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Abstract
The COVID-19 pandemic is the latest example of the profound socioeconomic impact of the emerg-
ing infectious disease (EID) crisis. Current health security measures are based on a failed evolu-
tionary paradigm that presumes EID is rare and cannot be predicted because emergence requires 
the prior evolution of novel genetic capacities for colonizing a new host. Consequently, crisis re-
sponse through preparation for previously emerged diseases and palliation following outbreaks 
have been the only health security options, which have become unsustainably expensive and un-
successful. The Stockholm paradigm (SP) is an alternative evolutionary framework that suggests 
host changes are the result of changing conditions that bring pathogens into contact with suscep-
tible hosts, with novel genetic variants arising in the new host after infection. Host changes leading 
to EID can be predicted because preexisting capacities for colonizing new hosts are highly specific 
and phylogenetically conservative. This makes EID prevention through limiting exposure to sus-
ceptible hosts possible. The DAMA (Document, Assess, Monitor, Act) protocol is a policy extension 
of the SP that can both prevent and mitigate EID by enhancing traditional efforts through adding 
early warning signs and predicting transmission dynamics. Prevention, preparation, and palliation 
compose the 3P framework, a comprehensive plan for reducing the socioeconomic impact of EID.

Keywords: emerging infectious diseases, Stockholm paradigm, DAMA protocol, prevention strat-
egies, public health, global health security
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The Emerging Infectious Diseases Crisis

The last fifty years have seen some of the most sig-
nificant technological and scientific advancements in 
history. This period also coincides with the crisis of 
emerging infectious diseases (EIDs) (Brooks and Ferrao, 
2005; Rohde, 2013). Technological advancements pro-
duce unanticipated ecological disruptions through (1) 
human intrusion into natural ecosystems and (2) cre-
ation of artificial habitats suitable for rapid spread of 
particular pathogens, sometimes called industrial pa-
thology (Breiman, 1996; Foster et al., 2021). Since the 
1970s, more than 40 EIDs and more than 1,100 ep-
idemics have been documented in humans. Among 
those were the 2003 SARS outbreak in Toronto, which 
had the potential of pandemic development and also 
revealed how epidemics foster and amplify social ten-
sions between ethnic minorities even within developed 
countries and high-income populations, in this case 
involving the marginalization of the Asian-Canadian 
community (Jacobs, 2007). The 2015 Zika outbreak was 
one of a series of emergences of this disease that had 
swept through Africa, Asia, and the Americas, affecting 
those with limited access to health care services, espe-
cially women deprived of reproductive health services 
(Plourde and Bloch, 2016). Concurrently, an Ebola epi-
demic disproportionately affected disadvantaged pop-
ulations across Liberia, Sierra Leone, and Guinea (Burkle 
and Burkle, 2015), which lacked public health and phys-
ical infrastructures.

EIDs affecting livestock and crops also have sub-
stantial economic and social impacts (Brooks et al., 
2022; Trivellone et al., 2022). Avian influenza has a mor-
tality rate in domestic poultry of 90%–100% within 48 
hours of infection (Centers for Disease Control and Pre-
vention, 2022). The 2014–15 avian influenza pandemic 
affected more than 45 million birds in the US alone, re-
sulting in poultry export bans across 75 countries and 
the doubling of egg prices within a few weeks (New-
ton and Kuethe, 2015). The 2018–19 African swine fe-
ver (ASF) pandemic resulted in the culling of nearly 
20% of Vietnam’s pig population, representing almost 
6 million animals. China suffered an economic loss of 
US$141 billion by September 2019 directly due to the 
bans on international trade and led to the collapse of 
half of what was the world’s pork export market prior 
to the outbreak (FAO, 2019). Among those emerging 
in crops, coconut lethal yellowing (LY) is a fatal dis-
ease of several species of palms (Martinez and Roberts, 
1967) that has severe repercussions on local cultures 
for which coconuts provide economic security (Gurr et 
al., 2016). LY destroyed 95% of the coconut palms in a 
single region in Mexico in only two decades, millions 

of coconut trees that provided a livelihood for more 
than 30,000 rural families in Nigeria by 2010, and al-
most 99% of tall palms and 72% of dwarfs in West Af-
rica by 2006 (Datt et al., 2020).

