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Executive Summary: Climate change is a global phenomenon that recognizes no national
boundaries, political, social, religious, or economic systems, or ethnic origins. One
element of climate change is the crisis of emerging disease. This represents an existential
threat to humanity; technological, heavily urbanized humanity may be at particular risk.
Substantial actions can be taken to mitigate the impacts of emerging diseases. These range
from the local, boots on the ground activities of citizen scientists to the most sophisticated
technologies of molecular biology and satellite surveillance. These actions will not be
short-term interventions, but rather will require permanent societal investments in new
forms of education, scientific research, and clinical practices. Implementing them will not
be cheap, but not implementing them dooms us to continue current economically
unsustainable practices. A protocol with the acronym DAMA (Document, Assess, Monitor,
Act) serves as the umbrella framework for achieving the goal of "anticipate to mitigate,"
thereby buying time and extending human and material resources devoted to coping with
the wave of emerging diseases that is only beginning. Further cost savings can be realized
through necessary but unprecedented levels of cooperation both internally — among
national institutions — and externally — among national and NGO organizations.

Osszefoglalas: A klimavaltozas globalis jelenség, nem ismer orszaghatarokat, politikai,
szocialis, vallasi, vagy gazdasagi érdekeket, illetve az emberek szarmazasdban sem
vdlogat. A klimavaltozas egyik velejardja a gyorsan terjedd fertozé betegségek okozta
valsagok sorozata. Ez kiildndsen a modernkori, technologizalt és egyre nagyobb szdmban
varosokban laké népességet fenyegeti. Erdemi intézkedésekre van szilkség ahhoz, hogy
korlatozzuk e betegségek terjedését. Ehhez a helyi tapasztalatokon alapulo ismeretektol
kezdve a legkifinomultabb molekularis biologiai mddszereken dt, egészen a miiholdas
megfigyelésig sokfajta eszkdzre van sziikség. Nem révid tava akciokra gondolunk, hanem
jelentds tdarsadalmi raforditasokra az oktatdsban, kutatisban és a klinikai gyakorlati
munkaban. Mindez igen koltséges, de mellozésiik esetén fenntarthatatlan gazdasagi
gyakorlatot folytatunk. A DAMA mozaiksz6 foglalja 0ssze a szerintiink kovetends
madszert: Document, Assess, Monitor, Act, azaz dokumentaljuk, értékeljuk és folyamatosa
figyeljuk meg a jelenségeket, majd cselekedjink. A DAMA egy olyan keretrendszer,
amelynek révén elére jelezhetjiik a gyorsan terjedd jarvanyokkal kapcsolatos lehetséges
problémakat és igy enyhithetjiik kovetkezményeiket, idot nyerhetiink illetve emberi és
anyagi erdforrasokat takarithatunk meg. A kéltségmegtakaritashoz azonban eddig példa
nélkil allo dsszefogasra van szikseég, nemzeti intézmények illetve, a nemzeti intézmények
és nemzetkozi civil szervezetek kdzott.



Introduction

The human population grows daily, it is on the move and carving a deep biological
and technological footprint on this planet. We alter landscapes and perturb ecosystems,
inserting ourselves and other species into novel regions of the world, leading to potentially
irreversible changes in the biosphere. This is hardly news. Half a century ago, Charles
Elton (1958), a founder of modern ecology, wrote, “We must make no mistake; we are
seeing one of the greatest historical convulsions in the world’s fauna and flora.”

We are also in the midst of an epidemiological crisis. Climate change alters
movements and geographic distributions for myriad species. Transporting people and
goods brings previously isolated species into sudden contact. In these new arenas of
contact, a world of pathogens encounter suitable hosts with no resistance and no time to
evolve any.

This is also not news — maladies rare or unknown half a century ago, like HIV and
Ebola, West Nile Virus and Avian Influenza, Zika — have become commonplace. Some old
associates like malaria and Yellow Fever have resurfaced with a vengeance, while others,
like plague, lurk in places becoming more accessible to humans. In such a world — this
world — events like these are ongoing. Scarcely a week passes without news of some
freshly-discovered strain of pathogen trading up to a human host...or European cattle and
goats...or Nigerian tomatoes...or critical pollinator insects...or sea urchins. The entire
range of species and interconnected ecosystems from open wild lands and seas to managed
landscapes upon which humanity depends for socio-economic reasons is affected. This is
the crisis of Emerging Infectious Disease (EID).

Over past centuries and in our current times, we have thought of EID as isolated
events, usually affecting only humans; we have reacted, and continue to react, only after
the fact. We allocate massive resources to pathogens that have already made themselves
known, while ignoring the far greater threat posed by those waiting in the wings — emerging
diseases are costing the world more than $1 trillion each year in treatment costs and
production losses, an amount larger than the GDP of all but 15 countries. The ones we
know are just the tip of the iceberg — 80-90% percent of the world's pathogens haven't been
discovered yet. They're discovering us easily enough — weekly outbreaks and endlessly
mutating strains of recent years are ample evidence of that. This succession of outbreaks is
the new status quo. They're far better at finding us than we have been at finding them.
Why?

The current EID crisis is a new manifestation of an old and repeating phenomenon.
The rules have not changed. Every episode of global climate change and ecological
perturbation throughout earth history has produced new pathogens and broadened the
distribution of disease across natural and managed systems.

More than a million years ago, our African ancestors moved from forest to
savannah. Gradually changing from scavengers to predators, sharing prey with grassland
carnivores, those ancient humans acquired pathogens previously found in hyenas, large
cats and African hunting dogs. They carried those pathogens out of Africa, helping them
move into native hosts in new environments, while native pathogens residing in non-
humans (but sometimes in primate cousins) returned the favor, infecting the newly arrived
humans. Later human inventions, agriculture and urbanization, brought people and animals



into even closer contact, expanding the menus of yet more pathogens, and making
transmission easier than ever.

In the past 100,000 years of human existence, continental expansion carried
agriculture, domestication and urbanization throughout the world, disseminating EID risk
on a global scale. If doctors had existed in those times, they would have remarked on a
worrisome surge in the number of EID, responding to the crisis as best they could, after the
fact, and wonding how to "manage™ those pesky outbreaks.

In the past 50 years, exploding human population, rapid transit and the globalization
of economies have produced the real time crisis that is now part of our daily existence. And
the onset of a global climate change event caused by human action and unprecedented in
Earth history has intensified that situation.

The EID crisis is thus a "health" issue in only a superficial sense. It’s more
fundamentally an evolutionary and ecological issue, a predictable consequence of
separated species brought into close contact as a result of new opportunities provided by a
changing global climate. Human population growth and commercial activity accelerates
the rate of introductions, so outbreaks occur more frequently and over a wider geographic
range than ever before. We have crossed tipping points from a large and slow world to one
that is increasingly smaller and faster. Science has advanced rapidly, but not as rapidly as
human population, slowing the effective application of new scientific information. The
emergence of a powerful and highly risk-averse management class directing lines of
research and mediating the exchange of scientific information, often in denial about the
outcomes recognized by science, further exacerbates the situation.

The potential for EID is a “built-in feature” of evolution. Pathogens are not only
good at finding us, they are also really good at surviving; those species best at surviving
climate change will be the primary sources of EID in the future. There are many, not a few,
evolutionary “accidents waiting to happen” out there, requiring only the catalyst of
ecological alteration resulting from climate change, species introductions, and the intrusion
of humans into areas they have never inhabited before (this is summarized by the newly
emerging Stockholm Paradigm: Brooks et al., 2014, 2019; Hoberg and Brooks, 2015;
Hoberg et al., 2015).

All these things are happening right now.

The contemporary situation is a crisis because of our fundamental ignorance about
the biosphere: we simply don't know what's out there. And what you don’t know can hurt
you. Undiscovered pathogens and their vectors lurk beneath our feet like evolutionary land
mines as we move into novel habitats, trans-locate species and alter ecosystems. More than
50% of the species on this planet are parasites of some form. They are, paradoxically,
common and essential elements of the biosphere that nonetheless threaten all human socio-
economic activities.

We do not think there is a lurking killer bug capable of wiping out humanity all by
itself. It’s going to be more like the death of a thousand cuts. Each EID will exact a socio-
economic cost, and even when host immune systems catch up to a particular “new”
pathogen, it will not go away. It will persist as pathogen pollution. The West Nile Virus is
no longer an acute problem in North America, but it will never disappear and thus will
always be a chronic problem that requires some human and material resources to be
expended in worrying about the possibility. Others have followed, like Zika, SARS,
MERS, and now the Wuhan Corona virus. These pathogens emphasize the misguided



notion that borders can constrain expansion and invasion, and recent lessons from Zika and
its spread in the America’s demonstrate the need to provide detailed and accurate
information about the potential and reality of EID on regional and global scales.

