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Abstract

Since December 2019, health systems worldwide have faced the pandemic caused by the new severe acute respiratory
syndrome coronavirus 2. The pandemic began in China and has spread throughout the world. This new coronavirus has a
high transmission capacity and elevated lethality in people over 60 years old and in those with risk factors (obesity, diabetes,
and systemic arterial hypertension); those characteristics have a different proportion in each country. At present, there is no
specific, effective, and safe treatment to treat this virus. In this review, an analysis is made on the differences in epidemiolo-
gical aspects of the disease and its presentation in pediatric patients; the poorly-based recommendation for using an em-
pirical combination of antimalarials plus antimicrobials as antiviral treatment; the indication of intravenous steroids; and the
possible influence of antihypertensive drugs on the course of the disease.

Key words: Coronavirus 2019 disease. Severe acute respiratory syndrome coronavirus 2. Hydroxychloroquine. Azithromycin.
Steroids. Angiotensin-converting enzyme-2.

Pandemia de COVID-19: retos por enfrentar

Resumen

A partir de diciembre de 2019, los sistemas de salud de todos los paises se han enfrentado a la pandemia causada por un
nuevo coronavirus (SARS-CoV-2), el cual fue notificado por primera vez en China y se ha esparcido por todo el mundo. Este
nuevo coronavirus posee una alta capacidad para transmitirse. A escala mundial la letalidad ha sido mds alta en la poblacion
mayor de 60 afios y en aquellos que tienen factores de riesgo (obesidad, diabetes e hipertension arterial sistémica). Sin
embargo, estas caracteristicas varian en proporcion en cada pais. Hasta el momento no hay un tratamiento especifico, eficaz
y seguro para combatir este virus. En este articulo se realiza un andlisis sobre las diferencias globales en los aspectos
epidemioldgicos y con relacion a su presentacion en pacientes pediatricos, asi como de la recomendacion, con pobre fun-
damento, del uso de la combinacion de antimaldricos y antimicrobianos empiricos como antivirales. También se analizan la
indicacion de esteroides intravenosos y la posible influencia de los farmacos antihipertensivos en el curso de la enfermedad.
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Introduction

Epidemiology of COVID-19 and its
possible impact on the pediatric
population

Coronavirus 2019 disease (COVID-19) is an emerg-
ing zoonotic condition in which a virus from a wild ani-
mal broke the species barrier, passed to humans, and
then established human-to-human transmission'.

At least four coronaviruses (CoV) that affect humans
and cause mild to moderate flu-like illness have been
described. The other three CoV cause severe diseases,
such as severe acute respiratory syndrome CoV (SARS-
CoV), identified in 2003, which caused about 8000
cases with a 10% lethality. In 2013, Middle East respira-
tory syndrome CoV (MERS-CoV) appeared, which had
a lethality of more than 30%. Finally, in December 2019,
a new CoV was identified, SARS-CoV-2, which is caus-
ing a pandemic with 7% lethality. This new virus has
different biological and epidemiological characteristics
from the other two CoVs that cause severe disease?.

SARS-CoV-2

CoVs belong to the Nidovirales order of the
Coronaviridae family and Coronaviridae subfamily, which

contain a large RNA (ranging from 25 to 33 kb) and
comprise four genera phylogenetically named o, B, v,
and 3. CoVs affect many animals as well and are con-
sidered to have evolved from a CoV hosted in bats.
Some of these CoVs, specifically of the genera o and £,
affect humans and can cause mild to moderate influen-
za-like illness, as well as severe and fatal forms (Fig. 1)°.

To date, seven CoVs are known to affect humans: two
belong to the genus o CoVs (HCoVs-NL63 and HCoVs-
229E), and five to the genus P CoVs, known as
HCoVs-0C43, HCoVs-HKU, SARS-CoV, MERS-CoV,
and the recently discovered SARS-CoV-2*.

