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INTRODUCTION
Infectious diseases were responsible for the highest burden of 
disease (premature deaths and disability) in the 20th century 
until the development of effective, affordable interventions like 
vaccines and antibiotics significantly reduced infection preva-
lence, especially in high-income countries. Thus in 1980, 
smallpox, which caused 500 million deaths over the past cen-
tury, was declared eradicated, thanks to a strong global im-
munization campaign sponsored by WHO. However, without 
exception, infectious diseases still pose a persistent threat to 
human health. Nearly 10 million annual deaths worldwide (1/5 
of all deaths) are linked to infectious diseases, and the over-
whelming majority of these occur in low- and middle-income 
countries and in children under the age of 5.[1] 

Lower respiratory tract infections are the main cause of death 
in low-income countries, and the fourth leading cause of death 
worldwide.[1] It is estimated that 335 infectious diseases 
(emerging diseases) have arisen between 1940 and 2004, 
60% of which were zoonotic in origin, and 25.4% of which were 
caused by viral pathogens.[2] Estimates related to major out-
breaks of emerging infections in the last few decades have put 
costs at over US$100 billion, not to mention the cost in human 
lives.[3]

This article’s objective is to explore and discuss scientifi c evidence 
to explain recent events in the context of the COVID-19 pandemic. 
We will review what is known at this writing about this emerging 
infectious disease, the histories of similar pandemics and epidem-
ics, and the importance of ecological deterioration—especially 
that caused by agroindustry and industrial production of animal 
products—in the development of zoonoses. In this context, we will 
also discuss the vital role the scientifi c community has, had and 
should have in understanding the pathophysiological mechanisms 
of emerging viral diseases, deepening knowledge of their causes 
and developing new therapeutic options for their treatment and 
prevention.

CORONAVIRUS DISEASE COVID-19
COVID-19 is the disease caused by infection with a novel virus of 
the Coronaviridae family, SARS-CoV-2. The fi rst cases were re-
ported in late December 2019 in Wuhan, Hubei, China. On March 
11, 2020, WHO declared COVID-19 a pandemic, and by mid-April, 
nearly 2 million cases had been confi rmed in 185 countries, and 
almost 140,000 people had died from the virus.[4,5] 

The SARS-CoV-2 virus is transmitted from person to person 
through saliva droplets and direct contact, and has an incuba-
tion period of 1 to 24 days.[6] Like other viruses, SARS-CoV-2 
infects pneumocytes, possibly via the angiotensin-converting en-
zyme-2 (ACE2) cell receptor.[6] The fi rst clinical manifestations 
of COVID-19 are fever, cough, nasal congestion and fatigue.[7] 
In Wuhan, 14% of cases progressed to more severe symptoms, 
such as dyspnea and pneumonia.[7] The estimated mortality rate 
is 3%,[8] although as the pandemic has progressed, this value has 
been continuously updated. In Mexico, the fi rst case was record-
ed on February 27, 2020, and by mid-April, 5399 cases and 406 
deaths had been registered.[4] Considering there is high preva-
lence in Mexico’s adult population of comorbidities associated 
with COVID-19 morbidity and mortality, particular attention should 
be paid not only to prevention of future outbreaks in general, but 
particularly to these frequently found risk factors. These include 
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IMPORTANCE
Summarizing the SARS-CoV-2 characteristics, emer-
gence, and transmission pathways, this article examines 
disruptive patterns of human activity, such as agroindus-
trial food production and anthropization, and their contribu-
tion to fostering recent zoonoses including COVID-19; the 
authors call for open-science, collaborative research that 
integrates biological, environmental, ecological and socio-
economic approaches to understand the root structural 
causes of these emerging and re-emerging zoonoses.
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overweight/obesity, high blood pressure and diabetes mellitus 
(72.5%, 31.5% and 12.9%, respectively in Mexican adults).[9] 

Using samples from infected patients in Wuhan, phylogenetic 
analyses of the viral genome were performed, showing that 
SARS-CoV-2 belongs to the subgenus Sarbecovirus of the ge-
nus Betacoronavirus, and is closely related (88% identity) to two 
bat coronaviruses, bat-SL-CoVZC45 and bat-SL-CoVZXC21. It 
is also related, though not as closely, to Severe Acute Respirato-
ry Syndrome coronavirus (SARS-CoV) (±79%) and Middle East-
ern Respiratory Syndrome coronavirus (MERS-CoV) (±50%). 
Divergence between the SARS-CoV and SARS-CoV-2 genomes 
has shown SARS-CoV-2 to be a novel coronavirus whose origi-
nal host was probably the bat.[5] However, it is important to note 
there is little likelihood that the coronaviruses bat-SL-CoVZC45 
and bat-SL-CoVZXC21 are the direct ancestors of SARS-CoV-2. 
Rather than a bat, the likely intermediate host between bats and 
humans was being sold in the Huanan market in Wuhan, and 
was not hibernating during the season when the outbreak oc-
curred.[5] 

