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Strategies  focused  on  the  prevention  of emerging  infectious  disease  outbreaks  are  currently  in the spot-
light  of  discussions  among  researchers  committed  to infectious  disease  control.  In this  mini-review,  we
provided  a brief  update  on this  discussion  and  characterized  the  three  main  targets  for  investments  in
emerging  infectious  disease  prevention:  animals,  human  sentinels  for spillover  events,  and  the general
human  population.  Furthermore,  the  pros and cons  of each  target  are  highlighted.  Despite  the  particular-
ities  of  the  proposed  targets,  each  of them  can fill different  gaps  in  the  surveillance  of  infectious  diseases.
nfectious diseases
utbreaks
pidemics
oonosis
athogens
pillover

When  all  three  targets  are focused  on  together,  they  create  a powerful  strategy  of  emerging  infectious
disease  prevention.
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ntroduction

Although it seems paradoxical considering the general advances
n health sciences, emerging infectious diseases (EIDs) have become

ore frequent in recent decades [1]. Environmental changes due
o human activity, increased international mobility, poor public
ealth systems, and microbial adaptations are some of the main

with the potential to cause outbreaks, epidemics, and even pan-
demics. However, the high pathogen diversity in nature makes the
prediction of which pathogens have a real potential of causing dis-
eases in humans a large challenge. Considering this fact, researchers
committed to EID prevention frequently need to make complex
decisions about the best aspect they should focus their actions and
rivers of this problem [2,3]. To efficiently combat EIDs, scientific
nd governmental communities use different approaches focused
n the prediction, rapid detection, and surveillance of pathogens

∗ Corresponding author at: Laboratório de Imunobiologia e Imunogenética (Pré-
io 43323, Laboratório 212), Departamento de Genética, Instituto de Biociências,
niversidade Federal do Rio Grande do Sul – UFRGS. Av. Bento Gonç alves, 9500,
ampus do Vale, 91501-970, Porto Alegre, RS, Brazil.

E-mail address: jabchies@terra.com.br (J.A.B. Chies).

ttps://doi.org/10.1016/j.jiph.2019.03.010
876-0341/© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bi
C  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
financial resources on, which are often highly limited, especially in
low-income countries.

Targets for investments in emerging infectious disease
prevention
The discovery of new potential human pathogens is a use-
ful strategy for EID prevention [4]. However, given the high cost
and uncertainty about its effectiveness, this strategy has been
highly criticized [5]. Considering that it is expensive to test ani-
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Fig. 1. Targets for inve

al  populations for previously unrecognized pathogens, testing for
athogens that have already crossed the barrier between animals
nd humans (spillover) [6] could be a more cost-efficient use of
imited resources. Additionally, the early detection of EIDs based
n effective surveillance of pathogens circulating in human popula-
ions would be easier than the attempt to predict “when and where”
ID events will occur [5,7]. In our opinion, efforts expended in each
f the strategies mentioned above promote different impacts on
ID prevention. To explain and discuss such strategies, it is nec-
ssary to help researchers organize and optimize their actions to
btain the best return from the scarce resources available for this
urpose. Most EIDs are zoonoses [1], and considering the basic
teps of zoonotic disease emergence [8], we summarized here the
ajor investment targets for EID prevention (Fig. 1). EID drivers and

athogen characteristics that facilitate spillover are not included
n our discussion. In brief, a simple question should be asked: who
hould be tested/evaluated to provide a better understanding of the
ctual prevalence of EIDs?

- Target 1: animals. The investigation of already known or even
nknown microorganisms hosted in animals would help in the

dentification and tracking of pathogens that, at some point, may
ause human diseases. However, most of the pathogens circulating
n wild animals will never cause human diseases or pandemics [6,9].
n addition, this strategy can be very costly and has little immedi-
te practical applicability [5]. However, this approach is valuable
n outbreak situations. For example, the development of a vaccine
r therapeutic strategies for new human diseases can be acceler-
ted if the genome sequences or other biological aspects of the
athogen are already available before the outbreak event [3,4]. Of
ote, focusing investigations on key animals (e.g., companion ani-
als, livestock, and select wild animals, such as bats) may  be more

dvantageous since they are in close contact with humans and can
ct as spillover intermediates [8,10]. In the context of EID preven-
ion, targeting broad-spectrum pathogen detection in animals is an
xploratory-type strategy.

- Target 2: human sentinels for spillover events. Zoonotic
athogens found in human biological samples represent a small
umber of microorganisms that have successfully moved from ani-

als to humans [6]. Individuals in close and frequent contact with
ild animals and livestock (e.g., hunters, farmers, and veterinar-

ans) can act as human sentinels of recent spillover events [7].
cientists who work with human sentinels direct their efforts to
nts in EID prevention.

detect pathogens that already infect humans but have little epi-
demiological importance. Once a new human pathogen is detected,
response actions such as the elucidation of its medical impor-
tance and surveillance intensification can be taken. However, if the
spillover is not rapidly identified or if adequate control measures
are not taken, the pathogen will have the opportunity to spread
among the human population.

- Target 3: general human population. Screenings performed in
blood donor samples or samples from other specific groups may
be useful to detect the circulation of emerging pathogens at a
population level. This action requires an adequate laboratory and
technical structure. In this context, it is important to emphasize
that low-income countries will require substantial efforts concern-
ing investments to build laboratories and train staff to address
the diagnosis of infectious diseases [11]. The strategies mentioned
in the previous topics can help to determine which pathogens
should be included in such screenings. A fundamental feature of
pathogens that cause epidemics or pandemics is the ability to
move between humans through direct human-to-human transmis-
sion [6,9]. Once observed, this specific transmission pattern should
not be neglected. However, various microorganisms circulating in
humans are neither pathogenic nor epidemiologically important.
Therefore, microbial screening in the general population can be
very useful for EID prevention but can sometimes trigger false
alarms.

