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This article discussing the importance of emerging viral diseases during the second year of the most
consequential global viral pandemic to have occurred in many decades may, at first glance, appear
redundant. However, it is still relevant—the coronavirus disease 2019 (COVID-19) pandemic has
highlighted a multitude of significant gaps in public health preparedness throughout the world that
have existed for many years, and now have exacerbated the spread and human suffering caused
by this emerging viral infection. The COVID-19 pandemic has provided yet another example of
the vulnerabilities of our global public health networks and highlighted that lethal viral pathogens
do not respect national borders or political beliefs. Despite previous epidemics of emerging viral
diseases and warnings from public health officials, the continued deprioritization, lack of strategic
planning, and deficiency in both fiscal and human investment in public health systems have
critically impaired global capabilities of responding effectively to the COVID-19 pandemic. It has
also revealed that many countries are deficient in having the minimum capacities required to
rapidly detect and respond to known vulnerabilities and public health emergencies.

The Centers for Disease Control and Prevention (CDC) defines emerging infectious diseases as
“infectious diseases whose incidence in humans has increased in the past 2 decades or threatens
to increase in the near future” (1). Among all of the categories of emerging infectious diseases,
emergent viral agents constitute the most severe threat to global populations. Emerging viral
diseases are caused by a highly heterogeneous group of agents include previously undetected or
unknown viruses; previously known viruses whose causative role in producing clinical disease has
previously not been recognized; evolution of new genetic strains from previously identified viral
agents; and known viruses that have spread to new geographic locations or new populations. Those
viral agents whose role in causing human disease had significantly declined in the past, but have
once again become prevalent as a cause of illness, are termed reemerging viral diseases.

During the past decades there have been novel viral agents discovered that have been the source
of significant morbidity and mortality around the world—these include human immunodeficiency
virus (HIV), Ebola virus, chikungunya virus, West Nile virus, Zika virus and currently severe acute
respiratory syndrome virus 2 (SARS-CoV-2). Reemerging viral infections have contributed to this
global public health predicament: dengue, influenza and yellow fever have resulted in epidemics
and deaths. Emerging infectious disease outbreaks have historically been found to originate in
wildlife, with approximately 75 percent being zoonotic agents originating from a wide range
of wild animals that are distributed throughout the world. Among the notable recent episodes
of outbreaks and epidemics of emerging viruses having a zoonotic origin include Ebola virus
with a putative reservoir in bats (2); Marburg virus having a reservoir in fruit bats (3), Lassa
mammarenavirus with a reservoir in the multimammate rat (Mastomys natalensis) (4), Sin Nombre
orthohantavirus having a deer mouse (Peromyscus maniculatus) reservoir (5), and the human
immunodeficiency viruses—HIV-1 which was first transmitted to humans from chimpanzees
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(Pan troglodytes troglodytes) in Central Africa around 1931,
and HIV-2 arising in sooty mangabeys (Cercocebus atys atys)
and jumping to humans in West Africa around 1940 (6, 7).
Of great significance among these emerging and reemerging
viral diseases are those that are vector borne, including dengue,
chikungunya, Rift Valley fever, Zika, yellow fever, West Nile,
Japanese encephalitis and others. For example, disease caused
by dengue virus was almost unknown prior to the mid–
twentieth century but has now become the most common
vector-borne viral disease in the world (8). The vectors of
these viruses are typically, but not exclusively, bloodsucking
mosquitos, with the greatest burden occurring throughout the
tropical and subtropical regions of the world. Emerging and
reemerging viral diseases are unique in that their investigation
may involve specialists from a wide variety of fields including
clinical physicians, pathologists, veterinarians, epidemiologists,
entomologists, zoologists, molecular biologists, public health
specialists, anthropologists, and others (9, 10).

