by the Medical University
of Havana’s Alzheimer Research Group, studied the disease in
Cuban adults aged =65 years. The participants reside in four
health areas in Havana: Marianao (in the 27 de Noviembre and
Carlos Manuel Portuondo Polyclinics), Lisa (Cristobal Labra
Polyclinic), 10 de Octubre (14 de Junio Polyclinic) and Playa (Ana
Betancourt Polyclinic). Participants were recruited through family
physicians in the respective health areas and the Cuban 10/66
Dementia Research Group. Clinical and biochemical evaluations
were done for all 424 participants. Evaluators did not know the
subjects’ MCI or AD status.[20,21]

Inclusion criteria Older adults who gave their written consent to
participate.

Exclusion criteria Presentation of the following disorders: intestinal
malabsorption, cancer, hepatic diseases, chronic kidney disease,
decompensated diabetes mellitus or any other condition indicating
cognitive impairment such as epilepsy, psychiatric disorders
of the psychotic type or intellectual disability, cranial fracture,
encephalic vascular event (thrombosis, ischemia, stroke) or other
type of dementia.

Variables Table 1 presents a summary of variables.

Clinical evaluation for MCI and AD diagnosis We used the
tools developed by the Cuban 10/66 Dementia Research Group,
including a questionnaire on sociodemographic features, health
status, lifestyle and risk factors.[20] Dementia was diagnosed
using the international 10/66 criteria and algorithm, validated in
26 countries (including Cuba),[20] which includes:

 Clinical interview structured on the study participant’s mental
state analyzed through a computerized algorithm (AGECAT)[22]

* Interview with a reliable informant (CSI-D RELSCORE)[23]

» Community dementia screening tool (CSI-D COGSCORE)[23]

» Test for verbal fluency and repetition of CERAD modified-words
list (10 words)[24]

» Additional information on early dementia and its development
according to information provided by the 10/66 dementia diag-
nostic algorithm, its sub-types, history and etiology[25]

DSM-IV criteria[26] of the American Psychiatric Association were
also used to diagnose dementia. MCl was diagnosed using
Petersen's criteria.[27]

Clinical evaluations were conducted by medical specialists in the
Medical University of Havana’s Alzheimer Research Group, who
received prior training based on earlier studies. Evaluation results
were used to classify participants in three groups: those with MCl,
persons with AD, and those with no cognitive impairment.

Biochemical evaluation Samples of approximately 20 mL of
blood were extracted intravenously after fasting; one aliquot
was collected without anticoagulant and one aliquot in tubes
containing ethylenediaminetetraacetic acid (EDTA). Table 1
presents the cutoff points used for the different biochemical
variables. All techniques were performed in compliance with
the respective quality control standards.

A volume of 0.5 mL of plasma plus anticoagulant was treated with
an equal volume of metaphosphoric acid and frozen to —80 °C
for determination of vitamin C by spectrophotometry.[30] Other
aliquots of plasma were used to quantify homocysteine through
the enzymatic oxidation of NADH to NAD+,[29] with a commercial
diagnostic kit C02257/3 (C.P.M. Diagnostic Research SAS, ltaly).
Vitamin Awas quantified in an aliquot of plasma by high-resolution
liquid chromatography.[31]

Vitamin B-2 levels were calculated by stimulating the enzyme
glutathione reductase in erythrocytes obtained after plasma
separation.[32] Vitamin B-1 and B-2 levels were measured
by determining the effect of thiamine pyrophosphate[33] and
the activation coefficient of the enzyme glutathione reductase
through the activities of transketolase and erythrocyte
glutathione reductase activity coefficient (EGRAC)[32]
respectively; these enzymes are indirect indicators of the
availability of circulating vitamins since enzymatic activity
increases due to deficiency in levels of both vitamins.

Serum obtained by centrifuging the blood without anticoagulant
was conserved at —20 °C. Quantification of serum folate and vitamin
B-12[34] was determined through electrochemiluminescence
immunoassay using commercial diagnostic kits (Roche
Diagnostics Gmb, Germany).
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Table 1: Study variables

VARIABLE INDICATOR CRITERIA

10/66 diagnosis criteria and
algorithm[22—25]- DSM-IV
criteria[26]

Diagnosis of MCI Petersen's criteria'[27] If criteria are met

Sociodemographic category

Diagnosis of AD If criteria are met

Sex Female, male
Age Years
Skin color white, mestizo, Black

Educational level None; or primary, secondary
completed or university level completed

Lifestyle

Number of cigarettes, cigars, or
pipes smoked per day or over one’s
lifetime[20]

Alcoholic beverage If weekly alcohol consumption 214
consumption units for women or 221 for men 2[20]

Clinical exam and interview

Self-reported and blood Systolic pressure 2140 mmHg and/
pressure measurements or diastolic pressure 290 mmHg[20]

Smoking behavior Smoker or ex-smoker

Risky (heavy) drinker

Hypertension

Self-reported and fasting
blood glucose

Fasting blood glucose 27.0

Diabetes mellitus mmol/L[20]

Family hlstory of If affirmative[20]
dementia

Biochemical

Normal TPPE <15%
Marginal 15< TPPE <25%
Deficient TPPE >25%]28]

Normal EGRAC <£1.30
Marginal 1.30< EGRAC <1.80
Deficient EGRAC 21.80[28]

>0.3 mg/dL
0.2-0.3 mg/dL
<0.2 mg/dL[28]

Low 20< RL <30 pg/dL
Marginal 10< RL <20 pg/dL
Deficient RL <10 pg/dL[28]

Deficient <3.1 ng/mL[28]
Deficient <240 pg/mL[28]
Homocysteine >15 pmol/L[29]

Self-reported

Vitamin B-1 TPPE?

Vitamin B- 2 EGRAC?

Normal
Marginal
Deficient

Vitamin C Vitamin C level

Vitamin A Retinol level

Serum folate level
Vitamin B-12 level

Homocysteine level

Serum folate
Vitamin B-12
Homocysteine

AD: Alzheimer disease;

MCI: Mild cognitive impairment;

RL: Retinol level;

EGRAC: Erythrocyte glutathione reductase activation coefficient. Based on calculation of the degree of
stimulation of erythrocyte glutathione reductase through parallel measurement of enzymatic activity with in
vitro addition of its coenzyme flavin adenine dinucleotide (stimulated activity of the enzyme) and without the
coenzyme (basal enzymatic activity).

TPPE: Thiamine pyrophosphate effect. Based on calculation of degree of transketolase enzyme stimulation
through parallel measurement of enzymatic activity with addition of its coenzyme in vitro thiamine
pyrophosphate (TPP) (activity stimulated by the enzyme) and without the coenzyme (basal enzymatic
activity).

1 Criteria developed by Petersen;[27] presence of:

a) Subjective memory complaints

b) Pathological performance in neuropsychological tests

c) No interference of memory impairment in subject’s work / social / daily life

d) Remaining cognitive functions preserved

e) Absence of dementia

f) Absence of other pathologies that could explain memory impairment (depression, endocrine disease, etc.)
2Units of alcohol established according to beverage type: 1 glass of beer (250 mL = 2 units), 1 shot of liquor
(22 mL = 2 units) or 1 glass of wine (175 mL = 2 units) and 1 bottle of liquor (1000 mL = 32 units).

% Increases in TPPE and EGRAC lead to greater deficiencies in Vitamin B-1 and B-2 levels, respectively.

Due to insufficient sample volume, we
quantified serum folate, B-12 and thiamine
in 92% of the samples; vitamin B-2 in 89%;
vitamin C in 91%; homocysteine in 90%; and
vitamin A in 81% of the samples.

Ethical considerations The study’s proto-
col was approved by the Scientific Coun-
cil and Research Ethics Committee of the
National Hygiene, Epidemiology and Micro-
biology Institute and the Medical University
of Havana. The study was conducted in
accordance with the World Medical Associa-
tion’s Declaration of Helsinki and its ethical
principles for medical research involving
human subjects.[35] The scientific and social
features and importance were explained to
all participants and family members rep-
resenting them, and their oral and written
consent was obtained. In the case of older
adults unable to give their consent, approval
was sought from the family member respon-
sible for their care.

Data processing and analysis Means
and standard deviations were calculated to
describe quantifiable variables and absolute
frequencies and percentages for qualitative
variables. An analysis of covariance was
applied to identify the main or interactive
effects of covariables (age and family history
of dementia, which differed across groups) on
vitamin means; none were determined to be
significant (p >0.05).

To compare the three groups (AD, MCI, and
without cognitive impairment), a one-way
analysis of variance was conducted, with a
posteriori tests to identify different groups
using parametric tests or their non-parametric
alternatives depending on whether they
met the assumptions of group normality
and homoscedasticity. A  significance
level of p = 0.05 was adopted. The test of
homogeneity between groups was applied
to the biochemical variables. The Pearson
correlation was calculated as a measure of
linear association of homocysteine levels
with folate, vitamins B-12 and B-2. The
prevalence of hyperhomocysteinemia was
calculated as well as the prevalence of
vitamin deficiencies, taking as reference the
group with no cognitive impairment (with
confidence intervals estimated at 95%). The
statistical procedure used SPSS Statistics
version 20 software (IBM, USA).

RESULTS

The average age was 78 years old in the
group with no cognitive impairment, 79.5 in
the MCI group and 82.8 in the AD group.

B
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Table 2: Sociodemographic and clinical features of participants

No cognitive | Mild cognitive Alzheimer
impairment impairment disease
n =250 n=131 n =43
N (%) N (%) N (%)

Male 78 (31.2) 46 (35.1) 12 (27.9)
Female 172 (68.8) 85 (64.9) 31 (72.1)
65-69 2(0.8) 0(0) 0(0)
70-74 76 (30.4) 30 (22.9) 4(9.3)
75-79 83 (33.2) 41(31.3) 13 (30.2)
>80 89 (35.6) 60 (45.8) 26 (60.5)
White 174 (69.6) 88 (67.2) 30 (69.8)
Mestizo 32 (12.8) 11 (8.4) 6 (14.0)
Black 44 (17.6) 32 (24.4) 7 (16.3)
iz el gzt 64 (25.6) 32 (24.4) 17 (39.5)
primary

Primary 86 (34.4) 50 (38.2) 8 (18.6)
Secondary 47 (18.8) 26 (19.8) 8 (18.6)
University 53 (21.2) 23 (17.6) 10 (23.3)
Smoker or ex- 116 (46.6) 63 (48.1) 20 (46.5)
smoker : : :
Non-smoker 133 (53.4) 68 (51.9) 23 (53.5)
Yes 7(2.8) 2(1.6) 4(9.3)
No 242 (97.2) 126 (98.4) 39 (90.7)
Yes 183 (73.2) 98 (74.8) 31 (72.1)
No 67 (26.8) 33 (25.2) 12 (27.9)
Yes 121 (49.8) 72 (55.4) 24 (58.5)
No 122 (50.2) 58 (44.6) 17 (41.5)
Yes 28 (11.2) 21 (16.0) 11 (25.6)
No 222 (88.8) 110 (84.0) 32 (74.4)

N: Number of persons  n: number of persons evaluated. %: 100 x N/n.

Other sociodemographic and clinical features were similar
across groups, except family history of dementia, which was
more common in the groups with cognitive disorders. In all
three groups, 60% of participants had a low education level
(elementary school only), 47% were smokers or ex-smokers,
only 3% drank alcohol, 73% had hypertension and 52% had
altered glucose (Table 2).

Hcy levels varied notably across groups. The highest levels were
found in the AD group and MCI group. Only those with AD had
notably lower levels of vitamins C, A, and B-12. No differences
were found across the groups in levels of thiamine (B-1), folate
and vitamin B-12. Vitamins B-1 and B-2 levels were lower in the
most severe cases of AD and MCI. The average vitamin C level
was lower in the AD group than in the MCI group (Table 3).

The prevalence of vitamin deficiency in B-2, folate, C, A and
hyperhomocysteinemia were significantly more common in
individuals with AD than in individuals with no cognitive impairment.
Vitamins B-1 and B-12 deficiencies showed the same pattern but
were not statistically significant (Table 4).

For all biochemical markers, prevalence rates were higher than
one and notably higher in the AD group than in the MCI group,
with the exception of folate (Table 5).

DISCUSSION

The B vitamins (B-2, B-6, folic acid, B-12) are involved in Hcy
metabolism. High levels of this compound are considered a risk
factor for cardiovascular disease, stroke, and more recently,
Alzheimer disease and vascular dementia. Deficiency of B-group
vitamins, the leading cause of hyperhomocysteinemia in older
adults, is influenced mainly by diet.[11-13,36]

This study confirmed that Hcy levels were significantly higher in
individuals with AD and MCI and that hyperhomocysteinemia was
more common in MCl and AD than in participants with no cognitive
impairment. High Hcy levels are associated with cognitive
impairment and AD.[10-13,36] In 17 of the 19 cohort studies
included in a systematic review that evaluated the relationship
between Hcy levels and AD risk, a significant association was
found.[10] A meta-analysis of 68 studies confirmed that persons
with AD had higher levels of Hcy than those without cognitive
impairment, suggesting that higher Hcy levels could be an AD risk
factor.[11]

Several mechanisms have been proposed to explain the relation
between Hcy and AD, including demethylation, cerebrovascular
damage, oxidative stress and high levels of the R-amyloid
peptide.[9,12,36,37] Deficiencies of the vitamin B group can
lead to insufficient methylation of Hcy and therefore, reduced
synthesis of methionine and S-adenosylmethionine. This in turn
can lead to a shortage of methyl groups that are essential for the
synthesis of nucleic acids, proteins, neurotransmitters, membrane
phospholipids and for metabolism of myelin, which could affect
reduction of neurocognitive function.[8,9,38]

Excess Hcy has a detrimental effect on blood vessel walls,
since the oxidation of its sulfhydryl group generates potential
reactive forms, such as superoxide anions, hydrogen peroxide
and hydroxyl anion, which can cause endothelial damage. The
endothelial cells reduce synthesis of nitric oxide, leading to
vasoconstriction and increased platelet stickiness, lipoprotein
oxidation and with that, increased LDL deposits on arterial walls,
activation of the coagulation cascade and limitation of blood flow,
resulting in thrombosis and neuronal death.[9,12]

High Hcy levels reportedly can have a neurotoxic effect by
stimulating the glutamate receptor that induces increased calcium
flow to the cell's interior. As a result, neuronal toxicity from
oxidative stress is amplified, leading finally to apoptosis.[9,12,37]

The increased content of oxygen radicals due to high Hcy levels
can also lead to hydrolysis of the precursor protein amyloid,
increased generation of the B-amyloid peptide, and formation of
amyloid plaques in the neurons (one of the main characteristics of
Alzheimer disease).[8,32]
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Table 3: Average homocysteine and vitamin levels in older adults by degree of cognitive

impairment

Biochemical No cognitive Mild cognitive
impairment X (SD) | impairment X (SD)

n=131

indicator
n n =250

Alzheimer
disease X (SD)

acid synthesis. Cognitive impairment results
from accumulation of abnormal fatty acids in
neural tissue membranes.[16]

=43 Results of several authors vary with respect

Homocysteine (umol/L) 13.6° (6.5) 14.6° (5.7) 18.0° (7.7) ST to. these vitamin levels in older adult; with and
380 n=214 n=126 n=40 without AD. A 30-study meta-analysis showed
Vitamin B-1 (TPPE) % 12.8 (12.2) 13.2 (12.4) 19.6 (18.6) 40 that. plasma levels . of these vita.mins were
379 n=214 n=126 n=39 significantly lower in persons with AD.[39]
Vitamin B-2 (EGRAC) 1.162 (0.12) 1.19% (0.14) 1.23° (0.17) 0.027 Another meta-analysis (of 68 studies) found
372 n=215 n=120 n=37 that those with AD had higher homocysteine
Serum folate (ng/mL) 10.6 (5.1) 10.3 (5.1) 9.2 (5.8) 0.250 levels and lower serum folate and vitamin B-12
391 n =228 n=126 n=37 levels in plasma than those found in persons
Vitamin B-12 (pg/mL) 575.3 (419.3) 564.3 (421.3) 581.5 (543.2) 0.440 without AD.[11] In line with our study, two other
391 n =228 n=126 n=37 cross-sectional studies did not find significant
Vitamin C (umol/L) 79.12 (64.0) 75.5° (45.6) 61.6" (51.9) 0.043 differences in average serum folate and vitamin
386 n =226 n=122 n=38 B-12 levels across the groups.[40,41]

Vitamin A (ug/dL) 65.5° (20.6) 63.2% (21.8) 55.3°(23.3) (a9

345 n=197 n=111 n=37 We found that serum folate and Vitamin B-12

n: Number of persons evaluated; X: mean; SD: Standard deviation;

availability of the vitamin;
indicator of vitamin: a higher value indicates lower availability of the vitamin.

TPPE: Effect of thiamine
pyrophosphate in the transketolase enzyme indicator of vitamin B-1. A higher value indicates lower
EGRAC: Erythrocyte glutathione reductase activation coefficient, a biochemical

deficiencies were more prevalent in the AD
group, similar to several other epidemiological
studies.[13,42,43]

ab.ab.c Indicates differences between average values of the Scheffé test a posteriori for parametric analysis

and the Kruskal Wallis test as a non-parametric alternative: matching letters indicate similarities and different

letters indicate differences.

Table 4: Hyperhomocysteinemia and vitamin deficiency in older adults by degree of

cognitive impairment

No cognitive
impairment

Mild cognitive
impairment
N (%) N (%)
n n

Biochemical indicator

Hyperhomocysteinemia 56 (26.2) 49 (38.9)
(>15 pmol/L) n=214 n =126
Vitamin B-1 deficiency 92 (43) 61 (48.4)
(TPPE >15%) n=214 n=126
Vitamin B-2 deficiency 19 (8.8) 24 (20.0)
(EGRAC >1.30) n=215 n =120
Folate deficiency 12 (5.3) 4 (3.2)
(<3.10 ng/mL) n =228 n=126
Vitamin B-12 deficiency 28 (12.3) 19 (15.1)
(<240 pg/mL) n =228 n =126
Vitamin C deficiency 9 (4.0) 5(4.1)
(<11 ymol/L) n =226 n=122
Vitamin A deficiency 2(1.0) 4 (3.6)
(<1.05 pmol/L) n =197 n=111

N: Number of persons with the value of the biochemical indicator; n: number of persons evaluated;

x N/n.
TPPE: Thiamine pyrophosphate effect on transketolase enzyme

Independent of high Hcy levels, folic acid and vitamin B-12 also
contribute to cognitive function.[14-16] Folate deficiency affects
nuclear and mitochondrial DNA synthesis due to lack of methylation
of purines, and impedes transformation of uracil into thymine,
causing oxidative stress and generation of reactive oxygen
species, followed by neuronal deterioration and cellular death in
areas of the brain involved in AD.[14,15] Folate deficiency can also
cause hypomethylation of regions that modulate expression of
genes presumably involved in AD pathogenesis.[14,15] In addition,
vitamin B-12 is a cofactor of the enzyme methylmalonyl-CoA
mutase; deficiency of this vitamin causes inactivation of the
enzyme and accumulation of methylmalonyl-CoA, affecting fatty-

EGRAC: Erythrocyte glutathione
reductase activation coefficient. Values of p calculated by the chi-square test of homogeneity.

Although some studies (particularly those using
a cross-sectional design) have shown associa-
tion, and despite the large number of cohort
studies, there is still insufficient evidence to
conclude an association between folate or vita-
X2 min B-12 levels and risk of cognitive impairment
() and dementia, as shown in the differing results
n in the literature.[8,11,16] This is likely due to a
variety of different study designs in terms of

Alzheimer
disease
N (%)

24,26=0 4?3 (0(1)807) sample size, duration, lack of control for con-
24 (61.5) 48 fqundipg variables and use of more specific
n=39  (0.091) biological markers, among other factors.
10 (2_7§7) 0 (1)529 Vitamin B-2 plays a crucial role. Its co-enzymatic
n= (0.002) form (flavin-adenine dinucleotide, FAD) acts as
7rg1_8??7) © O(S))BE; a co-factor of the enzyme methylenetetrahydro-
10 (27.0) '4 38 folat.e. recjuctqse, which metapolizes the folate
n ='37 (0.057) participating in Hcy mgthylatlgn.[8,9] A South
8 (21.1) 123 Korean study in elders divided into three groups
= '38 (0_00'2) (normal individuals, those with MCI and those
6 (16.2) 146 with AD) found that Hcy levels were inversely
n=37 (0.00'1) proportional to intake of vitamins B-2, B-6, B-12
% 100 and folate. Among AD subjects, those with

higher vitamin intake presented better results
on several tests: the Mini-Mental State Exami-
nation-KC, CERAD-K Consortium (MMSE-KC),
Boston Naming Test, Word Fluency, Word List
Memory Test and Constructional Recall Test.[44] In the MCI group,
those with higher vitamin B-2 intake presented better results on the
MMSE-KC and Boston Naming tests.[44] These results show that
vitamin B-2 is important in cognitive function.

In our research, vitamin B-1 levels were lower in individuals with
MCI and even lower in those with AD. Although differences in
B-1 levels across groups were not significant, individuals with AD
showed greater prevalence of B-1 deficiency.

Vitamin B-1 apparently plays a role in AD pathogenesis.[45,46] AD
patients reportedly have lower vitamin B-1 levels in plasma and
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Table 5: Hyperhomocysteinemia and vitamin deficiency in older
adults with mild cognitive impairment and Alzheimer disease

Alzheimer
disease
PR (Cl)

3.26 (1.84-5.80)
1.89 (1.04-3.43)
2.85 (1.54-5.26)
3.02 (1.53-5.95)
2.21 (1.17-4.19)
1.02 (0.50-2.09) 3.88 (2.12-7.10)
1.88 (1.05-3.38) 5.47 (3.26-9.17)

Cl: Confidence interval; PR: Prevalence rate; PR were calculated using individuals
with no cognitive impairment as a reference group.

