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Challenges and perspectives in research and teaching of host
pathogen interaction topics: new post-pandemic times to Brazil
and other South American countries
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Here is our proposal to improve learning in biomedical sciences for graduate and undergraduate courses with a broad vision
integrating disciplines such as molecular cell biology, biochemistry, and biophysics around concepts of pathogen interaction within
vertebrate and invertebrate hosts. Our paradigm is based on the possibility offered by the pandemic to have remote activities
that give access to students and researchers from different places in Brazil and Latin American countries to discuss science. A
multidisciplinary view of host-pathogen interaction allows us to understand better the mechanisms involved in the pathology of
diseases, as well as to formulate broad strategies for the diagnosis, treatment, and control of thereof. The approach to integrating
heterogeneous groups in science involves the critical analysis of national scientific resource distribution, where only some have the
possibilities to conduct competitive scientific research. Solid theoretical training, contact, collaboration with groups of excellence,
and training within a multidisciplinary network are our proposals for a permanent platform of scientific strengthening and
dissemination for Latin America. Here we will review the concept of host-pathogen interaction, the type of institutions where it is
taught and researched, new trends in active teaching methodologies, and the current political context in science.
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In general, the development of Brazilian and Latin ~ The host-pathogen interaction concept
American science is affected by multiple aspects. One
of them is isolation, due to the extensive geographical
distances between the different centers and universities
that develop frontier research in biological or biomedical
sciences areas.

During the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) pandemic, in an unsuspected
way, we had the opportunity to feel connected, in spite of
physical distance. Using platforms such as Teams, Google
Meet, and Zoom, among others, allowed us to connect,
meet, and participate in seminar series, discussing sci-
ence like never before. With the help of these platforms,
exciting ideas were born, among them, the Host-Pathogen
Interaction Meeting I (HPIM I) in virtual form.? The ini-
tiative, which will be performed annually, represents the
conceptual framework of joining strategies to strengthen
teaching and research on the interaction between patho-
gens and hosts, integrating science between different
countries of the world, as shown in Fig. 1.

Infectious diseases are caused by pathogenic micro-
organisms, such as viruses, bacteria, parasites, or fungi
spread directly or indirectly from one person to another,
which can affect people all over the world, as has been
observed with the coronavirus disease 2019 (COVID-19)
pandemic.!? On the other hand, neglected tropical dis-
cases (NTDs) are a diverse group of conditions mainly
prevalent in tropical areas, disproportionately affecting
impoverished communities. Many of them are vector-
borne, have animal reservoirs, and are associated with
complex life cycles.® All these factors make their
control challenging. These diseases cause devastating
health, social and economic consequences to more than
one billion people. The gravity and result of the infec-
tion depend on the microorganism’s virulence, the host
immune response and the site of infection.®» Although
they are not exclusive to underdeveloped countries, they
are of little financial appeal to the large pharmaceuti-
cal industry, since they do not reach the large consumer
markets found in developed countries. In Brazil and
Latin America, the main NTDs are: dengue, Chagas
disease, leishmaniasis, malaria, schistosomiasis, leprosy
and tuberculosis.®®

Human pathogens are multicellular, unicellular, or
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Fig. 1: schematic representation of the interaction of pathogens (viruses, microbes, fungi and parasites) with invertebrate and vertebrate bones.
A broad multidisciplinary vision of study including cell biology, biochemistry, molecular biology, immunology among other disciplines.

become pathogenic where they can use animals as reser-
voirs or can be found in the environment.

During the interaction between host cells and patho-
gens, the expression of molecules involved in adhesion,
invasion, proliferation, and resistance or evasion of the
immune response appears to play a critical role. This
set of molecules, usually referred as virulence factors,
are often expressed on the cell surface of the pathogen
or excreted/secreted in vesicles.® In addition, the viru-
lence and pathogenicity of a given pathogen may also be
influenced or enhanced in different ways by the inter-
action of the pathogen with other pathogens.®'9 How-
ever, the concept of pathogen and virulence could be
much broader and more complex than expected. Indeed,
pathogenicity and virulence should be analysed as a dy-
namic relationship between the pathogen and its host.
Thus, assigning the denomination of the pathogen to an
entity that causes a specific pathology is a reduction-
ist view that omits a much more complex reality that
must necessarily consider ecological, immunological
and evolutionary aspects. From this perspective, patho-
genicity may be somewhat transient and depend on eco-
logical changes and evolutionary modifications.!'V Even
more important is to understand the concept that differ-
ent pathogens interacting with humans have been one of
the main drivers of their evolution.!?