We are dependent on technology for our existence. We thus worry that
technological humanity may be at great risk in the near future. The reason for our fear is
humanity's general unwillingness to confront the reality of climate change, biodiversity
alteration, and emerging diseases, coupled with a belief that technology will save us from
ourselves in some way despite mounting evidence to the contrary. For example, the
evolution of technological humanity has been accompanied by urbanization. More than
50% of humanity now resides in cities, and the proportion is growing annually. Those who
live in cities enjoy many advantages of technology and feel highly insulated from the
impacts of many climate-related phenomena, including emerging diseases. And yet, cities
— no matter how rich and powerful they seem — may be particularly vulnerable to disease.
There are four reasons for this: 1) cities are totally dependent on a constant flow of
materials, including water and food, from outside sources; 2) cities support a large number
of synurbic species, such as raccoons, rats, mice, foxes, pigeons, squirrels, that are
themselves vectors for diseases affecting both people and their pets. Toronto, Canada
recently experienced an outbreak of dog-based distemper in raccoons and skunks. And
even though rabies vaccine pellets were liberally sprinkled along the Ontario border with
New York, a rabid raccoon managed to ride in a truck into southern Ontario and spark an
outbreak of rabies (again in raccoons and skunks) for the first time in over a decade. So
cities are very attractive ecosystems for many different species, which means that the
community dynamics among people, pathogens and other species is much more
complicated than we thought; 3) cities represent high-density concentrations of people,
meaning that in any disease outbreak the chances of exposure are elevated in proportion to
the number of people living in the city; and most importantly, 4) the inhabitants of every
city include at least one sub-group who are poorly-educated, poorly-nourished, and poorly-
paid, working in jobs that bring physical exhaustion and exposure to stressful, often
unsanitary, conditions. Such people are generally invisible to the public health and social
services networks of the cities in which they live. They represent cities' Achilles Heel for
disease introductions. And once a disease is established inside a city, it will not stay
confined to the poor and invisible.

At times of crisis, it is the job of professional science to tell society what it needs
to hear, not what it wants to hear. The utter failure of our science to solve these linked
problems in a way that safeguards humanity and its socio-economic aspirations has
shocked the core scientific community into inaction. Trying to get the medical-industrial
complex, the agricultural-industrial complex, the loosely-connected guild of conservation
biology and biodiversity organizations, and the core consensus in evolutionary biology to
change course is a daunting task.

The crisis of emerging diseases forces us to confront the interface between a
landscape largely engineered and maintained (at great and increasing cost) by humanity
and the largely "neglected other"” that we sometimes call the biosphere. As we push into
that neglected other and as elements of it push into "us," fundamental (and fundamentally
ignored) evolutionary dynamics emerge. We believe we are living in a time when we are
being shown that evolutionary dynamics are still far more powerful than any human



technology. Even if we were to admit that an engineered biosphere would be desirable (and
sustainable), we simply are not up to the task.

The annual cost of emerging diseases is already enormous and growing, and we do
not believe responding after the fact is economically sustainable.! Humanity does not have
the time or money to vaccinate its way out of the crisis; we must adopt proactive and
anticipatory policies to mitigate future outbreaks even as we are striving to cope with
existing ones.

An oft-repeated truism is that information about the diversity and distribution of
known and potential pathogens is critical for limiting their socio-economic impacts. Yet,
our knowledge of the identities, geographic locations and threat potential for the world’s
pathogens can at best be called fragmentary. At most, 10% of the world’s pathogens have
been documented — the rest remain utterly unknown. This massive ignorance alone is
reason to be concerned about our preparedness to handle the crisis. It’s impossible to
prepare for a threat whose very existence is unknown. You can’t monitor, much less seek
cures or develop vaccines for undiscovered maladies. We act as if EID were a rare
phenomenon and engage in crisis response mode. The evidence is that the potential for EID
is large, and climate change will make more of the world accessible to an increasingly
diverse array of pathogens. This makes the planet an evolutionary minefield into which
millions of people, not to mention their crops, livestock and pets, wander daily.

This document urges those responsible for the security of their people to push
through that denial and confront some painful realities. At the same time, we provide
suggestions for how we might better cope with what is no longer coming at us from the
future but is with us now and threatening to overwhelm us in the near future. This is not a
time for despair. The Stockholm Paradigm does more than explain the crisis — it provides
a plan called the DAMA Protocol (Brooks et al., 2014, 2019) for taking effective action by
beginning to find them before they find us.

Taking Action

Global Climate Change and Emerging Diseases link food security, health security,
economic security and border security into a single phenomenon.
Emerging diseases triggered by climate change thus represent a critical threat to
national security for every country on this planet.

Make no mistake — we are in a war for the survival of technological humanity and
we are losing that war. There is always hope, but each day of inaction increases the odds
of catastrophic outcomes. There are two reasons to think of this as a war. The first is the
reality that we are not concerned about relative discomfort, but about living and dying. The
second is to remind us that the course of action we recommend is very much like the course

I See, for example: http://www.bbc.com/news/science-environment-36579125:
http://search.cdc.gov/search?query=costs+of+epidemics&utf8=%E2%9C%93 &affiliate=
cdc-main; http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3327542/
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of action pursued by the military in defense of its country. Militaries plan as far in advance
as they can, and they plan for battles they hope they never have to fight. We need to emulate
them and take a long view — we call this "Anticipate to Mitigate."”

Like the military, we need to be proactive, not reactive. To date, the human,
agricultural, veterinary, and wildlife disease communities have been in reactive mode. This
is due, in large part, to an ancient philosophical dictum that health providers should "Do
No Harm." In times of global climate change, this dictum becomes a mandate to do nothing
until a crisis manifests itself, at which point it is too late to enact cost-effective policies. To
be forewarned is to be forearmed.

We cannot stop pathogens from coming to us as a result of opportunities provided
by the linked phenomena of climate change, globalization, and human (over)population.
We can, however, be prepared for them when they arrive. We have the capacity not to be
continually surprised by emerging pathogens and their socio-economic impact.

The DAMA Protocol

Document, Assess, Monitor, Act — DAMA — is a comprehensive proactive action plan
for dealing with climate change and emerging disease.
It complements current practices focused on responding to diseases that have emerged.

Document

You cannot develop proactive policies for defending society against the ravages of
disease if you do not know the extent of the threat.
If we are to be proactive, we must first find them before they find us.

The fifth century BC Japanese Master Sun Tsu's first rule of warfare is know the
enemy. As noted above, we have currently documented less than 10% of the potential
pathogens on this planet. We therefore hardly know the enemy, and this makes us
vulnerable. The biologists who are specially trained to recognize, document, and
characterize the diversity of species on this planet are called taxonomists. Hence, the
current lack of basic documentation of the biosphere is called the Taxonomic Impediment?.

That proper taxonomic sleuthing is not a trivial issue can be seen by the recent
discovery that Lyme Disease in North America is actually caused by two different species
of Borrelia, rather than one.® Each one produces different symptoms, and the lack of proper
taxonomic study has led to diagnostic and treatment confusion, increasing expenses to the
public health system and in some cases placing patients at risk. Taxonomists are trained to
expect — and recognize — the unexpected. And this is precisely the kind of expertise we
need when facing an enemy of which we know little about, and when we have limited time
to gain that knowledge.

2 See, https://en.wikipedia.org/wiki/Taxonomic_impediment
3 See, http://www.cdc.gov/media/releases/2016/p0208-lyme-disease.html
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If the DAMA protocol is enacted, each country will do as much as it can afford to
do, as much as its human and technical infrastructure will allow. But even a preliminary
assessment will reveal a vast array of largely invisible diversity. Some will be known
pathogens previously reported in that place infecting those hosts; some will be known
pathogens never previously reported in that place or in that host; and some will be known
pathogens thought to have been eradicated in the past. Most, however, will be new
discoveries of unknown threat potential. Documenting their existence, therefore, will be
essential but not sufficient.

ASSess

In a world affected by climate change,
we cannot stop pathogens from expanding their geographic ranges.
We can, however, be prepared for them when they arrive.
This is threat assessment.

For threat assessment, we need to know as much as we can about the species that
are with us already or that are coming our way. Every scientific name is an index to
information. For pathogens, the information is first and foremost geographic location and
host infected. For known pathogens, the species name will also be an index to additional
information, depending on how well studied the pathogen species has been: mode of
transmission from host to host, signs and symptoms of infection, parts of the host body
affected, known total geographic and host range, mortality and morbidity, genetic
variation, types of ecosystems where it typically resides; where has this pathogen been
before and what — if any — problems has it caused in the places and hosts where is has been
reported previously. This is why appropriate threat assessment begins with proper
taxonomic documentation. If the majority of species we document will be previously
unknown to science, how can we assess their threat potential?

Darwin's insight that all species are related to each other in a tree of life — a
genealogy of species — led to his dictum that the most likely explanation for similarity is
inheritance from a common ancestor and not existence in common environments. This
explains the massive evidence that most aspects of the biology of pathogens, including
their ecology and behavior, are evolutionarily conservative. Evolutionary biologists who
call themselves phylogeneticists (phylogeny is the technical term for genealogies of
species) are trained to discover portions of the tree of life pertinent to particular groups of
species. Phylogeneticists also place those discoveries into a context that allows us to make
intelligent guesses about the basic biology of the species being studied. This kind of
integrative research, called Historical Ecology, emerged more than 30 years ago
(Wanntorp, 1993; Brooks, 1985; Wanntorp et al., 1990; Brooks and McLennan, 1991,
1993, 2002) and has become entrenched as an essential element of evolutionary biology.
More than a decade ago, Brooks and McLennan (2002) provided an extensive discussion
of the ways in which phylogenetic information could be critical for virtually every study
in biodiversity, including those examining the relationship between climate change and
disease. The documented success of historical ecological research laid the groundwork for



the emergence of The Stockholm Paradigm. In short, phylogenetic information allows us
to anticipate some parts of the future by knowing the conservative elements that evolved
in the past and have stood the test of time.