The prevention strategies summarized in targets 2 and 3 (tar-
geting human sentinels or the general human population) present
a surveillance-type characteristic. In addition to the three targets
mentioned here, vectors cannot be overlooked in EID prevention
since they play important roles in pathogen transmission from ani-
mals to humans as well as in sustaining outbreaks. For example,
mosquitoes sustain the endemic, epidemic, and sylvatic cycles of
Zika virus [12] and Dengue virus [13]. Additionally, ticks are respon-
sible for the transmission of various pathogens between animals
and humans [14]. For these reasons, the surveillance of pathogens
in vectors must also be encouraged and expanded.

Pivotal considerations and perspectives: Strengthen the

basics and invest in new technologies

The transmission of pathogens between humans is divided into
direct and indirect modes. The direct transmission modes are
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ertical (e.g., transplacental or during vaginal birth), sexual (e.g.,
enital-genital or oral-genital), nonsexual direct contact (e.g., kiss-
ng or touching), and airborne (e.g., respiratory tract-respiratory
ract). The indirect transmission modes are environmental (e.g.,
nfected water-oral or contaminated food-oral), fomites (e.g.,
eedle-blood or doorknob-hand), and vector-borne (e.g., cutaneous
enetration or vector fecal deposition) [15]. Direct human-to-
uman transmission should receive special attention in EID
revention strategies since, as mentioned before, this is the mode
f transmission that sustains epidemics [6,9]. However, indirect
odes of transmission are crucial in some cases. For example, the

ole of mosquitoes in epidemics caused by arboviruses is extremely
elevant and cannot be neglected [12,13].

Many advances have already been made in developing pipelines
nd strategies to prevent and mitigate outbreaks. For example, once
he etiologic agent of an infectious disease is detected, conduits to
top the transmission chain can be easily established based on the
nowledge of the transmission modes responsible for the pathogen
ransmission. However, these actions often run counter to factors
uch as the lack of basic sanitation and low education levels of
he population affected by a disease outbreak, factors that ham-
er the adequate establishment of strategies to mitigate infectious
iseases. Thus, EID prevention is dependent on the strengthening
f basic social and environmental factors, such as population access
o education and health services, as well as environmental preser-
ation. In other words, it is necessary to prioritize the One Health
pproach, in which human, animal, and environmental factors are
onsidered together in EID prevention and mitigation strategies
16–18].

In addition to focusing on basic strategies, investing in new
iagnostic technologies and tools of pathogen detection is cru-
ial. Classically, epidemiological surveillance in human populations
equires the selection of which pathogens will be monitored. For
his task, it is necessary to know which pathogens circulate in a
iven population and which pathogens have relevance to be mon-
tored at a population level and to have cost-effective diagnostic
ools to perform the surveillance quickly and effectively. New diag-
ostic technologies are changing this scenario and reducing these
roblems, such as DNA microarray platforms capable of detect-

ng several pathogen species in a single biological sample [19–21].
dditionally, portable sequencers [22,23] and CRISPR/Cas-based
ethods [24–26] are important new tools for pathogen diagnostics

n the field. However, methods for pathogen screening or rapid and
recise microbial detection are generally expensive, and there is
till a need to develop cost-effective tools to allow their implemen-
ation even in low-income countries. Although the tools mentioned
bove are not yet part of most laboratories and are still not avail-
ble for all teams responsible for epidemiological surveillance, they
xemplify how investing in the development of new diagnostic
echnologies can positively impact surveillance strategies.

In the case of strategies focused on pathogen exploration,
etagenomic strategies allow the identification of which groups

f pathogens are present in environmental, animal, or clinical sam-
les, in addition to knowing the abundance of pathogen groups
ound in the sample. In addition, the obtained DNA sequences can
e used for phylogenetic and phylogeographic analyses, allowing
or the understanding of evolutionary aspects of the pathogens, the
econstruction of transmission chains, and even the estimation of
he probable starting date of an outbreak [27–29]. Metagenomics
ools are constantly being refined [30], and their use in strategies
or pathogen exploration is increasing. In addition to discovering
ew pathogens circulating in humans, when metagenomic stud-
es are performed using samples from vectors or wildlife [31,32],
hey allow the discovery of new pathogens with the potential of
xperiencing spillover. However, it is important to remember that
pillover is a complex process [6], and after a new virus is identi-

[
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fied in wildlife, it is necessary to evaluate very carefully whether it
represents a threat to human health [33].

Concluding remarks

In conclusion, human and monetary investments focused on
animals, humans, and vectors meet different demands and sup-
port the elucidation of different questions in the EID context. Taken
together, they are profoundly complementary and give rise to
powerful strategies for EID prevention. In essence, all the strate-
gies discussed here are based on surveillance and early detection
of human health threats. Researchers and governmental agencies
should choose the appropriate targets for their future investments
based on the pros and cons of each of them and take into account the
available resources and the most urgent needs of their communities
and countries or the global scenario. Answering the question men-
tioned before, we suggest the following approaches: animals and
human sentinels for spillover events could be targeted in research
initiatives, in which a large number of resources are available. Addi-
tionally, the general human population should be evaluated as part
of public health programs. In the best possible scenario, the three
groups should be targeted together.
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