Mild cognitive
impairment
PR (CI)

1.42 (1.08-1.87)
1.15 (0.87-1.51)
1.70 (1.24-2.32)
0.69 (0.29-1.64)
1.16 (0.79-1.70)

Biochemical
indicator

Hyperhomocysteinemia

Vitamin B-1 deficiency
Vitamin B-2 deficiency
Folate deficiency
Vitamin B-12 deficiency
Vitamin C deficiency
Vitamin A deficiency

reduced vitamin-B-dependent activity of enzymes a-ketoglutarate
dehydrogenase and a-transketolase in their brains and peripheral
tissue.[45,46] In rats with vitamin B-1 deficiency, accumulation
of the amyloid precursor protein has been observed in damaged
brain regions; this provokes accumulation of the B-amyloid
peptide that forms amyloid plaques, the main cause of neuronal
death.[45]

Vitamin B-1 requires synthesis of acetylcholine, the neurotransmitter
most commonly deficient in AD. Reduced acetylcholine synthesis
has been observed in brains of rats with vitamin B-1 deficiency.[44]
Multiple events are associated with vitamin B-1 deficiency. One of
these is reduced activity of a-ketoglutarate dehydrogenase, which
leads to an energy deficit due to deterioration of the tricarboxylic
acid cycle and reduced ATP synthesis, in addition to decreased
activity of the Na*/K*—ATPase, resulting in high toxicity, activation of
glutamate receptor, calcium input, and finally, neuronal death.[46]

Findings show that vitamin B-1 deficiency is tied to neuro-
inflammation, which plays a key role in AD pathogenesis. When
B-1 supply is deficient, reports indicate morphological glial-cell
alterations, including swelling and appearance of phagocytic
vacuoles; proinflammatory cytokines are also produced in vulnerable
and non-vulnerable regions of the brain.[45] In animals with vitamin
B-1 deficiency, increased reactive oxygen species, induction of
the endothelial isoform of nitric oxide synthase and changes in
superoxide dismutase levels have all been reported.[45]

Our study’s results also show that plasma levels of antioxidant
vitamins C and A were significantly lower in the AD group than
in those with no cognitive impairment. Vitamin A deficiency was
much more common in individuals with MCl—and especially
those with AD— than in those with no cognitive impairment, while
vitamin C deficiency occurred in individuals with AD. A meta-
analysis of studies on eight vitamins showed that persons with
AD had significantly lower levels of vitamin C, E and A than those
without cognitive impairment.[39] A cross-sectional study of older
adults in Germany found significantly lower levels of vitamin C
and B-carotene in individuals with dementia than in the healthy
individuals.[17] Another more recent meta-analysis of studies on
vitamin levels in cerebrospinal fluid showed that persons with AD
had significantly lower vitamin C, E, folate and B-12 levels.[47]

Other findings in studies on rats show that vitamin C reduces
generation of the B-amyloid peptide and acetylcholinesterase

activity. Vitamin C prevents endothelial impairment, one of the
main factors in AD pathogenesis and progression.[48]

Recent in vitro studies have shown that vitamin A (retinol, retinal
and retinoic acid) and the B-carotene provitamin inhibit the
formation, extension and destabilization of B-amyloid peptide
fibrils. Vitamin A and (-carotene in vitro have an inhibitory
effect on oligomerization of the two main types of the B-amyloid
peptide, AB40 and AB42 (the last one is prominent in the brains of
individuals with AD).[49]

In cognitive disorders, availability of antioxidant vitamins
decreases, due to oxidative stress. Neural membranes are a
potential target for oxidative stress damage due to their high
content of polyunsaturated fatty acids vulnerable to oxidation.
Lipid peroxidation can alter the membrane’s composition, which
is evident in Alzheimer disease. Vitamins A, C and E serve as
antioxidants to protectlipid precursors and membrane components
against lipid peroxidation. In AD, the need for vitamins increases
in order to compensate for their increased use.[39,47]

In this study, low levels of vitamins B-2, C and A were found
in patients with AD and MCI, in line with results from other
authors.[10,11,39,47] It is not possible to infer causation in
these associations or even potential reciprocal causation: that
is, dementia as a factor that promotes poor nutritional intake,
or, inversely, the process of dementia as a result of reduced
nutritional intake in older adults.[39]

One study limitation is that its cross-sectional design does not
allow chronological ordering of events to be established, or,
as a result, whether the nutritional indicators associated with
MCI and AD can be determined to be the cause of the disease
or merely a consequence of it. Due to limited resources, more
specific biological markers were not used. The study’s results
are important because this is the first time cognitive disorders in
older Cubans have been studied in relation to vitamin deficiency
and hyperhomocysteinemia. Longitudinal studies are needed to
further understand the relationship between different nutritional
biomarkers and dementia.

CONCLUSIONS

The association of certain vitamin deficiencies and
hyperhomocysteinemia with mild cognitive impairment and
Alzheimer disease was confirmed in older adults in Cuba. Both
these results and a range of epidemiological evidence support
the close relationship between nutrition and AD in Cuba’s older
adult population.
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Short Article

Determination of Reference Values for Double-Negative

T Lymphocytes in Cuban Adults

Carlos A. Villegas-Valverde MD MS, Elena Kokuina MD PhD, Martha C. Breff-Fonseca MD

ABSTRACT

INTRODUCTION Double-negative T lymphocytes act as immuno-
modulators in immune response. This subpopulation is rare in blood
but important in the immunopathogenesis of autoimmune diseases,
viral infections, cancer and transplant rejection. These disorders have
been studied in Cuba using flow cytometry, but normal values of these
cells have not yet been established.

OBJECTIVE Estimate preliminary reference values for double-
negative T lymphocytes according to sex and age in Cuban adults.

METHODS A cross-sectional study was carried out in a population
of 182 healthy adult residents of Havana: 93 women and 89 men
aged 18-80 years with no chronic diseases, toxic habits (smoking,
excessive alcohol or caffeine intake) or medications that might
alter quantity or functioning of immune-system cells. Peripheral
blood was drawn to determine immunophenotype with monoclonal
antibodies. The phenotype of double-negative T lymphocytes was
quantified as CD45*/CD3*/CD4/CD8/CD56" using a Gallios flow
cytometer (Beckman-Coulter, France). Medians and ranges (to the
5th and 95th percentiles) were calculated for sex and age, for both
percentages and absolute values. To evaluate the effects of sex
and age, both variables as well as their interaction were included
in a linear model.

INTRODUCTION

Flow cytometry has enabled study of lymphocyte populations
and their heterogeneity. In lymphocyte phenotyping, two types
of classical T-lymphocyte populations (TCD4+ and TCD8+) were
initially reported. These were considered as two unique, mutually
exclusive T-cell subpopulations, since early cytometry allowed
for only two or three simultaneous markings on a single cell.[1]
The TCD3+ lymphocytes that do not express markers CD4 and
CD8 are known as “double-negative” T cells (DNT cells). They
were recently discovered and are characterized by a mature
immunophenotype (CD45*/CD3*/CD4/CD8/CD567) and express
clonotypic T-cell receptors (CTR) of type af§ or type yd. These
cells are found in greater proportion in the blood and lymph nodes,
although they reportedly account for 3%—7% of total lymphocytes
in peripheral blood.[2-5]

The physiological functions of DNT lymphocytes are not yet
fully understood. The immunomodulation attributed to them is
based on their ability to suppress the functions of simple positive
T cells and their cytotoxicity for tumor cells and cells infected

IMPORTANCE Normal values of double-negative T lym-
phocytes in Cuban adults are useful for studying immune-
system diseases, cancer and transplant rejection and for
avoiding subregistration when using flow cytometry to ana-
lyze T, B and NK cells.

RESULTS Respective median and range values were total percentage
values 3.4 (1.6—7.4) and total absolute values (cells/uL) 57.5 (23.0-157.0).
The effect of age on lymphocyte values (percentage and absolute) was
significant, with lower numbers in the 51-80 years' age group (p <0.001).
Percentage values according to age group were: 18-25 years, 3.8 (2.2—
7.4); 26-50 years, 3.7 (1.7-8.7); and 51-80 years 2.6 (1.3-6.6). Absolute
values by age group were: 18-25 years, 90 (32.6-163.7); 26-50 years,
65 (28.8—-184.0); and 51-80 years 38.5 (17.9-90.1). Desegregating data
by sex and age: percentage of women aged 18-25 years 5.2 (2.1-7.8),
26-50 years 4.0 (1.8-7.7), and 51-80 years 2.5 (1.3-5.8); percentage
of men aged 18-25 years 3.4 (2.3-7.3), 26-50 years 3.8 (1.5-8.7), and
51-80 years 2.6 (1.2—7.3). Absolute values: women aged 18-25 years
112.0 (40.0-153.1), 26-50 years 67.0 (26.7-138.3), and 51-80 years 40
(18.6-92.0); and men aged 18-25 years 71.5 (32.1-166.7), 26-50 years
61.5 (29.9-188.7), and 51-80 years 36 (13.5-81.7). The low sex*age
interaction confirms these differences occur in both men and women.
Values decrease with age, with a more abrupt fall starting at 50 years.

CONCLUSIONS Estimated reference values were determined
for absolute values and relative proportions of double-negative T
lymphocytes in healthy Cuban adults according to sex and age. Age
was found to have a significant effect.

KEYWORDS Reference values, T lymphocytes, flow cytometry,
immunology, Cuba

by viruses.[2,3] In some immune-system diseases, variations
were found in total numbers of DNT lymphocytes or their
functions were altered. Although only small quantities of these
lymphocytes are found in blood, they play an important role
in various diseases' immunopathogenesis. Their blood levels
provide criteria for diagnosing autoimmune lymphoproliferative
syndrome and can provide a prognostic biomarker for cancer or
effective therapeutic targets for these diseases.[2—7]

In order to make clinical decisions about autoimmune diseases,
viral infections, solid tumors and hematopoietic diseases,
transplant rejection, alterations of lymphocytic homeostasis
and immunodeficiencies,[3-8] absolute and relative levels of
lymphocytes are quantified through flow cytometry, so normal
DNT-lymphocyte counts must be determined. This subpopulation
can be identified without additional reagent costs because the
values can be quantified through conventional analysis of T, B
and natural killer (NK) cells.

The purpose of this study was to determine the normal range
of values of DNT lymphocytes in a population of healthy Cuban
adults and the relation of these values with age and sex—such
information could inform diagnosis and prognosis of multiple
diseases.

METHODS

Design, subjects and sample selection A cross-sectional
study was conducted in 2017-2018 at the Hermanos Ameijeiras
Clinical-Surgical Teaching Hospital and The National Oncology &
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Radiobiology Institute, Havana, Cuba. Subjects included 182 adult
residents of Havana, aged 18-80 years (median age 40), 93 women
and 89 men, all reportedly healthy, who were accompanying patients
at hospital immunology services and who agreed to participate via
written informed consent. Persons were excluded who smoked,
consumed daily >40 g of alcohol or its equivalent weekly; drank
more than 4 cups of coffee daily; were pregnant; had recent or
recurring infections in the previous 6 months or autoimmune or
neoplastic diseases; or had taken antibiotics, immunostimulators,
immunosuppressants or anti-inflammatory drugs in the past 6
months.

Flow cytometry Four mL of peripheral blood was extracted
by antecubital venipuncture and deposited in cytometry tubes
with the anticoagulant ethylenediaminetetraacetic acid (EDTA).
Sample preparation adhered to the manufacturer's specifications
for cell-surface immunophenotyping, using a protocol for no-wash
red blood cell lysis with a Versalyse buffer (Beckman-Coulter,
France).

An eight-color Beckman-Coulter Gallios flow cytometer
(Beckman-Coulter, France) was used. The following fluoro-
chrome-conjugated monoclonal antibodies were used: anti-
CD45-AA750/CD3-FITC/CD4-PC5.5/CD8-AA700/CD56-PE (all
Beckman-Coulter, France). The DNT lymphocyte population
was defined by the CD45*/CD3*/CD4-/CD8/CD56° immunophe-
notype. The data obtained were processed with Kaluza Analysis
V1.5a software, with a minimum of 50,000 acquisition events.
Absolute values were determined through a double platform and
application of the following equation:

absolute value (cells/uL) = (lymphocytes/uL of hemogram) x

(% DNT) + 100.

Statistical analysis Variables calculated include descriptive
statistics, absolute and relative frequencies, mean, median
and percentiles. To define value range, the normal distribution
of variables was evaluated by the Shapiro-Wilk test. Most
variables did not follow a Gaussian distribution. The effects of
sex, age and their interaction were evaluated using a linear
model. Reference values were expressed
through the median and the 5th and 95th
percentiles and stratified by sex and age group
(18-25, 26-50, and 51-80 years).

Ethical considerations The project was
approved by the research ethics committee of the

In both percentage and absolute values, the effect of age was
highly significant, as evident in the variations observed between
the oldest age group (51-80) and the two younger age groups
(18-25 and 26-50).

DISCUSSION

At the time of this writing, there were no studies on reference-
value ranges for DNT lymphocytes in the Cuban population.
Two publications reported that quantification of these cells
is needed to diagnose autoimmune lymphoproliferative
syndrome.[6,7] Although it is common for each laboratory to
define specific ranges, there should be steady progress toward
this goal. Given the dearth of data on reference values, and the
urgency to collect such data, this study aims to propose ranges
that amount to preliminary approximations for application at
the national level.

Multiple factors are known to intervene in the variability of
physiological ranges for these lymphocytes and for all immune-
system cells. The most studied factors are age and sex.[5] In
this study, the effects of both age and sex were evaluated, and
it was confirmed that the effect of age was significant, especially
differences between those 51-80 years compared to those <50.
The low sex/age interaction confirms that these differences occur
in both men and women and may be due to immunosenescence
and thymic involution, the consequences of which become more
evident near the sixth decade of life. In a study of healthy Cubans,
a negative correlation was found between age and global T-cell
count.[9]

The ranges obtained were wider and had higher medians than
those reported internationally. These differences could be due
to effects of lifestyle, diet and environmental conditions of the
populations studied,[5,10] or because, unlike ours, the other
studies did not exclude individuals with unhealthy habits or those
consuming medications that could have affected immunological
variables.[9] More local studies are needed to determine reference
values of cells that can be used provisionally until studies with
broader population representation can be conducted.

Table 1: Normal ranges (5th and 95th percentiles) for double-negative T
lymphocytes by sex and age group (n = 182)

Women (n = 93)

Age groups e ([ =,
ingyegrs /pSex Percentiles Percentiles Percentiles
(5.0-95.0) (5.0-95.0) (5.0-95.0)

Hermanos Ameijeiras Clinical-Surgical Teaching 18-25 (n = 30) 3.4 2.3-7.3 5.2 2.1-7.8 3.8 2.2-74
Hospital. Written informed consent was obtained  26-50 (n = 94) 3.8 1.5-8.7 4.0 1.8-7.7 3.7 1.7-8.7
from study participants after they received an  51-80 (n = 58) 2.6 1.2-7.3 2.5 1.3-5.8 2.6 1.3-6.6
explanation of the study's possible risks and  Total 3.5 1.5-8.1 3.3 1.6-7.2 3.4 1.6-7.4
benefits. The information was protected under
principles of confidentiality without revealing 18-25 (n = 30) 715 32.1-166.7 112.0 40.0-153.1 90.0 32.6-163.7
participant identity. Diagnostic methods were 26-50 (n = 94) 61.5 29.9-188.7 67.0 26.7-138.3 65.0 28.8-184.0
selected based on the principle of maximum  51-80 (n=58) 36.0 13.5-81.7 400 18.6-920 385  17.9-90.1
benefit, international and national standards, and  Total 59.0 23.0-185.0 57.0 22.7-132.2 57.5 23.0-157.0
accessibility of materials.
RESULTS
Percentages and absolute values of DNT . )

. @ Percentage values (relative to total CD3*CD56° lymphocytes)
Iymphocytes are presented in Table 1. They b Absolute values (relative to total lymphocytes, cells/uL)
were significantly lower in the 51-80 age group. F: Fisher's test for linear models
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Constraints in our study included the fact that the sampling
was based entirely on residents of Havana with no one from
other provinces; also, additional serological studies were not
conducted, which reduced the possibility of diagnosing some
chronic and infectious diseases that could have affected DNT

lymphocyte values.

CONCLUSIONS

References were estimated for absolute values and proportions
of double-negative T lymphocytes in healthy Cuban adults
according to sex and age, and the importance of the effect of
age was established. Absolute and relative concentrations of DNT

lymphocytes were highest in younger age groups. -
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SARS-CoV-2 Transmission Channels: A Review of the Literature
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ABSTRACT

BACKGROUND The novel coronavirus SARS-CoV-2 is responsible
for the current global pandemic. There is a concerted effort within
the global scientific community to identify (and thereby potentially
mitigate) the possible modes of transmission through which the virus
spreads throughout populations.

OBJECTIVE Summarize the ways in which SARS-CoV-2 is
transmitted and provide scientific support for the prevention and
control of COVID-19.

EVIDENCE AQUISITION We conducted an extensive literature search
using electronic databases for scientific articles addressing SARS-
CoV-2 transmission published from December 28, 2019 through
July 31, 2020. We retrieved 805 articles, but only 302 were included
and discussed in this review. The report captured relevant studies
investigating three main areas: 1) viral survival, 2) transmission period
and transmissibility, and 3) routes of viral spread.

DEVELOPMENT Currently available evidence indicates that SARS-
CoV-2 seems to have variable stability in different environments and is

INTRODUCTION

The COVID-19 pandemic is caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).[1] The outbreak, attributed to an
emerging virus, was first identified in late November 2019, in Wuhan,
China. WHO declared the outbreak to be a Public Health Emergency
of International Concern (PHEIC) on January 30, 2020, and recog-
nized it as a pandemic on March 11, 2020. As of August 2, 2020, a
total of 17,628,109 confirmed cases of COVID-19 have been reported
in 213 countries and territories, resulting in approximately 680,354
deaths. More than 11,349,471 people have since recovered.[2]

Given the urgency surrounding the pandemic, scientific publications
and news outlets are consistently publishing emerging evidence on
the ways in which SARS-CoV-2 is transmitted. However, these ini-
tial findings need to be carefully interpreted and monitored. The
objective of this report is to review the available scientific literature
on viral propagation, the risk of transmission and the importance of
bundled prevention measures.

EVIDENCE AQUISITION
We conducted an extensive literature search covering the COVID-19
pandemic (from December 28, 2019 through July 31, 2020) in

IMPORTANCE

Many questions remain unanswered regarding SARS-CoV-2's
modes of transmission. More research is needed to debunk
speculations being made about SARS-CoV-2 and fill in the gaps in
knowledge regarding the behavior of the virus and corresponding
necessary preventive measures. This review is a contribution to
the ongoing efforts to understand and adapt to the demands of the
COVID-19 pandemic.

very sensitive to oxidants, such as chlorine. Temperature and humidity
are important factors influencing viral survival and transmission. SARS-
CoV-2 may be transmitted from person to person through several
different routes. The basic mechanisms of SARS-CoV-2 transmission
person-to-person contact through respiratory droplets, or via indirect
contact. Aerosolized transmission is likely the dominant route for the
spread of SARS-CoV-2, particularly in healthcare facilities. Although
SARS-CoV-2 has been detected in non-respiratory specimens,
including stool, blood and breast milk, their role in transmission
remains uncertain. A complicating factor in disease control is viral
transmission by asymptomatic individuals and through what would
otherwise be understood as innocuous human activities.

CONCLUSIONS This article provides a review of the published
research regarding human-to-human transmission of SARS-CoV-2
and insights into developing effective control strategies to stop viral
propagation.

KEYWORDS COVID-19, SARS-CoV-2, transmission, pandemics,
microbial viability

the major electronic databases (ISI Web of Knowledge, PubMed,
Medline, ScienceDirect, EMBASE, EBSCO, ProQuest, and Google
Scholar), the websites of WHO, CDC and the Mayo Clinic, and preprint
platforms (bioRxiv, medRxiv, SSRN and Qeios), with the search terms:
[‘2019-novel coronavirus” OR “2019 nCoV” OR SARS-CoV-2 OR
COVID-19 OR “novel coronavirus”] AND [transmit* OR spread OR
shedding OR pandemic OR outbreak OR contact OR droplet OR
aerosol OR “respiratory trans*” OR “air borne” OR fecal OR oral OR
“pblood borne” OR “ocular trans*” OR eye OR conjunctiv* OR “contact
lens” OR *“vertical transmission” OR “mother to child transmission”
OR breastfeeding OR sexual OR zoonotic OR animal OR *“vector
borne” OR household OR “solid waste” OR “waste water” OR
“organ transplant®” OR hemodialysis OR nosocomial OR “healthcare
worker” OR “hospital infection” OR tobacco OR travel* OR refugee
OR migrant OR homeless* OR “mass gathering” OR prison* OR
incarcerat* OR detention OR addict*]. (Note that enclosing a term or
phrase with quotation marks in a websearch filters out all responses
that do not include exactly that term or phrase, and the inclusion of an
asterisk after a group of letters in a websearch broadens the search
by including all words that begin with those same letters). A total of
805 studies were retrieved and exported to the reference manager
EndNote X8 (Thomson Reuters, London). A total of 258 duplicate
studies were removed. We included research articles, review articles
and clinical trials, case reports, correspondence, and situation reports
that were published in English. All titles and abstracts were screened
for relevance and full texts of potentially eligible articles were reviewed.
The information was organized according to three main subjects: 1)
viral survival, 2) transmission period and transmissibility and 3) routes
of viral spread.

DEVELOPMENT

Viral survival

Viability and stability on surfaces The high transmissibility of
SARS-CoV-2 could be attributable to the greater environmental
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viability of this virus compared to other human coronaviruses.
Van Doremalen[3] analyzed the aerosol and surface stability
of SARS-CoV-2 and compared it with SARS-CoV-1, the most
closely related human coronavirus, on a variety of surfaces
commonly found in household and hospital settings (aerosols,
cardboard, plastic, copper and stainless steel), and estimated
the decay rates using a Bayesian regression model. In the
experiment, van Doremalen attempted to mimic viral deposits
from an infected person onto everyday surfaces in a household
or hospital setting, such as through coughing or touching
objects. The researchers used a high-powered machine (three-
jet collision aerosolizer) to generate tiny artificial particles (<5

pm).