The first step in assessing the pathogens found in the documentation process is
therefore what we call Phylogenetic Triage. For every pathogen encountered, we ask if it
is a pathogen known to cause disease elsewhere or it is a close relative of pathogens known
to cause disease, that pathogen is targeted for special monitoring. If a discovered pathogen
does not fall into one of those two categories, we archive the data in case a problem arises
in the future, but do not waste time and resources monitoring it.

There is a long tradition, in public and agricultural health practices, of taking
advantage of this evolutionary conservatism, although it is rarely acknowledged as such.
Disrupting disease transmission is often a matter of targeting specific elements of
ecological diversity. For example, if we say "malaria” most people immediately think
"mosquitoes.” This is because all species of malaria in all humans in every part of the world
are transmitted by mosquitoes. This means that we do not have to waste time and money
before implementing practices designed to limit human exposure to mosquitoes that could
transmit malaria. Knowing the details of particular mosquitoes and particular species of
malaria may allow us to customize our responses in particular cases, but we can have a
positive and cost-effective impact simply by acting on what we know about the
evolutionarily conservative aspects of malaria transmission.

Using phylogenetic assessments to make informed guesses is not infallible. Not all
of the important biological characteristics of each pathogen are evolutionarily conservative.
As a result, we must also use our growing knowledge of documented pathogens to build a
better understanding of the ecological details that characterize their immense diversity.
This kind of information for threat assessment will grow more slowly, but it will
nonetheless be essential.

Finally, we can make use of mathematical modeling based on our understanding of
the evolutionary dynamics and ecological context of emerging diseases, to assess the
growth of our basic database of documented pathogens and their natural histories. Are our
basic findings consistent with theoretical expectations? And if not, how do they differ and
what adjustments would be necessary in our basic activities?

Monitor

Monitoring determines how well we have prepared ourselves
for the inevitable arrival of new pathogens.

We document the pathogens that are with us, and more importantly, about those
that are coming our way. We assess the threat that each present, as much as possible. That
(growing) pool of information then allows us to monitor the progress of the pathogens and
of our efforts at mitigation. But to paraphrase Alexis de Tocqueville, eternal vigilance is
the price of health security. Our documentation activities must serve as an early warning
system, letting us know as soon as possible when species of high threat assessment arrive.
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This point is fundamental; the distribution of a pathogen is broader than the
distribution of disease attributable to that pathogen. What we generally lack is an
understanding of the geographic distribution of pathogens when emergent disease is
quiescent — knowing that a pathogen "is there" and represents a "potential threat" is not
enough. Disease organisms and their emergence describe an intricate mosaic over space
and time and the space where EID occurs is often a particular convergence and ephemeral
process linking abiotic drivers and biotic assemblages. We must consequently detect when
the pathogens are "on the move". Without this information we cannot understand the
biotic/abiotic factors that drive emergence, and the shift from quiescence to disease
conditions. The geographic movement of a pathogen plays a critical role in emerging
diseases — trophic changes within an existing community can bring previously unexposed
hosts into contact with a pathogen; geographic spread of a pathogen along the margins of
two ecosystems, where the parasite might expand geographically into a new ecosystem
because there is a susceptible but previously unexposed host. Climate is now, and through
Earth history, the most critical driver of changing distributions, ecological collision and
potential for EID.

We should, of course, concentrate on hosts thought to carry pathogens of high threat
potential, as well as highly threatening pathogens in all hosts. We cannot, however, monitor
everything equally, so we must use our assessments as a kind of triage (see Brooks 1998;
Brooks and Hoberg 2000 for the first use of triage in this sense). Here, the results of recent
mathematical modeling (Araujo et al, 2015; Braga et al., 2018), are helpful. Among the
high threat pathogens and their carriers who may be coming our way, we should focus
special attention on those that seem to be expanding their geographic ranges and their
ecological resource bases; in other words, ecological specialists (hosts and pathogens) that
are in the process of becoming more generalized, implying increased possibility of moving
into new hosts, where there is an elevated risk of severe disease.

As our technology — especially molecular technology — for documenting improves,
and as our database of phylogenetic and ecological relationships grows, we anticipate being
able to monitor more threat space at lower costs.

Act

In the arena of climate change and emerging disease,
the guiding policy principle should be the Precautionary Principle,
that incomplete knowledge is not a justification for taking no action.

Scientific information by itself is not enough. It is essential to act on the information
accumulated by activities involving documentation, assessment and monitoring. Those
charged with protecting the public good, elected officials and government policy makers,
must have the best, and most current, scientific information available to them. That
information must be presented in an understandable manner, in order that public officials
may balance the scientific assessments against the myriad of other socio-economic
priorities particular to any given situation. As a consequence, it is incumbent on scientists
and policy makers to establish useful lines of communication.
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It is likely that no country will be able to afford to document everything, at least
not in a short period of time. Nor will we be able to assemble the exhaustive information
necessary for complete assessment. But the recognition that our knowledge will always be
incomplete, and in many cases even fragmentary, is no reason not to act.

As scientists, the only general policy suggestion we would make is this: In the arena
of climate change and emerging disease, the guiding principle for taking action is the
Precautionary Principle, namely that incomplete knowledge is not a justification for taking
no action.*

Implementing DAMA: What Can Nations Do?

Crisis response is always more expensive than prevention,
but we cannot divert support for crisis response actions to pay for prevention.
This requires new, and long-term — essentially permanent — funding
for jobs, education, and infrastructure.

Sadly, there is nothing any country can do that will not cost more money. But we
are beyond the point at which economizing in the short term is possible. Implementing the
DAMA protocol nationally and participating in DAMA activities internationally will not
be cheap. Not implementing the DAMA protocol, however, will be catastrophic.

Those elected to lead each country must be guided by a desire to protect that
country. But global climate change, and the emerging disease crisis that is part of it,
recognizes no national boundaries, much less national interests. All national action plans,
therefore, must recognize that the existential threat comes from outside as well as inside.
Any action plan must involve both national programs and international cooperation.

The challenge of adapting to a world in which global climate change is a real and
long-lasting phenomenon requires long-term commitment to changes in education, human
capacity and infrastructure. These actions will not be short-term interventions, but rather
will require permanent societal investments in new forms of education, scientific research,
and clinical practices. Implementing them will not be cheap, but not implementing them
dooms us to continue current economically unsustainable practices. This cannot all be
implemented immediately, but it is essential that we begin. And while it is never too late
to do something hopeful, we must begin now and try to implement something global within
the next generation.

We believe further cost savings can be achieved through an environment of
cooperation and cost-sharing among public and private institutions with a vested interest
in mitigating the impact of emerging disease. In highly developed countries like Hungary,
substantial human capacity and technological infrastructure exist but need to be greatly
expanded.

4 https://en.wikipedia.org/wiki/Precautionary_principle.
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Each Country's Efforts
We will get out only what we put in

Any successful program designed to help society cope with the various threats
arising from the emerging disease crisis must rely on grassroots, bottom-up activities.
Local citizens who feel the impacts of those diseases directly will form the foundation of
any successful DAMA program. This includes taking advantage of the knowledge of the
elders and the energy, enthusiasm and technical knowledge of the youth — what is
sometimes called the grandparent-grandchild trust bridge. Linking such grassroots efforts
to the activities of professional scientists provides access to essential international
resources without creating the impression that a single large top-down organization will
attempt to impose a “one size fits all” agenda on individual countries.

Sweat Equity ("free™)

Citizen scientists — public education programs designed to enlist local citizens and
student groups for a large amount of "boots on the ground™ monitoring activities. Done in
conjunction with programs like those developed by VectorAnalytica (vectoranalytica.com;
there are others), this can provide a means of producing large amounts of essential data
cheaply and rapidly and can also lead to local support and "buy-in" by citizens in support
of an essential government program.

In highly developed countries like Hungary, basic human capacity and
technological infrastructure exists. It is therefore more a question of amplifying rather than
creating education and training opportunities, jobs, and essential infrastructure. There are
not unlimited amounts of money, of course, so any given country will need to determine
how much it can do. But it must always be remembered that short-term cost reductions are
done at the risk of long-term national security.

Cost Savings

Human capacity — para-professionals of all kinds; parataxonomists to help with
documenting, paraecologists to help with assessment — these are predominantly people
with baccalaureate degrees as well as some specialized training, perhaps at the MSc level.

Essential Services

Human Capacity - evolutionary biologists, especially taxonomists,
phylogeneticists, and historical ecologists specializing in a wide range of pathogens and
vectors; information and "big data” management specialists; researchers and educational
specialists in all areas; biologists with a broad overview who provide essential liaison with
policy makers; molecular biologists with an interest in developing technological designed
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to increase the speed and decrease the costs of documentation, assessment and monitoring
activities. These are predominantly people with advanced degrees, usually at the PhD/post-
doctoral level.

Infrastructure — museum collections, molecular laboratories and archival capacity,
computational and storage capacity; field inventory materials for specialists implementing
the DAMA protocol and for those who train each new generation of such specialists.

Multi-National Efforts: Cost-Sharing through Cooperation

Further cost savings can be achieved through an environment of cooperation and
cost-sharing among public and private institutions with a vested interest in mitigating the
impact of emerging disease. International cooperation across all aspects of DAMA is
essential given the nature of the threat. In addition, sharing can help spread the costs and
speed up the process. It is not possible for each country to train up and support taxonomic
specialists for all groups of hosts and pathogens.