Humans had already recently experienced two epidemics with 
high pandemic potential, caused by two novel coronaviruses: 
the SARS-CoV virus (2002), which infected 8000 people and 
killed 774 people in 26 countries,[10] and the MERS-CoV virus 
(2012), which infected 2494 and killed 858.[11] Interspecies 
transmissions were identifi ed in both cases, with the masked 
palm civet (Paguma larvata) in SARS-CoV[12] and the camel 
(Camelus dromedarius) in MERS-CoV,[11] acting as intermedi-
ate hosts between human beings and the likely natural reservoir 
of these coronaviruses, the bat. These diseases have now been 
contained (not eradicated), and no vaccine or specifi c treat-
ment is available for either. No SARS virus transmission has 
been reported in any region of the world since 2005, while some 
cases of MERS are reported every year, most of which are di-
rect transmissions (host animal to human) occurring in Saudi 
Arabia. SARS was contained by interrupting person-to-person 
transmission using syndromic surveillance measures, rapid pa-
tient isolation, strict quarantine of contacts, and in some regions, 
quarantine of whole populations.[13] 

CORONAVIRUSES AND THEIR NATURAL RESERVOIRS
Coronaviruses are RNA viruses with large genomes (26 to 32 kb), 
larger than that of any other RNA virus type (≤10 kb). They com-
monly infect birds, but also mammals, such as bats and humans, 
causing respiratory infections in humans and enteritis in other ani-
mals. Of the seven coronavirus subtypes known to infect human 
beings, the betacoronaviruses are the ones that cause severe 
clinical symptoms and high mortality rates.[14] 

The nucleotide substitution rate in coronaviruses is ±10-4/sites per 
year, with mutations in each replication cycle.[15] This genomic 
“dynamism” has promoted origin of new viral variants capable of 
crossing the species barrier, adapting to a new host and achieving 
transmission.[16] 

The bat is the natural reservoir of a wide variety of viruses, and 
in recent years has been shown to be the natural host of corona-
viruses that are closely related to highly pathogenic betacorona-
viruses, such as SARS-CoV, MERS-CoV and SARS-CoV-2.[17] 
Metagenomic analyses of the virome of 196 different bat species 

(estimates put the number of bat species worldwide at 1240) show 
the great variety and density of viruses, estimating that coronavi-
ruses comprise 30% of the bat virome.[18] However, bats rarely 
show clinical symptoms of infection with these or other types 
of viruses, suggesting a history of coevolution tending toward 
equilibrium.

Although little studied, the immune response in bats is very 
similar to that in other mammals, and certain aspects are 
closely linked to their special relationship with the viruses. 
This could have a restrictive effect on certain pathogens 
with which they have closely evolved, preventing infection-
associated immunopathology.[19] Another way of prevent-
ing immunopathological consequences of an acute immune 
response is through autophagy and cellular apoptosis.[19] 
Bats also have constitutive activation of the type I interferon 
system (cytosine and receptor), which regulates recruitment 
of macrophages and natural-killer (NK) cells to fight viral in-
fections and tumors.[20] Lastly, some hypothesize that the 
increased body temperature and metabolic rate during flight 
may simulate a fever response that could partially explain the 
bats’ special tolerance to viruses.[20] 

The transmission dynamics of these and other viruses (intra- and 
interspecies) depend on conditions associated with the virus it-
self, the host, the newly infected organism and the environment in 
which these interactions occur. In general, these conditions are: 
1) frequency of interactions between the natural, intermediate 
and fi nal hosts; 2) population density of the infected host species; 
3) overall health status of both the host and newly infected indi-
vidual; 4) specifi c viral characteristics and adaptations (infectious-
ness, pathogenicity, drug resistance, etc.); and 5) behavior of the 
fi nal human host (travel, migration, confl ict and war, globalization, 
urbanization, etc.). Changes in each of these fi ve conditions have 
been behind the surge in emergence and re-emergence of viral 
infectious diseases, especially zoonoses, that have increased in-
fectiousness and pathogenicity.