Stability on surfaces was evaluated by depositing 50 pL of virus
and recovering the inoculum by swabbing, whereas viability of
the virus in all surface and aerosol samples was quantified by
end-point titration on Vero E6 cells. Throughout the duration
of the experiment (3 hours), SARS-CoV-2 remained viable
and was detectable, albeit with a drop in infectious titer from
1035 to 10%7 TCID_, per liter of air. The virus was more stable
on plastic and stainless steel (2—3 days) than on copper (4
hours) and cardboard (24 hours). Similarly, Kampf found that
SARS-CoV-2 can remain infectious for 2—-9 days on different
types of materials.[4] However, these experimentally-induced
particles that remained suspended in aerosols do not seem
to simulate those distributed from a sneeze or cough from a
COVID-19 patient and thus does not reflect a clinical setting.
[5—-8] Importantly, authors sampled the air for just three hours,
meaning the virus could potentially remain viable in the air
for longer. Moreover, the authors did not verify whether these
viruses were still capable of causing the disease. In this
context, the two tested viruses behaved in a similar manner,
but why SARS-CoV-2 has greater transmissibility remains
unclear.

It is probable that SARS-CoV-2-infected individuals are
spreading the virus before showing symptoms and likely
that SARS-CoV-2, being novel, is highly contagious in an
immunologically-naive population.[9] This brings into question
whether the control measures that were effective against SARS-
CoV-1 are equally effective when deployed against SARS-
CoV-2. Until we learn more about virus viability in a variety of
settings and conditions, we have to consider all potential routes
of transmission.

These studies provide key information about the stability of
SARS-CoV-2. The findings may have important repercussions
for medical workers as well as the public and suggest that
people may acquire the virus through the air or after touching
contaminated objects. SARS-CoV-2 is quite transmissible
through relatively casual contact, making this pathogen very
hard to contain. The virus can live on items we touch often every
day—such as mobile phones, tablets, computer keyboards,
door handles and elevator buttons—for just as long and thus
these objects should be disinfected frequently. However, on
copper surfaces, which contain natural antimicrobial and
virucidal properties and have been shown together with silver
and aluminum to inactivate microbes,[10] SARS-CoV-2 was
able to survive for four hours.

Physical and chemical inactivation Pastorino evaluated the
heating and chemical protocols for inactivating SARS-CoV-2 while
processing respiratory samples exhibiting higher viral loads than
droplets. A temperature of 60 °C for 60 minutes was sufficient to
inactivate SARS-CoV-2 in low viral loads, while heating samples
to 92 °C for 15 minutes was more effective in achieving a reduction
of 6*log (viral load) highly loaded clinical samples.[11]

Alex Chin atthe University of Hong Kong found that SARS-CoV-2
is persistently stable at a temperature of 4 °C. The study showed
the virus can stay viable at high levels at room temperature for
7 days (eliminated after 14 days), and will gradually abate at
27 °C over 24 hours or after 30 minutes at 56 °C or after 5
minutes incubation at 70 °C.[12]

Thus far, there is no direct evidence on the influence of ambient
temperature and humidity on SARS-CoV-2 transmission,
and the activity or behavior of the virus in different climatic
conditions is still unknown.[13] During the winter season in the
Northern Hemisphere, that is before March 22, 2020, 90% of
COVID-19 cases had been recorded in non-tropical countries
with low temperatures and low humidity.[14]

Wang investigated the role of temperature and humidity in
reducing SARS-CoV-2 viability. After fitting a regression
model, they found that both high temperature and high relative
humidity had a significant effect on the reproductive number
R. One degree Celsius increase in temperature and one
percent increase in relative humidity lowered R by 0.0225 and
0.01158, respectively. Although their results indicated that
SARS-CoV-2 transmission may be reduced with the arrival of
summer and rainy seasons in the northern hemisphere, it is
still unclear whether these findings will hold true in extremely
hot, extremely cold or extremely dry areas, since the three-
day (January 21-23, 2020) average temperatures and relative
humidity ranged from -21 °C to 21 °C and from 47% to 100%
humidity.[15]

Sajadi also found that temperatures >32 °C and high humidity
influenced the spread of SARS-CoV-2, illustrating in their
study that the virus has established significant community
spread in cities and regions lying along a narrow east-west
distribution, with consistently similar weather patterns (5 °C-11
°C and 47%-79% humidity).[16] This suggests that weather
factors may affect the virus, particularly humidity and hours
and intensity of sunshine. On the other hand, Marc Lipsitch of
Harvard’'s T.H. Chan School of Public Health recently posted
an analysis in which he concluded that warmer weather will
“probably not” significantly slow the spread of the novel virus.
[17]

A log-linear generalized additive model controlling for potential
confounders was used to analyze the effects of temperature
and relative humidity on daily new cases and daily new deaths
of COVID-19 in 166 countries (excluding China) as of March
27, 2020, where higher temperatures and relative humidity
were both negatively related to daily new cases and deaths.
[18] Consistently, lower humidity was associated with a 6-fold
increase in locally-acquired positive COVID-19 cases in Sydney
during the early stages of the epidemic.
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Mecenas observed great homogeneity in a systematic review
on effects of temperature and humidity on SARS-CoV-2’'s
seasonal viability and transmissibility. Cold and dry conditions
were potentiating factors for viral transmission, whereas warm
and wet climates seem to reduce spread. They concluded that
the lower the humidity and the drier the air, the smaller the
aerosols that can stay suspended in the air for longer durations.
On the other hand, when the air is humid, the aerosols become
larger and heavier, thus settling on surfaces more quickly,
leading to a decreased chance of infection through airborne
transmission.[19]

Inactivation by biocidal agents has been studied extensively. For
instance, experimental studies demonstrated that the virus can
be efficiently inactivated by several surface disinfectants.
Ethanol (62%—-71%) reduced coronavirus infectivity by 2.0—
4.0 log,, with an exposure time of one minute. Hydrogen
peroxide (0.5%) and sodium hypochlorite (0.1%-0.5%) each
cause >3.0 log,, reduction in viral titers within one minute.
The virus can also be inactivated by 2-propanol (70%-100%),
the combination of 2-propanol (45%) with 1-propanol (30%),
formaldehyde (0.7%-1%), glutardialdehyde (0.5%—-2.5%), and
povidone-iodine (0.23%-7.5%), all reducing its infectivity by
4 log,, or more.[9] In another setting, sodium-dodecyl-sulfate
and Triton-X100, when added to guanidinium thiocyanate-lysis
buffers, resulted in a 610g reduction of virus in highly infectious
clinical samples.[11]

The SARS-CoV-2 virus has been specifically tested for its
ultraviolet (UV) susceptibility. Like many related coronaviruses,
including the SARS coronavirus, SARS-CoV-2 was found to
be highly susceptible to UV inactivation. For instance, UV-C—
based disinfection was found helpful in stopping the SARS-
CoV-2 virus from replicating.[20,21] A class of transparent
conductors allowing for high levels of UV light to sufficiently
kill the virus has been recently released for use in disinfecting
public areas.[22]

Transmission period and transmissibility People infected
with SARS CoV-2 can be contagious prior to the onset
of symptoms, as many laboratory-confirmed cases were
asymptomatic.[23-25] Asymptomatic carriers emerge as a
new challenge for disease control. Moreover, post-discharge
surveillance revealed that the duration of viral shedding
may extend for more than one month after recovery and
seroconversion.[26-28]

Early transmission dynamics showed the basic reproduction
number, R, of SARS-CoV-2 was 2.2 to 2.7,[29-31] although
in other models it was calculated as 3.3[32] and 5.7.[33] The
real-time reproduction number (R) was consistent with R,
albeit with variations in different countries: Italy (3.1); Spain
(3.95); Germany (4.43) and France (6.56).[34] This implies
that different mathematical approaches and assumptions may
yield different results, and transmission dynamics may vary
geographically.

Routes of viral spread

Respiratory droplets and aerosols SARS-CoV-2 is classified
according to the US Centers for Disease Control and
Prevention (CDC) as a respiratory virus, and is thus believed

to be transmitted mainly through “respiratory droplets” when
infected people sneeze, cough or talk. Like many respiratory
viruses, including flu, SARS-CoV-2 can be spread in tiny
droplets released from the nose and mouth of an infected
person as they cough.[35] A single cough can produce up to
3000 droplets, and droplet diameters vary greatly (1-2000 pm).
[36] If enough pathogens are present in the droplets, they may
be inhaled and spread to others. When airborne, the droplets’
moisture quickly evaporates, leaving droplet nuclei. The size of
the nuclei and whether they carry pathogens determine their
infectivity. Humans can inhale particles containing pathogens
with diameters of 2-10 um, which account for some 60%-
80% of droplet nuclei produced by coughing and sneezing,
respectively.

The inhaled particles can then settle in the alveoli and
cause infection. Droplet nuclei produced by coughing are
equivalent to only about 5% of sneezing droplets (sneezing
droplets spreading more effectively.) Unless a large number of
pathogens are present in droplet nuclei produced from saliva,
sneezing or coughing, it is unlikely that these actions are
directly responsible for transmission.[37] The longest sneezing
transmission distance was found to be 1.7 m, and most of the
droplets with particles of 0.36 ym fell to the ground.[38] Larger
particles carrying pathogens will thus settle and contaminate
other objects, such as door handles, seats, public transport
handrails, elevator surfaces, etc., which then pose the risk of
indirect contact transmission.[37]

Assuming that inhaled particles < 50 ym can settle in the nasal
cavity, these particles would then account for >95% of the
droplet nuclei produced from sneezing and coughing. However,
one study found that 99.99% of pathogens are carried by
particles larger than 50 um.[39] Apparently, viral transmission
through droplets requires the infected person to eject a large
number of pathogens to result in direct transmission. When
there is no air flow interference, it takes about 30—60 minutes
for 90% of the droplet nuclei carrying pathogens to disappear
from the air. Droplet nuclei with a diameter >4-8 pm usually
disappear within 90-120 minutes. With airflow, the droplet core
disappears from the air faster.

These data were recently updated using spray droplet mea-
surement systems and spray scan laser sheets to analyze
droplet production from coughs and speech by measuring the
droplet size distribution, trajectory, travel distance and veloc-
ity, and time spent airborne in relation to the level of ventila-
tion.[40,41] In a study conducted by Lewis,[42] although large
(100-1000 pm) and small (1-10 um) droplets were produced
during coughing, only small droplets appeared during speech.
Droplets produced by sneezing coming from both the oral and
nasal cavities were predominately large ones. These did not
travel far before gravity bent their trajectory downward, falling
on the ground within one second. On the other hand, droplets as
small as 5 pm took almost 9 minutes to reach the ground when
produced at a height of 160 cm. This finding has key implica-
tions for aerosol transmission of SARS-CoV-2.[42] Importantly,
normal breathing did not produce any kind of droplets. Ventila-
tion of spaces substantially diluted respiratory droplets, thus
poorly ventilated and populated spaces could contribute to the
spread of SARS-CoV-2.
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Available research suggests that bioaerosols generated
directly through exhalations may spur SARS-CoV-2
transmission. This could help to explain why SARS-CoV-2
is so contagious and how asymptomatic and mildly infected
people may fuel the spread of the virus. Airborne transmission
is plausible since virus particles that were experimentally
aerosolized could remain viable for up to 3 hours.[3] William
Ristenpart, a professor of chemical engineering at University
of California-Davis, stated that SARS-CoV-2 spreads primarily
via aerosols emitted when people speak.[43]

People emit virus particles in a range of sizes including small
droplets or fine particles, or “aerosols”, that can be suspended
in the air for hours and flow with air currents long enough to
infect passershy.[44] Bourouiba, in a new model of respiratory
emissions, stated that under the right conditions, peak
exhalation speeds can reach up to 10-30 m/s. Liquid droplets
from sneezes, coughs and even breathing are trapped in
turbulent gas clouds, allowing them to travel >7-8 m, and
linger in the air for minutes. Pathogens in the cloud could
potentially reach air circulation systems inside buildings. The
best defenses are the outdoors and open windows where air
circulation or wind disperse and dissipate the clouds reducing
droplet concentrations.[45] However, the author did not look
at gas clouds of patients infected with the SARS-CoV-2 virus.

A recent study found live SARS-CoV-2 particles to be widely
distributed in the air and on object surfaces in the intensive
care unit (35% of samples) and general ward (12.5% of
samples) of the Huoshenshan Hospital in Wuhan, China.
SARS-CoV-2 aerosols were most concentrated near and
downwind to patients' rooms. These results confirm that
SARS-CoV-2 aerosol exposure poses risks, and that the
maximum transmission distance of SARS-CoV-2 aerosol might
be 4 meters.[46] In a hospital in Nebraska, USA, viral RNA
was found in two-thirds of air samples collected in isolation
rooms for severely ill COVID-19 patients and in a quarantine
facility housing those with mild infections. Viral RNA was also
isolated from surfaces on ventilation grates.[47] In another
study, viral RNA from SARS-CoV-2 was found in a number of
locations, including department stores.[48] Although the three
aforementioned reports did not confirm whether the collected
aerosols are capable of infecting new cells, the data suggest
that viral aerosol particles are produced by infected individuals,
even in the absence of cough or sneezing.

On the other hand, there are reports from settings where no
SARS-CoV-2 RNA was detected in air samples collected 10 cm
in front of symptomatic COVID-19 patients who were breathing,
speaking and coughing.[49-51] It is important to note that RNA
detection in environmental samples based on PCR assays is
not necessarily indicative of viable, transmissible virus.

Airborne transmission of SARS-CoV-2 may be possible in certain
circumstances in which aerosol-generating procedures (AGPS)
are performed, such as respiratory tract suction before or after
intubation, nebulizer treatment, manual ventilation, oxygen
mask manipulation, bronchoscopy, chest compression or
cardiopulmonary resuscitation, tracheostomy, or disconnecting
a patient from a ventilator.[52] Further studies are needed to
determine whether it is possible to detect the COVID-19 virus in

air samples from wards where no therapeutic procedures that
generate aerosols are ongoing.

Active SARS-CoV-2 has been detected in patients' saliva by cell
culture, although serial monitoring over time showed declining
viral load.[53] Saliva can be discharged through coughing and
can contain nasopharyngeal or lung secretions. When there is
no coughing or in patients with no symptoms, SARS-CoV-2 can
still be transmitted directly or indirectly through saliva.[35,53,54]

On March 29, 2020, WHO stated that aerosol transmission
of the virus needs further evaluation and confirmation, and
the number and distribution of SARS-CoV-2 in droplet nuclei
ejected by coughing or sneezing have yet to be confirmed by
research.[52] It is crucial to know the concentration of SARS-
CoV-2 particles which would result in a significant likelihood of
infection. The duration of exposure necessary to inhale enough
virus to cause infection is likely also an important factor.
Under favorable combined conditions of airflow, humidity and
temperature, an infectious dose of the virus might build over
time. We should acknowledge the difficulty of obtaining data in
this context since deliberately exposing people and measuring
the infection rate at different doses would be unethical.

Evidence-based hypotheses support the possibility of SARS-
CoV-2 airborne transmission due to its persistence in aerosol
droplets in a viable and infectious forms. Based on available
knowledge and epidemiological observations, it is plausible
that small particles containing the virus may diffuse in indoor
environments covering distances up to 10 meters from emission
sources.[55,56] This explains the anomalous COVID-19
outbreaks in northern Italy, ranked as one of the most polluted
areas in Europe and characterized by high particulate matter
concentrations.[57]

On July 6, 2020, more than 200 scientists submitted an open
letter to WHO warning about airborne transmission of SARS-
CoV-2 via aerosols and urging the organization to recognize
the risks. On July 9, WHO responded with an update in which it
acknowledged with hesitation the growing evidence of airborne
spread of the disease.[58]

Contact transmission Contact transmission of SARS-CoV-2 can
occur through indirect contact with fomites in the immediate
environment around the infected person or with commonly
touched surfaces of objects potentially contaminated by landed
patient secretions (nasal cavity, oral cavity, conjunctiva, etc.),
such as door knobs, seats, elevator surfaces, faucets, public
transport handrails, computer mice, trash bins, etc. Susceptible
individuals can then be infected through the nasal mucosa or
conjunctiva when touching the nostrils or rubbing the eyes.
[59,60] It is reported that SARS-CoV-2 RNA has been detected
on hospital door handles in Shandong and Guangzhou, China.
[39] In a study at the University of Nebraska Medical Center,
besides medical equipment, about 80% of frequently touched
miscellaneous personal items tested positive for SARS-CoV-2
RNA by reverse transcription polymerase chain reaction
(RT-PCR). These included exercise equipment, personal
computers, tablets, cellular phones, reading glasses, remote
controls for in-room TVs, toilet seats, room surfaces, tables,
bed rails and window ledges.[47] A case report published
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by the CDC suggested SARS-CoV-2 transmission may have
occurred via contact with contaminated surfaces. In that case,
a SARS-CoV-2-infected asymptomatic person attended a
church service and transmitted the disease to another person
who sat in the same seat later that day. Nevertheless, it could
not be ascertained whether the virus was contracted via a
contaminated surface or through lingering aerosol.[25]

Since SARS-CoV-2 could remain viable for several days on
surfaces such as cardboard, plastic and steel,[3] concerns
have been raised about packages, shipments and groceries.
[61] Although these items are likely safe, it is possible that
an infected person could unknowingly deposit a significant
amount of contaminant on them. Thus, it is advisable to wipe
down these items using approved disinfectants.[61] Non-
perishable items with same-day delivery can be left to sit for
12-24 hours at room temperature to minimize risk. Given
current epidemiological data, it is possible that contact with
SARS-CoV-2—contaminated surfaces may be one of its main
transmission routes, although controversy remains about how
much and for how long SARS-CoV-2 can survive on different
contaminated surfaces.

Fecal-oral transmission Early in the outbreak, fecal-oral
transmission was flagged as a possible route for SARS-
CoV-2 spread.[62] The angiotensin-converting enzyme 2
(ACE2) receptors used by SARS-CoV-2 to enter cells are
highly expressed in lung alveolar type 2 cells and in upper
esophageal and stratified epithelial and absorptive enterocytes
in the ileum and the colon.[63-66] SARS-CoV-2 was detected
in the intestinal tissues of animals exposed to the virus. The
virus was also detected in biopsy specimens and stool, even in
patients discharged after recovery, which may at least partially
explain reported gastrointestinal symptoms,[67,68] potential
recurrence, and transmission of SARS-CoV-2 from persistently
shedding patients.[69,70]

Recent evidence has confirmed the presence of SARS-CoV-2
in fecal specimens from COVID-19 patients, and live virus has
been cultured from stool samples.[71-74] Digested sputum may
represent the origin of the virus in stool.[75] However, viral RNA
concentration in anal swabs was higher than in the blood,[76]
suggesting that the virus might replicate in the digestive tract.
Contamination of hands, food and water may occur via contact
with fecal content and may cause infection by invading the
oral cavity and respiratory tract.[69,77-80] Chen recorded
viral shedding at multiple time points in stool specimens.
[81] Although all specimens were not equally consistent with
oropharyngeal swabs, stool samples tested positive for SARS-
CoV-2 RNA in 28 (66.7%) patients, of whom 18 (64.3%)
remained positive for fecal viral RNA after the virus had cleared
from their nasopharynxes. The average duration of viral
shedding from feces after negative conversion in pharyngeal
swabs was 7 days, although in some cases, this extended up
to 4-5 weeks.[70] Interestingly, detection of SARS-CoV-2 RNA
in stool was not linked to concurrent gastrointestinal symptoms,
iliness severity or particular demographic, clinical, laboratory or
radiologic findings.[81]

Similarly, Wu verified the presence of SARS-CoV-2 RNAin 55%
of fecal specimens of patients with a positive oropharyngeal

swab (RT-PCR).[82] Considering the infectiousness of
SARS-CoV-2 isolated from stool samples, three studies have
successfully cultured SARS-CoV-2 with a typical morphology
from stool specimens in Vero cells.

The aforementioned evidence affirms the potential for fecal-oral
or fecal-respiratory transmission of SARS-CoV-2, [71,83,84]
even after patients have tested negative with RT-PCR
oropharyngeal swab. Accordingly, treated patients who meet
discharge criteria with a negative oropharyngeal swab should
be advised they may still spread the disease via the fecal
shedding route. Setting a negative fecal viral RNA test as part
of the criteria for patient discharge is thus warranted.

Ocular transmission (Conjunctiva, tears, contact lenses) Tears
are one of the body fluids that can transmit SARS coronavirus.
[85] Although ACE2 proteins are widely distributed in many
organs of the body (skin, lymph nodes, thymus, bone marrow,
spleen, liver and brain),[63] their expression in conjunctival
epithelia is yet to be confirmed. Lu stated that the route of
conjunctival COVID-19 infection and tear transmission cannot
be ignored, as unprotected ocular exposure (while fully-
gowned with a protective suit and N95 respirator) was thought
to be responsible for nosocomial infections in the Wuhan Fever
Clinic.[86,87] Ocular fluid from SARS-CoV-2—-infected patients
was found to contain the virus. This occurred early in the
disease course and was confirmed by viral RNA detection.[88]
Similar case presentation and findings were reported by other
scholars.[89-91] These findings highlight the importance of
hygienic measures and appropriate use of personal protective
equipment (PPE), because ocular mucosa could be both a site
of virus entry and a source of contagion.