A Note of Caution: Essential Cultural Shifts
The DAMA protocol requires an unprecedented amount of inter-agency
cooperation — universities and museums, NGOs, local, regional and national governmental

agencies, nationally and internationally. This will not be easy, but it is essential, again,
given the existential threat all of humanity faces.
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Addendum: Did African Swine Fever Open the Door for 2019-nCoV?

Daniel R. Brooks, Daniel R Brooks FRSC, FLS, Senior Researcher, Institute of Advanced
Study, Koszeg

Orsolya Molnar, Institute of Evolution, Centre for Ecological Research, Karolina ut 29,
Budapest, Hungary, H-1113

Katalin Bajer, Department of Systematic Zoology and Ecology, E6tvos Lorand University,
Pazmény Péter ave. 1/C, Budapest, Hungary, H-1117

We are going to tell a story about links among wildlife, livestock, and humans in
the 2019-nCoV outbreak. It is a story about the often-unconnected dots of complex
interactions, and the unanticipated consequences of not being proactive. It is meant to
expose our policy planning as so full of loopholes that they resemble pieces of Swiss
Cheese.

African Swine Fever (ASF) was first documented in Europe in 2004, and the
original coronavirus pandemic (SARS) was 2002-2003. We did nothing effective about
either for more than 15 years. Any reasonable DAMA (Document-Assess-Monitor-Act)
program initiated as recently as 2015 would have documented the extent of ASF outside
Africa (its geographic range, its reservoirs, and its mode of transmission in habitat
interfaces), then assessed it as a real threat, and closely monitored its behavior in wild boar
and domestic pigs. Taking those measures would have allowed effective action to avoid,
or at least mitigate the current outbreak that begin in 2019 and is now projected to cause a
25% decrease in pork production worldwide in 2020.

We do not know how ASF was introduced outside Africa. ASF can be transmitted
by ticks, by direct contact between pigs, or from contaminated pork products. The most
widely held assumption is introduction from Africa by contaminated pork products, but no
direct evidence exists. An additional disturbing possibility is that it was introduced in its
normal reservoir host, African warthogs, to zoos or wildlife parks or conservation areas
outside of Africa. The 2004 report of ASF in both domestic pigs and wild boar in Europe
came from Georgia, where a World Biosphere Reserve exists. No matter the details, once
ASF was introduced, it quickly infected wild boar and domestic pigs, with wild boar likely
responsible for spreading the disease. The spread of ASF throughout Europe was an
unanticipated consequence of a rare cooperation between conservationists and hunters,
both of whom encouraged policies allowing wild boar to roam freely.

While this scenario for the introduction of ASF is speculative, it is far from
fantastic. Crimea-Congo Hemorrhagic Fever is the result of the introduction of African
Hunting ticks (Hyalomma) to the Crimea, possibly through importation for captive
breeding or through trade in exotic pets, both perfectly legal enterprises. In 2018, one of us
(DRB) visited the Askania Nova Biosphere Reserve in Ukraine, not far from Crimea, where
he "collected" a lot of Hyalomma as he wandered around the pastures full of exotic
mammals.

In 2019 we had a Eurasian pandemic of ASF, which is currently raging in European
countries, most of whom do not wish to talk about it. The rapid drop in pork supplies in
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China may have triggered an unusual increase in demand for bushmeat, leading to large
quantities of various animal species being sold alongside bats infected with 2019-nCoV
(one of many bat-inhabiting SARS-like coronaviruses we know of), setting the stage for a
classic stepping-stone host switching event (Brooks et al., 2019) in which a virus that
cannot be transmitted directly from bats to humans nonetheless ends up in humans. No
magic, just basic population biology — something called founder effect. A genetic variant
that has a marginal existence in bats is capable of infecting another animal — almost always
another mammal — and thrives in that new host. As that initial variant thrives, it produces
additional variants that could not have survived in the original bat host. Poorly-trained
clinicians and journalists refer to these as mutations, but they are re-combinations of pre-
existing genetic material. In the case of 2018-nCoV, at least one of those new variants is
what we call an explorer, capable of infecting a wide variety of hosts, including humans,
given the opportunity. And there is no better opportunity than an unregulated, open-air
exotic meat market visited by a large number of people. A Hungarian colleague who is a
virologist working on filoviruses and coronaviruses, has told us that the photos he has seen
of the game market in Wuhan that has featured so heavily in news accounts constitute a
"SARS Factory."

Parenthetically, this means that infected tourists can pass the virus not only to local
humans but to new non-human reservoirs — this is how West Nile Virus was established in
the US. Almost every major city in the world is experiencing a major rat population
explosion and is also investing enormous amounts of money in urban green spaces, which
are perfect habitats for zoonotic disease reservoirs, including bats. So, the urban risk space
for the establishment of an introduced pathogen like 2019-nCoV is conceivably quite large.

Beyond the suffering and death resulting from human infections with 2019-nCoV,
economic losses for China and for countries doing business with China are going to be
substantial. As well, we have begun hearing conspiracy theories that 2019-nCoV is an
engineered virus deliberately or accidentally released by the Chinese, feeding the mood of
xenophobia that is now gripping the world. The virologists we have spoken with know the
virus is not engineered, and they are fairly certain that the only government involvement
was bureaucratic bungling that led to a cover-up. They are angry that China did not share
the information it had earlier, because that might have made it easier to contain. We try to
make people understand that one should never assume a conspiracy when simple
incompetence will suffice.But the seed of suspicion needs little support to take root and
grow.

In many countries and alliances of countries (such as the EU), Disaster
Management groups have brilliant plans for teaching cooperating people in villages subject
to flooding or volcanoes, earthquakes or tsunamis, how to recognize and cope with such
natural disasters. But when we talk to the heads of those programs, we were told that they
cannot talk to us about disease disasters, because that is restricted to a Ministry of Public
Health or Ministry of Agriculture or their equivalents. Bureaucratic stove piping makes
those cheese holes larger. We suspect this is true in virtually every country as well as most
international NGOs like WHO and FAO. In our mind, this state of affairs makes it unlikely
there will be effective top-down action. The situation is made worse when highly placed
officials say indefensible things, such as the recent statement by the WHO head of health
emergencies suggesting that the original SARS outbreak of 2002-2003 was the result of a
virus that appeared from nowhere and then disappeared forever. The truth is that no one
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has yet tracked the original SARS to its original geographic location or natural reservoir
host(s). And that means we have simply been lucky that there has not been a recurrence of
the original SARS, though we now have a new coronavirus to cope with.

We know this sounds like we are painting a picture of hopelessness. But that is not
so. The DAMA protocol, implemented from the bottom-up beginning at the grassroots
level and cooperating with specialists, can help us anticipate to mitigate. These initiatives
may not plug all the loopholes in the Swiss cheese but they can make them smaller. In the
UK, there is a ready-made DAMA workforce — it is called the Extinction Rebellion.
Linking the energy, the knowledge of digital dissemination of information (the things they
can do with cell phones makes us wonder what planet they came from), and the enthusiasm
(even anger) of the young people with the wisdom of their grandparents could be potent
(this is what some social psychologists call the grandparent/grandchild trust bridge). We
really do need to start now. The 2019-CoV pandemic will end, but that is precisely when
we need to go to work on trying to prevent a recurrence rather than celebrating the end of
a threat. As far as exotic plant and animal trade, including the importation of exotic plants
and animals for captive breeding, exhibition and tourism, or even research is concerned,
testing for a broader range of pathogens is the best hope, but it will be costly because we
will have to check for pathogens before they make themselves known through disease
outbreaks. Quarantine of plants, animals and humans does not work well because
quarantine does not differentiate the uninfected from the infected. This is another hole in
the Swiss cheese of public policy.

Because the EID crisis is global, we would like to see people with wealth and their
institutions around the world commit to funding effective action. The next report from the
Global Commission on Adaptation could announce a fund to help implement DAMA
initiatives, and for finding committed people, helping them formulate their plans to be truly
effective, and making funding recommendations to the guardians of the Consortium purse
strings. We know that effective action plans should be heavily grassroots and bottom-up.
They must be general enough to fit many situations yet flexible enough to be adapted to
particular circumstances. This will require an enormous effort in specialists working with
local people. A grassroots search for effective action plans based on grassroots action —
what a concept!
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Kettos veszély
A globalis klimavaltozas és a gyorsan terjedo fertozo betegségek

kapcsolata
) Daniel R. Brooks FRSC, FLS
Osztdndijés Senior Kutatd, Felsébbfokii Tanulmanyok Intézete, Készeg

Bevezetés

Az emberi populacié naprol-napra ndvekszik es fajunk ezaltal mély bioldgiai és
technologiai ldbnyomot hagy maga utan a Foldon. Jelentdsen atalakitjuk kornyezetiinket,
visszafordithatatlan valtozasokat okozunk a bioszféraban. Sajnos ez nem ujdonsag. Fél
¢vszazaddal ezel6tt, Charles Elton, a modernkori 6koldgia atyja ezt irta:

“Nem hibazhatunk, Foldink flordja és faunaja az eddig latott legnagyobb

megrazkddtatasan esik at.”