Finally, assuming that a pathogen must necessarily
interact with its host requires that this interaction would
depend on the intrinsic characteristics of both assuming
that a pathogen must necessarily interact with its host,
this interaction would depend not only on the intrinsic
characteristics of the pathogen but also on those of the
host. Thus, each interaction may have unique and par-
ticular characteristics. This interaction varies from the
eradication of the pathogen to the death of the host, pass-
ing through intermediate states in which the pathogen
could become commensal without being able to cause
damage to the host."® The understanding of discases
derived from host-pathogen interaction is carried out in
higher education institutions where undergraduate and
graduate courses are fundamental to deliver concepts
and strategies to improve knowledge and stimulate basic
and applied research to help dissect pathogenic process-
es and biological characteristics of diseases.

A perspective of knowing, learning, and researching
the disease that goes through a genetic, immunological,
biological, biochemical, physiological, and pharmaco-
logical vision is essential. This broad perspective gener-
ates appropriate conditions to develop virtual strategies
focused on strengthening the teaching and research in
multiple areas in which pathogens interact with their
hosts (Fig. 2).
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Fig. 2: world map representing the countries of origin of participants and speakers, based on their current link with an educational and/or re-
search institution. A highlight was made in Brazil to indicate participants (stained in blue) and speakers (marker) from different states.

Understanding Brazilian and Latin American
institutions

Universities are educational institutions that belong
to a concrete sociopolitical model. It is well known that
the principal purpose of these institutions is to create
knowledge for society and contribute to the formation
of human capital. When the work of the university refers
to the training of scientists and the generation of knowl-
edge in biomedical sciences, almost all the main efforts
are funded by public sources, whether state or federal.

To provide greater access and broaden the integra-
tion of science in countries of large territorial extent, it
is first necessary to understand how they are organised,
how they work, and what role they play in teaching and
research. The State Public Institutions of Higher Edu-
cation (SIHE) are those created and maintained by the
federation states and are subordinate to the State Edu-
cation System of their states, in which each SIHE has
specific local particularities. The majority of the SIHE
have no tax revenue to compose their budgets. These in-
stitutions, which must simultaneously develop teaching,

research and outreach programs, suffer from inequality
and differential access to resources due to budget cuts
and re-prioritisation of funding.(*!»

In Brazil there are 129 SIHE in operation, 39 of
which are Brazilian State Universities (SUs), such as
multidisciplinary academic institutions that have in-
stitutionalised intellectual production. Moreover, they
can define functions such as presenting minimum re-
quirements for academic degrees, faculty workload, au-
tonomy to create courses, academic and administrative
headquarters, issue diplomas, set curricula and number
of vacancies, sign contracts, agreements, and covenants,
among other actions, respecting the current laws and the
constitutional norm.!61718

The SUs are distributed among 23 Brazilian states
and only nine states allocate state resources to the SIHE
linked to taxes, above what is defined by the Federal Con-
stitution of 1988. But since 2013 the resources allocated
to the SUs have been decreasing, and consequently lead-
ing to an increase in the precariousness of the SUs.!¢!) In
this perspective, SIHE must face different challenges due
to current globalisation trends. In fact, universities are
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dealing each year with different measurements as quan-
tification of their progress in different parts worldwide.
For this reason, a list of the top universities is always re-
leased, which quantifies different aspects that must be
considered. For example, the formation of advanced hu-
man capital, research, development/innovation, and in-
ternational collaborations, reveal the competitive advan-
tage for the nation and its organisations.