Among the p CoVs, SARS-CoV, which causes a
SARS, MERS-CoV, which causes MERS, and the
recently discovered SARS-CoV-2, which causes
COVID-19, stand out for causing severe disease to
humans. SARS-CoV-2 shares nucleotides in different
proportions with other CoVs® (Fig. 2).

SARS-CoV-2 is a positive-stranded RNA virus, which
has a diameter of ~ 100 nm, an approximate volume of
~ 108 nm® = 10-3 fL, and a mass of ~ 103 MDa = 1 fg.
It has a membrane protein =~ 2000 copies per virion,
envelope proteins = 20 copies, and spikes = 10 nm and
=~ 100 copies. The structure of SARS-CoV-2 shows
some spikes or peaks that give the appearance of a
surrounding crown (Fig. 3).
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Figure 1. Coronavirus phylogenetic tree®.
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Figure 2. Coronavirus: the proportion of shared nucleotides. CoV: coronavirus; SARS-CoV-1: severe acute respiratory
syndrome-type 1 coronavirus; MERS: Middle East respiratory syndrome-coronavirus. Retrieved from: https://

elifesciences.org/57309.
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Figure 3. Structure of severe acute respiratory syndrome-
type 2 coronavirus. Retrieved from: https:/elifesciences.
org/57309.

Epidemiology of CoV disease 2019

The first case of COVID-19 was reported in the local-
ity of Wuhan in the Hubei Province, China, on December
8, 2019. Around the last days of December, several
cases were detected, including three cases of pneumo-
nia in the same family. Thus, an initial alert was trig-
gered for an unknown virus causing pneumonia with
epidemic characteristics®.

On December 30, an active search system was estab-
lished in Wuhan, and on January 10, 2020, it was
declared that a different virus than SARS and MERS
was causing the pneumonia cases. At this moment, the
World Health Organization (WHO) was notified. Several
cases of pneumonia were associated with fish, seafood,
and other live animals market, and on January 7, SARS-
CoV-2 was identified and sequenced over the next 3
days. On January 20, this virus was classified as class

Table 1. Cases of coronavirus disease (COVID-19) in the
most affected countries (May 13, 2020)

mmmm e

Worldwide 4,170,424 287,399
2 United States 1,430,348 85,197 5.9
3 Spain 271,095 27,104 9.9
4 Russia 242,271 2212 0.9
5 United Kingdom 229,705 33,188 14.4
6 Italy 222,104 31,106 14.0
7 France 178,060 27,074 15.2
8 Germany 174,098 7861 45
9 Turkey 143,114 3952 2.7
1 Iran 112,725 6783 6.0
10 Brazil 190,137 13,240 6.9
12 China 82,929 4633 5.6
22 Mexico 40,186 4220 10.5

B in the Chinese epidemiological notification system,
with cases detected outside the city of Wuhan on
January 23. As a result, on January 30, WHO declared
COVID-19 a health emergency of international concern:
7736 cases and 170 deaths had already been identified
in China, while 82 cases had been detected outside
China. By February 20, China reported 74,675 cases
and 2121 deaths, virtually all in Wuhan; outside China,
1037 cases and eight deaths were documented.

SARS-CoV-2 was then dispersed globally. As of May
12, 4,170,424 cases and 287,399 deaths have been
reported. The countries with the highest number of con-
firmed cases and deaths by May 13 are described in
table 17.
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Initially, all the information on COVID-19 was origi-
nated in China. However, due to the rapid spread of the
virus and the accessibility of free international scientific
information, clinical, epidemiological, and radiological
data on this disease have been built up at a faster rate
than that observed in other epidemics.

The primary strategy designed by the Chinese was the
identification of confirmed cases and the total isolation of
the affected cities®. In South Korea, a strategy was
designed for identifying suspected cases, as well as the
confirmation of COVID-19 cases, the detection of con-
tacts, and the compulsory isolation of cases and contacts
for 14 days, which provided an opportunity to learn about
the disease and efficiently control the contagion. This
strategy allowed South Korea to have a lethality of 1.8%,
whereas it was 4.0% in China®. In other Asian countries,
lethality was different: 6.2% in Iran and 1.4% in Japan.
These differences fluctuated due to the strategies
adopted and the infrastructure of the health services.