Jelenleg is egy jarvanytani krizis kdzepén vagyunk. A globalis klimavaltozas
szamos faj térbeli elterjedését valtoztatja meg, az emberek gyakori helyvaltoztatasa, a
hatalmas méretii aruforgalom, eddig egymastol izolaltan él6 fajokat hoz kapcsolatba
egymassal A patogének igy addig nem ismert gazdaszervezetekkel kertilnek kapcsolatba,
amelyeknek nincs ideje védelmet kifejleszteni elleniik. Ez szintén nem egy 1j keletli dolog.
Az olyan betegségek, amelyek 50 évvel ezeldtt ismeretlenek voltak szdmunkra, mint a
HIV, az ebola, a Nyugat-nilusi 14z, a madarinfluenza vagy a Zika ma mar mindennaposak.
Néhany kordbban is ismert betegség, mint a malaria és a sargalaz minden eddiginél
nagyobb erdvel csap le, mig masok, mint a pestis, var a lehetdségre, hogy ujra feliithesse a
fejét. A mai vilagunkban ezek a folyamatok mindennaposak. Ezt a krizist az eléretord
fertdzo betegségek krizisének nevezziik.

Ahogy az elmult évtizedekben, ma is ugy gondoljuk, hogy az eldretord fertézések
eléfordulasa lokalis és csak az emberi populacidt érinti, ezért a reakcidt is csupan a
megjelenésiiket kovetd idoszakra 1d6zitjlik. Olyan korokozok elleni védekezésbe fektetiink
hatalmas er6forrasokat, amelyek 1étezésérdl tudunk, mialatt sokkal nagyobb veszélyt
magaban hordozo patogének arra varnak, hogy szintérre 1épjenek, mi pedig tudomast sem
vesziink roluk. A vilagon €16 korokozok 80-90%-a még felfedezésre var, a patogének
konnyedén rank talalnak.

A jelenlegi eldretord fertézések krizise egy korabbi, ismétlddd jelenség
manifesztacidi. A foldtorténet soran tapasztalt minden egyes klimavaltozasi esemeény és
Okoldgiai zavar Uj patogéneket hozott a felszinre és kiterjesztette azok fert6zoképességét a
természetes és a mesterséges kdrnyezetben egyarant.

Tobb mint egy millio évvel ezeldtt, Oseink az afrikai kontinensen az erdei
¢lohelyekrdl a szavannara vandoroltak. Fokozatosan valtottak 4t a dogevordl a
zsdkmanyszerzé életmddra, mialatt a prédajukat megosztottak a flives pusztak
ragadozdival, igy fertdz6dve meg azon korokozokkal, amelyek eredetileg a hiéndk,
nagymacskak vagy éppen az afrikai vadkutyak parazitai voltak. Az emberek Osei azaltal,
hogy elhurcoltak a parazitaikat Afrikabol a vilag tobbi részére, hozzasegitették 6ket, hogy
az 0j kornyezetben, Ujabb gazdaszervezeteket fertdzhessenek, mialatt az 10 teriileteken €16
nem-human (gyakran féemlésok altal hordozott) é16skodok pedig kolonizalhatték a frissen
odaérkezé embereket. Késobb, a human talalmanyoknak, a mezdgazdasagnak és az
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urbanizacionak koszonhetden az emberek egyre kozelebbi kontaktusba keriiltek
egymassal, ezzel biztositva sokkal egyszerlibb lehetdséget a korokozoknak a terjedésre.

Az elmdlt 50 évben a rohamos human népesség ndvekedés és a gazdasag
globalizacidja miatt alakult ki a mai krizis. Az eddigi foldtorténet sordn soha nem
tapasztalt, az emberi tevékenység okan fellépd éghajlat valtozasi események pedig csak
sulyosbitottak ezt a helyzetet. Az eldretord fertdzések krizise csak felszinesen szemlélve
tlinik kizardlag az egészségligyet érintd nehézségnek. Ennél sokkal tobb, evoluciobiologiai
¢s Okologiai probléma, amelynek elére jelezhetd kovetkezménye az, hogy az eddig
egymastol elkiiloniilten el6forduld fajok, élve a globalis klimavaltozas teremtette
lehetdségekkel, kozeli kontaktusba keriilnek egymassal. A humén populacionovekedés és
a kereskedelmi aktivitas intenzifikacidja felgyorsitja ezeket a folyamatokat, igy a
jarvanyok sokkal gyakrabban és sokkal tobb helyen bukkannak fel.

Az eldretord fert6zések az evolucid beépitett eszkoztarat képezik. A korokozok
nem csak megtalalnak minket, de tdl is élnek minket. Szamos ilyen kérokoz6 vérja, hogy
“ra keriiljon a sor”. Arra varnak, hogy a klimavaltozas, a fajok behurcolésa, vagy akar az
ember Uj helyen valé megjelenése okozta megvaltozott kdrnyezet megtegye a hatasat
(ennek az dsszefoglalasa megtalalhatd a Stockholm Paradigmaban, amelyet a kovetkezd
publikéaciok részleteznek Brooks eés mtsai. 2014; Hoberg és Brooks 2015).

Mindezek az események most torténnek, a szemiink lattara.

Az eddig mutatott tagadd magatartasunk vezetett minket a jelenlegi krizisbe: egyszeriien
nem tudjuk, hogy mi zajlik koriilottiink a vilagban. Es amirdl nem tudunk, az nem f4j, tartja
a mondéas. Az eddig fel nem fedezett patogének és az éket hordozd vektoraik (a vektorok
a korokozokat egyik gazdaszervezetrdl a maésikra terjesztik) a labunk alatt vannak, akar
csak egy evolucids taposdakna és arra varnak, hogy uj él6helyeket vegyiink birtokba, és
atrendezzlk az 6koszisztémat.

Nem gondoljuk azt, hogy valami szuper gyilkos parazita leselkedik kint és az egész
emberiséget egymaga eltlintetheti a Fold szinérdl, viszont a jovébeni veszteségek tobb
aldozattal jarnak majd, mint péarezer ember haldla. Minden egyes el6retord fert6zés
tarsadalmi és gazdasagi koltségeket von maga utdn, attdl flggetlenal, hogy a
gazdaszervezet immunrendszere felveszi-e a versenyt az Uj kérokozdval, vagy sem, attol
az még nem fog felszivodni az életliinkbdl orokre: tovabbra is jelen lesz “patogén
szennyezésként”. A Nyugat-nilusi virus mar nem akut probléma tébbé Eszak-Amerikaban,
de soha nem fog teljesen eltlinni és ezért tovabbra is okozhat a jovében kronikus gondokat.
Az ellene valo védekezésre mindig kell majd human eréforrasokat és anyagi javakat
forditanunk. Manapsag més virusokon a sor, mint a Zika, SARS, MERS, legujabban a
Wuhan Corona virus, amely egész biztosan nem a legutols6 és nem is a legsulyosabb
kovetkezménnyel jar6 betegség, ami feliti a fejét az emberi populacidban. Ezek a
korokozdk jol szemléltetik azt a hibas elképzelést, miszerint az orszaghatarok korlatozni
tudjak a betegségek terjedését. A Zika észak-amerikai terjedése alapos leckét adott abbdl,
hogy mennyire fontos, hogy globalis szintii, részletes és pontos informacié alljon
rendelkezésre az eldretord fertézések potencidlis és valos veszélyeirél. A foldi létiink
nagyban technoldgia-fiiggd és ugy gondoljuk, hogy az ilyen beallitottsagu emberiségre
még stlyosabb veszélyek leselkednek a kozeli jovOben. Félelmiinket az emberiseg
altalanos nemtorédomsége valtja ki azaltal, hogy nem néz szembe a klimavaltozassal, a
biodiverzitds (az él6lények sokfélesége a Foldon) atalakulasaval, az eldretord fert6zo
betegsegekkel és abban bizik, hogy a fejlett technoldégia majd menedéket nyujt
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mindezekkel szemben. Vegyiik alapul azt, hogy az emberiség technolédgiai fejlédése az
urbanizacio novekedésével van kapcsolatban. Az emberek tobb mint 50%-a varosokban él
és ez az arany folyamatosan novekszik. Azok, akik a varosi létet valasztottdk a fejlett
technoldgia szdmos eldnyét €élvezhetik, és ugy gondolhatjdk, hogy nincsenek kitéve a
klimavaltozas hatasainak, vagy az olyan jelenségeknek, mint az eldretord fertdzések. Az
eddigi példak alapjan a varosok —nem szamit, hogy mennyire nagynak és gazdagnak
tinnek— kilondsen nagy veszélynek vannak kitéve a jarvanyok tekintetében. Ennek négy
oka van: (1) a varosok teljes mértékben fiiggenek a kiviilrél bearamlé készletektdl, mint az
ivoviz, vagy az élelmezés; (2) a varosokban szamos urbanizalodott fajt talalt ¢léhelyre,
mint a mosdmedvék, patkanyok, egerek, rokak, galambok és mokusok, amelyek olyan
betegségeket hordoznak, amelyek emberekre és haziallataikra jelentenek fenyegetést. A
kanadai Toronto-ban a kozelmultban is egy szopornyica jarvany tombolt, amely a
mosOmedvéket és a blizos borzokat fertézi. Emellett a veszettség virus is gondot okoz,
hiszen hidba szdrtak szét a vakcinalt pelleteket Ontario eés New York allam hataraban, elég
volt a betegség tovabbterjedéséhez annyi, hogy egy veszettséggel fert6zott mosémedve egy
teherautd rakterében utazva eljutott Ontario allam déli részébe, és ott kirobbantotta a
jarvanyt, annak ellenére, hogy azon a terlleten 11 éve nem tapasztaltak veszettseggel
kapcsolatos megbetegedést a mosémedvék és a biizos borzok kozott. Ebbél is 1athatd, hogy
a varosi 0koszisztéemak nagyon vonzoak egyes fajok szdmara, ami altal az emberek, a
kérokozok és mas fajok kozotti kozosségi szintii dinamika még bonyolultabba valik; (3) a
varosokban nagy a népsiirliség ¢és egy esetleges jarvany esetén a fertdézési valdszinliség
ndvekszik a lakossag szdmaval és végil, ami a legfontosabb (4) a varosok lakéi kdzott
mindig akad egy kisebb hanyad, amely iskolazatlan, kemény fizikai munkat végez, tovabba
er0s stressznek és egészségtelen életkoriillményeknek van kitéve. Ezek az emberek
altalaban a kdzegészseégligy szamara lathatatlanok, viszont a szocialis szolgaltatasok altal
osszekottetésben allnak a vérossal, ahol élnek. Ok jelentik a varos Achillesz-sarkat a
behurcolt fert6zésekkel szemben. Amint a fertzés megvetette a labat a varosban, onnantdl
viszont nem csak a szegényeket és a lathatatlanokat fenyegeti.