Prior to the COVID pandemic, treatment costs and 
production losses due to EIDs of all kinds reached US$1 
trillion per year globally (Brooks et al., 2019). Apart from 
short-term impacts, EIDs produce long-lasting negative 
social effects, mostly affecting marginalized and/or low-
income communities (Leach and Dry, 2010). In addition 
to more than 200 million confirmed cases and more than 
4.3 million deaths, the first six months of the COVID-19 
pandemic catalyzed the greatest unemployment rate 
and economic deflation since World War II (ILO, 2021). 
Household expenditures were elevated due to medical 
expenses, and incomes dropped as much 50% (WHO 
and World Bank, 2019). Healthcare infrastructure was 
overwhelmed, leading to decreased accessibility for low 
income, vulnerable groups; at the same time, food inse-
curity rose and access to education was reduced (Blacke 
and Wadhwa, 2020).

The EID crisis calls for a reevaluation of current dis-
ease management approaches that focus only on man-
aging EIDs after they have emerged (Evans, 2010; Hadler 
et al., 2015; Apari et al., 2019). Health services are con-
stantly and unpleasantly surprised by each apparently 
unexpected EID, and these services are then forced into 
expensive and time-consuming crisis response. Global 
health systems are backed into a corner, trying to plan 
protective measures against opponents they know noth-
ing about until they announce themselves.

Approaches to Coping with Emerging 
Infectious Disease

Disease has been a constant challenge for modern hu-
manity since the early Holocene, when human settle-
ment created highly dense populations that lived in 
close proximity with domesticated animals. Infections 
differing in virulence, transmission dynamics, and per-
sistence have influenced human history, from the emer-
gence of sporadic cases of mysterious symptoms to the 
decimation of human populations of entire regions (see 
review in Lakoff, 2017). Humanity has therefore always 
tried to establish an appropriate response to combat 
diseases, designing actions based on the often limited 
knowledge that was available.

Palliate: Medicate, Vaccinate
The oldest tradition for combating diseases is palliation, 
treating and curing those infected and alleviating signs 
and symptoms of an infection, with the immediate aim 
of improving patients’ life quality and the longer-range 
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aim of reducing mortality and morbidity. Hygienic re-
strictions and regulations were among the first palliative 
measures first introduced in health care facilities by pio-
neering physicians such as Ignaz Semmelweiss (Bowden 
et al., 2003; Lane et al., 2010). The medical tools involved 
in palliation compose two major functional groups: (1) 
Medication refers to interfering with pathological phys-
iological and/or biochemical pathways of patients or re-
producing pathogens within. Although certain medica-
ments are available for use as prophylaxis for a limited 
period of time, the majority of application is linked to 
a prior development of a disease. (2) Vaccination, on 
the other hand, aims to reduce the morbidity, mortal-
ity, and/or incidence number of a known communicable 
disease by triggering a mild immune response through 
administering whole or partial pathogens as an antigen 
(Bowden et al., 2003).

Although they originated before pathogenic agents 
were known, today’s medical practices still include multi-
ple treatment options that target the physiological path-
way responsible for the symptoms and not the patho-
gen itself. Palliation to a large extent has continued as 
the backbone of combating infectious disease because 
most infectious diseases are not deemed predictable 
and thus not preventable.

Global inequality in access to palliative medicine 
led to the founding of organizations such as Médecins 
Sans Frontières (MSF, n.d.), an international network 
that brings medical professionals to treat diseases such 
as malaria, yellow fever, dengue, hepatitis, or cholera 
in developing countries and develops educational pro-
grams to improve health care infrastructure. The Bill and 
Melinda Gates Foundation supports research initiatives 
and medical intervention programs that target inequal-
ity, poverty, and health care development in developing 
countries (Bill & Melinda Gates Foundation, n.d.).

Once humans discovered that particular disease 
signs and symptoms were caused by infection with par-
ticular pathogens, palliation could be made easier by 
maintaining high standards of hygiene in health care 
settings and preparing for infectious diseases by hav-
ing appropriate health care facilities as well as medica-
tions and vaccinations on hand. Also, understanding the 
transmission dynamics of particular infectious pathogens 
allowed clinicians and public health workers to prepare 
by anticipating where and at what time of year certain 
infectious diseases would occur. Ironically, assumptions 
about seasonality contributed to notions about apparent 
disappearance of pathogens at local to regional scales 
when diseases were not observed in circulation. These 
notions persist, despite J.R. Audy’s groundbreaking ob-
servation in 1958 that distribution of a pathogen is al-
ways broader than the disease it causes (Audy, 1958). 

These measures set the foundation for modern public 
health initiative and infrastructure to prepare for infec-
tious disease outbreaks.