When COVID-19 appeared in Europe, it showed other
significant differences, unlike the Asian countries. In
most European countries, the adult population is pro-
portionally high. For example, in Italy, 22% of the pop-
ulation is over 65 years old. In this respect, the lethality
of critically ill COVID-19 patients in the 70-80-year-old
group is 34% and 44% in adults > 80 years. One of the
reasons considered for the high mortality rate is that
Italy acted late, detecting its first patients a month after
the start of the epidemic.

Furthermore, Spain has the highest life expectancy
among European countries (83.4 years) but with comor-
bidities. It was calculated that 60% of the Spanish pop-
ulation aged > 65 years has at least one chronic
disease, and more than one in five has a disability that
impedes them from adequate incorporation into a nor-
mal lifestyle.

The lethality rate in Europe by country is 10.3% in
Spain, 13.6% in ltaly, 14.6% in France, and 15.6% in
the United Kingdom”.

In America, the first cases were detected and con-
firmed in Canada and the United States. In these coun-
tries, the current case lethality rate is 5.8%. Moreover,
in Brazil, it is 6.9%, and in Mexico, it is 9.7%. The sig-
nificant difference in lethality seems to be associated
with the ability to detect positive cases, which has been
linked to the possibility of increased testing. For exam-
ple, in the USA, 5,919,847 tests have been performed
(as of April 28); in Russia, 3,139,258; in Germany,
2,072,669; and in the United Arab Emirates, 1,057,326.
In contrast, 77,005 tests have been performed in
Mexico, and 5,791 tests in Bolivia.

COVID-19 in children

In general, it has been observed that in the population
< 20 years of age, COVID-19 is less frequent than in other
age groups. It has also been described that the disease
occurs more frequently in a mild to moderate form in this
age group. Asymptomatic infections have been detected
as well, which proportion is not completely clear™.

In a study of ten infected children in China, the per-
sistence of SARS-CoV-2 was observed in the respira-
tory tract and stool'". In a review of 44,672 patients with
COVID-19, only 416 children aged 0-10 years (0.9%)
and 549 children aged 10-19 years (1.2%) were found.
The authors explained that the low incidence could be
because children have less opportunity to come into
contact with people infected with the virus'2.

The most comprehensive study that has been con-
ducted involved 2143 children (34.1% with confirmatory
laboratory testing). The median age was 7 years, with
a range of 2-13 years; most were males. The authors
reported that 94.1% of the cases were asymptomatic,
mild, or moderate. Of the severe cases, 112 were chil-
dren (5.2%), only 13 patients (0.6%) were critical, and
only one 14-year-old male patient died'®.

Evidence suggests that children are less affected than
adults, for which the differences between China and
European countries should be noticed, as well as the
effect that may happen in countries where the population
pyramids of children under 20 years predominate.

In Mexico, the affected population < 14 years of age
represents 1% of the confirmed cases, with only 11
deaths as of May 13™,

Status of COVID-19 in Mexico

In Mexico, there is a similar growth trend in the epi-
demic in comparison to other countries such as the
Philippines and Poland up to April 6 (Fig. 4). Initially,
the cases discovered were imported, mostly from the
United States, Italy, and Spain, and individuals who had
contact with migrants from those countries.
Subsequently, there was a local dissemination.

As of May 14, 42,595 cases and 4477 deaths had
been reported. A total of 58% of the cases were male,
and the most affected age groups are those between
30 and 70 years (80% of the cases). Individuals under
20 years old represent only 12% of the cases, and 21%
are over 60 years old. The overall lethality rate so far
is 10.5%. Unfortunately, it is higher in people over 65,
but fortunately very low in children. Of the population
that has died, 55% were between 40 and 59 years of
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Figure 4. COVID-19 case trends in selected countries, based on early days of the pandemic (April 30, 2020).