A krizishelyzet idején a kutatoknak a feladatuk, hogy elmondjak a lakossagnak,
amit tudniuk kell és nem pedig azt, amit hallani akarnak. Viszont az kimondottan a
tudoméanyos vilag kudarca, hogy nem tudja ezeket az 6sszekapcsolt problémakat
megoldani oly mdédon, ami az emberiséget, annak tarsadalmi-gazdasagi torekvéseit
megovna. E kudarc a teljes tudomanyos kozdsseg tétlenseget tétlenségbe taszitotta. A teljes
orvos-ipari és agrar-ipari komplexum berendezkedését, a konzervécid-bioldgia és a
biodiverzitasért felelds szervezetek lazan kapcsolt szovetségét és az evolucidbiologia
kdzponti konszenzusat egyszerre (j irdnyba terelni embert probalo feladat. Az el6retord
fert6zések okozta krizis arra kényszerit minket, hogy szembeallitsuk az ember altal miivelt
¢s egyre inkabb koltségesen fenntartott tdjat, illetve az eddig nagyban “elhanyagolt” egyéb
teruleteket, amit néha bioszféranak nevezink. Amennyiben behatolunk ezekre az egyéb
teruletekre, akkor ennek a hozadékaként megvaltoztatjuk annak evollcios dinamikajat,
amely azonban emberi beavatkozasal nem modosithato.

Az elbretord fert6zések okan halmozodo koltségek folyamatosan ndnek, az
utolagos, kovetd cselekvés gazdasagilag nem fenntarthato.
Az emberiségnek nincs kell anyagi fedezete és ideje arra, hogy oltasokkal oldja meg
ezeket a problémakat, a megeldzésre torekedve kellene elkeriilni a jovObeni jarvanyok
megjeleneset, mikdzben a jelenleg fennallokkal is meg kell birkoznunk.
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A vilagon eléfordulo patogének 10%-at dokumentaltuk, a tobbi teljesen ismeretlen
szamunkra. Ez a jelentds tudatlansag 6nmagéban elég okot ad arra, hogy azon aggodjunk,
hogy elég felkésziltek vagyunk-e egy krizishelyzet kezelésében. Olyan betegsegek ellen,
amelyeket még nem ismeriink, nem tudunk ellenszert gyartani. Ugy tesziink, mintha az
eloretord fertézo betegségek felbukkanasa ritka esemény lenne €s csak a krizis utani
tlizoltasra koncentralunk. A valdsag az, hogy ezek nagyon is gyakori jelenségek ¢és a
klimavaltozas csak még inkabb hozzaférhetévé teszi a vilagunkat szamos korokozo
szamara. Ezzel egy ugynevezett evolucios aknamez6t teremt, amelyen emberek millidi
bolyonganak nap mint nap, nem beszélve a hazi- és haszonallataikrol, illetve
haszonndvényeikrol.

A figyelemfelhivas mellett megoldast is javaslunk:, miként tudunk sikeresebben
megbirkdzni azzal, aminek a tdmadasa nem a jovébol varhatd, hanem jelenleg is koztiink
van, ¢és a kozeljovoben nagy veszélybe sodorhat minket.

Cselekvési program

A klimavaltozas indukalta eldretord fertézések kritikus veszélyforrdst jelentenek minden
orszag nemzetbiztonsagara.

Csakugy, mint a hadseregnek, a megelézésre kell fokuszalnunk és nem pedig
reagalni arra, ami mar bekovetkezett. Jelenleg a human, a mezégazdasagi és az allatorvosi
gyakorlat is reaktiv tizemmodban miikodik. Ez egy olyan 6si filozofiai megkozelitésbol
fakadhat, amely szerint azok, akik az egészségiinkért feleldsek, nem “arthatnak™ nekiink.
A globdlis klimavaltozés vilagaban ez abban nyilvanul meg, hogy amig nem kdvetkezik be
a katasztrofa, addig nem tesziink semmit. Ezutdn a pont utan pedig mar késé a
koltséghatékony megoldasokra apellalnunk. Figyelmeztetiink mindenkit, hogy legyink
elévigyazatosak. Nem tudjuk megallitani a patogéneket, amelyek a klimavaltozas, a
globalizacié és az emberi tulnépesedes eredményeként kerlilnek velink kapcsolatba.
Ellenben felkeszilhetunk az ellenuk vivott harcra.

A DAMA protokoll

Dokumentécid, Ertékelés, Megfigyelés, Cselekvés — ez egy széleskorii és proaktiv
akcidterv a globalis klimavaltozds és az eldretord fertézé betegségek ellen. Az alabb
részletezett tervezet kiegésziti azt a jelenleg is hasznalatos gyakorlatot, amely a
betegségek felbukkanasa utani idészakra fokuszal.

Dokumentécio
Nem készithetiink proaktiv iranyelvet annak érdekében, hogy megvédjuk a tarsadalmat a
betegségektol anélkiil, hogy tudnank milyen mértékii fenyegetés varhato. Ahhoz, hogy
proaktivak lehessiink, eloszor nekiink kell a korokozokat megtalalnunk, mielott 6k

taladlnak meg minket.

Azokat a bioldgusokat, akik arra lettek képezve, hogy felismerjék, dokumentaljak
és jellemezzék a fajokat ezen a bolygon, taxonomusoknak nevezzik. A jelenlegi globalisan
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jelentkezd hidnyt errdl a szakteriiletrdl “taxonomiai géatnak™ nevezziik. A taxondmiai
meghatarozas nem egyszert feladat, erre az egyik legujabb példa az, hogy a Lyme-kor
okoz6ja Eszak-Amerikaban ténylegesen nem egy, hanem két Boriella nemzetségbe tartozo
fajonként eltérd tlineteket produkdl. A megfeleld faji azonositds hidnya neheziti a
gyogyitast, ezért ndvekedtek az egészségligy jarulékos koltségei és néhany esetben a
betegek is egészségugyi kockézatnak voltak kitéve.

A taxondémusok arra lettek kiképezve, hogy felismerjék a varatlant. Erre a
megkozelitésre van sziikségiink, amikor olyan veszéllyel néziink szembe, amirdl keveset
tudunk, vagy éppenséggel nincs elegendd idonk arra, hogy megismerjiik.

Ha a DAMA protokoll életbe leép, akkor minden orszag annyit tesz, amennyit a
human ¢és technoldgiai eréforrasok engednek, hogy tegyen. De mindezek eldtt eldzetes
értékelést kell végezniink, annak érdekében, hogy az eddig nagyrészt lathatatlan kérokozo
diverzitast felmérjuk. Lesznek majd olyan kutatdk, akik olyan patogéneket azonositanak,
amelyeket mar kordbban kimutattak arr6l a bizonyos helyrél, azokbdl a bizonyos
gazdaszervezetekbdl és lesznek olyanok is, akik olyanokat azonositanak, amelyeket soha
nem jelentettek azokbol a bizonyos gazdaszervezetekbél és helyekrdl. Es végiil pedig
olyanok is lesznek, akik olyan korokozokat hatdroznak meg, amelyeket mar rég eltlintnek
hittink. Dokumentalni a korokozok létezését ezek utan is lényeges, de nem elegendd
tevékenyseg lesz.

Ertékelés

Egy olyan vilagban, amelyet a klimavaltozas formal, nem akadalyozhatjuk meg a
kérokozok egyre boviilo elterjedését. Ellenben felkésziiltek lehetiink arra az idészakra,
amikor majd szembe kell nézniink vellk. Ez a fenyegetés értékelése.