Prepare: Stockpile and Eradicate
The late 20th century saw large-scale outbreaks of infec-
tious diseases that affected social structure, economic 
processes, and industrial production. Starting with the 
1976 influenza epidemic, followed by an outbreak of 
both seasonal (in 2003) and avian influenza (in 2005) 
that affected poultry production, disease management 
became an issue of national security (Lakoff, 2017). Med-
ical intervention then needed to be planned using risk 
assessment metrics and national distribution networks, 
sparking close collaboration between public health and 
other sectors such as the pharmaceutical industry, mili-
tary, and government agencies and the development of 
new methods, such as scenario-based exercises to esti-
mate the severity of the threat and improve “response 
strategies” (Johns Hopkins Center for Civilian Biodefense 
Studies et al., 2001). Intersectoral collaborations led to 
international alliances (e.g., International Health Regu-
lations (WHO, 2005)), providing further insight into the 
behavior of known pathogens. Monitoring stations and 
surveillance networks established in tropical ecosystems 
fed information into global databases (e.g., Global Influ-
enza Surveillance and Response System (GISRS) (GISRS, 
n.d.), Global Outbreak Alert and Response Network 
(GOARN) (GOARN, n.d.), Global Early Warning System 
(GLEWS) (FAO et al., 2006)) to spot early onset and in-
stigate timely crises response.

Collaborative networks of veterinarians, physi-
cians, and public health experts have been established 
since the early 1900s, but the EID crisis gave impetus 
to creating global initiatives. The One Health initiative 
(AVMA, 2008) was established in 2006 to target vec-
tors and detect reservoirs of known pathogens. Partly 
in response to the 2003 avian flu pandemic (Burns et 
al., 2008), the PREDICT project was launched in 2009 as 
part of USAID’s Emerging Pandemic Threats Program to 
anticipate future pandemics. The Wildlife (Preservation) 
Trust renamed itself the EcoHealth Alliance (EcoHealth 
Alliance, n.d.) and joined forces with the PREDICT proj-
ect in 2010 to study suspected vectors in areas highly 
affected by malaria, yellow fever, hepatitis, and den-
gue. Efforts to prepare for EID now include activities as 
diverse as studies of zoonoses, campaigns for wildlife 
vaccination, and distribution of insecticides and mos-
quito nets. Programs aimed at local communities in-
volve establishing education programs, distributing 
insecticides, procuring equipment to treat the sick in 
local health care facilities, and initiating mass vaccina-
tion programs to mitigate effects.
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Once the transmission dynamics of particular patho-
gens were known, preparation to cope with infectious 
disease began to include plans to modify the landscape 
in ways that would disrupt pathogen transmission, miti-
gating the severity of outbreaks.

Why Palliate and Prepare Are Not 
Sufficient

Despite growing awareness of the severity of the EID cri-
sis and efforts to prepare better for coping with EIDs, the 
new millennium saw a concerning increase in the num-
ber of previously unknown pathogens that had no previ-
ous record of infecting humans (e.g., SARS, MERS, Hepa-
titis D, COVID-19) and previously known infections either 
manifesting novel symptoms (e.g., Zika, West Nile virus) 
or developing resistance to applied treatment (e.g., re-
sistant malaria, MRSA). Each emergence triggered aug-
mented crisis response, but during the time it took for 
them to take effect, the disease had exacted a toll on 
the affected countries. Preparation alone had two sub-
stantial soft spots: (1) all preparations were based on 
the assumption that any outbreaks would be caused by 
known pathogens and (2) EID are emerging far more 
rapidly than expected.

As for data availability, pathogens considered by 
preparatory programs had all been established in hu-
man communities, and vectors had been detected. 
However, data availability is often a crucial shortcom-
ing from otherwise highly publicized and documented 
outbreaks. Specimens are not collected and/or stored 
under conditions that allow for long-term preserva-
tion, taxonomy is often unclear and generic names in-
hibit performing accurate phylogenetic analyses, or 
collections were not made and therefore are simply 
not available for further research (Colella et al., 2021). 
Crisis response works well in preparation for reemer-
gence of known pathogens, but it is not prevention. 
Crisis response was designed to combat diseases we 
have previously been exposed to and have information 
about from previous outbreaks. The ongoing SARS-
CoV-2 pandemic has led to calls for developing a way 
of preventing the next emergence, but most publica-
tions on the subject suggest strengthening, increasing, 
and improving our response strategies (Khoo and Lan-
tos, 2020; WHO, 2020; DeSalvo et al., 2021; Stenseth 
et al., 2021) However, when faced with a novel patho-
gen, crisis response always lags behind the sweeping 
epidemic (Audy, 1958; Brooks et al., 2020). With EID 
increasing at an unprecedented rate since the 1970s 
(WHO, 2007), global health security demands that we 
acknowledge the limitations of crisis response and add 
another pillar of disease control: prevention.