Table 2. Cases and deaths due to coronavirus disease
(COVID-19), according to comorbidity (Mexico, April 20,
2020)

Comorbidity mm Lethality (%)

Arterial hypertension 3,640 18.8
Obesity 3,493 471 13.7
Diabetes 3,064 618 20.2
Smoking 1,496 150 10.0
Asthma 585 48 8.2
Cardiovascular disease 473 107 22.6
Chronic obstructive an 114 271

pulmonary disease
Chronic kidney disease 388 107 27.6

SSA/DGE/Datos Abiertos: 20050430COVID19MEXICO.csv

age, 6.8% were < 40 years of age, and 37.9% were
> 60 years of age'. These percentages contrast with
the observations in Italy and China, where mortality is
higher in the population > 65 years. In order of impor-
tance, the comorbidities associated with deaths are
high blood pressure, obesity, diabetes, smoking,
chronic obstructive pulmonary disease, chronic kidney
disease, cardiovascular disease, and asthma.

In Mexico, there were 16,906 hospitalized cases of
COVID-19 as of May 14, of which 75% developed pneu-
monia and 11% required intubation.

In Mexico, the projection about the behavior of the
disease and mortality associated with comorbidities is
different from that of other countries because Mexico
occupies the first place in obesity, child obesity, and
diabetes. In addition, the population is predominantly
children and young people (Table 2).

In Mexico, the defined strategy comprises isolation and
social distancing, staying home, and only taking 100% of
the samples of severe cases and 10% of the suspicious
cases in sentinel locations in the country, which will only
allow having an idea of what will happen without knowing
the total number of cases. Simultaneously, the contacts
of the infected people are monitored and isolated. So far,
the response capacity of the health system has been
maintained because the strategy in Mexico is to preserve
flattened transmission to avoid saturation of health ser-
vices, regardless of a longer ongoing epidemic as a result.

The natural history of COVID-19

Pre-pathogenic period

SARS-CoV-2 is genetically almost identical to SARS-
CoV found in a bat species (Fig. 2). Although a
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SARS-CoV-2-like CoV has been found in pangolin,
recent studies determined a lower proportion of nucleo-
tides than initially reported. Although SARS-CoV-2 has
been identified in dogs, cats, and some Felidae mem-
bers in a zoo, it is not known if these species could serve
as a reservoir of CoV and transmit it as a zoonosis'®.

Person-to-person transmission of SARS-CoV-2 is
known to occur through the Fliigge droplets from the
mouth and nose when a person coughs, sneezes,
speaks, or breathes. It was initially thought that this
virus could spread within 1.5 m of the transmitting per-
son and that it would precipitate to the ground or various
surfaces, remaining for hours in aluminum and up to 5
days in plastics'®. Recently, some studies reported that
particles could remain in the air for several hours and
be transmitted to humans'”. Although the virus has been
detected in feces and semen, the potential for transmis-
sibility in these mediums is unknown'@,

It has been estimated that a sick person could infect
R, 2-4 individuals within 1.5 m'?.

Pathogenic period

This phase comprises the incubation period of the
virus, which is of 5 days on average and ranges from
0 to 14 days®°. Around the past 2 days of the incubation
period, viremias are already present and, therefore,
virus transmission. A proportion of asymptomatic
patients has also been found, who can transmit
SARS-CoV-22'.

According to observations in China, about 80% of
infected people with COVID-19 may develop mild to
moderate clinical symptoms, be treated on an outpa-
tient basis, and recover in an average of 2 weeks; in
these cases, the most common symptoms are dry
cough, fever > 38°C, and general malaise'®.

Furthermore, 15% of positive patients may have a
severe clinical picture characterized by dry cough, sore
throat, fever > 38°C, and dyspnea, but most of them
usually recover within 6 weeks. Generally, these
patients do not require intensive care.