In the past 20 years, zoonoses such as the encephalitis outbreak 
associated with the Nipah virus (Malaysia, 1998), the SARS epi-
demic (2002), MERS (2012), Ebola (West Africa, 2014−2015) and 
most recently, the COVID-19 pandemic, have reminded us of the 
inherent, inseparable connection among all forms of life and their 
environment.

AGROINDUSTRIAL SYSTEMS 
AND THE ECOLOGY OF ZOONOSES
Current agroindustrial production systems have exerted strong 
pressure to change land use in extensive areas of the temperate 
and tropical regions, creating a continuum of heavily anthropized 
agroecosystems that increasingly encroach on less suitable land, 
which then undergoes considerable habitat deterioration and a 
major loss of ecosystem services that these spaces provide.[21] 
Especially the tropics, the habitat of a highly diverse population of 
birds and bats, have been deforested in the last few decades for 
the industrial exploitation of palm oil, rice, soy or sorghum for live-
stock feed, or for the planting of forage grasses to create pastures 
and farms for intensive ruminant, pig and poultry production.[22] 
Habitat loss in these highly biodiverse ecosystems reduces the 
original wild populations, creating imbalances in all trophic rela-
tionships, including changes in endosymbiosis and ectosymbiosis 
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due to the physiological stress associated with the drastic change 
from original ecological conditions. 

The surviving species are forced to explore new ecological niches, 
interact with species with which they had no prior contact, modify 
their geographic distribution beyond the optimal bounds for their 
physiology, and adjust their interactions with a virome also in the 
process of modifi cation through contact with new vectors and po-
tential hosts.[23] 

In general terms, when an ecosystem undergoes agricultural 
anthropization, it remains in a perpetual state of disruption. This 
favors less specialized species that are highly adaptable to the 
dynamics of rapid growth cycles with a high input of nutrients 
and xenobiotics, frequent disturbances from machinery and in-
frastructure abuse, and overrepresentation of a few species over 
broad areas and time periods. In other words, the ecosystem has 
been artifi cially blocked from maintaining or reaching its natural 
equilibrium. It constantly recruits the individuals most resistant to 
the pressures exerted by agricultural management on an indus-
trial scale, which includes the pressures exerted by pathogens 
favored in the continuum of degraded ecosystems. For birds and 
bats, the new wooded areas in plantations and paddocks, as 
well as islands of original vegetation, become sites of intense 
competition between the species most favored by constant dis-
ruption. This competition can establish new viral exchanges and 
recombination dynamics among the survivors and livestock.[22] 
Major selective pressure is also exerted by the introduction of 
agrochemicals and bio-inputs, especially on arthropod popula-
tions, and consequently on the bats and birds associated with 
them on the trophic level. These bats and birds, along with some 
rodents, may form part of the most overrepresented wild popula-
tions in the ecosystem, and are candidates for becoming new 
viral reservoirs.[24] 

In this context, it is understandable that the accelerated rates of 
generational succession artifi cially imposed by agroindustry also 
favor the selection of new strains of microorganisms and viruses 
capable of crossing the species barrier, including the jump to 
humans, with varying degrees of pathogenicity. Migration of wild 
fauna, whether habitual or forced, constantly alters the distribu-
tion map of many viruses, moving these into new areas, and 
changes their choice of host and vector species. At the same 
time, worldwide movement of livestock production (live animals) 
with human populations guarantees redistribution of these vi-
ruses into the continuum of anthropized ecosystems, despite 
health controls.

Other ecological aspects of certain bird and bat species—such as 
the plasticity of their reproductive rates, gregarious and itinerant 
habits, greater tolerance of nearby human populations, and pos-
sibly the rapid elimination of those individuals that develop acute 
reactions to viruses—have identifi ed them as key participants in 
most emerging infectious disease outbreaks in the last few de-
cades.[16] In some cases, the disturbed ecosystem continuum 
favors these species, due to an incomparable food supply and 
the relative absence of predators and competitors, which allow 
their populations to grow beyond the limits imposed by a more 
biodiverse ecosystem.[25] This promotes the growth of virus 
populations and their concomitant evolution, and favors the emer-
gence of lineages capable of progressing in novel hosts, including 
humans.