The main reason prevention has not been a focus 
of disease management is the way most scientists per-
ceive relationships between pathogens and their hosts. 
The traditional paradigm assumes that pathogen attri-
butes are strongly selected, resulting in specialized as-
sociations with a narrow range (often assumed to be 
a single species) of hosts. As a result of such special-
ization, pathogens are assumed to lose their ability to 
utilize (infect) novel hosts, and any new colonization 
(emergent disease) must be preceded by the pathogen 
evolving new capacities (Parrish and Kawaoka, 2005). 
The assumption is that, given that such new capacities 
evolve rarely and at random with respect to any partic-
ular potential host, emergence is assumed to be rare 
and unpredictable, thus prevention is in vain. This tra-
ditional paradigm, the core of the standard model for 
pathogens and disease, fails on three counts: (1) it claims 
pathogens are tightly co-adapted to a restricted range 
of hosts, based on assumptions lacking empirical sup-
port; (2) it claims that EIDs ought to be rare, whereas 
they are common, as evidenced by the current EID crisis 
and by phylogenetic studies showing that host coloni-
zation has been common throughout evolutionary his-
tory; and (3) it claims that host switching occurs at ran-
dom with respect to environmental perturbations such 
as climate change, when biogeographical studies show 
that colonization events in many pathogen clades cluster 
around climate change perturbations. This contradiction 
between the traditional paradigm and empirical obser-
vations in phylogenetic and real time has been dubbed 
the parasite paradox (Agosta et al., 2010). A new evolu-
tionary framework of host-pathogen associations, the 
Stockholm paradigm, resolves this paradox.

The Stockholm Paradigm

The Stockholm paradigm (SP) (Brooks et al., 2014; Ho-
berg and Brooks, 2015; Brooks et al., 2019) is based on 
two Darwinian principles: (1) Evolutionary outcomes 
of interacting species are always local. All organisms 
that a pathogen could potentially infect (potential hosts) 
form its fundamental fitness space, while those that the 
pathogen has actually colonized represent its realized 
fitness space. Coevolutionary processes between the 
pathogen and a host in a certain geographic locality in-
volve only the realized fitness space and have no effect 
on other potential hosts in other locations. As a conse-
quence, the smaller the pathogen’s realized fitness space 
is relative to the fundamental fitness space, the higher its 
potential for colonizing a new host without the need for 
newly evolved capacities. This potential is referred to as 
ecological fitting (Janzen, 1985). (2) Evolution is conser-
vative. All organisms exploit particular resources of their 
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environment to survive, which requires certain special-
ized traits. Given these traits are phylogenetically con-
servative, the same pathogen will be able to utilize and 
colonize distantly related host species, and, conversely, 
a novel host will serve as a competent resource for mul-
tiple pathogens. Coronaviruses (e.g., SARS, SARS-CoV-2) 
use receptors distributed across a wide range of Mam-
malia (Mahdy et al., 2020; Dicken et al., 2021; Lytras et 
al., 2021), while human red blood cells are targets of var-
ious bacterial (Bartonella bacilliformis) as well as eukary-
otic (Plasmodium spp., Babesia spp., Toxoplasma gondii) 
pathogens (McCullough, 2014).

Changes in geographical distribution or ecological 
structure will lead to novel species encounters and pro-
vide pathogens with novel opportunities to colonize 
novel, suitable hosts and increase their realized fitness 
space (Agosta et al., 2010). Considering genetic variation 
within the original population, certain low-frequency 
variants in the original host may be a “better fit” with 
and thus start rapidly proliferating in the new host. This 
“stepping-stone dynamic” is a common antecedent of 
emergences (Araujo et al., 2015; Braga et al., 2015), such 
as in the 2003 SARS, 2012 MERS, and 2020 SARS-CoV-2 
outbreaks (Morens and Fauci, 2020).

Taken together, emergence is not due to the appear-
ance of novel genetic capacities; rather, it is due to the 
pathogen’s taking advantage of new opportunities us-
ing preexisting capacities. Pathogens have faced mul-
tiple host-range changes throughout their evolution-
ary history, and each of these events presented them 
with new suitable hosts they then colonized. The link 
between climate change and the EID crisis is therefore 
straightforward and surprisingly simple: changing en-
vironmental conditions create movement among spe-
cies, bringing pathogens in contact with susceptible 
hosts (Hoberg et al., 2012; Brooks et al., 2019). Patho-
gens expand their host range and geographic distribu-
tion, producing new diversity in these new settings (Ho-
berg and Brooks, 2015), which set the stage for the next 
set of emergences, given novel opportunities. Emerging 
diseases are therefore a built-in feature of evolutionary 
diversification.