Finally, 5% of those infected with SARS-CoV-2
develop a critical illness, and require management in
intensive care units because of variable degrees of
pneumonia in addition to other complications. These
patients may need intubation or tracheotomy and auto-
matic ventilators. According to the WHO, the lethality
in this group of patients is about 5.4%, with a range
between 0.2% and 12.3%. Mortality is related to a high
viral load and its association with comorbidities.

The current situation within countries, the speed at
which new infections are occurring, and the demands
for hospitalization have forced the analysis of various
therapeutic measures, some empirical and other based
on the response to previous epidemics by different
CoVs. It is essential to identify and critically analyze the
sources of information to make the best decisions and
maintain the principles of justice and nonmaleficence.

Hydroxychloroquine and the
hydroxychloroquine/azithromycin
combination in the treatment of COVID-19

Globally, there is a need for specific treatment against
SARS-CoV-2, due to the morbidity and severity that
some COVID-19 patients show. Different antivirals and
immunomodulators are currently under evaluation.
Maybe due to its accessibility and lower cost or because
it is a “better known” drug and solely based on a French
article?®, the prescription of chloroquine (ideally,
hydroxychloroquine) was diffused and even recom-
mended in various treatment guidelines. In this sense,
there has been an effervescence in the use of the
hydroxychloroquine/azithromycin combination.

A history of in vitro studies showing that chloroquine
reduces the viral replication of CoVs such as SARS-CoV
and MERS-CoV motivated its evaluation with SARS-
CoV-2, where evidence of replication inhibition was
found?3. In China, a preliminary evaluation of the admin-
istration of hydroxychloroquine to 100 patients with
COVID-19 was conducted. Since the results showed
clinical and radiological improvement of the disease,
clearance of the virus, and shortening of the evolution
of the disease, the findings appeared promising?.
Unfortunately, this is the only clinical information that has
been reported in an article, without any further analysis
that would give sufficient power to the claims. As the
pandemic has progressed, doubts have grown about the
real usefulness of chloroquine and hydroxychloroquine,
and a series of clinical trials have been initiated with no
results yet available. At a meeting in China on February
15, 2020, the authors of 15 ongoing clinical studies,
along with government authorities, concluded that chlo-
roquine showed good activity against COVID-19 and
recommended that it can be included in their Guide to
the Prevention, Diagnosis, and Treatment of COVID-19
Pneumonia. Several studies are currently in progress,
the first in China and more recently in other parts of the
world, but there are still no results to claim that it is a
useful treatment option. The controlled studies that will
allow further recommendations are derived from a
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clinical trial of the use of hydroxychloroquine as prophy-
lactic therapy in patients exposed to confirmed infected
persons and from a study regarding the management of
mild to moderate forms of SARS-Cov-2 infection; in both
studies, no difference was observed when compared to
groups receiving placebo?®26. The usefulness of chloro-
quine or hydroxychloroquine, with or without azithromy-
cin, has not been endorsed or ruled out in controlled
clinical trials in critically ill or severe patients.

So far, the administration of chloroquine and hydroxy-
chloroquine can be considered experimental; conse-
quently, the Ethics Committees of the institutions
should approve this prescription. The argument for pre-
scribing these drugs is based on the risk-benefit ratio;
however, for adult patients, the benefit is uncertain.
Furthermore, due to the toxic effects of both chloro-
quine and hydroxychloroquine, the administration of
these drugs implicates some risks, especially when
considering a high percentage of patients with comor-
bidities who simultaneously require other drugs, which
are contraindicated with the two mentioned above.

The use of chloroquine and hydroxychloroquine at
the hospital level may allow for early detection of some
of the adverse effects. However, widespread media
coverage and over-prescription, even as a prophylactic
(for which it is not useful)?3, put the outpatient popula-
tion at risk. During the pandemic, cases of death from
chloroquine poisoning have already been reported.