Liang and Wu detected SARS-CoV-2 RNA by RT-PCR in
the conjunctival sac of 37 COVID-19 patients, of whom
3 had conjunctival congestion/inflammation. The viral
load of conjunctival sac secretion was relatively low and
proportional to the severity of the disease,[92] suggesting that
ocular symptoms commonly appear in patients with severe
pneumonia.[93] Reports of typical signs and symptoms from
55,924 laboratory-confirmed cases showed that conjunctival
presentation was found in 0.8%, and it was unclear whether
it was an initial or a concurrent symptom.[70,94,95] Indeed,
SARS-CoV-2 may cause tears and conjunctivitis in the case
of direct inoculation, migration of an upper respiratory tract
infection, or hematogenous involvement of the lacrimal gland.
[96]

In a prospective interventional case series study, Xia collected
tears and conjunctival secretions at an interval of two—three
days and tested for SARS-CoV-2 by RT-PCR. They found
that tears and conjunctival secretions were positive for viral
RNA only if COVID-19 pneumonia patients had conjunctivitis.
However, isolation of the virus was unsuccessful. These results
suggest that SARS-CoV-2 does not replicate in conjunctival
epithelia and that ocular transmission is unlikely.[97] On the
other hand, when tear sampling time points covered two weeks
of active infection in an attempt to provide a good representation
of the full disease course, all tear samples including those from
patients with ocular manifestations, showed negative results,
although nasopharyngeal swab samples continued to test
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positive. Importantly, tear samples were incubated in cell lines
four days before RNA extraction to rule out the possibility of
false negative RT-PCR if a cytopathic effect could be observed.
This again suggests that the risk of transmission through tears
regardless of the phase of infection is likely low.[98]

Contact lenses have been raised as a potential concern for
increased risk of exposure to the virus, although no evidence
of contracting COVID-19 infection through handling contact
lenses has been reported thus far. However, as contacts can
cause eye irritation, wearers touch their faces when putting on
and removing contacts, and may rub their eyes more often, all of
which puts them at a higher risk for acquiring infection. Contact
lens wearers may wish to opt to use spectacles, instead.[99]

Mother-to-child transmission Given the changes to physiology
and immune function during pregnancy, pregnant women might
face greater risks of being infected by SARS-CoV-2. Many
diseases can be transmitted vertically by the mother-to-child
route. Although mother-to-child transmission of SARS-CoV-2
still requires more evidence before it can be confirmed, there
have been cases that point to the possibility of this route.
Evidence for such transmission was based on clinical and
laboratory findings, particularly elevated IgM (immunoglobulin
M) antibody values in blood drawn from neonates following
birth,[100-102] or positive neonatal nasopharyngeal swabs for
SARS-CoV-2 RNA by RT-PCR.[103] Positive IgM results with
their inherent challenges of false positivity or cross reactivity
with other congenital infections (sensitivity and specificity of
70.2% and 96.2%, respectively) are not definitive evidence
of in utero infection. In many cases, infection in early infancy
may have occurred due to postnatal contact with COVID-19—
positive parents or caregivers.[104]

A meta-analysis of 21 articles, which included 92 neonates
born to 90 mothers infected with COVID-19, found no
differences in the clinical characteristics of pregnant women
and non-pregnant COVID-19 patients. Maternal COVID-19
infection has caused higher incidence of fetal distress and
premature labor, although vertical transmission was rare (4
out of 86 neonates tested positive for the virus by RT-PCR).
[105] An additional report of 10 pregnant women infected with
COVID-19 resulted in similar findings: that is, while no vertical
transmission of SARS-CoV-2 occurred after delivery, perinatal
infection had produced adverse effects on newborns including
intrauterine fetal distress, premature labor, respiratory distress,
thrombocytopenia and abnormal liver function, and even death.
[106]

The cause of such neonatal illness or death remains unclear,
and the possibility of false negative PCR tests cannot be ruled
out. More specimens, including umbilical cord blood, amniotic
fluid, gastric fluid, stools or anal swabs from the neonates
should have been collected to optimize detection of viral RNA.
Furthermore, the placentatissue should have been examined for
possible placental inflammation caused by viral infection. In any
case, when these samples were considered in further studies,
all tested negative for SARS-CoV-2.[107-110] This suggests
that placental shedding and mother-to-child transmission is
unlikely for this virus, probably due to low maternal viremia.
[84] The criteria that should be used for definitive diagnosis

of vertical SARS-CoV-2 transmission remain unclear. One
suggestion is a neonatal nasopharyngeal swab positive for
virus within one to two hours of birth and before contact with
an infected individual, and an elevated IgM level for the virus
in cord blood. Although clinical characteristics of COVID-19 in
pregnant women were similar to infected non-pregnant women,
the case fatality of COVID-19 among pregnant women was
25%. The related complications included acute respiratory
distress syndrome, disseminated intravascular coagulopathy,
secondary bacterial pneumonia, renal impairment and sepsis.
[105,111,112]

It is noteworthy that in all previous reports, pregnant women
were recruited in their third trimester, and thus the possibility
of intrauterine vertical transmission during the first or second
trimester cannot be ascertained.[113] The impact of rubella
infection, for example, increases two-fold in the first trimester
compared to the second trimester.[114] Moreover, all infected
pregnant women underwent caesarian delivery, thus whether
normal labor or uterine contractions increase the risk of mother-
to-child transmission has yet to be clarified.[112,113,115] In a
retrospective study, vaginal delivery was described as carrying
a low risk of intrapartum SARS-CoV-2 transmission to the
newborn, although one newborn tested positive after a vaginal
delivery.[116] Several cases of uncomplicated labor and vaginal
delivery in women with COVID-19 were reported.[117,118]

Breastfeeding Breast milk provides protection against many
illnesses. Currently, it is unclear whether SARS-CoV-2 can
spread via breast milk, but an infected mother can transmit the
virus to her infant via respiratory droplets during breastfeeding.
[111] In limited studies, SARS-CoV-2 has not been found in
breast milk,[108] but fragments of the viral RNA were detected
by RT-PCR in a few breast milk samples of infected mothers
although the isolated virus was not viable.[119] This does
not rule out the possibility that mothers with COVID-19 could
spread the virus via breast milk.

Confirmed or symptomatic mothers under investigation should
take all possible precautions to avoid spreading the virus to their
infants. When two mothers with COVID-19 who contracted the
infection in the post-partum period breastfed without a mask,
their newborns tested positive for SARS-Cov-2.[116] As per
WHO recommendations, mothers with suspected or confirmed
COVID-19 are encouraged to initiate or continue breastfeeding.
[120] Whether mothers decide to express milk or to breastfeed
directly, strict hygiene measures should be followed including
face masks, hand washing and use of a breast pump.[121]

Sexual transmission Without a doubt, SARS-CoV-2 has
implications for sexual and reproductive health.[122] Whether
SARS-CoV-2 is sexually transmitted is largely irrelevant to
the risks of having sex with someone who is infected. Early
in the pandemic, SARS-CoV-2 was thought unlikely to be
spread through sexual intercourse, according to a study that
found no molecular evidence of SARS-CoV-2 in collected
semen samples[123] and testicular biopsy specimens[124]
from 34 Chinese men with mild to moderate COVID-19, one
month after diagnosis. Moreover, Cui did not detect any SARS-
CoV-2 RNA in vaginal swabs of 35 COVID-19-positive female
patients and found no evidence of sexual transmission to their
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male partners.[125] More recently, 6 of 38 semen samples
of COVID-19-infected men tested positive for SARS-CoV-2.
Two of these samples were from patients who recovered.
[126] However, since then, the virus has been found in feces,
saliva and mucous,[39,53,54] and the virus may be transmitted
through anal or oral sex.[127] On the other hand, Wang
provided bioinformatics evidence that human testes may be
highly vulnerable to SARS-CoV-2 infection since ACE2 and
transmembrane serine protease 2 (TMPRSS2), both of which
act as receptors for SARS-CoV-2, are found in high numbers in
human testicular tissue.[128] These findings provide potential
clues for further investigations. Collectively, SARS-CoV-2
can be seeded in the male reproductive tract, and sexual
transmission might contribute a critical proportion of overall
viral propagation.

Zoonotic transmission COVID-19 is a zoonotic disease, whose
spread was accelerated by modern human transportation and
crowded urban environments, as well as through nosocomial
transmission once severely-ill patients were hospitalized.
[129-131] Little is known about the presumed animal reservoir.
Preliminary reports based on the codon usage and origin-
unknown homologous recombination of the spike glycoprotein
suggested snakes as the possible wildlife source of the novel
coronavirus.[132] However, RNA analysis revealed the virus
to be most closely related to a coronavirus isolated from
horseshoe bats (CoV RaTG13) living in Yunnan Province
caves.[133-143]

Horseshoe bats are maintenance hosts for SARS-related
coronaviruses, and SARS-CoV-2 may have emerged in a
similar way through sequential genetic recombination events
prior to spillover into an intermediate host, thus qualifying as
zoonotic transmission.[129,144,145] Epidemiological evidence
indicated that several episodes of zoonotic transmission
occurred in late November 2019 at a Wuhan city wholesale
market, where live wild animals including snakes, bats,
marmots, deer and some game animals were illegally traded.
[129,146] Frequent human-animal interactions and low levels
of environmental biosecurity in rural communities in southern
China were identified as risks for zoonotic disease emergence.
[147] Future in-depth research on specific risk factors will
help tailor more fine-tuned risk mitigation strategies to reduce
threats of emerging zoonoses.

There have been a few reports of infected pet dogs,[148,150]
cats[151,152] and other domesticated animals.[148,152,153]
However, there is currently no evidence of SARS-CoV-2
spreading from humans to pets or vice versa. Indeed, SARS-
CoV-2—positive dogs on RT-PCR had negative culture and
serological tests, suggesting that the virus was unable to
reproduce even when the best possible medium was provided.
In one study, the COVID-19—positive dog never seroconverted
to create antibodies against the virus, suggesting a weak
infection not capable of eliciting an immune response and
that the dog was never contagious to other pets or people.
This means that the risk of pets serving as a source for
SARS-CoV-2 infection, or for pets catching the disease from
humans, must be extremely low. Research is being planned
to better understand the risks and consequences of SARS-

CoV-2 infections in domestic animals. As part of the planned
research, pet owners will be surveyed for particular interactions
or behaviors that may contribute to the spread of the virus from
humans to animals. Until we learn more, COVID-19—positive
pet owners should exercise caution and appropriate physical
distancing to keep their pets safe. Contact with pets in regard
to kissing, petting or snuggling, sharing food, bedding, towels
or dishware should be restricted.[154,155]

Air conditioning cooling systems New research suggests that air
conditioning (AC) may circulate infectious droplets containing
SARS-CoV-2. In fact, air conditioning has always had the ability
to influence virus circulation, but concerns for SARS-CoV-2
are extreme given the great susceptibility of the population-at-
large to the virus and the current lack of a vaccine. An outbreak
of COVID-19 in an air-conditioned restaurant in Guangzhou,
China, involved nine persons in three family clusters. The
infection was transmitted by a symptomatic index case at a
table that was located in front of an AC unit to people at the
same table as well as to others at a neighboring table. Although
the six smear samples from the air conditioner intake and out-
take hose all tested negative for SARS-CoV-2 as confirmed
by RT-PCR, virus transmission in this outbreak cannot be
explained by droplets alone. The scenario was consistent
with droplet transmission prompted by the direction of the AC
airflow, since lower concentrations of adrift aerosols at greater
distances were insufficient to cause infection in other parts of
the restaurant.[156]

AC systems may pose the same danger in home settings
particularly in the case of central cooling units. Opening
windows rather than using AC would allow better air exchange
and minimize viral spread.[157] In restaurants and banquet
halls, it is crucial to increase the distance between tables and
improve temperature-monitoring and ventilation surveillance.
Ceiling fans with upward airflow rotation combined with upper-
air ultraviolet germicidal irradiation (UVGI) disinfection systems
can be utilized.[158]

Household clusters Family clustering has been an important
factor in SARS-CoV-2 transmission.[75] The secondary
transmission rate among cohabiting family members and
close contacts is highly variable (5%-100%),[26,30,31,159]
and transmission is mainly through respiratory droplets or
through close contact. Cohabiting children (<20 years) are
4 times less likely than older adults (=60 years old) to catch
SARS-CoV-2 with no risk differences by sex.[160] Variations
in the clinical manifestations of the disease can occur
across secondary cases. Asymptomatic carriers may remain
asymptomatic, develop mild symptoms or even develop
severe COVID-19.[24,160-167] Given that the viral loads of
symptomatic and asymptomatic patients are similar,[168] silent
patients (asymptomatic or minimally symptomatic) have high
transmission potential and can still infect others. Moreover,
transmission may occur early in the course of infection during
the incubation period,[24,160,166,167,169] which substantially
impedes any potential of curbing the ongoing pandemic. This
highlights the importance of epidemiological investigation of
family-associated incidence rates, close contact tracing and
longitudinal surveillance. Silent patients should be subjected
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to isolation and continuous reassessment by virus-specific
nucleic acid tests.[161,162,166,169]

Infected children have been identified largely through contact
tracing in households of adults.[170] A recent study of 65,000
youngsters found that those between the ages of 10 and 19
years are capable of spreading SARS-CoV-2 within households
just as effectively as adults.[171] SARS-CoV-2 transmission
can be particularly efficient in crowded, confined indoor spaces
such as homes and workplaces where transmission rates can
reach as high as 43%.[172-175]

Foodborne transmission Currently foodborne exposure to
SARS-CoV-2 is not believed to be a route of transmission.
[75,176] Because most initial cases had visited a wet market in
Wuhan selling various exotic live animals, misinformation had
circulated about the possibility of contracting SARS-CoV-2 if
someone had eaten bats or bat soup. The mode of transmission
became clearer after an explicit outbreak investigation that
pointed to exceptionally wide contamination of a seafood
market by bat excreta.[177]

Several factors could make transmission of SARS-
CoV-2 through food less likely, even if the virus is present on
food: i) cooking at least 60 °C usually kills viruses in meat and
animal tissue, while it is certainly possible that transmission
could occur if someone prepared a bat for a meal or consumed
it undercooked; ii) unlike bacteria, viruses cannot grow inside
food; iii) because of the poor stability of SARS-CoV-2, it
cannot survive for long on surfaces and would be expected to
dwindle with time if it accidently contaminated foodstuffs; iv)
unlike other enteric viruses (norovirus, rotavirus, astrovirus or
hepatitis A virus), SARS-CoV-2 has a different structure and
cannot survive in the acidic stomach media;[178] v) moreover,
food safety measures that are already in place to prevent
foodborne illness reduce the transmission of any virus particles
through food.[178,179]

Waterborne transmission SARS-CoV-2 has not been detected
in drinking water but was found in untreated wastewater.
[180] As we pointed out earlier, SARS-CoV-2 nucleic acid has
been found in urine and fecal matter of COVID-19 patients
[67,73,74,77,181] and the virus was successfully cultured from
some specimens.[71,72] While data are limited, it is unclear
whether virus found in feces may be capable of causing
COVID-19. There has not been a confirmed report of the
virus spreading from feces to humans. While plausible, it is
not yet certain how well the virus is able to survive in water
and wastewater, or whether a person exposed to untreated
wastewater or sewerage can contract the infection. SARS-
CoV-2 may potentially enter wastewater systems through
nasal secretions (e.g. due to the blowing of one’s nose and
subsequent flushing of tissues). Similar coronaviruses have
persisted in water, urine, feces and wastewater for periods up
to 2 days at 20 °C, 4 days at 22 °C and 14 days at 4 °C, in
diarrheal stool samples with an alkaline pH.[183,184] However,
conventional wastewater treatment methods adopted in
most municipal drinking water plants that use filtration and
disinfection should remove or inactivate any virus, including
SARS-CoV-2.

As enveloped viruses, human coronaviruses have been shown
to be more sensitive to chlorination, oxidant disinfection and
ultraviolet light than other viruses with protein coats.[185]
Transmission of the virus through properly designed and
maintained sewage systems is a remote possibility. Beyond
‘business as usual’ no SARS-CoV-2-specific modifications
are required.[180] Existing standard practices of wastewater
treatment plant operations still apply and should be adequate
in managing transmission risks to wastewater workers. It is
important to dispose of greywater in drains connected to a septic
system, sewer or in a soakaway pit. The latter should be fenced
off within the health facility grounds to prevent tampering and to
avoid possible exposure in case of overflow.[185] Recreational
water is another concern, although no reports have been made
of SARS-CoV-2 transmission through the water in pools or
in water play areas.[186] Proper operation, disinfection and
maintenance of these facilities should inactivate the virus in
the water.[180]

Solid waste The COVID-19 pandemic is generating tons of
medical waste and used gear contaminated with bodily fluids
or other infectious materials. There is no evidence that direct,
unprotected handling of health care or municipal solid waste
has resulted in SARS-CoV-2 transmission.[185] Medical waste
generated during COVID-19 care can be treated and safely
disposed of the same way as regular medical waste.[187]
Discarding medical waste carelessly into the environment
might result in severe consequences, particularly surface
and fresh water pollution. Care should be taken to limit direct
exposure to solid waste using best management practices.
Waste management operators working with very limited safety
equipment such as scavengers and waste-pickers are at great
risk of infection.[187]

Vector-borne transmission Although SARS-CoV-2 can be found
at low levels in blood, transmission via insect bite remains a
remote possibility until proven otherwise.[188] The situation is
under surveillance and monitoring by the American Mosquito
Control Association.[189]

There is no evidence to support that SARS-CoV-2 can be
vector borne. Scientists are assessing the potential risk that
vectors like mosquitoes pose in SARS-CoV-2 transmission.
Members of Coronaviridae (SARS and MERS) are not
transmitted through blood-feeding insects (mosquitoes, ticks,
sandflies). The capacity of SARS-CoV-2 to infect and be
transmitted by three widely distributed species of mosquito
(Aedes aegypti, Aedes albopictus and Culex quinquefasciatus)
has been experimentally investigated and the results showed
that the virus is unable to replicate in these mosquitoes and
therefore cannot be transmitted to people.[190]

Blood-borne transmission Nucleic acid from SARS-CoV-2 has
been detected in many non-respiratory specimens including
blood.[73,76,84,181] Although the role of blood in SARS-CoV-2
transmission remains uncertain, the risk merits caution and has
resulted in some challenges to usual blood donation services.
[191-193] The viral load peaks in the second week, but it is
unknown if viremia occurs in pre-symptomatic or asymptomatic
infection.[193,194] The median duration of the virus in serum
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was 16 days and correlated with disease severity and patient
age.[73,76] Generally, respiratory viruses are not transmitted
through blood. The potential for SARS-CoV-2 transmission
through blood or blood derivatives appears low since no
transfusion-transmitted infection has been reported for SARS-
CoV-2 in recipients of platelets or red blood cell transfusions
from donors diagnosed with SARS-CoV-2 or for the related
coronaviruses SARS-CoV and MERS-CoV (the receptors did
not develop COVID-19-related symptoms nor did they test
positive for SARS-CoV-2).[195,196] Importantly, SARS-CoV-2
has been shown to attack the 1-beta chain of hemoglobin and
capture the porphyrin to inhibit human heme metabolism. This
diminishes hemoglobin binding capacity to oxygen, triggering
resistant hypoxia coupled with very rapid multi-organ collapse
in COVID-19 patients.[197]

Several studies have investigated pathogen inactivation
and reduction technologies (PRTs) to completely eradicate
the potential risk of coronavirus transmission via blood
or blood products.[192] Since February 10, 2020, Wuhan
Blood Center and all blood banks in Hubei province have
tested blood donations for SARS-CoV-2 RNA.[192] Plasma
samples from this bank that were positive for viral RNA from
four asymptomatic donors were screened in real time and
retrospectively back to January 25, 2020.[198] The European
Center for Disease Prevention and Control (ECDC)[199] and
American Association of Blood Banks (AABB)[200] conducted
a rapid risk assessment of the SARS-CoV-2 outbreak and
its impact on blood safety. In this context, they established a
precautionary 21-28 days deferral of donation after potential
exposure to a confirmed case, resolution of symptoms and
completion of therapy in patients with confirmed COVID-19, or
in those recently returned from an outbreak area.[199]

Apart from taking body temperature, screening questions
for symptoms or potential exposure, active post-donation
information gathering, and recalling and tracing infected
donors, the ECDC, AABB, FDA and CDC do not currently
recommend any specific measures for blood collection and
testing protocols, since the risk for transfusion transmission
of SARS-CoV-2 is still theoretical.[192] However, the safety
of these actions is questionable in the face of unknown risk.
[193] The New York Blood Center is closely monitoring the
COVID-19 outbreak.[201]

Organ transplantation There is a risk of donor-derived SARS-
CoV-2 infection, either from living or deceased donors.
[202] The ECDC has recommended SARS-CoV-2 testing
for epidemiologically at-risk potential organ donors.[203]
Transplant recipients are at high risk of infection from viruses
since they require immunosuppressants. Considering the
previous responses to similar viruses, SARS-CoV-2 may induce
severe consequences in recipients. They are anticipated to
have more intense and prolonged viral shedding, with potential
secondary impacts on contacts and health care workers.
Nevertheless, preliminary evidence from an lItalian transplant
center in Lombardy showed that immunosuppression did not
increase the risk of severe COVID-19 disease. However, it was
suggested that precautions were still merited, as severe clinical
manifestations could be triggered by reactive innate immune
responses.[204] On the other hand, kidney transplant patients

with COVID-19 in London evolved to serious stages and the
disease was associated with poor outcomes.[205] As more
information surfaces, these risks require further clarifications
before we are capable of drawing more solid conclusions.

To avoid severe consequences of SARS-CoV-2 infection on
both the transplant community and the contacts of transplant
patients, the American Society of Transplantation has put
forward interim recommendations. Living donors are required
to avoid disease outbreak areas for at least 14 days before
donation and are monitored for symptoms and exposure
history.