Mobilizing Evolution for Public Health 
Prevention Efforts

The bad news is that pathogens switch to different hosts 
frequently during conditions of climate change and glo-
balized trade and travel; therefore, EIDs will continue for 
an indefinite period of time. The good news is that the 
conservative nature of genetic capacities makes emer-
gence predictable. The prevailing paradigm used for 
planning public health policies has linked diseases to 

the host (and vector) in which they were first found and 
identified and tries to eliminate that presumed closed 
cycle (PAHO and WHO, 2008; van den Berg et al., 2012; 
Cucunubá et al., 2018). Focus is limited to these two tar-
get populations, despite overwhelming evidence that 
any pathogen observed in a host species will be pres-
ent in numerous sympatric species, even ones distantly 
related to the original (Parrish et al., 2015; Olivero et 
al., 2017; Cahan, 2020; Fagre et al., 2021). From a pub-
lic health perspective, we track the disease to track the 
pathogen, whereas “the distribution of a pathogen is 
wider than the disease caused by it, and the latter can-
not be understood without understanding the former 
as a whole” (Audy, 1958). Therefore, even the most or-
ganized efforts to eliminate a pathogen from the vec-
tor or the host will be faced with an array of reservoirs 
from which the same pathogen can easily cross over to 
the newly treated host population, thereby diminishing 
control efforts in the long term.

The SP offers a way to integrate an evolutionary 
framework into current disease management strate-
gies to concentrate efforts on preventing emergence. 
By determining fundamental fitness space as well as 
observed realized fitness space, we can assign risk to 
pathogen populations before their emergence. Risk 
space is maximized along habitat interfaces, where in-
terconnectedness is also increased by climate shifts 
and human intrusion (Araujo et al., 2015; Brooks et al., 
2022). While the ongoing pandemic has all our atten-
tion and resources bound by crisis response, the risk 
spaces for novel EIDs grow by the second. Warming 
global temperatures and human modified landscapes 
extend habitable areas for mosquito species such as 
Aedes aegypti, Aedes albopictus, or Anopheles maculi-
pennis, some of which are competent vectors of ma-
laria, dengue, or yellow fever (Khasnis and Nettleman, 
2005; Suzán et al., 2015). Tropical diseases such as chi-
kungunya (Weaver and Lecuit, 2015), dengue (Brady 
et al., 2012), Zika (Brady and Hay, 2019), and malaria 
(New map shows, 2018) are constantly reported in Eu-
rope, with a large proportion of cases related to travel. 
Crop diseases such as wheat stem rust (Puccinia grami-
nis f. sp. tritici) are emerging in crops (Saunders et al., 
2019), while the emergent African swine fever virus 
continues to colonize both swine and wild boar stocks 
on three continents (Gallardo et al., 2015). Such inter-
faces and interconnected systems should be primary 
targets of intensive monitoring with efforts concen-
trating on tracking pathogens in known reservoirs and 
alternate vectors. Early interventions should then pro-
duce public health, food safety, and wildlife manage-
ment policies that minimize encounter between reser-
voirs and susceptible communities, thereby preventing 
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or mitigating impacts of emergence. In the following 
section, we describe a four-step prevention protocol 
that stems from the SP.

Prevent: Predict and Act

Managing risk for EIDs relies on identifying targets for 
control measures before the onset of a crisis. Strategies 
thus far have primarily focused on crisis response but 
have not provided actionable information in advance of 
an outbreak (Fallah et al., 2015; Daszak et al., 2020; Chat-
terjee et al., 2021). However, with the accelerating rate 
of novel emergences, finding them before they find us 
will be more cost effective than palliation or preparation 
(Brooks et al., 2019; Brooks et al., 2020; Vianna Franco 
et al., 2022). Phylogenetically conservative traits make 
the risk space of EIDs large but also make their behav-
ior predictable in novel settings.

The DAMA protocol—Document, Assess, Monitor, 
Act—is a comprehensive policy plan stemming directly 

from the SP (Brooks et al., 2014; Brooks et al., 2019) (Fig-
ure 1). It aims to shift the focus of efforts from crisis re-
sponse (palliation and preparation) to preventing dis-
ease outbreaks and facilitating communication between 
stakeholders in science, health security, and policy mak-
ing. As well, when prevention is not possible, the DAMA 
protocol can aid preparation and early response efforts 
by mitigating the impact of outbreaks.