The adult group is the most affected by COVID-19, for
which the experience in using these drugs in children
is still minimal. Therefore, the use of chloroquine and
hydroxychloroquine in children should be discussed by
Clinical and Ethics Committees and used compassion-
ately. Furthermore, no dose can be extrapolated in the
treatment of children with COVID-19. There is no basis
for considering that the dosage used in malaria can be
adjusted to children with this disease.

The combination of azithromycin and hydroxychloro-
quine was expanded due to the wide diffusion in social
media, where the document was even circulating before
its publication (an article by a group of researchers from
Marseille, France??). Dahly et al., in the United Kingdom,
conducted a detailed analysis of the biases and meth-
odological problems of this paper?”. It should be noted
that the clinical characteristics of the six patients who
received the combination of drugs are not known in
detail, nor is their state of health or the clinical form of
the infection. The outcome evaluation is focused on
viral clearance in the nasopharynx, with what the
authors consider the patient “cured.” As commented by

Table 3. Use of corticosteroids in severe lung
infections

Disease or Effects observed with corticosteroid treatment:

infection hydrocortisone, methylprednisolone,
dexamethasone, and prednisolone

MERS-CoV Delayed viral clearance in the respiratory tract
Adjusted risk ratio 0-4 (95% CI 0-2-0-7) CoV

SARS-CoV Delayed viral clearance in the blood
Reported as a significant difference without
calculation of the effect size

SARS-CoV Psychosis, associated with an increase in the
accumulated dose: 10.9 g vs. 6.7 g of the
hydrocortisone equivalent, is presented as an
adverse effect

SARS-CoV 33/95 patients who received corticosteroids had
secondary diabetes

SARS-CoV Of 40 patients who survived, 12 (30%) had
avascular necrosis and 30 (75%) osteoporosis

Influenza Evidence from a meta-analysis of 10 studies with

6548 patients indicates increased mortality
Risk ratio: 1-75 (95% CI 1-3-2-4, p = 0.0002)

Respiratory A controlled clinical trial with 600 children: no
syncytial virus clinical benefit was observed in the group
receiving corticosteroids (305 patients)
An observational study: 33/50 adults received
corticosteroids. There was no benefit, but an
altered antibody response was found

Cl: confidence interval; CoV: Coronavirus; MERS: Middle East respiratory
syndrome; SARS: severe acute respiratory syndrome.

Adapted from: Russell et al. Clinical evidence does not support corticosteroid
treatment for 2019-nCoV lung injury. Lancet. 2020;395:473-5.

the authors, “in reality, a series of six cases are pre-
sented whose strength must be adequately weighted.”

Definitively, this study cannot be taken as an endorse-
ment for prescribing this combination of drugs®’. The
findings are significant, but controlled clinical trials
should be conducted to help in making better clinical
decisions. Again, the treated cases correspond to adult
patients, so pediatricians should not be tempted to
make this prescription until it is endorsed by committees
that strictly consider the potential risk to which children
would be subjected.

Use of corticosteroids for the treatment of
SARS-CoV-2 disease

At present, there is no internationally approved treat-
ment for COVID-19 disease. The available information
has been obtained through testing different types of
CoVs and from in vitro activity or clinical trials using
drugs under compassionate use or used as a last line
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of management. Corticosteroids have been used for a

variety of infections in epidemic situations®. The WHO

Clinical Management Guidelines® state that corticoste-

roids should not be prescribed unless there is another

indication for their use (e.g., septic shock). However,
these medications have been used in an attempt to
decrease the inflammation responsible for lung dam-
age. Russell et al. reviewed some significant studies
that record the effects of corticosteroid treatment in
severe lung infections® (Table 3). Most studies report
no difference in mortality between patients receiving
corticosteroids compared to those not receiving them,
and several of the results point to a detrimental effect
of corticosteroid use. Some adverse effects are directly
related to the presence of the virus in the respiratory
tract®® or bloodstream?®?, while others are related to the
activity of the drug in different organs®'. There is more
evidence against its use under two conditions. The first
is influenza, as shown by Ni et al.?? in a systematic
review and meta-analysis, in which they found an
increase in mortality. The second is bronchiolitis due
to respiratory syncytial virus, in which no benefit of
treatment was found neither in children3? nor in adults3“.