A 14-day deferral for elective organ donation is warranted for
asymptomatic living donors with a recent history of travel to
disease transmission areas or exposure to a person with known
or suspected COVID-19. Deceased donors with known active
COVID-19 are to be denied, whereas deceased donors with
epidemiologic risks but without history of fever or respiratory
illness or donors who have recovered from COVID-19 in the
past are carefully considered for organs other than the lungs or
intestine. Isolation procedures should be applied if a transplant
is performed during a potential incubation period or in a country
with endemic circulation of SARS-CoV-2. As more information
becomes available, procedures related to transplantation must
be updated.[202,203]

Hemodialysis Hemodialysis patients are in mandatory
congregate settings, which compounds risk. Dialysis
centers have become far more dangerous as SARS-CoV-2
spreads rapidly in the community. Several studies reported
maintenance hemodialysis patients who contracted SARS-
CoV-2 infection, although the transmission could not be traced
to the hemodialysis process.[206,207]

To anticipate this challenge and provide evidence-based
guidance to patients, healthcare professionals and dialysis
facilities, the American Society of Nephrology established
a COVID-19 Response Team in conjunction with the CDC.
[208,209] Preventive strategies must be implemented to
minimize the risk of widespread dissemination of SARS-
CoV-2 in dialysis facilities, including education of staff and
patients, careful disinfection, early recognition and screening
for COVID-19 and separation of infected or symptomatic from
non-infected patients.[210-212] Some dialysis organizations
employ cohort models to identify epidemiologically at-risk
patients and symptomatic or COVID-19-positive patients,
transferring them to different facilities.[210]

Nosocomial transmission Many confirmed COVID-19 patients
have been infected in healthcare facilities.[213-216] Based
on a meta-analysis of 4 studies, the proportion of nosocomial
infection with SARS-CoV-2 has been quite high, accounting
for 44% of patients with COVID-19.[217] Indeed, early in the
epidemic, hospital personnel did not know enough about
the virus to take proper precautions, leading to inattentive
prevention and control actions. Moreover, patients admitted to
hospitals did not take any precautions or personal protection.
Many unsuspicious COVID-19 cases were initially nursed in
non-dedicated multi-bed wards, mingling and sharing common
facilities with other patients.[218]
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Appropriate hospital control measures have been able to
prevent nosocomial SARS-CoV-2 transmission. Contact tracing
and surveillance did not result in COVID-19 cases among
hospitalized patients or health care workers when a vigilant
integrated infection control strategy was in place.[49,218-221]
Influencing patient behavior to encourage them to take droplet
and contact precautions, and applying social distancing within
hospitals have been equally important in reducing nosocomial
spread.[219] Interestingly, high-flow oxygen therapy =6 L/min
with a simple facemask posed a low risk of aerosol generation
and did not result in secondary transmission[219] due to limited
air leak through the side vents,[222,223] hence the neighboring
patients were safe if they were kept at least one meter from
the index patient. To increase safety during non-invasive
ventilation, a helmet can be used as an interface if connected
to the ventilator to avoid aerosolization.[224]

The “eagle-eyed observer” is another promising endeavor
for minimizing SARS-CoV-2 nosocomial infection. In this
context, an on-duty observer remotely monitors medical staff
in real time and instructs for instant correction.[225,226] As
a proactive infection control tool, this provides immediate
solutions in negative pressure isolation wards at three stages
(before medical worker entry, while in ward, and after leaving
the isolation ward).

Health-care workers SARS-CoV-2 mimicked the 2003 SARS
epidemic in producing alarming infection rates among
healthcare workers (HCWSs).[227,228] The virus attacked 2.0%—
29.0% of responding HCWs in China, Italy, Spain, USA and
UK.[219, 229-232] Although some acquired the infection in the
community, most contracted SARS-CoV-2 at their workplaces
while providing direct patient care. Despite awareness of the
potential of aerosol transmission through various therapeutic
activities, inevitable exposure often occurred while performing
AGPs.[219,229-232] HCWSs have been therefore required to
wear a full set of PPE and an N95 mask or equivalent gear while
performing an AGP.[233] Of note, PPE could itself be a source
of airborne contamination. In fact, Liu at Wuhan University
studied SARS-CoV-2 aerodynamics in Wuhan hospitals and
found that it can be resuspended in the air when HCWs remove
their PPE, clean floors and move through infected areas.[48]
HCWs should therefore receive continuous training on proper
hygiene measures and PPE use.[49,221,234] Although access
to PPE is prioritized for HCWSs, shortages or equipment that
was not up to standards was described in many settings.[234]
WHO is working with governments, industry and the Pandemic
Supply Chain Network to boost production and secure sufficient
PPE.[235]

According to some reports, HCWs were more likely to get
SARS-CoV-2 in the community, yet there have been few
scientific reports specifically looking into this aspect.[236,237]

Travel The COVID-19 pandemic has imposed a global
shutdown of borders, including international air travel.[238]
Travel restrictions go beyond border control, as entry thermal
and syndromic screening for all incoming travelers, a 14-day
quarantine of healthy individuals, and complete travel bans from
high-risk areas were introduced by more than 130 countries.
[239,240] Certainly, travelers departing from Wuhan before the

Spring Festival were the main infection source for other cities in
China.[241,242] The CDC advises avoiding all nonessential travel
to all global destinations. Conversely, prolonged border closures
goes against WHO’s recommendation to avoid unnecessary
restrictions on international traffic and trade.[240] Indeed, travel
bans may interrupt deliveries of needed aid and technical support.
[238] After careful risk assessment, restrictions must be revised
regularly as the situation evolves to remain responsive in both
measures and duration of the risk to public health.[243]

Travel restriction has often been debated. Understanding the
implications of SARS-CoV-2 transmission is crucial for the
formulation of containment strategies.[244] Airport screening
was successful in identifying and blocking importation of up to
50% of dengue or Ebola cases presenting with fever in Taiwan.
[245,246] However, in the ongoing COVID-19 pandemic,
airport screening effectiveness was estimated to be very
limited given the disease’s extended incubation period (beyond
14 days), which can result in low predictive values at screening
locations.[247] Asymptomatic cases in their incubation period
or cases concealing fever during travel could escape border
controls and become infectious later to seed local transmission
in destination countries.[30,248,249] Moreover, syndromic
screening generates a high overhead of travelers who screen
positive but are uninfected with the pathogen of interest.
[250,251] A reliable screening test (RT-PCR) can detect
symptomatic and asymptomatic COVID-19 cases but will not
provide instantaneous results.[252]

Statistical modeling estimated a 70.4% reduction in COVID-19
global incidence after travel bans, and a 7%-20% reduced
probability of major epidemics in all countries. However,
travel bans secured only a few days of delay in the spread
of the epidemic which will not substantially help meaningful
prevention.[253,254]

The risk of contracting the virus on regularly traveled public
transportation in major cities may outweigh the risk of
contracting the disease through international travel if physical
distancing is not maintained. Accordingly, the contribution
of global travel restrictions is relatively small unless paired
with public health interventions (early detection, disease
surveillance, social distancing, hand washing, sanitation, self-
isolation, quarantine and case management) to maximize
reduction of transmissibility.

Mass gatherings Large events and mass gatherings (MGs) such
as concerts, festivals, conferences or sporting events have
been sources of infectious disease spread and responsible
for exacerbating the scope of pandemics.[255-257] However,
the scale of the problem has declined over decades as better
public health measures have been applied.[256,258,259]
Behaviors in MGs like talking, sharing food or drinks and
long periods of close sitting or standing can facilitate disease
transmission. The role of MGs in SARS-CoV-2 transmission
could be significant given the relatively high R_.[260] In
response to the COVID-19 pandemic and in line with social
distancing guidance, government officials and responsible
organizations in many countries have made decisions to cancel
or postpone planned events.[261,263] Timing of restrictions
should come closer to peaks in the epidemic and continue as
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long as the transmission fails to decrease.[260] Schools are
closed and distance learning is being adopted. Venues where
people congregate for nonessential purposes such as gyms,
pools, movies, museums or recreation are closed. On the other
hand, supermarkets, service stations, clinics, pharmacies,
banking and other essential gathering services remain open.
[262,264] MG cancellation or suspension is critical to pandemic
mitigation.[257,265] A large body of research in this area is
based on modeling studies[257] and case reports, including
the COVID-19 outbreaks on the Diamond Princess cruise
ship[30] and carnivals in Latin America.[266]

Adherence to MG restrictions will aid emergency services and
alleviate the burden on public health. Nevertheless, restrictions
on MGs should be decided on the basis of context-specific
risk assessment and clear rationale, bearing in mind their
socioeconomic impacts and effects on the future wellbeing of
communities.[258,263]

Refugees and migrants Given how quickly SARS-CoV-2 is
spreading, it will inevitably establish a foothold in refugee
and migrant communities and within internally-displaced
settlements.[267] The risk is compounded by overcrowded
living arrangements and the immense barriers to accessing
healthcare services and sanitation facilities commonly found in
these communities. Border closures and movement restrictions
will likely increase as containment measures for COVID-19
control intensify, which will block refugee rights to seek asylum
and humanitarian aid, particularly after the UN suspension of
resettlement procedures.[267,268] The COVID-19 pandemic
could devastate migrant populations without immediate action
and enormous global support. For example, almost half the
refugeesin the Ellwangen refugee camp in Baden-Wurttemberg
tested positive for SARS-CoV-2 (250 confirmed cases), and
these individuals were forced to share facilities with everyone
else. Moreover, about 80% of refugees live in low- and middle-
income countries with compromised healthcare systems and
reduced epidemic management capacity.[268] WHO calls on
preparedness plans to consider refugees and address their
needs in order to ensure no one will be left behind. Its proposed
framework guides risk assessment, case management
protocols, rapid deployment of outbreak response teams and
linguistically accessible information about COVID-19.[269,270]

Homelessness Homeless people live in environments that are
conducive to disease spread.[271] They live in congregate
settings (tents, shelters or halfway houses, encampments,
abandoned buildings, train or bus stations, tunnels) with
shortage of basic needs and hygiene supplies. Moreover,
homeless individuals engage in high rates of substance abuse,
have poor health status, and experience 5-10 times higher
all-cause mortality than the general population.[271,272]
People experiencing homelessness are at a catastrophic risk
of infection during the community spread of SARS-CoV-2.
[273] More particularly, mentally-ill homeless individuals
will not be able to cope with the situation in recognizing and
responding to the threat of infection.[273] These circumstances
challenge attempts to stem SARS-CoV-2 in countries with
sizable unsheltered populations.[273,274] As cities impose a
lockdown to prevent SARS-CoV-2 transmission, emergency
preparedness plans to protect and accommodate people

experiencing homelessness are few. In the USA, in response
to the COVID-19 crisis, action is being taken to relocate many
of homeless people to hotels. In fact, homelessness requires
additional measures and resources. In the USA, the CDC
has issued interim guidance to support response planning by
emergency management and public health authorities in order
to respond to the needs of homeless populations in the face of
the epidemic.[275]

Drug addiction COVID-19 could hit populations with substance
abuse disorders (SUDs) particularly hard.[276] Very little is
known about SARS-CoV-2 and its intersection with SUDs.
However, people who use drugs (PWUD) including opioids,
methamphetamine or cannabis, might face an increased risk of
COVID-19 and its more serious complications given their effects
on cardiopulmonary health as well as on the immune system.
[276] Compromised breathing is the main life-threatening effect
of opioid abuse, which can be further aggravated by COVID-19
and manifest as an overdose.[276,277]

The current public health crisis raises additional serious
concerns for PWUDs. Indeed, recreational drug use often
takes place within congregate settings where smoking or
injecting equipment potentially contaminated with SARS-
CoV-2 are shared.[278] Prospects of self-quarantine and other
public health restrictions may also disrupt regular access to
syringe exchange services, medications and other needed
support. Moreover, PWUDs experience housing instability and
limited access to health care at higher rates than the rest of
the population. Fear of stigmatization will create an additional
barrier to treatment for COVID-19.[276]

Smoking and tobacco use Mounting evidence has attributed
differences in COVID-19 prevalence and severity to smoking.
[279-281] Two meta-analyses of relevant epidemiological
studies conducted in China supported the argument
that smoking is most likely associated with the negative
progression and adverse outcomes of COVID-19.[282,283]
Conversely, reports from several studies questioned the role
of coexisting active smoking as a risk factor for COVID-19
pneumonia,[284] and even suggest a protective role.[285]
In this regard, epidemiological data showed that smokers
were underrepresented among COVID-19 patients, with no
significant association between current smoking and severe
disease.[94,286-288]

Interestingly, the prevalence of current smoking among
hospitalized COVID-19 cases in China, France and the USA
was low (approximately one third the anticipated prevalence
when considering smoking prevalence in the general population).
French researchers suggested that the nicotinic acetylcholine
receptor (NAChR) plays a key role in the pathophysiology of
SARS-CoV-2 infection and thus presents a target for its prevention
and control. This legitimizes controlled use of nicotine to compete
with SARS-CoV-2 binding to the nAChR. A therapeutic assay of
nicotine patches against COVID-19 is planned to test this theory
at Pitié-Salpétriere hospital in Paris.[289]

Controversial inferences from the latest epidemiological
studies should be interpreted with caution, given the limited
available data and unadjusted results for other factors that may
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affect disease outcomes. In fact, smokers are likely to be more
vulnerable to contracting COVID-19, as the act of smoking
involves frequent hand to mouth contact. Moreover, preexisting
lung damage puts smokers at a higher risk of serious lung
illness such as pneumonia.[290]

The CDC suggests that COVID-19 has a case fatality rate
of 6.3% for individuals with chronic respiratory disease,
compared with 2.3% overall.[291] In waterpipe smoking, a
single mouthpiece and hose are often shared among users
in communal and social settings. In addition, the waterpipe
apparatus is not cleaned between sessions, thus promoting
the survival of contaminating microorganisms. These factors
provide ample opportunity for SARS-CoV-2 and other infectious
diseases to spread between users.[292] Likewise, vaping
may also harm lung health. Emerging evidence suggests that
exposure to aerosols from e-cigarettes causes lung injury and
diminishes the ability to respond to infection.[293]

Imprisonment Detention environments are breeding grounds
for infectious diseases.[294,295] Infection rates in prisons are
fueled by overcrowding, poor ventilation, unsanitary facilities,
high risk behaviors, deficient healthcare services and the
weighting of security over public health concerns.[294-296]
Moreover, prisoners have restricted access to common hygiene
products containing ingredients usually deemed contraband,
such as alcohol-based hand sanitizer.[295]

Alarming clusters of COVID-19—-related deaths have erupted
among incarcerated persons and prison staff.[297] Over 10
million people are incarcerated worldwide,[298] which makes
prisons a worldwide flashpoint for the disease’s spread.[299]
The incarcerated population is at heightened risk for contracting
COVID-19 as well as for developing severe disease-related

complications due to normative multimorbidity and accelerated
aging.[297,300]

The response to COVID-19 in prisons and other places of detention
is challenging and requires a holistic approach. Government
officials from many countries adopted measures for limited prisoner
release to reduce the incidence of in-custody transmission.[297]
However, release without a plan poses the risk of viral spread
to the local general population. In this regard, WHO has issued
prison-specific guidance for responding to COVID-19. It suggests:
i) joint planning to integrate prison health in the overall public health
response, ii) risk management to limit transmission and spread
within and beyond prisons, formulating adequate prevention and
control protocols for entry screening, personal protection, social
distancing, environmental cleaning and disinfection, restriction of
movement and limited access for visitors, iii) treatment, specialized
care and isolation of cases and contacts and iv) facilitation of
timely information sharing and establishment of close collaboration
between healthcare and justice sectors.[301]

CONCLUDING REMARKS

Ferreting out scientifically sound information among
inadequate, misinformed and controversial reports is a hard
task. In consequence, an in-depth analysis of published
scientific information is mandatory.

SARS-CoV-2 transmission and infection research is as essential
today as it was at the beginning of the pandemic. The transition
to a post-pandemic phase poses new problems regarding
transmission, with profound social consequences. Undoubtedly,
the post-pandemic period will highlight aspects of transmission
that we are unable to foresee today. Until there is a safe and
effective vaccine, and certainly, afterwards, research on the routes
of transmission of the virus will remain a top priority. M-
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Cuban Contributions to Latin American Clinical Care and
Research on Diabetes and Pregnancy

Jeddu Cruz-Herndndez MD MS, Antonio Marquez-Guillén MD PhD, Jacinto Lang-Prietot MD, lleydis Iglesias-Marichal MD MS

ABSTRACT

Cuban patrticipation in and contributions to education, med-
ical care and research on diabetes and pregnancy in Latin
America dates back to the 1970s when the Latin American
Diabetes Association was founded. The Cuban health sys-
tem and its professionals recognized early the problems
presented by diabetes during pregnancy for the health of
an expectant mother and her children and assimilated and
disseminated important lessons that became influential in
the region. These included: importance of adopting a pro-
gram within primary health care that offers national cover-
age for diabetic pregnant women, with a special focus on
pre-conception monitoring of diabetic women; benefits of
defining a specific range for application of a fasting glu-
cose test to identify risk of gestational diabetes through
selective screening for the disease; using insulin to treat
gestational diabetes; controlling excessive weight at the
beginning and during pregnancy; and underscoring the
importance of interdisciplinary treatment of diabetes in
pregnancy. The goal was to improve care and research in
reproductive health for diabetic pregnant women and their
children in Cuba.

KEYWORDS: Gestational
America, Cuba

diabetes, pregnancy, Latin

INTRODUCTION

Systematic activities in specialized medical care and research
on diabetes in pregnancy were formalized in Latin America with
the creation of the Latin American Diabetes Association (ALAD),
founded in 1970 in Buenos Aires, Argentina. ALAD’s mission is
to improve the quality of medical care, education and research
regarding diabetes mellitus (DM) in the region, including diabetes
during pregnancy.[1,2]

When ALAD was founded, morbidity and mortality from diabetes
in Latin America was increasing, its steady growth leading to a sig-
nificant public health problem for the region. Disease prevalence
in different countries was reported at 1.2%-7.3%, and PAHO's
Inter-American Investigation of Mortality estimated regional mor-
tality at 2.6% with several countries showing an upward trend.

IMPORTANCE

Cuban professionals have made important theoretical
and methodological contributions to the topic of diabetes
in pregnancy in Latin America, leading to improved medi-
cal care for diabetic pregnant women. This article reviews
these contributions and highlights their significance.

Diabetes prevalence in Cuba was 3.8% in 1970 and the mortality
rate rose from 2.4 to 10.5 per 100,000 population from 1910 to
1971.[3] While statistics are scarce from those years on diabe-
tes in pregnhancy, it was reported that women who were diabetic
before becoming pregnant—pregestational diabetes—could pres-
ent with complications during pregnancy (miscarriages, congeni-
tal defects, fetal macrosomia, preeclampsia, fetal death, preterm
and dystocic births, etc). It was also reported that such complica-
tions were more common in cases when treatment and control
of the disease was inadequate.[4—6] In the 1960s, in Cuba and
worldwide, diabetes in pregnancy affected approximately 1 in
1000 pregnant women.[7] In 1965, a study conducted in a Cuban
maternity hospital corroborated the association between diabetes
in pregnancy and fetal mortality.[8]

In the 1990s, gestational diabetes mellitus (GDM) affected a
notable proportion of pregnant women in the United States and
Latin America, with a prevalence in Latin America ranging from
1% to 14%.[9-11] Cuba’s first study on GDM prevalence, con-
ducted in 1996 in a Havana community polyclinic catchment
area, showed that 4.5% of pregnant women there suffered from
the disease. While the study’s limited sample could not be used
to make inferences regarding national prevalence, it did pro-
vide an initial approximation to the problem and suggested that
GDM could be a major health challenge for the country.[12] In
2005, WHO reported that GDM was 0.77% in Latin America,
while Cuba’s rate was the highest of all countries included in
the study (1.75%).[11]

To mitigate this problem, Cuban specialists conducted research
and organized specialized health services. They worked to
improve the quality of specialized medical care, research and
education regarding diabetes in pregnancy through theoretical
and methodological contributions.

DEVELOPMENT

When ALAD was founded, specialized medical practice for dia-
betes in pregnancy had been set up in Cuba; and in the early
1970s the first Diabetes and Pregnancy Service was estab-
lished at the Ramoén Gonzéalez Coro Maternity Hospital.[13]
This specialized clinic improved the ability of Cuban specialists
to continue making scientific and methodological contributions
to the scientific community regarding the care and manage-
ment of women with pregestational diabetes and GDM.

The founding of a Latin American association where experts
from different countries could share information and experi-
ences occurred in a moment when the disease’s prevalence
and incidence were rising. This created a favorable context for
diabetes in pregnancy to be recognized as a particular problem
demanding attention due to its repercussions on the reproduc-
tive health of women and the health of their children. Cuban
professionals who were diagnosing and treating pregnant
women with diabetes and carrying out research on the subject
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appreciated that ALAD offered an opportunity to disseminate
the results of their work and extend them to other Latin Ameri-
can countries.