It is not possible to cope with pathogens without 
knowing what they are, where they occur, and which po-
tential host species they are likely to infect. Document-
ing pathogens actually or potentially residing in a given 
region is thus fundamental; strategic inventory feeding 
into archives for specimens and information is essential 
(Dunnum et al., 2018). Taking advantage of the evolu-
tionary and ecological context DAMA provides, we fo-
cus our search on reservoir hosts. We know that dis-
ease-causing organisms of humans, crops, and livestock 
reside in at least one host that is not diseased. Such res-
ervoirs are often known or suspected, allowing us to 

Figure 1. A schematic representation of the DAMA protocol. Keywords next to the circle in normal font represent 
the overall aim of the respective protocol phase; keywords in bold type describe the methods used to achieve 
that aim.
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focus on a manageable subset of all the species within 
an area. When reservoirs live in habitats adjacent to hu-
man communities or their crops and livestock, disease 
transmission occurs in the interface between reservoir 
and human habitats. African swine fever was transmit-
ted from wild boars living around animal breeding facili-
ties to domestic pigs, avian flu spreads through encoun-
ters between wild migratory birds and domestic poultry, 
SARS spread from bats to humans (Cyranoski, 2017). 
Furthermore, the transmission of pathogens is highly 
specific for each disease-causing organism—some are 
transmitted in food, some in water, some by contact be-
tween infected hosts or surfaces that have been in con-
tact with infected hosts. Many are transmitted by vec-
tors such as mosquitoes and ticks. Finally, in addition to 
the information collected during scientific research, lo-
cal and traditional ecological knowledge from people 
living in areas at risk is also a significant resource, call-
ing for the establishment of science-society collabora-
tion (Marizzi et al., 2018; Brooks et al., 2019).

Assessing the risk of documented pathogens is a 
three-step process. The first step is phylogenetic triage, 
which reveals if the species is: (1) known to cause dis-
ease in another place, (2) most closely related to non-
pathogens, or (3) a close relative of a known pathogen. 
In the first case, findings should be reported to health 
authorities; in the second, representative specimens of 
these species are archived for future reference. In the 
third case, species are subjected to the second step of 
risk assessment, phylogenetic assessment, using what is 
known about the close relatives of the novel pathogen 
to determine possible reservoirs, their mode of transmis-
sion, and their microhabitat preferences. Finally, popu-
lation modeling is done to gather information on pop-
ulation genetics, focusing on the rare genotypes with 
higher potential to emerge in a new host.

Monitoring pathogens of potential risk begins with 
detailed mapping of their distribution in areas where 
they have already been observed as well as searches 
for them in areas predicted to be suitable. Changes in 
pathogen populations lead to regular reassessment, 
while surveillance provides actionable information about 
changes in risk space before the onset of an epidemic. 
We are looking for change—in geographic distribution, 
in host range, in transmission dynamics, in geographic 
variation, in what is there, and in early signs of arrival 
of anticipated pathogens. A context for comparisons to 
detect change over time is linked to archival resources 
and baselines.

Monitoring activities must be rapidly translated into 
effective action. Interventions mainly manifested as pol-
icy modifications in the sectors of food safety, wildlife 
management, veterinary medicine, and public health 

and education target wildlands, urban/peri-urban, and 
agricultural landscapes (Trivellone et al., 2022) and inter-
faces between them. Policies must be generated using 
historical data stored in natural history biorepositories to 
accurately evaluate pathogenic and spreading potential 
of the species in focus. Expertise involved must consider 
global patterns of trade and travel as well as local en-
vironments and community circumstances to maximize 
feasibility of novel policy developments. Prevention re-
lies on developing interdisciplinary and transdisciplinary 
networks to determine effective courses of action and 
coordinate their implementation.

The Prevent-Prepare-Palliate (3P) 
framework

As demonstrated by the past two decades, one of the 
biggest threats to modern humanity is the EID crisis, 
dealing unanticipated damage across all socioeconomic 
landscapes. Gathering information on symptoms, distri-
bution, and mode of transmission is crucial but not suffi-
cient for avoiding novel emergences. Understanding the 
novel paradigm describing the ease with which patho-
gens switch to susceptible host, health security must 
also shift to a paradigm placing Prevention in the heart 
of public health. The addition of a preventative element 
to responses to health threats leads to a tripartite frame-
work of Prevent-Prepare-Palliate (3P) for effective action 
against EIDs (Figure 2).