In response to the review by Russell et al.??, a group
of Chinese physicians considered that for CoV infection,
the evidence comes mostly from observational studies®®.

Therefore, it cannot be concluded that corticosteroids

cause more harm than benefit. Shang et al. remark that

adverse effects were found in only three SARS-CoV
studies. However, in at least 25 other published studies
adverse effects were not found, although the evidence
is not sufficient to recommend the use of corticosteroids.

In a retrospective study of 401 SARS patients, mortality

and days of hospitalization decreased, and no other

complications were observed®. In a prospective cohort

of 2141 patients with HIN1pdmO9 influenza from 407

hospitals in China, a low-moderate dose (25-150 mg/day)

of methylprednisolone (or an equivalent) reduced the

mortality in patients with Kirby index < 300 mmHg*".
Regarding the existing controversy about the use of

corticosteroids in COVID-19, experts from the Chinese

Thoracic Society®® developed a consensus with the

following recommendations:

1. The risk-benefit balance should be carefully evaluat-
ed before using corticosteroids, always seeking to
obtain the most significant benefit.

2.Corticosteroids should be used with caution in pa-
tients with severe SARS-CoV-2 pneumonia.

3.For patients with hypoxemia due to underlying dis-
ease, or who routinely use corticosteroids for chronic
disease, these steroids should be used with caution.

4.Doses should be low to moderate (< 0.5-1 mg/kg/day
of methylprednisolone or equivalent) and for a short
duration (< 7 days).

Since the information from systematic reviews and
meta-analyses has not reached the same conclusion,
unrestricted use of steroids is not recommended.
However, if necessary, the administration should be at
low doses and for a short period, and side effects
should be monitored as well.

Use of antihypertensive drugs related to
the renin-angiotensin axis

The renin-angiotensin-aldosterone (RAA) axis has
been linked to the mechanism of COVID-19 infection.
Under normal conditions, angiotensinogen, a glycoprotein
produced mainly in the liver, is converted into angiotensin
| (AT-1) by renin (an enzyme produced by the juxtaglomer-
ular cells of the kidney). AT-I properties favor vasodilation
through the production of nitric oxide (NO) and bradyki-
nins. Subsequently, angiotensin-converting enzyme
(ACE), which is secreted in the kidney, lung, and central
nervous system, and blocked by the family of ACE-
inhibiting (ACEi) antihypertensive drugs, converts AT-l into
angiotensin I (AT-l), which has an affinity for the following
two receptors®:

1. Angiotensin type 1 receptor (AT1R) causes vasocon-
striction and increases blood pressure through the
release of aldosterone; it is the therapeutic flank of
AT-l receptor blocking (ARBs) drugs.

2.Angiotensin type 2 receptor (AT2R) has properties for
regulating angiogenesis and apoptosis.
Furthermore, ACE-2 is produced in various organs

(lung, heart, epididymis, intestine, and central nervous
system). In these organs, ACE-2 converts AT-I to angio-
tensin (1-9), which has a more significant vasodilator
effect and maintains the structure of the intima layer of
the small vessels. Also, ACE-2 converts AT-Il to angio-
tensin (1-7), which has antiproliferative, antiapoptotic,
and antiatherogenic activity*°.