Regarding the technological and scientific develop-
ment of the 70 Brazilian SIHE that make up the Times
Higher Education World University Rankings 2022, the
Universidade de Sao Paulo (range 201-250) and the Uni-
versidade Estadual de Campinas (range 401-500) rank
first and second, respectively.!'” It is important to note
that Sdo Paulo is the state with the highest investments
in SUs, followed by Parana, Rio de Janeiro, and Bahia.
It is also noteworthy that many of the resources for such
development come mainly from research grants funded
by national public sources and less often by private and
international ones.*!>!) Thus, even not being among the
highest ranked in the world, the SUs mark their presence
with relevant technological and scientific contributions,
in addition to their fundamental importance for local de-
velopment. Despite the difficulties faced by the SIHE,
according to the 2020 higher education census, the state
network recorded growth in enrollment of 3.8% in the
period from 2010 to 2020.1

In other Latin American countries, the situation is not
very different. We could cite several countries, but we
will only give the example of Chile because it is repre-
sentative of the regional situation. In Chile, there are 61
universities, of which 30 belong to the rector’s board.??
Within them, there are three categories. Public universi-
ties, which are partially financed with government funds;
long-established private universities, and more recently,
formed private universities.? However, biomedical re-
search and access to funds for this field are mainly con-
centrated in universities in the central-southern region
of the country. There are no private entities that finance
biomedical research and only governmental funds from
the National Research and Development Agency (ANID)
finance a small number of research grants.®?

The home lesson of the pandemic leads us to insist
on a national policy of incentive for education

and science. What situation is currently in Brazil?
Current financial support situation

Despite several difficulties, Brazil is a country that
has a structured Education and Science system that de-
pends on the continuous talks of stakeholders within
the ecosystem and on a state policy that withstands the
democratic change of governments. There is no reason
to reinvent the wheel every four years. The state must be
the inducer of the education of the population from an
early age, through the valorisation of teachers (salaries,
continuing education, career plan) as well as the struc-
turing of basic schools (with laboratories, libraries, in-
ternet access, school meals, and parent participation) to
higher education (investment in scholarships, teaching
careers, and structuring). For this, it has the Ministries
of Education and Science and Technology and their au-
tarchies (CAPES, CNPq, FINEP).

Budgets for education and science should not be
considered expenditures, but an investment. The short-
sighted culture of several governments and some sectors
of society, which suffer from the desire for immediacy
and the lack of scientific knowledge, fail to see that in-
vesting in science and education is not an expense. These
investments can lead to a more prosperous future for the
nation since they can create an entire productive and in-
novative ecosystem that reduces Brazil’s dependence on
external technologies. Due to the lack of state policy and
the continuous decrease and contingency of available re-
sources for Science, Brazil is investing less in the actors,
leading to brain drain and the scrapping of the structure
formed over more than 50 years of research and graduate
studies in Brazil.

The situation in other Latin American countries
is not much better. According to data from the World
Bank® the average investment in science and technol-
ogy in Latin America and the Caribbean averages 0.67%
of the gross domestic product. Even in these circum-
stances, Brazil has a leading position, investing more
than any other economy in the region (1.21), followed far
behind by Cuba (0.55), Argentina (0.46), and Ecuador
(0.44). In other countries, R&D investment is relatively
low as in Costa Rica (0.37), Chile (0.34), Uruguay (0.32),
and Colombia (0.32).2

However, as seems obvious, increasing R&D spend-
ing is a political decision that is closely related to the
economic situation of each country and to the vision
of the ruling class to have the political will to do so.
However, this may not be enough. It is also necessary
for society to value scientific activity and to perceive it
as something transcendent for the country. The society
should understand that if is necessary to invest in the
construction of bridges, roads, and social housing, it is
also imperative to invest in science and technology. To
achieve this, it is advisable that scientists establish chan-
nels of communication and dissemination with society,
so that society first learns about the impact of science on
society and then understands and values scientific ac-
tivity. In this respect, it seems that society was able to
perceive the value of science better than ever during the
COVID-19 pandemic. However, it is important to keep
up and reinforce the message, especially in our countries
where decisions are often driven by immediacy and so-
cial and political contingency.