It should also be noted that agroindustrial operations are fi nan-
cially successful because of the high genetic homogeneity of 
farmed species, permitting standardization of processes, sup-
plies, machinery, facilities and products to constantly meet high 
market demand. Thus, large numbers of animals of the same age, 
sex and genetic vulnerability are confi ned in small spaces, with 
overly enriched diets and high chronic stress levels that guarantee 
success for infections and ample opportunities for new mutations. 
For example, of the 41 reconversion events in highly pathogenic 
avian infl uenza viral strains reported from 1959 to 2015, specifi -
cally subtypes H5 and H7, only two occurred on backyard farms, 
while the rest were identifi ed in industrial scale commercial op-
erations. However, even the two small-farm events took place in 
areas where there was industrial-scale poultry farming.[26] 

Thus, it is essential to investigate the extent to which industrial 
modes of food production, especially those of animal origin, fa-
vors the emergence of recent zoonoses. Figure 1 illustrates the 
interrelation among the biological, environmental, ecological and 
socioeconomic factors of emerging zoonoses, pointing the need 
for new research approaches that integrate each of these dimen-
sions when addressing these types of health challenges.

The high human and economic costs of these emerging diseases 
must no longer be ignored. It is time for us learn our lesson and 
stop placing the fi nancial interests of a few corporations or states 
that control large-scale animal production ahead of global health, 
since it is clear that there is only “One Health.” We must restore 
ecosystems that have suffered profound destruction under current 
models of industrial agriculture and global commerce (including 
both their supplies and products). An open, global science must 
delve into the root structural causes of emerging viral diseases 
that are crossing species barriers and threatening humanity. 

THE NEED FOR CRITICAL, THOUGHTFUL AND 
SOCIALLY-COMMITTED SCIENCE
From the fi rst alarm sounded by Chinese health authorities and 
WHO’s declaration of COVID-19 as an international emergency, the 
scientifi c community has focused on generating useful information, 
mainly regarding the epidemiology of the disease, initial evidence 
of the natural history of the virus, clinical characteristics of the dis-
ease and measures for its control and treatment. This time, the in-

Figure 1: Interrelation among biologic, environmental, ecologic and 
socioeconomic factors in emerging zoonoses 
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formation generated has been openly distributed. From December 
1, 2019 until mid-April 2020, 2832 scientifi c studies on COVID-19 
have been published in international journals indexed in English.
[27] Some of the studies discussed in this article are examples of 
this intense effort of solidarity by the scientifi c community.

Publication of initial observations enabled exchange of knowledge 
and experiences, facilitating a global response to the pandemic 
through open access and coordinated actions. Interestingly, 
the fi rst articles published on COVID-19 in The Lancet (in all its 
various formats and special editions) were quickly translated into 
Mandarin for dissemination, mainly among health professionals 
in China.[28] The scientifi c community has also played an essen-
tial role in releasing technical information to the general public 
(feature articles, infographics, interactive maps, etc.), which has 
aided dissemination of useful information for understanding the 
outbreak and its transmission, as well as the reasoning behind 
measures taken for its containment and their implementation to 
prevent contagion. 

Participation by global organizations such as WHO has been vital 
to foster international cooperation and mobilize coordinated ac-
tions to confront the pandemic. At the beginning of February, 2020,  
WHO organized a virtual forum of scientists from the world over 
to establish research priorities for COVID-19.[29] Nine research 
priorities were proposed for medium- and long-term control of the 
pandemic; among these were topics on the virus’s natural history 
(origin, transmission dynamic and measures to manage it) and 
development of vaccines and therapies to prevent and treat the 
disease. WHO also has developed a public registry of clinical tri-
als being carried out worldwide; by mid-April, this platform already 
contained 1135 records of clinical trials evaluating COVID-19 in-
terventions.[30] 

At the start of the outbreak in China, Mexico’s National Council of 
Science and Technology (CONACYT) created a National Project on 
COVID-19 Research and Social Impact (PRONAII COVID-19) as 
part of the National Strategic Health Program (Pronaces-Health). 
The latter is a high-priority initiative for organizing research efforts 
on important national issues that call for a decisive focus and an 
integrated, in-depth, broad-ranging solution. To date, CONACYT 
and the Mexican scientifi c community are working on 14 Prona-
ces initiatives, including Pronaces on Health, a funding opportunity 
for integrated multidisciplinary long-term research projects aimed 
at providing evidence for actions to solve strategic challenges for 
promoting health in Mexico. 

Led by the Mexican scientifi c community in coordination with the 
Federal Health Ministry, PRONAII COVID-19 has identifi ed urgent 
challenges and capacities, and projects were developed to give 
immediate attention to the emergency. These included projects 
concerning epidemiological surveillance, mathematical modeling 
and data science, clinical trials, vaccine development, and creation 
of sensitive and specifi c detection tools, as well as the search for 
means to manufacture mechanical ventilators in Mexico. 