SARS-CoV-2 expresses a protein along its surface
called S-protein, which has an affinity for the compo-
nents of ACE-2*. Their binding favors endocytosis of
the virus in the pulmonary epithelium, generating one
of the main mechanisms of virulence. Based on the
these interactions, several hypotheses regarding the
use of antihypertensives have been proposed:

1. The effect of COVID-19 infection on the RAA axis*>43,
ACE-2 physiological activity generates end-products
that maintain vasodilation in vessels and capillaries
and regulate the effects mediated by the activation of
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AT1R via ACE. So far, COVID-19 behavior has shown
that those subjects who manifest severe pulmonary
complications evolve with a clinical pulmonary arterial
hypertension phenotype similar to that of group Il
WHO classification (secondary to lung injury), demon-
strating a decreased production of NO, fibrosis, and
increased activation of neutrophils. This fact seems to
be explained by the inactivation of the ACE-2 pathway
because SARS-CoV-2 uses it for its virulence. Wheth-
er the ACE/ACE?2 ratio has a direct causal association
with the infection susceptibility or a prognostic role in
patients is currently not known. Delanghe et al. con-
ducted an ecological study evaluating the epidemio-
logical behavior of infections by country and its rela-
tionship with the population expression of ACE
polymorphisms, finding that countries with overex-
pression represent 38% (r? = 0.38) of infections and
50% (r? = 0.50) of deaths*..

2.The possible interaction with antihypertensive drugs*.
In all countries, systemic arterial hypertension has
been identified as the comorbidity most associated
with COVID19 and the development of lethal compli-
cations. Laboratory studies in animals showed that
the use of RAA inhibitor drugs could increase up to
40% the production of ACE-2 and favor the entry of
COVID-19. However, cohort studies conducted in Wu-
han City*6 found no difference when comparing the
group of survivors and non-survivors with a history of
medication with ACEi or ARBs drugs*. Similarly,
Zhang et al. analyzed a cohort of hypertensive pa-
tients with COVID-19 (n = 1128), comparing the use
of ARBs/ACEi versus other types of medication. The
authors found a protective role for mortality in a mul-
tivariate analysis (adjusted for variables such as sep-
sis, acute respiratory failure, renal, and cardiac fail-
ure)*s. Previously, a meta-analysis of 37 articles
(quasi-experimental, randomized clinical trials, and
intervention cohorts) that evaluated ARBs/ACEi ther-
apy in cases of viral pneumonia was published, find-
ing a protective effect (odds ratio [OR] = 0.66, 95%
confidence interval [CI] 0.55-0.80) for infection and an
association with lower mortality*’.

3.COVID-19, the RAA axis, and pediatric patients. An
initial theory described that a lower expression of
ACE-2 could explain the lower frequency of infection
and severe symptoms in childhood. However,
Schouten et al.*® could not demonstrate that enzyme
levels changed with age. The review of cohort studies
in infected pediatric populations did not demonstrate
factors related to hypertension and the association of

drugs with mortality; notably, there is no evidence

reported of outcomes in populations with congenital

heart disease*?4°.

4.Currently, one possible treatment is the use of ACE-2
analog drugs, which are in phase 2 clinical trials. In
animal models, a decrease in interleukin-6 levels, an
increase in lung surfactant concentration, and the
binding to SARS-COV-2 protein S, neutralizing its
invasion process, have been shown.%®

So far, there is no evidence that the suspension of
ARBs/ACEi drugs prevents infection by the new CoV,
nor should infected subjects be deprived of the effec-
tiveness of these drugs in preventing the development
of major cardiovascular events and their possible reg-
ulatory relationship with the harmful effects of the virus
on the pulmonary parenchyma.

This review mentions only some of the aspects that
have emerged during this pandemic. The emergence
of a new virus has made it possible to observe the
epidemiological behavior in different populations,
races, age groups, nutritional status conditions, the
prevalence of comorbidities in the population, and cus-
toms, among other characteristics. The accessibility of
scientific and non-scientific information on social media
has led to the inclusion of therapeutic decisions that
are not entirely justified but are often supported by the
“compassionate use of drugs.” Many other controver-
sies require a better analysis, such as the widespread
use of masks, the impact of conducting more tests, and
the best time to recommend social distancing to avoid
a case outbreak. Finally, many questions that require
future analysis remain.
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