In the following sections, we describe different meth-
ods for establishing and facilitating communication and 
information sharing between elements of the framework 
and within processes of prevention measures.

Communication among the components of the 3P 
framework
Communication needs to be established between el-
ements of the framework to mutually increase impact. 
Palliation creates vast knowledge and data on the phys-
iological symptoms caused by particular pathogens, dis-
tinguishing between strains and subspecies. The chan-
nels to disseminate this information to actors of the 
prepare element have already been established and pro-
vide basis for planning preparatory efforts in case of a 
resurgence of a known pathogen. However, it is also in-
dispensable knowledge for the prevent element for as-
sessing the risk of a close relative of a known patho-
gen. Manifestations, treatment options, morbidity, and 
mortality of a close relative are all taken into consider-
ation when assigning risk to a potential pathogen. The 
EpiPulse initiative (European Centre for Disease Control 
and Prevention, 2021) is an exemplary fusion of multiple, 
distinct surveillance systems for collecting and sharing 
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information on pathogens and facilitating interdisciplin-
ary and cross-sector collaborations.

Preparatory efforts have been substantially improved 
by adopting the OneHealth approach and thereby in-
cluding not only medical but also veterinary, agricultural, 
and wildlife experts in preparing for the onset of a par-
ticular disease. Information on reservoirs, vectors, and 
their distribution are all highly beneficial during phylo-
genetic assessment of potential pathogens to accurately 
reveal their range of potential host species. If we expand 
our target range from the current known pathogens to 
their close relatives, this tool will prove extremely ben-
eficial in finding them before they find us. An existing 
hub that allows data entry from diverse sectors’ patho-
gen data stores is the International Nucleotide Sequence 
Database Collaboration (INSDC) (INSDC, n.d.), an open 
access data platform under the OneHealth approach 
(Timme et al., 2020). Information, however, must always 
be linked back directly to specimens of pathogens and 
hosts in museums, a process that has not been uniform 
nor assumed.

Finally, information on high-risk potential pathogens 
identified by the DAMA protocol will be openly available 
to preparatory and palliative initiatives, thereby substan-
tially mitigating damages in case of an outbreak.

Communication within the DAMA protocol
The DAMA protocol is designed to combine the tech-
niques of both fundamental and applied research and 
drive efficient policy making that builds on existing infra-
structures and local conditions. The key to such a com-
prehensive protocol involving stakeholders from multiple 
different sectors is establishing efficient communication 
strategies for each of the four phases (Figure 1).

When documenting and assessing pathogens, it is 
necessary to have globally available linked databases 
on previously identified and assessed parasitic or micro-
bial organisms and their known host species. To estab-
lish baseline conditions of pathogens and all their hosts 
and reservoirs, specimen sourcing has to be followed by 
permanent archiving. Implementing standardized entry 
protocols; collaborative, directed collection efforts; and 

Figure 2. Visual representation of the 3P (Prevent-Prepare-Palliate) framework of global 
health security facing the threat of newly emerging infectious diseases, with examples of 
organizations and initiatives implementing the prepare and palliate elements.
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globally accessible databases provides opportunity for 
detecting pathogenic microbes in their reservoirs be-
fore host switching can result in human cases. Estab-
lishing baseline conditions is then followed by periodic 
resampling to monitor changes in distribution, genetic 
composition, and host range. Although calls for creating 
global repositories and archives have been made previ-
ously (Brooks and Hoberg, 2000), large-scale collection 
efforts have failed to permanently archive their speci-
mens in biorepositories (Kelly et al., 2017; Grange et al., 
2021), depriving further studies from the valuable data 
that were collected at high monetary cost.

Colella et al. (2021) recently proposed that biore-
positories, such as those mentioned in the Global Mu-
seum initiative (Bakker et al., 2020), present a possible 
solution for archiving and cataloging potential patho-
gens along with their reservoirs to build cohesive infor-
matics resources that describe diversity (Dunnum et al., 
2018). Biorepositories include in their collections sub-
stantial numbers of individual vertebrates and inverte-
brates that can be and often are screened for the po-
tential pathogens that may occur in archived specimens. 
Parasites or pathogens detected in these archival collec-
tions can then be used as alerts and as starting points 
for additional field-based studies.