The second phase of the strategy thus far has been to publish two 
specifi c calls for proposals: one for cutting-edge research in all 
relevant fi elds, including health technology development and in-
novation, and the other to strengthen Mexico’s ability to equip lab-
oratories at academic institutions to provide COVID-19 diagnostic 

support. Certainly, thanks to the proactive efforts of researchers 
at several public research centers, CONACYT was able to drive 
immediate actions, including manufacture of strategic medical de-
vices such as mechanical ventilators and industrial production of 
hydroalcoholic gel to supply public hospitals.

These efforts clearly exemplify the relevance of intersectoral work 
and the fundamental role of an ever more conscious, critical and 
participatory scientifi c community to meet and overcome chal-
lenges like the COVID-19 pandemic, with a collaborative rather 
than competitive approach. Simply put, the scientifi c community’s 
response to COVID-19 is evidence of the political, economic and 
scientifi c strengths of Mexico, when committed to clear goals 
aimed at improving the population’s health and well-being.

PRIORITIES AND PROSPECTS FOR FUTURE RESEARCH
Effective tools for containment (improvements in health systems), 
treatment (new, more sophisticated drugs) and prevention (vac-
cines and more sensitive diagnostic devices) have been devel-
oped for most infectious diseases over the past 50 years. Yet, in 
just the last 20 years, the SARS, MERS, Ebola and COVID-19 
outbreaks have demonstrated the need for greater, more collab-
orative and more diversifi ed efforts to identify sustainable solu-
tions to current and future challenges. 

Funding for scientifi c research in the fi eld of infectious diseases 
should consider the burden of these diseases at the regional 
and global level and the fact that they are the fourth leading 
cause of death worldwide.[1] Given that other threats such as 
the COVID-19 pandemic may be imminent, it is also crucial to 
strengthen each sector’s capacity for response. For example, 
development of vaccines and biologics is critical and requires 
constant impetus. After the SARS outbreak in 2002, several 
studies focused on development of anti-SARS-CoV neutralizing 
antibodies, but none of the candidates has yet been evaluated 
in clinical trials,[31] and thus could not be immediately used 
to evaluate effi cacy for the new virus (they are cross-reactive 
against SARS-CoV-2). 

It is important to learn from this and prior experiences. In addition 
to constantly analyzing and keeping records of observations and 
research during this type of challenge, we consider it essential 
to encourage collaborative discussion and refl ection from multi-
disciplinary perspectives, which will aid in understanding the root 
structural causes of these new viral diseases, in addition to pro-
viding solutions to the challenges they present. 

Public release of technical information and scientifi c research 
dissemination are the best tools to enable both civil society and 
authorities to make informed, accurate decisions. Truth is both 
an ethical and technical imperative as humanity confronts chal-
lenges like that presented by COVID-19, which is one reason why 
the scientifi c community’s participation is vital. In such cases, it 
is capable of anticipating, exploring and understanding in depth 
the ultimate and structural causes of these diseases as well as 
the challenges involved in their containment, mitigation, treatment 
and prevention, providing relevant and logical solutions for gov-
ernments and society at large.

During this global health emergency, we are also challenged 
to seek more democratic, open ways to share scientific knowl-



MEDICC Review, April 2020, Vol 22, No 218

Leading Voices on COVID-19

edge, to avoid subordination of epistemological principles and 
the best solutions or prevention to the financial interests of 
the big pharmaceutical corporations. We must be innovative 
in the ways science supports decision-making and also build 
bridges of dialogue and collaboration among sectors and 
countries, between the Global North and the Global South, 
and more. It is also urgent to establish mechanisms to prevent 
the spread of misinformation and the abuse of social networks 
to this end. 

International collaboration has been our core strength in confront-
ing the current COVID-19 pandemic, as in past pandemics and 

epidemics. The interconnectivity of the world in which we live is 
not only virtual, but physical; and it is not only among humans, but 
also with the ecosystem. The “One Health” concept, institutional-
ized by WHO since 2008, encompasses these ideas. Its strategy 
proposes using a systemic, interdisciplinary and multisector ap-
proach to design and implement programs, policies, legislation 
and research to improve the health of all populations in the eco-
system—and of the ecosystem itself—at local, regional and global 
levels. At the same time, this concept calls for a deeper question-
ing of modes of production and their impact on the environment, 
an environment also shared on a global level and inseparable 
from human health.
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ERRATUM
Page 16, Figure 1 should read “SARS, MERS,SARS-CoV-2”