Cuban specialists found that pregnant diabetic women more
frequently gave birth to children with congenital malformations
(3:1 ratio).[14] Perinatal mortality was also higher among chil-
dren of women with diabetes in pregnancy.[8,15] Such results
confirmed findings by authors in other countries[5,6,16] and
enabled researchers to design guidelines for the metabolic and
obstetric management of diabetes in pregnant women.[15]

Among these guidelines was insulin as the treatment of
choice for diabetes during pregnancy, even if women took oral
hypoglycemic drugs before pregnancy. The main argument
put forward by the Cuban professionals was evidence of tera-
togenic effects of some oral hypoglycemic medications such
as tolbutamide[17] and occurrence of neonatal hypoglycemia
associated with its use, already documented by researchers
in other countries.[18] For this therapy, they initially proposed
a treatment regimen (pre-hypoglycemic) based on the Rov-
ersi gestational diabetes regimen,[19,20] which was later
replaced by the intensive or multi-dose insulin treatment plan
currently used in Cuba. The regimen consists of administer-
ing rapid-action insulin before meals and intermediate-action
insulin at night, ensuring optimal glycemic control and best
pregnancy outcomes.[21,22] In 2007, ALAD’s Latin American
Consensus on Diabetes and Pregnancy (Consenso Latino-
americano de Diabetes y Embarazo de la ALAD) established
insulin therapy as the standard for treatment of diabetes dur-
ing pregnancy.[23]

Cuban specialists participated in preparing ALAD’s clinical
care guides for pregnant diabetics, with particular contributions
to pre-conception care standards for diabetic women consid-
ering pregnancy, as well as control of their diabetes during
pregnancy.[24] The theoretical and methodological foundation
of Cuban professionals’ contributions arose from their ongoing
experience in monitoring and treating diabetic pregnant women
in the Diabetes and Pregnancy Service of the Ramén Gonzalez
Coro Maternity Hospital and, from 1992, at the pre-conception
care clinic for diabetic women at the Diabetes Care Center of
Cuba’s National Endocrinology Institute in Havana.[13]

Among others, their results showed the adverse effects of obe-
sity at the start of pregnancy or excessive weight gain during
pregnancy.[25-27]

Cuba’s contribution to ALAD’s care recommendations for preg-
nant diabetics once again consisted of developing guidelines for
preconception care for diabetic women.[28] The first reports on
the benefits of this care were published in the early 1990s [29-31]
and introduced in Cuba in 1992, with the founding of a pre-
conception clinic for diabetic women in Havana, the first of this
type in the country.[13] Comparing pregnancy outcomes of dia-
betic women who had received this specialized primary health
care and those who had not showed significant differences in
prevalence of congenital defects (0.9% vs. 9.6%, respectively)
and in perinatal mortality (0.9% vs. 7.0%). Researchers pre-
sented new results on the association of initial excess weight
(body mass index 226.1 kg/m?) and excessive weight gain dur-
ing pregnancy, with macrosomia and other adverse outcomes

for pregnant diabetic women and their newborns. They also
suggested preconception care for women with pregestation-
al diabetes, laser therapy to treat diabetic retinopathy during
pregnancy, and strict obstetric followup and antepartum fetal
surveillance in pregnancies complicated by DM, among other
recommendations.[32-34]

The benefits of preconception care, inserted into primary
health care, were subsequently extended throughout Cuba,
with national coverage of the Cuban Diabetes and Pregnancy
Program (PCDE) launched in 2001.[35] Not all Latin American
countries were able to establish such services, so Cuba main-
tained a leading role in management of diabetic pregnancies
in the region.

Cuba was also in the leadership of the International Diabetes
Federation’s Working Group on Diabetes and Women in the
South American/Central American/Caribbean Region when
the Latin American and Caribbean Association of Sexual and
Reproductive Health in Diabetes was recognized as an Inter-
national Association of Diabetes and Pregnancy Study Groups
(IADPSG)-affiliated scientific organization. Major actions carried
out under this leadership include the proposal for Latin American
member countries to create national health programs on diabe-
tes and pregnancy, with Cuba’s PCDE as a reference point. This
proposal was based on the benefits attained by diabetic Cuban
women through attention to the reproductive risk associated with
diabetes, including preconception care for diabetic women and
transdisciplinary care for pregnant women with diabetes.[13]

In 2007, Cuban specialists proposed ALAD recommend
screening for congenital defects in fetuses of diabetic expect-
ant mothers during the first half of pregnancy and for fetal
macrosomia from the 28th week, both by ultrasound, as well
as periodic obstetric monitoring of fetal health from the 34th
week. These recommendations were included in a consensus
document. Additional Cuban contributions included emphasis
on the benefits of applying WHO’s GDM diagnostic criteria,[23]
which were adopted by ALAD with some modifications and are
now being implemented.[36]

Cuban specialists demonstrated the value of fasting glycemia
to screen for GDM and impaired glucose tolerance, in contrast
to recommendations from the American Diabetes Association,
namely using a glucose tolerance test with a load of 50 g of glu-
cose. The range proposed as a risk marker for the disease was
4.4-5.5mmol/L.[37] This standard was included in the Latin
American Consensus on Diabetes and Pregnancy in 2008 and
in Cuba’s PCDE disease-screening protocol.[23,35,37]

In 2014, the coverage of the 19 services of the transdisci-
plinary diabetes care network in pregnancy was 100% of
mothers with gestational diabetes; 41% of whom were women
undergoing preconception care for pregestational diabetes.
Perinatal mortality in children of diabetic mothers was 4.8%,
congenital defects appeared in 4.3% of children in the pro-
gram, and mortality in women with GDM was 24 per 100,000
population. Cuba was recognized by PAHO as one of the few
countries in Latin America with a national program that includ-
ed health promotion activities for diabetic women of reproduc-
tive age aimed at preventing GDM and reduce unfavorable
pregnancy outcomes, a growing body of research in diabetes
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and pregnancy, and training of some 60 healthcare providers
in this field.[38,39]

Cuban specialists showed that GDM also entails high risk of
fetal macrosomia (one of the most common complications
affecting children of diabetic mothers), and underscored the
importance of early GDM diagnosis and intervention during
pregnancy to prevent adverse outcomes.[40] They also made
the case for diagnostic testing in the 26th week of pregnancy
instead of the established practice of testing between the 28th
to 32nd week, thus allowing for earlier intervention. This pro-
posal was approved by ALAD[36] and introduced in Cuba in
2017.[41]

In 2015, newborns of Cuban diabetic mothers had a low percent-
age of congenital defects (2.5%). Perinatal mortality was also
low (2.9%) for newborns of women with pregestational diabe-
tes (2008-2015). Other events with low relative frequencies in
women with GDM in 2015 were: fetal macrosomia (6.0%), pre-
mature births (3.1%), low birth weight (4.0%), perinatal mortal-
ity (0.6%), and maternal mortality (0.0%). Today, Cuba remains
one of the few countries in Latin America with consistent and
systematic preconception care, since the PCDE provides pre-
conception care for women with pregestational diabetes, and
prenatal care for diabetic women, diagnosis of GDM, and long-
term monitoring of these women and their children.[42]

CONCLUSIONS

Cuban specialists have played an important role in early detec-
tion and prevention of congenital defects in children of diabetic
mothers and on strict obstetric monitoring, prenatal fetal surveil-
lance and identification of risk factors for fetal macrosomia, the
most common complication in diabetic pregnancies. They rec-
ommended use of insulin for diabetic pregnancy management
with specific treatment plans and promoted preventive use of
insulin therapy in GDM. This contributed to significant improve-
ments in health indicators of diabetic pregnant women in Cuba.
Cuban proposals also led to new regional consensus recom-
mendations in areas such as weight control according to initial
weight and weight gain, as well as new guidelines for applying
fasting blood glucose tests to screen for GDM.

The organization of health services under a specific national
diabetes and pregnancy program inserted into primary health
care proved to be an effective strategy in monitoring and con-
trolling diabetes before conception, during pregnancy, and up
to the time of delivery, an experience shared regionally.

Through dissemination of their research results and knowledge
gained from their experience in management of women of childbear-
ing age and diabetic women during pregnancy, Cuban specialists
have made important contributions to defining standards and proce-
dures to ALAD's, in treatment of diabetic pregnant women. i
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La voz de una enfermera desde la zona roja

Paula Guerra-Librero de Hoyos

Mi nombre es Paula. Naci en Madrid en 1995.
Al acabar el bachillerato tenia muchas dudas
sobre hacia dénde encaminar mi vida. Pensé
qué hacer y qué se me daba bien o con qué
era feliz. El caso es que desde siempre me
ha gustado poco ser protagonista, pero me
encantaba escuchar, conocer el mas alla de
la gente cuando se sentian en confianza de
contarme. Me sentia bien siendo receptora de
sus historias, sus sentimientos y sus vidas.
Ademas, siempre me gustaron las ciencias,
la quimica, las matematicas, la biologia... asi
que vi que la combinacion perfecta para ele-
gir carrera tendria que ser algo relativo a las
ciencias de la salud: ciencias y personas en
uno. Es entonces cuando pensé en la enfer-
meria. Tenia ciencias, tenia personas y sobre
todo tenia ese valioso tiempo cerca de las
personas para acompafar y cuidar. Siempre
me gustd ese dicho: la enfermera cuida, no
cura.

Estudié enfermeria en la Universidad Autbnoma
de Madrid. En esa etapa me fui de casa, trabajé
de profesora particular, hice voluntariado en
hospitales acompafiando a personas mayores, sufri con algunas
asignaturas y me abrieron la mente otras, inicié un proyecto de
investigacion, hice practicas en ambitos muy distintos con tutoras y
pacientes que marcaran para siempre miforma de ver la enfermeria...
y viajé. Conoci Nepal, Cuba, Croacia, Marruecos, Alemania, Egipto,
Irlanda, Jordania... me descubri un poco mas y creci.

Acabé mis estudios en mayo de 2019 y, pocos dias después de
presentar mi trabajo de fin de grado, me llamaron para empezar
mi primer contrato: Unidad de Cuidados Intensivos (UCI)
Postquirtrgicos en el Hospital Universitario Puerta de Hierro.
Estuve cuatro meses alli, uno esperando un nuevo contrato y de
nuevo me llamaron de la UCI a finales de noviembre: esta vez
la UCI Médica del mismo hospital. Suman ya un total de ocho
meses de experiencia laboral, todos ellos en UCI y este Gltimo
mes en “UCI COVID".

Y aqui empieza la historia de este testimonio. Yo, como otros
tantos, me he convertido en “sanitaria frente al COVID". Lo
cierto es que me siento afortunada en relacion con otros
compafieros: soy joven, no me han cambiado de unidad ni de
hospital al empezar la reorganizacion en la pandemia, conocia
la UCl y a los compafieros, sabia (desde mi corta experiencia)
cémo trabajar, como funcionaba el equipo, como eran los
pacientes de UCI, las medicaciones, los respiradores... La
capacitacion en EPI (Equipo de Proteccion Individual) la
hice con al menos una semana de antelacion al primer caso
que traté. Esto pareceria lo minimo a cumplir para trabajar
bien, disminuir los riesgos hacia el paciente y hacia nosotros
mismos, pero en realidad dur6 esa semana y actualmente algo
asi seria un regalo. Todo esto me hace sentir en una situacion
privilegiada y soy consciente de ello, pero espero, con estas
pocas lineas, poder dar voz a muchos de mis compafieros y
sus bien distintas situaciones.

Con la familia, tras el acto de graduacion

El primer caso confirmado de COVID 19 en la Unidad de Cuidados
Intensivos de nuestro hospital llegé la primera semana de marzo.
Tras éste vinieron muchos mas.

La preparacion para atender pacientes con Covid-19

en cuidados intensivos

Meses atras habiamos visto y oido lo que estaba ocurriendo en
China y semanas antes lo que acontecia en ltalia, pero el ser
humano es ingenuo por naturaleza. Hasta que no llegaron los
primeros casos a las urgencias de nuestro hospital no empez6 el
sistema a ponerse en marcha. Fueron semanas de caos.

Una semana antes del primer ingreso en nuestra UCI, la
supervisora de enfermeria de la unidad nos informé hora y fecha
para acudir a la clase de formacion de “puestay retirada de EPIs”.
Acudimos diez personas por la mafiana y ocho por la tarde de
una plantilla de alrededor de 100 enfermeros y 50 auxiliares. Todo
fue mas rapido de lo imaginado y cuando los primeros casos
ya estaban en la UCI, apenas una cuarta parte de la plantilla
habia asistido y, claro, “para atender pacientes con COVID-19
era obligatorio haber acudido a la formacion”. Era una charla de
escasos 15 minutos que en cinco dias pasé de ser voluntaria a
ser obligatoria, por lo que se concentraban grupos de hasta 20
personas para recibir dicha formacion y repasar su contenido en
los pasillos del hospital mientras pasaban los siguientes. A este
ritmo, al acabar esa semana la UCI ya estaba al completo: de
enfermeras “capacitadas” y de pacientes.

En esa formacion nos ensefiaban qué ponernos, como y sobre
todo, los pasos para retirar las protecciones sin contaminarnos.
Pero este protocolo durd con las bases establecidas menos de
una semana. Segun pasaban los dias, fuimos nosotros, el equipo
que estdbamos a pie de cama, los que nos ibamos haciendo
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preguntas: ¢Y el pelo?, ¢y los zapatos?, ¢y al quitarse los
guantes?,... Con todas esas preguntas y los comentarios de
comparfieras de lo que se hacia en otros hospitales o en otros
paises, fuimos ampliando nuestros protocolos. Todo dentro de
la disponibilidad de materiales que teniamos y tenemos, claro...
Porque las utopias son imposibles en estos dias, pero leyendo,
contrastando evidencia en articulos ya publicados y planteando
lo que seria mas adecuado, se nos han ido ocurriendo formas de
acercarnos a esos modos de accién y de mejorar lo que en un
principio nos dijeron.

La jornada de trabajo

En dos semanas la UCI duplicé sus camas. Lo que empez6
en la UCI médica con un maximo de 2 camas, ha acabado
amplidndose a la UCI quirdrgica y a un médulo de “cuidados
intermedios” que se ha habilitado en una zona que antes era el
archivo del hospital. En total hay ahora 52 camas de UCIl y unas
40 de cuidados intermedios.

Definitivamente no sélo hemos cambiado las
formas de trabajo, sino también el equipo de
trabajo, el material con el que trabajamos, los
farmacos de los que disponemos y el trato o
contacto con el paciente. Quiza sea esto ultimo
lo que mas me ha costado, ya que se parece
muy poco a la forma de trabajar de una UCI
en tiempos normales: entramos una o dos
veces por turno al box del paciente, intentan-
do disminuir el gasto de EPIs y la exposicion
del personal al virus. Para que esto funcione
y la calidad de los cuidados se mantenga es
imprescindible formar equipos y actuar como
tal durante el turno.

La UCI estd organizada en areas de diez
pacientes para cinco enfermeras, dos auxiliares
de enfermeria y un celador (que rota por dos
areas). Repartimos los pacientes segin el
ratio habitual (dos pacientes por enfermera)
pero luego hacemos dos equipos, cada uno
de dos enfermeras y una auxiliar, y segun la
carga asistencial de los pacientes, la tercera
enfermera se une a uno u otro equipo. Después
decidimos quién entra en cada uno de los dos
turnos programados. En el primer turno entra una enfermera
de cada equipo y la tercera. Entre las tres hacemos un primer
chequeo de las constantes de todos los pacientes, valoramos
su estado general, hablamos un poco con los que no estan
sedados (pocos, ya que en cuanto mejoran les pasan al area
de “intermedios”), mentalmente repasamos las mil cosas que les
rodean, damos la medicacion (que preparamos antes o preparan
las que se quedan fuera) y realizamos los cuidados: curas,
cuidados de tubo o traqueo, cambios de sistemas, movilizaciones
y cambios posturales (muchos pacientes mejoran en decubito
prono y movilizar a pacientes criticos, intubados y sedados en
esta postura lleva preparacion, tiempo y riesgo).

Irreconocible

Tras este primer turno, donde las dos enfermeras que se
quedan fuera nos asisten con los materiales de curas, sabanas
0 medicacién que nos falte de la zona “limpia”, son ellas las
que entran. Suele haber algo de tiempo entre una entrada y la
siguiente, coincidiendo todas en la “zona limpia”, lo cual permite
planear la segunda entrada y comentar novedades a los médicos,
pero siempre ha de quedarse alguna vestida: si ocurre una

urgencia, y dado que estamos en la UCI no es raro que ocurran,
no podemos esperar a vestirnos, tenemos que estar preparadas
para actuar, al menos una, mientras el resto se viste, avisa al
resto de equipo o prepara la medicacion. En el ultimo turno, las
dos enfermeras que se quedaron antes fuera, realizan la dltima
ronda de constantes, medicacién, cambio de perfusiones, ajuste
de respiradores, drogas y analiticas. Con ello acabamos el turno
habiendo gastado ocho EPIs (sumando los dos de las auxiliares
y el del celador) y habiéndonos expuesto menos de cuatro horas
por turno cada uno de los alli presentes.

Pero una vez mas, esto es lo utopico de la organizacion, muchas
veces y mas en estos servicios, surgen imprevistos y acabamos
vestidas con los equipos de principio a fin del turno, ocho horas en
pie, trabajando sin parar enfundadas en esas batas, mascari-llas,
gafas, mascaras, guantes y gorros que nos hacen irreconocibles y
nos mantienen ajenas a la realidad de como estamos hasta que
salimos y vemos las marcas en la cara, los dedos arrugados, el

sudor en los pijamas y las piernas entumecidas. Son turnos duros,
pero que, gracias al trabajo en equipo, gracias a que la compafiera
de al lado cuida de tus pacientes un rato y viceversa, podemos
turnarnos, beber agua, cambiar de actividad, reducir la exposicién y,
sobre todo, lo que mas interesa a gestores y supervisoras, gastamos
menos material.

Durante el trabajo es una mezcla enorme de emociones la que
hay concentrada. Ha habido dias alegres donde el paciente al que
atendia empezaba a mostrar un minimo de confianza después de
dias de miedo; dias donde, por fin, pacientes que llevaban tiempo
dormidos reaccionaban a ese contacto “guante con guante”; dias
incluso en los que todos ellos bajaban a planta, nos despediamos
y estaban un paso mas cerca de volver con los suyos. Igualmente
intensos, otros dias eran duros, habia cansancio en el equipo,
los pacientes no avanzaban, te ibas teniendo la sensacién de no
dejar las cosas bien hechas, de no haber cuidado como deberias;
dias en los que al entrar en la sala de espera veia a una persona
vestida de calle, un familiar, solo uno. Y es que cuando un
paciente COVID positivo fallece es el tnico momento en el que el
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familiar puede acceder a la UCI. Es un momento muy duro, entran
con mascarilla y bata a ver a su familiar (con mascarilla también
pero que ya no respira) y no pueden tocarle en ningln momento.
Cinco minutos y se lo llevan. Es un dolor enorme y un sentimiento
de soledad inmenso. Como comunidad vamos a necesitar mucha
ayuda en estos duelos cuando esto acabe...

Todo esto se mezclaba incluso en el mismo dia. Llevabas un
paciente al lado de otro, sonrias con los ojos al que se iba a
planta, le dabas una de las cartas para que la leyese al llegar y al
darte la vuelta te acercabas, como podias, al familiar del que ya
no estaba, otra vez guante sobre guante, viendo esos 0jos sobre
la mascarilla...

Muchas, muchas emociones. Ojala se entiendan un poco y sirva
para otros, para que la gente siga cobrando concienciay se quede
en casa, para que otros sanitarios se sientan comprendidos, para
que veamos lo necesaria que es la sanidad publica y el trabajo
en equipo Yy, por supuesto, para que pacientes y familiares vean
también que hay personas y sentimientos detras de esas batas y
que seguiremos a pie de cama con ellos hasta que todo esto pase.

Trabajar en condiciones de riesgo bioldgico

El riesgo estd ahi desde el primer dia del primer ingreso. Al
principio el agotamiento -sobre todo mental- era enorme. Muchas
cosas nuevas, muchos nervios generalizados, miedo de algunos,
orgullo de otros y momentos de reivindicacion de la mayoria. Poco
a poco, con el paso de los dias hemos aprendido qué hacer y cémo
con este tipo de pacientes. Los médicos tienen sus algoritmos mas
establecidos, las auxiliares saben qué limpiar y como y tenemos el
material disponible casi al instante, las enfermeras hemos logrado
organizarnos por equipos y saber como llevar a cabo los cuidados
de UCI reduciendo tiempos, material y personal. Sabemos el qué,
como y cuando y eso da seguridad.

Esa incertidumbre que agotaba las energias de los primeros dias
ha disminuido algo al conocer la respuesta a esas preguntas,
pero los dias van pesando, las horas de trabajo, los turnos con
imprevistos, calmar los animos del equipo, intentar que todos
sigamos siendo uno, ensefiar al nuevo personal que entra por
aquellos que se van de baja, que caen... todo ello es el nuevo
cansancio de estos dias.

Al principio habia mucho miedo y muchas dudas. Veiamos que
habia diferentes formas de protegerse, de quitarse el traje, de usar
las mascarillas, etc. Todo eso se protocolizo a partir de la segunda
semana. Nos informamos, hicimos una especie de equipo de
investigacion improvisado, leimos mucho y compartimos mucha
evidencia. Recuerdo usar cada rato en el transporte publico para
leer cuatro o cinco articulos e ir haciendo resimenes y cogiendo
ideas para “nuestro protocolo”, llegar a casa y hacer guias con
fotos para imprimir alli y tenerlas a mano. No desconectaba al
volver a casa. Todo esto reforz6 el conocimiento conjunto del
por qué haciamos esto o lo otro, de tal forma o tal otra. El grupo
de Whatsapp de trabajo echaba humo esos primeros dias y
estabamos todas al tanto de las novedades, pero a veces eran
demasiadas...

Por otro lado, en cuanto a la parte practica al comienzo de la
pandemia al iniciar todo con menos casos, nos “vigilabamos”
unas a otras en la retirada de los equipos de proteccion individual.
Eran muchas cosas en la cabeza las que teniamos al salir de los
box con el traje: saliamos saturadas, con la adrenalina del estrés
por las nubes y con la sensacién de dejar cosas pendientes

(ahora no podiamos salir y de pronto decir “ah, se me ha olvidado
esto, vuelvo”, no, teniamos que estructurar mucho cada entrada y
acostumbrarnos a esta nueva forma de trabajo), por lo que tener
una compafiera que, desde fuera, nos iba recordando los pasos
de retirada del EPI, nos daba la calma para acabar ese proceso,
para no fallar en la parte mas importante y cuando mas se notaba
el cansancio, se agradecia mucho.

Mi primer dia a cargo de una paciente con COVID apenas cuatro
enfermeras habian estado antes. Habia solo dos pacientes
con coronavirus ingresados y el resto eran pacientes criticos
“habituales”. Habia solo dos, pero mi ansia por saber me hacia
estar un paso por delante de mis compafieras: habia acudido a
la capacitacion y quien no habia acudido aun no podia atender a
estos pacientes. Hicimos el reparto y me dijeron que la atenderia
yo. Mi mayor miedo al saber que iba a ser yo la que entrase y
cuidase a pie de cama era miinexperiencia en cuidados intensivos.