A fenyegetés értékeléséhez minél tobbet kell tudnunk azokrdl a fajokrol, amelyek
eddig is korulottink voltak, tovabba azokrol, amelyeket még nem ismerink. Meg kell
tudnunk, hogy a patogének hol, milyen gazdaszervezetben fordulnak elé. Az ismert
korokozdk esetében a fajnév egy tovabbi informéacié —attdl fliggben, hogy milyen széles
korben tanulmanyozott a korokozé— forras ahhoz, hogy milyen moédon adddnak at egyik
gazdaszervezetrdl a masikra, milyen tlineteket produkéalnak fert6zés esetén, a
gazdaszervezet melyik testrészén €é16skodnek, a vilag mely részén fordulnak eld, milyen
mortalitast és morbiditast okoznak, milyen a genetikai valtozékonysaguk, milyen tipusd
Okoszisztémakban elterjedtek, tovabba mely orszagokban vagy régidkban milyen
betegséget okoztak, mik voltak az eddigi dokumentalt gazdaszervezeteik. Ezért nagyon
fontos, hogy a fenyegetés megfeleld értékeléséhez, minél tobb informéciot gyijtsiink,
aminek az alapja a megfeleld taxonomiai dokumentécid.

Viszont, ha a fajok nagy része ismeretlen szamunkra, akkor hogyan tudjuk ezeket
a veszélyforrasokat értekelni?

Charles Darwin meglatasa az volt, hogy minden faj kapcsolatban all egymassal az
élet fajan (ami a leszarmazasbeli kapcsolatokat tartalmazza) keresztil és ez vezetett ahhoz,
a kijelentéséhez, hogy a hasonlosagok oka a kozos dsben keresendd, nem pedig abban,
hogy azonos kdrnyezetben élnek az €l6lények. Ez szdmos evidencidval magyarazza azt,
hogy a kdrokozdk okoldgiai és viselkedésbeli jegyei evolucidés szinten nagyon
konzervaltak. Azok az evoluciobiologusok, akik magukat a filogenetikusoknak (a
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filogenetika a leszarmazastani kapcsolatokat vizsgalja a fajok kozoétt) hivjak arra lettek
képezve, hogy felfedezzék az élet fajanak azon agait, amelyek bizonyos fajok csoportjahoz
kothetéek. Szintén a filogenetikusoknak koszonhetjiik azt, hogy ezeket az 1) felfedezéseket
olyan kontextusba helyezik, amely szdmunkra lehetévé teszi, hogy alapvetd bioldgiai
kovetkeztetéseket vonjunk le az altalunk tanulmanyozott organizmusrol. Ez a fajta
tudomany, amit torténeti 6koldgianak) hivunk, kozel 30 éve kezdett el fejléddni (Brooks,
1985; Wanntorp és mtsai., 1990; vagy lasd konyves formaban Brooks és McLennan, 1991,
1993, 2002) és valt az evoluciobiologia esszencialis részévé. Tobb mint egy évtizeddel
ezelott Brooks és McLannen (2002) konyve mutatott ra arra, hogy a filogenetikai
informécié hogyan és milyen modon lehet kritikus eleme a biodiverzitast kutatd
vizsgalatoknak, beleértve azokat, amelyek a klimavaltozassal és a betegségekkel
foglalkoznak. Ezen dokumentum sikeressége alapozta meg a Stockholm Paradigma
leétrejottét (Brooks és mtsai., 2014; Hoberg és Brooks, 2015; Hoberg és mtsai, 2015).
Roviden osszefoglalva, a filogenetikai informacio felhasznalasa lehetévé teszi szamunkra,
hogy felkésziiljiink a jovOre, azaltal hogy tudjuk, hogy a kérokozok a multban evolvalodott
konzervativ jellemz6i a jovOben is jelen lesznek benniik.

Nagy hagyomanya van annak, hogy ezeket az evolucio 4ltal erésen konzervalt
jellegeket hasznositsuk a mezOgazdasagban, habar ezt igy ritkan ismerik el. Annak
érdekében, hogy megszakitsuk a betegségek terjedését gyakran az 6koldgiai diverzitas
bizonyos elemeire kell, hogy koncentraljunk. Példaul, amikor azt mondjuk maléaria, akkor
a legtdbb ember a szanyogokra gondol. Ez azért van, mert a malaria minden tipusat, a vilag
Osszes tdjan a szinyogok terjesztik. Ez azt jelenti, hogy felesleges id6t és a pénzt
pazarolnunk azeldtt, mieldtt olyan gyakorlatot tudnank kifejleszteni, ami csdkkenti az
emberek és a malariat terjesztd sziinyogok talalkozasi valoszinliségét. Annak fényében,
hogy ismerjiik egyes malariat terjeszté szinyogok és malariat okoz6 Plasmodium fajok
rendszerét, megtervezhetjik a reakcionkat bizonyos esetekre, de azzal is pozitiv és
koltséghatékony eredményt érhetiink el, ha az eddig ismert, evollcié altal konzervalt
maldria fertdzés jellegeket vessziik figyelembe.

Természetesen a filogenetika ilyen felhasznaldsa nem tesz minket tévedhetetlenné.
A korokozék nem minden —a fert6zés szempontjabol fontos— karaktere evoliciosan
konzervalt. Ennek eredményeként az egyre ndvekvd tudastarunkat kell felhasznalnunk
arra, hogy jobban megérthessiik az 6kologiai hatterét annak, ami ezt a hatalmas diverzitast
forméalja. Ez a fajta informacio a fenyegetések értékelése esetében lassan novekszik, de
annal inkabb létfontossagu. Végiil, a korokozokrol dsszegylijtott tudasunk alapul véve
matematikai modellek segitségével érthetjilk meg jobban az evollcié dinamikajat és az
elbretord fert6zések okologiai megkozelitését. Vajon a tapasztalataink 6sszecsengenek
azzal, amit a teoretikus modellektSl varunk? Es ha nem, akkor miben kiilonbdznek toliik,
és milyen finomitasokat kell végezniink rajtuk?

Megfigyelés

A megfigyelés kimutaja, hogy mennyire vagyunk felkésziltek egy elkerlhetetlen patogén
tamadas ellen.

Dokumentaljuk azokat a korokozdkat, amelyekkel egydtt éliink, és ami a
legfontosabb, azokat, amelyek még az utunkba keriilhetnek. Ez a folyamatosan névekvd
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informaciohalmaz lehetévé teszi szamunka, hogy nyomon kovethessiik a korokozokat és
csillapitsuk a hatasukat. Alexis de Tocqueville utan szabadon mondva: az egészségugyi
biztonsdg ara az 0Orok éberség. A dokumentacios torekvéseink egyféle korai
jelzOrendszerként szolgalnak, amely figyelmeztet minket arra, ha egy potencialisan
veszelyes faj kerul velunk kapcsolatba.

Alapvetden egy patogén elterjedése széleskoriibb anndl, mint annak a betegségnek
az elterjedése, amit okoz. Ami miatt hianyérzetlink van az, hogy amikor épp nem okoznak
komoly problémékat a kérokozok, akkor nem foglalkozunk a terjedésukkel, az pedig nem
elégséges, hogy tudjuk, hogy “vannak™ és veszélyesek “lehetnek”. A betegségeket okozd
organizmusok és a megjelenéstik bonyolult tér- és id6beli mintazattal jellemezhetd.
Gyakran olyan helyen jelennek meg, ahol az abiotikus tényez6, azaz a kornyezeti
adottsagok és az ¢€lolény egyiittesek rovid idejii kedvezd egyiittallasa valosul meg.
Kovetkezetesen detektalnunk kell a korokozokat, amikor azok ,,épp tton vannak”. Ezek
nélkil az informaciok nélkil nem érthetjik meg azokat a bioldgiai és nem bioldgiai
tényezoket,, amelyek a patogének megjelenését iranyitjak, illetve abban jatszanak szerepet,
hogy egy lappang6 korokozo jarvanyt valtson ki. A patogének térbeni mozgasa egy
rendkiviill fontos tényez6 az eléretord fert6z6 betegségek terjedésében. Egy
¢lolénykozosség taplalkozasi kapcsolataiban bekdvetkezd valtozas addig egymas szamara
ismeretlen korokozokat és gazdaszervezeteket hozhat kapcsolatba egymassal. Két
Okoszisztéma hataran is terjedhetnek a patogének azéltal, hogy az Uj 6koszisztémaba
érkezve a korokozo egy 1j, és fertdzésre fogékony gazdaszervezettel taldlkozik, amelyet
eddig a korabbi 6koszisztémaban 1étezve nem tudott fert6zni, hiszen nem talalkozott vele.
A foldtorténet sordn a klimavaltozas jatszotta a legnagyobb szerepet a faji elterjedési
hatarok atrendezddésében, ezaltal az Okoszisztémak keveredésében, illetve lehetdséget
teremtett a lappangd betegségek megjelenésében.

Természetesen, azokra a gazdaszervezetekre is figyelmet kell forditanunk,
amelyekr6l tudjuk, hogy kockazatos korokozokat terjesztenek, illetve forditva is, a magas
kockazatot jelentd korokozok minden egyes gazdafajban vald eléfordulasat nyomon kell
kovetniink. Persze, nem figyelhetiink mindenre ugyanakkora erébefektetéssel, ezért kell az
értékelési szakaszban Osszegyljtott adatokat egyfajta egészségligyi osztalyozasi
normaként hasznositanunk (lasd Brooks 1998; Brooks és Hoberg 2000 ahol, az
egészségligyl osztalyozas fogalmat el0szor ebben a formdban hasznaltdk). Ebben a
nemrégiben sziletett matematikai modellek nagy segitséget nydjthatnak (Araujo és mtsai
2015; Braga ¢s mtsai publikélasra benyujtva). Azok koziil a kockazatot jelentd korokozok
kozul —beleértve a vektoraikat— amelyekkel még nem kerultlink kontaktusba, azokra kell
Osszpontositani az eréinket, amelyek latszélag novelik a foldrajzi elterjedésiiket és az
Okologiai forrasbazisukat. Mas szoval, az 0©kologiai értelemben vett specialistak
(patogének és gazdak egyarant) amelyek épp azon folyamatban vannak, hogy generalistava
valjanak, azok nagyobb eséllyel fognak Ujabb gazdakban megjelenni, ezaltal emelve a
komoly betegségek kockazati tényezojét.