Traditional disease surveillance is either limited by 
jurisdictional boundaries or comes at a significantly 
higher cost for larger-scale monitoring (Palmer et al., 
2017), both of which limit public health security. The 
DAMA protocol relies heavily on effective working rela-
tionships with local communities, involving members in 
not only collecting data but also gathering traditional 
insights and observations regarding reservoirs. Estab-
lishing communication channels and training programs 
between susceptible communities and public health au-
thorities will foster trust in science and allow for a close 
collaboration with those affected when planning and 
implementing intervention measures and novel poli-
cies. Grassroots-level science has been successfully em-
ployed in tracking mosquito and tick vectors (Palmer 
et al., 2017; Földvári et al., 2022), monitoring avian flu 
in urban environments (Marizzi et al., 2018; Szekeres et 
al., 2019), and surveying wildlife health (Lawson et al., 
2015), creating the dual benefit of access to larger data 
and increased awareness in communities at high risk 
of emergence. Such initiatives are also designed to be-
come bases for long-term science-practice collabora-
tion in their respective localities.

Finally, designing effective action in light of informa-
tion gathered in the previous three phases warrants the 
close cooperation of various governmental, municipal, 
scientific, and local stakeholders. A promising approach 
is adopting the innovative Living Lab methodology 

(Herrera, 2017; Steen and van Bueren, 2017; Huang 
and Thomas, 2021) into the context of disease man-
agement by establishing multi-actor consensus groups 
that consist of various regional stakeholders impacted 
by an emerging disease. The Living Lab method aims to 
increase the efficiency of implementing novel achieve-
ments into real-life contexts by inviting all stakeholders 
into a collaborative task force (Veeckman et al., 2013). 
Consensus groups consist of scientific personnel as well 
as public health policy experts, regional governmental 
officials, and members of the exposed populations. The 
aim of this method is for all actors to jointly analyze 
the issue at hand; identify the implications an emerging 
pathogen has for residential, legal, healthcare, and sci-
entific landscapes; and then cooperate in designing an 
efficient and highly adoptable intervention plan, which 
takes into account not only wider scientific context but 
also regional policy environments and local feasibility. 
Although Living Lab methodology presents multiple 
challenges in terms of implementation, it has been suc-
cessfully applied in monitoring health states of elderly 
patients (Kim et al., 2020) and addressing neurological 
issues (Richardson et al., 2021). The apparent suitabil-
ity for addressing noncommunicable diseases strongly 
suggests the methodology should be introduced into 
the context of infectious disease management as well.

The fact that the health-science and scientific com-
munity has thus far failed to decrease the number of 
novel emergences is explained mainly by the lack of ef-
fective communication among inter- and trans-disciplin-
ary systems. Cutting-edge research in studies of evo-
lution of pathogens is not contextualized in veterinary 
science, agriculture, or public health, and implications of 
evolutionary processes are not considered during pol-
icy making.

Disseminating the importance of reducing exposure 
and monitoring early warning signs and planning inter-
ventions to prevent, not merely contain, outbreaks is the 
only way to strengthen global health security.

Conclusions

EIDs affect every layer of modern society on local to 
global scales (Kapiriri and Ross, 2020). Reducing the im-
pacts of EID through prevention rather than crisis re-
sponse is the key to a sustainable future for humanity. 
The emergence of another pandemic is not a question of 
if but when and where. The DAMA protocol is necessary 
for addressing the EID crisis and requires the interdisci-
plinary collaboration of experts in healthcare policy, ep-
idemiology, and pathogen-host evolution. Efforts have 
to focus on maintaining the guiding principle of antici-
patory action while also integrating the novel approach 
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into existing frameworks and programs. DAMA can help 
us buy time and save resources in the global effort to 
cope with the EID crisis. The Prevent-Prepare-Palliate 
framework clarifies aims and goals of health security ini-
tiatives, allowing existing infrastructure to focus on mit-
igating the impacts of EID that have already emerged, 
while preventing new EID and mitigating the impacts of 
those that cannot be prevented. Global climate change 
and globalized trade and travel create new challenges, 
and our efforts to cope can and must adapt.

We know what to do, we have the tools and the 
expertise, and the next step is to implement the 
DAMA protocol before the next pandemic. Global 
health security relies on a complex network of institu-
tions and organizations operating in various policy envi-
ronments and accommodating diverse scientific inputs. 
Therefore, the emphasis must now be on establishing 
cross-sector communication channels by (1) creating 
globally accessible databanks that accommodate input 
from different scientific fields and public sectors and can 
be used by disease management to assess risk of poten-
tial pathogens, (2) involving grassroots-level contribu-
tors in research studies to facilitate communication and 
trust between public health and susceptible communi-
ties, and (3) employing cutting-edge approaches such 
as the Living Lab method to include all stakeholders in 
generating solutions to the EID threat.
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