The lack of investment affects the main researcher
(intellectual and financial manager of the research line)
as well as those who can be considered the workers of
science in Brazil, and graduate students. There was a
time when students could participate in courses and
conferences in their areas of knowledge in person. This,
however, had to be changed both by the circumstances
of the COVID-19 pandemic that we are experiencing
and by the lack of support for participation in events,
increasingly expensive (due to cost increases), organised
by the scientific society and higher education institu-
tions. In this way, it is urgent to return support for stu-
dents to levels of previous decades and the investment of
Scientific Society and IES in events that if not only in a
virtual way, at least hybrid, are able to reach researchers
and students from all corners of the world.



Learning during the pandemic. Using a remote
system to integrate students and researchers

With the appearance of the pandemic, a scenario of
uncertainty grew with the lockdown and the frightening
epidemiological situation of infected and dead through-
out the world. In this situation of inequality, where in-
vestment in science depends on compliance with the laws
of each state, the initiatives of seminars, workshops, and
courses remotely during the pandemic allowed students
and researchers from different places and with different
levels of training to meet each other, share knowledge
and scientific discussions and start collaboration without
financial or geographical limitations.

How much impact on the indices of scientific growth
could have initiatives of remote activities integrating
groups far from large centers? In particular, how
much growth and quality in science will there be

in the area of host-pathogen interaction with an
effort to expand for a multidisciplinary vision?

Could the pandemic challenge researchers to

find new ways to teach and learn in the area of
host-pathogen interaction? Towards an integrated
education with active methods

The COVID-19 pandemic challenged us not only
in healthcare, the most affected initially, but also in the
economic, social, cultural, and educational spheres. Ed-
ucators had to devise, create, or use strategies to gain
and keep their students’ attention. Student engagement
by applying active learning tools leads to effective gain
in which the students are a central piece of all learning
processes and drive one another to actively construct
their knowledge.?¥ Additionally, using different active
learning tools it is possible to reach diverse degrees of
student comprehension as observed by McGreevy and
Church.® In this way, internationalisation actions and
the use of information and communication technologies
(ICTs) have the potential to supplement, enrich and im-
prove education.®

In times of pandemic crisis, it has been very in-
teresting to review the methods of teaching. Passive
methods, hardly interactive and based on transmission
of knowledge through books, have given way to active
methods. In current methods the students/researchers
assume a leading role, allowing creativity to stimulate
the search for knowledge and novel strategies to solve
scientific problems.

Training of creative human resources, with tech-
nical, ethical and communication skills, as well as re-
search and group-based capacity should be a priority to
achieve a globalised and critical professional who is able
to interact with scientific partners around the world.

We have used the strategy of active methods in semi-
nars, courses, and workshops in the area of host-patho-
gen interaction, taking advantage of the multi-disciplin-
ary nature of the field.

Critical thinking is imperative in a society that needs
to deal with the diversity®” present in the 21st Century.
This requires adaptiveness, complex communication, so-
cial competencies, non-routine problem solving, self-man-
agement, personal development, and systemic thinking.®®
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The concept of active citizenship is an emergent
concern mainly in developing countries. According to
White,® a competent active citizen implies participa-
tion in the public sphere. Finally, successful, credible
and committed performance in the context of Science,
Technology and Innovation depends on continuous up-
dates to knowledge and the generation of impactful sci-
entific research, which necessitates the formulation of
efficient public policies that favor the solution of region-
al and even national problems.

In conclusion

Host-Pathogen interaction is a concept that allows
the integration of multiple disciplines improving teach-
ing, learning and research in biological sciences. The
scientific community, in times of a pandemic, creates
seminars and workshops with the remote transmission,
which made it possible to bring research groups togeth-
er, reduce regional isolation and expand the country’s
collaboration network. In times of economic crisis, the
use of a platform, at low cost, that allows greater scien-
tific integration, without the need for physical presence,
benefits students and researchers. A politic of higher ac-
cess and integration from different fields of biomedical
sciences will increase quantity, quality and perspectives
to get top level in sciences.
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