Con cinco meses en la UCI te manejas, pero estas muy lejos
de controlar como quien lleva diez afios. Y siento que seguiré
preguntando y dudando mucho tiempo auln, cosa que por otro
lado es normal, sensato y hasta responsable. Mis tutoras en las
practicas siempre me lo decian: “malo es el que sale de un turno
sin tener ninguna duda” y es que si no dudas, si no preguntas y
te lanzas sin saber... son vidas las que estan en nuestras manos.

La llegada de un paciente. Un paciente ingresa en la UCI,
proveniente de otro hospital mas pequefio, para recibir ahora
asistencia respiratoria. Alrededor del paciente, todo el equipo.
Todos, igual de importantes: celador, enfermeras, médicos
intensivistas y auxiliar de enfermeria. Todos bajo la enorme
presion psicoldgica de saber que esa vida depende de ti, de lo
gue haces en cada instante y de si lo haces bien. De si sabes
leer el mas pequefio signo que alerte al equipo de que algo
anda mal.
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Las UCIs son unidades en las que, ante una urgencia, la enfermera
de al lado acude a ti, normalmente las antiguas te echan una
mano sean o no “sus” pacientes los que se han puesto malos.
Se forma un grupo de dos o tres enfermeras segun la urgencia
y, la situacién, sea la que sea, se lleva mejor por el gran equipo
gue se hace en esos momentos. Volviendo a mi primer contacto
con COVID-19, la paciente que iba a atender habia tenido un
paro cardiaco por la mafiana, tuvieron que despronarlal, hacer
masaje cardiaco, revertir la parada con el desfibrilador y luego
volverla a pronar. Yo pensaba que si toda esa situacion se repetia
en mi turno jmi menor problema seria el COVID o los EPIs! La
Unica premisa que puse para yo hacerme cargo de esa paciente
fue entonces que, si sucedia cualquier urgencia, alguna de las
enfermeras antiguas se vestiria conmigo. Chus fue la primera
en adelantarse y decirme que por supuesto, que el COVID es el
COVID pero también la UCI es la UCI y que en ningin momento
me dejarian sola. Asi fue. Al final no sucedié nada urgente y no
tuvo que entrar conmigo, pero estuvo fuera, al otro lado de la
linea roja que separa lo “limpio de lo sucio”, pendiente en todo
momento de si necesitaba algo. Una vez mas: el equipo.

Después de esos primeros dias seguimos formandonos y
ayudandonos. Es cierto que se dice que al habituarnos a la
situacion hay riesgo de disminuir las precauciones pero, por otro
lado, que se hayan establecido ya las formas de hacer las cosas
facilita la concentracion, no tenemos tantas cosas en la cabeza 'y
cuando las hacemos, sabemos los porqués.

Al haber bajas y haber aumentado el numero de camas han
contratado a gente nueva o reubicado personal de otras zonas
del hospital. Quizd el mayor riesgo ahora de cometer fallos
esté aqui. Como me pasé a mi, cuando llegas nueva a la UCI
agradeces que alguien te vaya poniendo al dia, te cuente el
funcionamiento de la unidad y lo aprendido estas semanas de
los pacientes con COVID y sus cuidados. Asi que, aunque todo
esté ya protocolizado, hay que explicarlo, ensefarles, asumir
parte de su trabajo en los primeros turnos... y quizé a alguien con
mucha destreza en UCI no le sea dificil, pero yo he pasado de
ser una de las nuevas a una de las “veteranas” con el movimiento
de personal durante el COVID y eso esta mas bien lejos de la
realidad. Requiere una concentracion extra que dificulta centrar
la atencion en los “ABC” que se habian establecido, pero cada
uno saca sus herramientas. En mi caso, siempre que me toca
con alguien nuevo, primero les aviso que yo también soy nuevay
les digo que voy a ir verbalizando lo que hacemos, lo que vamos
a hacer y el cémo lo vamos a llevar a cabo. Asi funcionamos con
beneficios dobles: la persona que acaba de llegar va cogiendo
rodaje, escuchando los porqués y qué se hace y ala vez yo, si por
casualidad me confundo o se me olvidan cosas, con esto hago
repasos en voz alta, me escucho a misma y corrijo o recuerdo
segun cual sea el caso.

La verdad es que esté siendo increible ver como la gente, con
una semana de rodaje, estan ya controlando, funcionando. Eso
y lo que se agradece que vengan de sus servicios a echar una
mano y a trabajar hombro con hombro durante semanas. Ojala se
recuerden estas cosas cuando todo esto acabe.

Retos para la vida personal y familiar

Lo de ser protagonista nunca ha sido mi fuerte y cuando me
propusieron dar mi testimonio me puse nerviosa, pero luego
pensé: dar voz es la mejor forma de hacernos ver y yo no soy

1. Sacar al paciente de la posicién dectbito prono

para representativa de todo lo que estd pasando, me siento una
privilegiada, pero creo que si me dan la opcién no podia rechazar
dar voz también a mis compafieras.

Desde hace unos tres afios vivo fuera de la casa de mis padres.
Actualmente comparto piso con Alvaro, mi pareja, también
enfermero y Cristian, estudiante de abogacia de 23 afios, de
Tenerife y que ha venido este afio a estudiar a Madrid. Somos
jovenes y sanos, no somos personas de riesgo. Esto creo esta
siendo la peor pesadilla de algunas compafieras: miedo a llevar
el “bicho” a casa, a contagiar a padres, marido, hijos con alguna
patologia o incluso contagiarse ellas mismas. Yo no tengo nifios
ni abuelos de los que hacerme cargo al volver a casa, no tengo
ese miedo ni ese plus de responsabilidad a las espaldas, pero,
repito, no es lo normal. Hay comparfieras que se han mudado a
los hoteles que ofertan para profesionales de la salud durante la
pandemia, otras que han pedido a su pareja que se vaya a vivir
con sus padres y asi no verles, otros que hacen tetris con los
turnos para cuidar de los nifios que se quedan en casa porque
ambos son sanitarios y “no encuentran a nadie que quiera cuidar
en estas fechas al hijo de una enfermera”... Y, como estos, mil
casos, mil vidas y mil soluciones que han ido encontrando para
sobrellevar estas semanas. Me siento afortunada de que me haya
tocado en la situacién en la que estoy y me lo recuerdo cada dia
que voy a trabajar y escucho sus odiseas y sus miedos.

Los aplausos en la noche

La primera noche de aplausos la vivi en el hospital. Estaba
trabajando, por lo que la primera noticia de esta gran revolucion
social la obtuve a través del mévil de una compariera al acabar
el turno. Uno de los tantos videos que ese dia circularon por
nuestros teléfonos, donde desde un balcon se grababa al resto,
con familias enteras asomadas aplaudiendo. Jamas habia visto
algo asi en Madrid. Aun en video fue emocionante, se me eriz6
la piel, lo primero que hice fue mirar a los pacientes y pensar
si sus familias también estarian detrds de estos aplausos. Al
instante pensé que mas bien deberian estar entre los que los
reciben. Nosotros por estar con sus familiares y ellos por todo lo
contrario, por estar lejos aun con la enorme dificultad emocional
que conlleva. El primer dia que desde casa los vi en directo en los
balcones y aplaudi con ellos no pude contener la emocion.

Pero, acompafando a los aplausos, comparto con todos unas
palabras de Elena Plaza, enfermera en docencia y gestion, que
hace podcast y siempre habla muy claro:
No somos héroes, somos personas. Nuestras marcas
de guerra son nuestras ojeras y las que no se ven: las
que tenemos en el alma.
No somos héroes, somos personas, y estamos
trabajando por encima de nuestras posibilidades.
Necesitamos descansar.
No somos héroes, somos profesionales sanitarios, y
no sanitarios también, que también nos contagiamos.
Caemos como moscas por la falta de EPIS o
demasiadas horas con él puesto y al final cometes
algun error.
No somos héroes, somos personas con una vida como
la tuya. No nos podemos quedar en casa y tenemos
que volver a ella con el miedo de contagiar a nuestros
familiares.
No somos héroes, somos trabajadores maltratados
desde siempre, con un sistema de bolsa de MIERDA,
sueldos de mierda y con una responsabilidad enorme a
nuestras espaldas: vidas humanas.
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No somos héroes, estamos mal, necesitamos ayuda
psicolégica. Porque esto no hay Dios que lo aguante.
No somos héroes ni magos, aunque estemos sacando
camas de la chistera y gestionando recursos materiales
y préacticos, haciendo malabares.

NO SOMOS HEROES JODER, seguro que ti también
harias lo mismo y si crees que no puedes hacer nada
QUEDATE EN CASA y salvaras vidas como nosotros.

Ojala, tras estos aplausos, salgan con nosotros a las calles para
reivindicar lo necesaria que es la sanidad publica. Ojala. Ojala tras
esto, esos aplausos mantengan la fuerza y las ganas de luchar.

La soledad de la Zona Roja

El primer dia que atendi a una paciente con COVID pensé
mucho en eso de sentirse solo al otro lado de la linea roja. Pero
también pensé y senti que esa sensacion no era real, que se
encontraban mis compafieros al otro lado y que estaban igual o
mas pendientes que normalmente. El runrdn de mi cabeza iba un
poco mas alla. Yo tenia a mi compafiera fuera, podia acercarme
incluso a la puerta a gesticular o llamar a alguien, pero ¢y el
paciente? Desde ese primer dia y hasta ahora es lo que siento
como mas duro de esta nueva etapa, de esta pandemia desde la
vision del enfermero: la soledad de los pacientes.

Ingresan sabiendo la gravedad de todo esto, ingresan solos, se
separan de sus familiares y pertenencias nada mas poner un pie
en el hospital. Les ponemos una pulsera, les rodeamos de cables,
hablamos de términos médicos a su alrededor, les acomodamos
y les dejamos en una habitacién aislada. Ellos si estan aislados.
Aislados de quiénes son fuera de esas paredes, de
sus familias, su casa, su vida... Y nosotros, como
sanitarios, en condiciones normales tratdbamos de
permanecer a su lado, darles la mano, una sonrisa,
un rato a su lado en silencio o escuchando...
tanto al suyo como al de sus familias cuando
venian a visitarles. Pero ahora no es posible.
Las visitas estan restringidas y los EPIs también.
Por ordenes de los supervisores y por nuestra
seguridad debemos tratar de reducir los tiempos de
contacto, no exponernos “de mas”. Necesitan que
sigamos sanos y trabajando. No tenemos material
ni personal suficiente como para quedarnos al lado
de esa persona aislada el tiempo que nos gustaria.
Aun en esas condiciones, cada uno organiza su
tiempo como puede y, aunque sea una vez por
turno escasos minutos, aprovechamos al 2000%.
Yo pongo mano sobre mano a los pacientes a
los que me acerco: mano, guante, bata, guante y
mano, pero ahi estamos. Sonreimos por el hueco
entre el gorro, las gafas, la mascara y la mascarilla;
es una sonrisa de ojos, como yo les digo, pero ellos
la entienden. Es complicado lidiar con ello, con las
prisas, el riesgo, la falta de medicacién, camas,
personal, equipos de proteccion,... Llegar y hacerte
con ese huequito de cercania es complicado, pero
desde mi punto de vista, desde mi humilde recién
inaugurado recorrido profesional, de no hacerlo se
me haria todo muchisimo méas complicado. Es en
esos ratos donde realmente me siento enfermera y
necesaria en todo este caos.

médico de otro hospital de Madrid habia puesto en marcha un
correo electrénico para que familiares o personas totalmente
ajenas a los pacientes, escribiesen cartas para entregarselas
y hacerles menos dura esa soledad, esa angustia de no tener
a alguien cerca. Senti que ella entendia también mi frustracion
al no poder estar cerca “un ratito mas” y me puse manos a la
obra. Organicé un correo para el Hospital Puerta de Hierro
“unidoscontraelcovid” y lo envié por el grupo de trabajo a
familia y amigos. Les expliqué el porqué de ese correo, como
me sentia, ese huequito de cuidados que creia fundamental y
gue no nos era posible dar. Ese mismo dia recibi las primeras
cartas y a partir de entonces son cientos ya. Las guardo en un
Word, las maqueto y las imprimo en el hospital los dias que
llego temprano. Luego, cuando salgo de trabajar me paso por
las salas y las reparto; dejo un montoncito en cada control
de enfermeria y les explico: “Son cartas para los pacientes,
son de gente que no les conoce pero quieren hacerles menos
duro todo esto y estar cerca cuando nosotros no podemos; hay
muchisima gente aportando su granito desde fuera, seguro
que son parte de los que aplauden” y antes de irme afiado
“imagino el lio que tendréis por aqui también, pero repartidlas
como consideréis, a quien veais que lo necesita mas, que
estd mas so6lo, mas triste, quien no tenga moévil porque se
lo quedaron sus familiares, algun abuelillo que no se apafie
con las tecnologias,... vosotros elegis y porfa, eso si, poned
el nombre del paciente en el sobre antes de dérsela, que
siempre hace ilusion recibir una carta dedicada y mas en estos
dias... Gracias, &nimo y buen turno”. Y siempre me devuelven
sonrisas. Esas sonrisas de 0jos que se ven detras del caos,
del cansancio, del miedo y de las mascarillas.

Soledad. Uno de los pacientes en nuestra UCI. Le rodean bombas de
perfusiones, monitores, el respirador, un hemofiltro, vias, cables... Pero
justo ahi, bajo esa mancha borrosa, esta un padre, un esposo, un hijoy un
farmacéutico que mucho temia contagiarse y enfermar a los suyos. Parece
gue su familia esta sana, eso nos han dicho los médicos que hablaron

con ellos tras el ingreso. Llegd hace dos dias. Apreté muy fuerte mi mano

mientras lo dormia profundamente, quién sabe hasta cuando. Cuanto quisiera

Un dia me llegé un mensaje, uno de los mil que se
pasan ahora difundidos por Whatsapp, donde una

verlo despierto de nuevo. En espera, tengo en mi celular un video que su
familia le ha grabado para que, ese dia feliz, se lo pongamos al despertar.
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El otro dia se lo escribi a mi madre en respuesta a su cuarta carta
(respondo con un mensajillo anénimo a todos los que envian
algo, creo que es lo menos que puedo hacer):
Mil gracias una noche mas y tras una carta méas. Todo
esto da mucha mucha fuerza. A todos. Ahora mismo,
con todo esto, estais haciendo la parte mas dificil
de la enfermeria: estar cerca y que te sientan cerca.
Creo que sin eso tendria que darle la razén a los que
proponen ese mundo futuro en el que a los enfermeros
podrian sustituirnos por robots. La enfermera
insustituible es la que da la mano, escucha un rato y
esté ahi con sonrisas, silencios, pafiuelos o cartas. Y
son estas las Unicas que llegan ahora. Vosotros, con
vuestras cartas, dia a dia, hacéis de enfermeras un
ratito y hacéis que, en parte, nos sintamos ahi, cerca,
un rato nosotras también. Gracias a esto seguimos
sintiéndonos lejos de los robots, cerca de los pacientes
y de cada uno se vosotros :)
Estais hechos de otra pasta... Gracias de verdad y una
vez mas.
Un beso grande.

Nueva forma de ver la profesion y la vida

El cambio de forma de trabajo ha sido abismal. Comentamos
mucho como se ha reforzado la unién entre las personas que
formamos el equipo: médicos, celadores, auxiliares y enfermeras.
Todos y entre todos hemos arrimado el hombro. Ojala nos sirva
para acordarnos del que tenemos al lado cuando esto acabe.
Darnos cuenta y ver lo realmente indispensable que es el trabajo
de todos y cada uno de nosotros y, mas aun, de la fuerza que se
saca al trabajar de forma conjunta y en equipo.

Desde el punto de vista de la enfermeria, s6lo decir que no
cambiaria por nada esta profesion. Que muchos momentos son
y seran duros, que quiza con los afios se note mas el peso, no
lo sé. Solo sé que, hoy por hoy, no me puedo sentir mas llena de
ganas por seguir ahi cuidando a pie de cama: no puedo estar mas
orgullosa de haber elegido ser enfermera. Eso si, espero pronto
volver a la cercania sin todas las barreras que hay ahora y nos
impiden acercarnos como realmente nos gustaria a los pacientes
y sus familias... que a veces, en estos dias, me falta eso para
sentirme realmente yo, para sentir que no soy robot, que sigo
cuidando y “siendo enfermera”.

En cuanto a la vision de la vida, no sé alin como cambiara o si habra
realmente cambios, porque siempre me he sentido afortunada.
Pienso que tengo una familia increible, que siempre estan unidos
(con o sin COVID de por medio) y que, a su forma cada uno,
siempre estamos cuiddndonos unos a otros. Pienso que no hay
mejor compafiia de cuarentena que un enfermero: él, enfermero y
pareja, que por mucho que me resista me cuida y se deja cuidar,
compartimos frustraciones, novedades, guardias y vida a fin de
cuentas. Afortunada también por esa recua de amigos que mandan
abrazos de &nimos eternos, videos absurdos para sacarme sonrisas
0 su gran “brindaremos en una terracita al sol cuando esto acabe”.

Quiz4 también otra de las cosas que me han hecho pararme a
pensar es esta sensacion de ser el centro, ser mas protagonista
entre ellos de lo que me gustaria. Suena raro, pero creo que
siempre me he sentido mas cémoda desde bambalinas y sentir
sus miradas en mi, por una parte, claro que se los agradezco,
estan pendientes y les entiendo, pero qué sensacion de
responsabilidad, de que no me puede pasar nada, no puedo
fallarles, no puedo contagiarme y hacer que su preocupacion se
multiplique exponencialmente.

Consejos a los trabajadores de la salud

Como antes he dicho, suelo pasarlo bastante mal sintiéndome
protagonista. Eso unido a la sensacion de ser tan nueva en todo y
con tanto por aprender como enfermera, me hace pensar que soy
la menos indicada para dar consejos. S6lo puedo decir que piensen
en el de al lado, que protegiéndole nos protegemos y que en equipo
todo esta carga se va a llevar mejor. Eso, y preguntarse los porqués,
escuchar, comparar, informarse e interesarse, ver un poco mas alla
de los dogmas del primero que los impone o de los protocolos del
reducto de tu unidad. Durante la pandemia y mas alla de ésta, en
la enfermeria, seguramente en cualquier profesion y en la vida:
hacerse preguntas te mantiene despierto y en crecimiento.

Acabo todo este caos de letras y palabras con una frase que siempre
me recordaba mi abuelo: “Todo pasa, lo bueno y lo malo”. Pero ojala,
cuando pase, algo hayamos aprendido de todo esto. M-
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Viewpoint

COVID-19, Your Pet and Other Animals: Are You at Risk?

Maria Irian Percedo-Abreu DVM PhD

Despite fast-tracked research, the precise origin, transmission
and evolution of COVID-19 are still unknown. While the bat genus
Rhinolophus is likely the primary source of the zoonotic-origin
pathogen SARS-CoV-2 that causes COVID-19, its transmission
route into the human population is still being studied.[1,2]

Coronaviruses (CoV) affect humans and various animal species.
Bats were the original hosts of the CoV that causes Severe Acute
Respiratory Syndrome (SARS-CoV) and Middle East Respiratory
Syndrome coronavirus (MERS-CoV), for example, with masked
palm civet cats and dromedaries, respectively, the intermediate
hosts of those two viruses. Research is ongoing regarding inter-
mediate species for SARS-CoV-2, but one possibility is the large
stray cat and dog population around the live animal market in
Wuhan, China, where the pandemic is thought to have started.

Explaining the epidemiological role of different species in COVID-19
transmission is fundamental for its prevention and control, since
identifying possible viral reservoirs can limit future, unexpected
outbreaks. For example, MERS control included a proposal
for vaccinating dromedaries;[3] surveillance of SARS-CoV-2 in
undomesticated cats and dogs can serve a similar purpose.[4,5]

After asymptomatic dogs were infected with SARS-CoV-2 fol-
lowing close contact with their infected owners in Hong Kong
in March, 2020, the World Organization for Animal Health (OIE)
began requiring notification of domestic animals infected with
SARS-CoV-2. An ad hoc group of international experts was
convened to analyze reports and undertake research to better
understand the epidemiological significance for animal health,
biodiversity and public health.[1]

In experimental studies, pigs and poultry did not become infected
with SARS-CoV-2, but ferrets and cats did; dogs were less suscep-
tible. In silico models suggest other mammals that might become
infected like humans include chimpanzees, monkeys and bovines,
given the similarity in angiotensin-converting enzyme 2 (ACE2)
receptors, with high affinity for the spike (S) glycoprotein.[4]

Cats, especially, require close surveillance given how efficiently
the SARS-CoV-2 virus multiplies in experimental inoculations.
Even asymptomatic cats transmitted the virus to other cats via
aerosol a few days after being exposed. Outdoor cats from homes
where COVID-19 is present may transmit the disease, as well
as those having contact with potentially contaminated wastewater
from affected communities.

There have been numerous reports of cats naturally infected in
several European countries, Hong Kong, Russia and the United
States, following close contact with their sick owners. Active sur-
veillance of 102 cats in Wuhan during the epidemic revealed 15
(14.7%) were seropositive for SARS-CoV-2. The highest titers
were found in 3 cats whose owners were confirmed with COV-
ID-19; of the remaining 12, 6 came from a pet shelter and the oth-
er 6 were street cats.[6] Symptomatic lions and tigers that tested
positive for COVID-19 at the Bronx Zoo in New York is another
indication of feline susceptibility.

A study of 817 pets (540 dogs, 277 cats) in Italy when the country
was experiencing high rates of the epidemic, revealed none tested
positive for COVID-19 using real-time polymerase chain reaction
(RT-PCR). However, 3.4% dogs and 3.9% cats showed a preva-
lence of SARS-CoV-2—neutralizing antibody titers—similar to rates
in the human population—with a higher probability for those dogs
from homes with owners testing positive for COVID-19.[7]

Meanwhile, dozens of mink farms in the Netherlands, Denmark
and Spain and two in the USA have been infected with SARS-
CoV-2. Clinical signs varied in the Netherlands, where thousands
of mink were sacrificed and reverse zoonosis (human to mink)
of SARS-CoV-2, with further transmission from farmworkers to
people in their homes, was documented. Stray cats and dogs in
the vicinity of the infected farms also tested positive. A total mink
farm ban goes into effect in that country in early 2021 to avoid
potential viral reservoirs.