Ahogy a technologiank —f6leg a molekularisak— egyre inkabb fejlédnek és lehetévé
teszik, hogy sikeresebbek legyiink a detektalasban, illetve a novekvé filogenetikai €S
Okologiai  kapcsolatokat ~ tartalmazé  adatbazisunk  is  ndvekszik,  annal
koltséghatékonyabban tudjuk majd megfigyelni a veszélyforrasokat.
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Cselekvés
A hianyos felkésziltségiink még nem mentesit minket az aldl, hogy cselekedjiink.

A tudoméanyos informacié 6nmagaban nem elég. Fel kell hasznalnunk azt az
informdaciot, amit a dokumentacios, értékeld és megfigyelési szakaszokbdl nyertiink és
cselekedniink kell! A valasztott tisztségviselok és kormanyzati dontéshozoknak, akik a
kdzjo védelmével vannak megbizva, minden t6liikk telhet6t meg kell tenniiik, hogy a
legjobb és legfrissebb tudomanyos informéciot rendelkezéslinkre bocsajtsak. Ezt az
informaciot kozérthetd modon kell bemutatni, annak érdekében, hogy a koztisztviseldk
megtalaljak az egyensulyt a tudomanyos értékelés és a szamos mas tarsadalmi és gazdasagi
prioritas kozott.

Eldéfordulhat, hogy lesznek olyan orszdgok, amelyek nem engedhetik meg
maguknak, hogy mindent dokumentaljanak, legalabbis nem rovid idéintervallumon beliil.
Olyanok is lesznek, amelyek nem tudjak osszeilleszteni a szerzett informéaciokbol a teljes
értékeléshez szlikseges képet. Fel kell ismerniink, hogy az informacié halmazunk sosem
lesz teljes, és sok esetben csak toredékekkel rendelkeziink, viszont ez nem ok arra, hogy
ne tegyunk semmit.

A DAMA protokoll hasznélata: mit tehetnek a nemzetek?

Reagalni a valsagra mindig koltségesebb, mint a megelozés, altalaban nem tudjuk
dtiranyitani a tdmogatdast a kriziskezelésbol a megelozés iranyaba. Ehhez egy teljesen uj,
hosszu tavd, és ami a legfontosabb, allandé tAmogatasi rendszer kialakitasara van
sziikseg a fertozések terjedésével kapcsolatos munkahelyek, oktatds és az ezekhez
kapcsolodo infrastruktira szamara.

Sajnalatos mddon nincs olyan teendd, ami ne keriilne tobb pénzbe a nemzetek
szamara. Viszont tal vagyunk mar azon a ponton, ahol a rovidtavl takarékoskodas
megoldhato lenne. A DAMA protokoll nemzeti szinten torténd alkalmazésa és a részvétel
a nemzetkdzi DAMA tevékenységekben nem olcsd, de a DAMA protokoll mellézése
végzetes hiba.

A globalis klimavaltozas és az eléretoré fertdzések viszont nem ismernek sem
orszghatarokat, sem pedig nemzeti érdekeket. Ezek utan mindegy egyes nemzeti
akciotervnek fel kell ismernie, hogy a fenyegetés épp ugy érkezhet a hataron kiviilrél, mint
beliilr6l. E terveknek magukban kell foglalni a nemzeti és nemzetek kozotti
egyiittmiikdéseket is!.

Kihivést jelent egy olyan vilaghoz alkalmazkodni, ahol a klimavéaltozas valds és
hosszUtavu jelenség, amely szintén hosszitavl elkotelezettséget igényel az oktatés, a
humén Kkapacitds és az infrastruktira megreformaldsa szempontjabol. Ezek a
tevékenységek nem rovid tava beavatkozasok, hanem inkabb allandé szocialis befektetést
igényelnek az oktatdsba, a tudomanyba ¢és a klinikai praktikumba. a kovetkezd mintegy
generacionyi id6n belul.

Ugy hissziik, hogy a jov6beni koltségmegtakaritas egy olyan kdrnyezetben lesz
elérhet6, ahol az anyagi terheket a koz- és maganintézmények megosztjak, hiszen kdzos
érdekiik az eldretord fertdzeések hatdsanak csillapitasa. A fejlett orszagoknak, mint amilyen
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Magyarorszag, nagymértekben ki kell terjesztenie a rendelkezésére all6 human és
technologiai eréforrasait.

Egyes orszagok feladatai
Csak annyit vehetiink ki, amennyit beletesziink.

A fejlett orszagoknak, mint amilyen Magyarorszag, rendelkezésére all az alapvet6
human eréforras és a technoldgiai infrastruktiura. Az ilyen orszagokban nem ezeknek a
megteremtése a kérdéses, hanem a meglévé forrasok alkalmazasa és beolvasztasa az
oktatasba, a munkaeré piacba és az esszencialis infrastruktiraba. Természetesen nem all
rendelkezésre korlatlan mennyiségili anyagi forras, tehat minden egyes allamnak meg kell
hataroznia azt a keretdsszeget, amit erre tud forditani. Arra viszont nem art emlékeztetni
magunkat, hogy ha a rovid tdvl takarékoskodast valasztjuk, akkor hosszu tdvon sokkal
nagyobb veszélynek tessziik ki magunkat.

Alapvetd szolgaltatdsok

Emberi erdforrasok — az evoluciobiolégusok, foként a taxondmusok,
filogenetikusok, torténeti 6kologiaval foglalkozok, akik a korokozok és vektoraik széles
skaldjara specializalodtak. Olyan kutatok, akik a “nagy adathalmazok™ kezelésének a
specialistai, bioldgusok, akik dsszekottetést biztositanak a déntéshozd szervekkel. Olyan
molekularis biologusok, akik madszertani Ujitasok bevezetésével felgyorsitjak és mellette
csOkkentik a dokumentéacids, értékelé ¢€s monitoring fazisok koltségeit. Donto
tobbségiikben egyetemi diplomaval rendelkezd, magasan képzett PhD hallgatok, vagy
posztdoktori kutatok.

Infrastruktira — a szikséges infrastruktira magaban foglalja a muazeumi
gyljteményeket, a molekularis laborokat, a szamitogépes €s egyéb tarolo kapacitasokat, a
DAMA protokoll alapjan dolgoz6 specialistak terepi felszerelését, illetve a kovetkezd
specialista generaciot kineveld oktatok munkajahoz sziikséges infrastruktirat.

Kdéltsegmegtakaritas

Emberi eréforrasok — Olyan emberek alkalmazésa, akiknek nincs emelt szintii
végzettségik -esetleg, valamilyen szintli szakképzést kaptak- de sok esetben az érettségi a
legmagasabb képesitésiik, viszont professzionalis kutatok mellett dolgoznak, akar
laboréansként, vagy preparatorként Az ilyen igynevezett para-taxondmusok nagy segitséget
nyUjthatnak a dokumentécios fazisban, vagy akar a para-6koldgusok az értékelési fazisban.
Sajat toke (ingyenes)

Kdzosségi tapasztalat — a szervezett kozoktatas magaban foglalja a helyi lakosok
és a didkok bevonasat a tudomanyos kutatasba. llyen program példaul a VectorAnalytica
(http://www.vectoranalytica.com/; és sok mas hasonld kezdeményezes) amely rengeteg
ingyenes ¢és gyorsan hozzaférheté anyagot produkal.. A civilek megnyerése és bevonésa az
ilyen kormanyzati programokba hatalmas tamogatast jelenthet.

Nemzetek kozotti erofeszitések: kooperdcion alapulo koltségmegosztdas

Ahogy azt korabban emlitettiik, a jovObeni koltségmegtakaritds egy olyan
kornyezetben lesz elérhetd, ahol az anyagi terheket a koz és maganintézetek kooperacid
utjan megosztjak, hiszen kozos érdekiik az eldretord fertézések hatasanak a csillapitasa. A
veszély jellegébdl adodoan a DAMA barmely aspektusat érinté nemzetk6zi kooperacio
elengedhetetlen. Tovabba, a teher megosztasa segitheti a koltségek csokkentését és a
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folyamat felgyorsitasat, hiszen nem lehetseges az 0sszes orszag szamara, hogy
specialistakat képezzen ki mindegy egyes korokoz6 és gazdaszervezete felderitésére, €és
még anyagi tdmogatasban is részesitse oket.
Ovatossdgra intés: alapvetd kulturdlis viltds

A DAMA protokoll eddig példa nélkili kooperaciot igényel az egyetemek, kutatasi
intezmények, civil szervezetek, tovabba lokalis, regiondlis kormanyzati szervek kozott
nemzeti és nemzetkdzi szinteken egyarant. Nem lesz egyszerti folyamat, viszont ha az
emberiséget fenyegetd veszély mértékére gondolunk, akkor a megvaldsitasa
elengedhetetlen!
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