Farm animals have dreater
potential to become viral
reservoirs due to
industrial-scale farming
practices

Susceptibility to SARS-
CoV-2 in rabbits is another
concern. Farm animals
have greater potential to
become viral reservoirs due
to industrial-scale farming
practices with large num-
bers of animals in continual production. Such conditions lend
themselves to longer outbreaks with higher viral loads, since new-
borns are more prone to infection and facilitate transmission. Fur-
thermore, asymptomatic animals contribute to low risk perception.
Strict controls and prohibiting access to symptomatic workers are
fundamental for preventing infections among farm animals.[8]

More research around this issue is needed, including larger-scale
studies in different contexts, with animals from infected and non-
infected homes and in areas with local transmission. To bridge
this research gap, the OIE and the Food and Agriculture Orga-
nization (FAO) recommend public and animal health authorities
undertake intersectoral risk analysis with a One Health approach.
Meanwhile, international organizations suggest people testing
positive for COVID-19 take precautions around animals, including
isolating pets and other animals to avoid infection, while observ-
ing general hygiene measures with companion animals, in live
animal markets and markets with animal products.[1,2,8]

In my opinion, the scientific community has sufficient evidence
to support the hypothesis that animals are a potential link in the
epidemiologic chain of human—-human COVID-19 infection. Tak-
ing into account epidemiological antecedents and principles on
the variability of disease processes in individuals and populations,
depending on factors including the pathogens, hosts and environ-
ment, | consider the following steps necessary: 1) epidemiologi-
cal studies of homes where COVID-19 is present should include
variables related to pet and other animal ownership—number
and type of pets/other animals in the home, their health status,
human-animal relationship, where pets would go if the owner is
hospitalized and 2) virology and/or serology tests for pets to detect
SARS-CoV-2 infection. In resource-scarce settings, a case—con-
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trol study can be conducted, with protocols set by public health
and veterinary services.

In Cuba, there are qualified veterinary medicine specialists to conduct
this type of research; protocols to this effect proposed by the Animal
Health Department, Ministry of Agriculture and the National Center
for Agricultural Animal Health (CENSA) are currently being analyzed.

Many people maintain very close relationships with their pets,
sometimes cohabitating with many animals (especially older peo-
ple who live alone), while children enjoy playing with pets. Dissemi-
nating information about COVID-19 and animals will help promote
recommended preventive measures. It's not about abandoning our
pets, but rather taking all the necessary precautions to control the
COVID-19 pandemic. A
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Not Infected but Physically and Mentally Affected:

Older Cubans and COVID-19

JesUs E. Menéndez-Jiménez

COVID-19 has dominated the conversation this year. Following
the first outbreaks in December 2019, it became clear that older
adults were predisposed to greater disease severity and death.
What occurred in nursing homes across Europe and the Americas
was brutal—as much for the older adults themselves as for their
families. Many didn’t even get to say goodbye.

When the first COVID-19 cases were diagnosed in Cuba
in March of this year, | feared for our older adults living in
nursing homes. We have 155 nursing homes where 12,368
people live full time, plus 3481 part-time live-ins across the
country. Additionally, over 10,000 older adults participate in
daily activities at our national network of 295 Senior Centers.
[1,2] But by May, there had been just a single outbreak in a
nursing home—in Santa Clara city in central Cuba. We got
lucky, | thought. After weeks and then months, | realized it
wasn't luck, but rather the result of political will, well-designed
and implemented protocols and trained health professionals
and others dedicated to doing a good job. This was what kept
COVID-19 incidence low in our nursing homes.

But COVID-19 isn't just an infectious disease: it impacts people’s
lives in other ways. In spite of the resilience Cubans have shown in
the face of natural disasters and extreme economic circumstances,
we are beginning to see the effects—which will continue over time—
in the population’s physical and mental health, especially among the
most vulnerable, including older adults.

Prolonged confinement due to
lockdown can trigger changes in
personal and social relations in
a short time, adversely affecting
people’s mental health. This was
less visible at the outset of the
pandemic since the priority was
saving lives.[3]

Prolonged
confinement due to
lockdown can trigger
changes in personal
and social relations
in a short time,
adversely affecting
mental health

Although efforts have been
made to substitute the phrase
‘social isolation’ for ‘confinement,’ in reality, the latter begets
the former. Such isolation, along with uncertainty about how
long it will last and the so-called ‘new normal,’” can snowball into
negative thoughts, anxiety and melancholy—in short, the foyer
to depression. Indeed, research shows a spike in consultations
for pandemic-related anxiety.[4] There is no reason to believe the
situation in Cuba will be any different than elsewhere.

As for physical health, the 2017 National Population Aging Survey
found that 21.8% of Cubans 75 and older are frail[5]—understood
as a clinically recognizable state of increased vulnerability
resulting from aging-associated decline in reserve and function.
[6] In older adults generally and frail ones especially, muscle
mass decreases. Given that physical activity is one of the most
important factors in maintaining muscle mass, inactivity while
sheltering in place can aggravate its loss.

Moreover, prolonged lack of physical activity can have
negative effects that are even harder to overcome later on,
such as losing the exercise habit, overweight, pain, falls and
fear of falling, among others. Health prevention measures
that restrict movement outdoors can also mean that older
adults lose autonomy and their social interactions shrink
considerably.

According to Dr Francisco Duran, Cuba’s National Director of
Epidemiology, most deaths between January 1 and April 30,
2020 were due to chronic disease, not COVID-19—38,300 as
compared to 64.[7] Cuba has paid close attention to chronic
disease as a risk factor for developing severe COVID-19 and
prioritized people with cardiovascular or respiratory disease,
diabetes, cancer and other chronic conditions. Furthermore,
cancer and other chronic disease treatments have been
maintained throughout the pandemic.

Less analysis, however, has been conducted around older
adults who don’t contract COVID-19 and the possible impact
of lockdowns on their mental and physical health.

Knowing that overweight, anxiety and low levels of physical
activity during lockdown can increase risk for cardiovascular
and cerebrovascular disease begs the question: what are we
doing about it?

Since April 2020, community-based networks involving public,
private and cooperative sector workers have been established
to support the most vulnerable, with emphasis on older adults
who live alone. Meanwhile, health institutions like Community
Mental Health Centers, located in each municipality throughout
the country, offer free mental health services. And specialized
web pages have been created to provide resources and
recommendations to mental health professionals for treating
their patients during the pandemic.[8]

Cuban civil society is actively providing support as well. For
example, the Cuban Psychological Society launched a unique
initiative called 'Psico Grupos' that provides psychological
consultations using the WhatsApp platform. The Cuban
Geriatrics and Gerontology Society, as part of the PIES-
PLAZA Project (an initiative co-financed by Cuba and the
European Union), provides support to caretakers of older
adults in the Plaza de la Revoluciéon municipality of Havana
by distributing educational pamphlets detailing how care can
be improved for this vulnerable group during the pandemic.
These actions make a positive contribution to the mental
health of older adults.

In my experience as a geriatrician, | think exercise and
physical activity are the best medicine for staving off many
physical and psychological health problems—no matter what
your age, but especially in older adults. Exercising, even at
home, improves mobility, leads to fewer falls and increases
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well-being. Given these multiple benefits, | recommend
exercise for older adults and counsel families to encourage
their older adults to embrace exercise and physical activity
during lockdown.

This is also a time to motivate older adults towards self-care to
help ameliorate chronic disease complications, promoting steps
they can take to assume responsibility for their own well-being.
Healthier eating habits, some form of physical activity at home
(or in safe places when it's permitted), proper dental hygiene and
getting a good night’s sleep can all have positive effects.

We need a ‘new normal’ that incorporates or re-incorporates
healthy lifestyles, especially among older adults. Those who
attend to the needs of older adults, whether in the health
sector or the community, have an
important role to play in helping
them regain their health and
positive outlook on life. Even
if they never became infected,
COVID-19 can have lingering
effects—for older adults and in
fact, for all of us. M-

We need a ‘new
normal’ that
incorporates or re-
incorporates healthy
lifestyles, especially
among older adults
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Silent or ‘Happy’ Hypoxemia:

An Urgent Dilemma for COVID-19 Patient Care

Calixto Machado-Curbelo MD, PhD, FAAN

A perplexing clinical aspect of COVID-19 is presentation
of patients with pronounced hypoxemia without expected
signs of respiratory distress or dyspnea, even when cyanotic.
Nonetheless, these patients frequently leapfrog clinical evolution
stages and suffer acute respiratory distress syndrome (ARDS),
with concomitant cardiorespiratory arrest and death.[1] This
phenomenon is referred to as silent or *happy’ hypoxemia.[2-5]

Silent hypoxemia Anal-
ysis of a Wuhan, China
cohort of patients with

In spite of low blood oxygen
levels, some patients seem
to be functioning without

serious SARS-CoV-2 X .
infections revealed that | SErOUS ISSUes or even
only 19% complained | shortness of breath

of shortness of breath,

while 62% of them, as well as 46% of those whose clinical pro-
gression ended in either ventilation or death, also exhibited no
dyspnea.[1] In spite of low blood oxygen levels, some patients
seem to be functioning without serious issues or even short-
ness of breath. Such serious or ‘happy’ hypoxemia is charac-
terized by a significantly increased respiratory rate, as high as
38 breaths/min and deep hypoxia with low partial pressure of
dissolved carbon dioxide in blood (PaCO,) and no concurrent
dyspnea.[2,3]

Dyspnea pathophysiology Our interoceptive sensorial
system receives the homeostatic afferent information sensing
the body’s physiological condition, creates awareness,
and leads to conscious feelings or symptoms. That sensory
information arrives at the central nervous system, and then
projections from the brainstem to the cortex allow the brain to
process homeostatic afferent signals. When the brain receives
the signal of internal hypoxia, it gives rise to the sensation of
‘air hunger' and urge to breathe, which is curiously absent in
some severe COVID-19 patients. Dyspnea is a subjective
symptom reported by patients and should not be confused with
rapid breathing (tachypnea), excessive breathing (hyperpnea),
or hyperventilation.[3]

Dyspnea: PaO,vs. PaCO,Hypoxemia, low partial gas pressure
of dissolved oxygen (PaO,), plays a rather limited role in the
breathlessness experienced by patients with cardiopulmonary
disease, contrary to the hypercapnia that generates dyspnea.
Change in PaCO, is the most significant component contributing
to dyspnea, triggering shifts in pH levels in both the peripheral
and central chemoreceptors. Severe hypoxia elicits an effective
increase in ventilation only when background PaCO, surpasses
39 mmHg.[2,3]

Pathophysiology of silent hypoxemia One pathophysiolog-
ical explanation for severe hypoxemia in lungs still exhibiting
a degree of compliance is impaired regulation of pulmonary
blood flow and loss of hypoxic pulmonary vasoconstriction.
A recent report suggests SARS-CoV-2-mediated mitochon-
drial damage in the pulmonary artery smooth muscle cells

may explain the impairment of hypoxic pulmonary vasocon-
striction. The carotid bodies’ reduced ability to sense oxygen
due to mitochondrial injury has been mentioned as a possible
explanation for the limiting of the respiratory drive and for
reduced dyspnea.[3]

Changes in oxyhemoglobin dissociation curve Pulse oximetry,
which measures oxygen saturation (Sp0O,), is often used to
detect hypoxemia. Nevertheless, SpO, should be interpreted
carefully in the context of COVID-19. The sigmoid-shaped
oxyhemoglobin dissociation curve shifts to the left due to
induced respiratory alkalosis (drop in PaCO,) attributable
to hypoxemia-driven tachypnea and hyperpnea. During
hypocapnic periods, the affinity of hemoglobin for oxygen, and
thus SpO,, rises for a specified degree of PaO,, explaining
why SpO, can be well preserved in the face of a profoundly
low PaO,. Thus, physicians should not only rely on patients’
self-reporting of distress, but closely monitor respiratory rates,
signs of hyperventilation, oxygen saturation and, if necessary,
perform invasive measurements for hypoxemia/hypocapnia at
regular intervals.[2,3]

Neural hypothesis for
silent hypoxemia Such
patients are often tachy-
cardic with tachypnea
and respiratory alkalo-
sis. However, they are
not aware of hypoxia.

Possible damagde to the
afferent hypoxia-sensing
neurons in persons with
COVID-19 could be due to
the intense cytokine storm
or the direct effect of

The possible damage

SARS-Cov-2 to the afferent hypoxia-
sensing neurons in persons with COVID-19 could be due to
the intense cytokine storm or the direct effect of SARS-CoV-2
on either mitochondria or nerve fibers. Hypoxia activates the
carotid body chemoreceptors, and the afferent signals are
relayed at the nucleus tractus solitarius located in the brain-
stem via the glossopharyngeal nerve.[2,4,5]

The nucleus tractus solitarius communicates with, among
other regions, the reticular formation, parasympathetic
preganglionic neurons, hypothalamus and thalamus, forming
circuits that contribute to autonomic regulation.[2,3] The
virus can enter through the nasal or oral cavity and may
spread along the axons of cranial nerves V, VII, IX and
X. SARS-CoV-2 can therefore cause inflammation of the
nucleus tractus solitarius through the axonal and synapsis
routes.[2,4]

Hence, in SARS-CoV-2—mediated inflammation of nucleus
tractus solitarius, the afferent hypoxia stimuli from the
carotid bodies may not be effectively relayed at the nucleus
tractus solitarius, resulting in impaired efferent respiratory
response. This may be the reason for the COVID-19 clinical
presentation of almost normal breathing despite severe
hypoxemia.[1-5]
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From silent hypoxemia to ARDS Silent hypoxemia may
disguise severity of clinical status in COVID-19 patients, and
ultimately delay their seeking medical care. Patients admitted
with COVID-19 may die without ever expressing the need
for supplemental oxygen. Such hypoxemia can lead to the
erroneous conclusion that patients are not in serious or critical
condition, with the concomitant danger that they may quickly

jump clinical evolution stages and develop ARDS, resulting in
cardiorespiratory arrest and death.[1,2]

It is urgent that the medical community be alert to silent
hypoxemia in COVID-19, to assist physicians in their
attempts to reduce the risk of sudden medical complications
and death. - A
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COVID-19 and the Kidneys: Risk, Damage and Sequelae

Raul Herrera-Valdés MD MS PhD DSc, Miguel Almaguer-Lopez MD MS, Laura Lopez-Marin MD MS, Raymed Bacallao-Méndez MD MS,

Jorge F. Pérez-Oliva MD MS PhD, Guillermo Guerra-Bustillo MD MS

At first, COVID-19 was thought to be primarily a respiratory dis-
ease, progressing in some patients to serious respiratory symp-
toms, pneumonia, severe respiratory distress syndrome and even
death. Later analysis revealed entire systems were compromised,
affecting other vital organs, including the kidneys, and a correla-
tion was observed between chronic kidney disease (CKD) and
COVID-19 severity.[1,2]

This correlation can be broken down into three underlying cir-
cumstances: 1) CKD as a risk factor for infection, particularly in
patients with end-stage renal disease (ESRD) who are either in
dialysis or have received a transplant; 2) persons in the active
stages of SARS-CoV-2 infection whose healthy kidneys develop
lesions, including acute kidney injury (AKI); and 3) the possibility
of medium- and long-term renal sequelae.

Conditions such as hypertension, cardiovascular disease, dia-
betes, advanced age, chronic obstructive pulmonary disease,
obesity and CKD are associated with greater risk of COVID-19
and more severe infection. All these factors are often present in
persons with CKD: for starters, diabetes and hypertension are
the main drivers of CKD, and then the rest of the conditions are
habitual comorbidities. Convergence of these factors not only
increases risk, but their synergy facilitates chronic inflammation
and the ensuing cytokine buildup. In advanced CKD, other comor-
bidities crop up, such as anemia, malnutrition, vitamin D deficien-
cy, immunodepression and the effects of immunosuppressors that
accompany autoimmune diseases or renal transplant therapies.

In 2019, 4.37 million patients were receiving renal replacement
therapies (RRT) worldwide. For hemodialysis patients, this
implies the challenge of guaranteeing their frequent transporta-
tion to closed facilities with specialized personnel and equipment.
For those with COVID-19, it has also meant setting aside dialysis
units, patient circuit kits, medicines and staff to be deployed in iso-
lation areas, given the attendant high risk to other RRT patients.
Additionally, as health systems become saturated with the pan-
demic, transplants are postponed with few exceptions (such as
combined organ transplants, emergency life-and-death situa-
tions, or when there is an optimal kidney available for a patient
with few other options).[3]

Kidney damage is frequent during the active stage of COVID-19.
A meta-analysis in China involving 4375 patients revealed high
relative rates of proteinuria (42.0%), hematuria (30.3%) and AKI
(7.7%), as well as elevated creatinine (6.6%) and urea (6.2%).
[4] Also in China, higher mortality was reported for COVID-19
patients with renal damage (11.2%; 28/251) than for those
without (1.2%; 1/82).[5] A prospective study of 1603 patients in
Spain obtained similar results.[6] A US study of 5449 COVID-19
patients revealed hematuria and proteinuria in 46%, AKl in 37%,
and dialysis required for 15%.[7] Over 40% of ICU patients
required RRT.

In China, post-mortem studies confirmed lesions in the proximal
tubules of the kidneys: loss of the brush border, vacuolar degen-

eration, lumen dilation with associated buildup of cellular debris,
denudation of the epithelium, erythrocyte aggregation, severe
acute tubular necrosis, and interstitial lymphocyte infiltration.
Additionally, they observed obstruction of the glomular and peri-
tubular capillaries, and thrombi composed of aggregated plate-
lets and fibrin.[8] Immunohistochemical analysis of the tubules
showed an increase in the receptor for angiotensin converting
enzyme 2 (ACE2) as well as antibodies against the nucleopro-
tein of SARS-CoV-2. Viral invasion was also detected elsewhere
in kidney tissue. Electron microscopy and tests with anti-SARS-
CoV-2 antibodies show the direct cytopathic effects of viral repli-
cation in kidney tubular cells and in podocytes.[9]

Symptomatic COVID-19 patients exhibit a cytokine buildup and
decreased T lymphocytes. The most severe cases present with a
‘cytokine storm’—interleukin-6, IL-6; interleukin-2 receptor, IL-2R;
interleukin-10, IL-10; and tumor necrosis factor alpha, TNF-o—as
well as decreased interferon gamma (IFN-y), which are associ-
ated with lung damage and respiratory distress. All these are con-
ducive to kidney injury and imply a poor prognosis.[10]

The marked expression of ACE2 receptors in podocytes and
proximal tubules suggests that the kidney may be an important
target organ for SARS-CoV-2, because the virus invades cells
by binding to such ACE2 receptors, subsequently inducing a
decrease in the ACE2 enzyme. ACE2 belongs to the renin-
angiotensin-aldosterone system (RAAS). Angiotensin Il (Ang II)
is one of the main mediators of damage in kidney diseases, and
the activation of RAAS has a strong influence on kidney disease
progression. This system maintains a functional balance between
ACE and ACEZ2; the first promoting the formation of Ang Il, with
vasoconstrictive, mitotic, inflammatory and fibrotic effects.

The main function of ACE2 is catabolism of Ang Il to produce
angiotensin 1-7. Angiotensin 1-7 reduces vasoconstriction, salt
retention, oxidative stress and cell proliferation as a consequence
of increased nitrous oxide and prostaglandins. The decrease
in ACE2 promotes accumulation of Ang Il by reducing its deg-
radation to angiotensin 1-7, resulting in an imbalance of RAAS
components with accumulation of Ang Il. Decreased ACE2 and
increased ACE indicate response to kidney damage progression.
[11,12]

In terms of COVID-19 pathophysiology, WHO and PAHO have
confirmed that the disease generates an inflammatory response
that primarily affects the lungs, provoking sequelae in the cardio-
vascular, central nervous and peripheral nervous systems, as
well as psychiatric and psychological sequelae.[13] Nevertheless,
they have not mentioned renal sequelae.

Here, we return to the ACE2 receptor, since it plays a role in the
mechanism by which SARS-CoV-2 damages the respiratory tract
as its primary target, possibly propagating via the bloodstream to
damage cells of other organs. Kidneys are the body’s most vas-
cularized organs, with 180 liters of blood circulating through them
daily, and are one of the organs with greater ACE2 content, along
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with the small intestine, testicles and heart. Thus, they are at high
risk when it comes to COVID-19.[14]

In addition to the virus’s cytopathic effects, a number of other
factors can contribute to renal lesions, including hemodynamic
changes, cytokine liberation, coagulatory disorders, sepsis, sys-
temic hypoxia, drug-related toxicity and rhabdomyelosysis.[15]

Medium- and long-term COVID-19 impact on the kidneys is
unclear, as is whether surviving patients with AKI can recover full
renal function. What is clear is that the kidneys are involved in
COVID-19 infection and AKI is an independent predictor of mor-
tality.[16]

It is probable that kidney lesions acquired during the disease’s
active remain as sequelae that may result in a slow and asymp-

tomatic progression towards advanced stages and CKD. Thus,
patients who have recovered from COVID-19 who presented pro-
teinuria, hematuria, elevated creatinine and AKI should be moni-
tored for CKD.

By 2017, over 850 million people were estimated to suffer from
various stages of CKD and ARD worldwide, twice the number of
diabetics and 20 times more than those with HIV/AIDS. Given
the high numbers of COVID-19 cases globally, we foresee the
possibility of millions more people who may require dialysis or
transplant. But, is the world and its health systems—stretched to
the limit as they are—prepared to face a chronic kidney disease
pandemic superimposed or following the coronavirus pandemic?
Not yet, certainly. And we can hardly afford to ignore the warnings
of such an eventuality: we have already seen where that can lead,
and too many have already paid the price with their lives. ~M--
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