Public health agencies including the World Health
Organization (WHO) have warned that infectious diseases
have been emerging at alarming rates that had not been
previously seen (11), and since the 1970s there have been
approximately 40 new infectious diseases discovered. Prominent
among emerging viral pathogens are the RNA viruses, with
notable examples over the past 20 years including the severe
acute respiratory syndrome coronavirus (SARS-CoV) in 2002–
2003 in China, pandemic influenza (swine flu) A/H1N1 in 2009,
the Middle East respiratory syndrome (MERS) coronavirus in
2012 in the Middle East, the West Africa Ebola virus disease
epidemic in 2013–2015, the Zika virus pandemic in 2016–2017,
and now the COVID-19 pandemic that began in China in
late 2019. In addition to these newly identified agents, such
previously recognized viral infections including pandemic
influenza, yellow fever, measles, and others continue to pose a
threat through the occurrence of new epidemics. The dengue
virus is notable as the most significant and widespread flavivirus
disease to have emerged globally, including a formerly rare form
of the disease termed dengue hemorrhagic fever and its fatal
counterpart—dengue shock syndrome (12). Emerging viruses
often have the capability to cross borders rapidly and spread,
exacerbated by the increasingly high and rapid mobility of
people. Increasing use of airline travel has permitted infected
persons to pass from one country to another in just a few
hours; in 2019 and prior to the COVID-19 pandemic, airlines
globally transported approximately 4.5 billion passengers (13).
Unfortunately, outbreaks due to newly emergent and reemerging
viruses may escape rapid recognition because of inadequate
investment in public health including deficiencies in surveillance
and reporting, public policy changes and failure to act in a timely
manner following discovery of an outbreak.

The emergence of viral pathogens is a critically important
public health issue that is associated with numerous complex
etiological factors, the majority of which are have in common the
dramatic increases of human activity andmovements throughout
the world. Most important among these causal factors are
the rising frequency and speed of regional and global travel,
expansion of human populations, increased flow of both animals

and animal products with human assistance, alterations to
the environment that modify the distribution of wild hosts
and vectors and facilitate spread of infectious agents, and
modifications in agricultural practices that can facilitate transfer
of pathogens between wild and domestic animals (14–17).
Global warming temperatures that result from ongoing climate
change result in mosquitoes, together with the viral agents
they transmit, to expand their range into regions where they
previously had not been found. Climate change is also causing
an increase in both the population and geographic distribution
of ticks, resulting in the emergence and increasing prevalence
of such tick-borne viral agents as Powassan virus, Crimean-
Congo hemorrhagic fever virus, Heartland virus, Bourbon virus,
tick-borne encephalitis virus, and others. Additional factors
include the continued intrusion by humans on undeveloped
lands and wildlife habitats, natural disasters including drought
and famine, and the widespread prevalence of translocation of
human populations due to conflict and refugee populations. A
few examples include the reemergence of vampire bat rabies in
the Amazon Basin due to deforestation andmining activities (18);
outbreaks of Kyasanur forest disease resulting from clearcutting
of forested land (19); Nipah virus outbreaks in Malaysia resulting
from deforestation and expansion of pig farming (20); and
outbreaks of hepatitis E in refugee camps (21). Traditional local
food markets and live animal markets (known as “wet markets”)
that are found in many parts of the world have been associated
with emergence of novel viral zoonotic diseases (22). Both
regional as well as global pandemics have previously originated
from spread of infectious agents from animals to humans because
of wet markets and illegal wildlife trafficking. The avian influenza
epidemic caused by the H5N1 influenza virus began in Southeast
Asia was directly associated with the sale of infected birds in a
traditional market (23); the SARS outbreak of 2002–2004 has
been associated with trade of civets and bats (24); and multiple
outbreaks of Ebola virus in Africa have been linked with the
consumption of bushmeat (14).

In the most recent example, the COVID-19 pandemic has
been linked by some investigators with a large wet market in
Wuhan, China—the Huanan Seafood Wholesale Market—where
sale of wild animals may have been a source of zoonotic infection
(25). However, recent data indicate that earlier cases of human
infection had no association with this or any other market, and
that the virus initially caused human illness in Hubei province
in mid-October to mid-November 2019 prior to the first human
case linked to the Huanan market (26, 27). It appears most
probable that the source of the COVID-19 pandemic was derived
from a naturally occurring reservoir among wildlife, although
the animal(s) sources or intermediate hosts have not yet been
recognized (28).

If history has taught us anything, it is that emerging viral
infections can be similar to accidents—they often occur at
unexpected times, under unpredictable situations, and with
uncertain outcomes. And it is beyond any doubt that emerging
viral infections will continue to occur. The current global
COVID-19 pandemic is a prime example of the potential danger
arising with previously unknown viral agents. Can we predict
what the next emerging viral infection will be that we face? The
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WHOhas addressed this important issue in their R&D Blueprint,
a global strategy and preparedness plan that addresses the rapid
activation and implementation of research and development
activities during future epidemics (29). A component of this
plan is to identify infectious diseases that can pose a future risk
to public health because of their capability to cause outbreaks
or epidemics, and for which countermeasures are either few
or unavailable (29). These diseases include Crimean-Congo
hemorrhagic fever (CCHF); Ebola virus disease; Marburg virus
disease; Lassa fever; MERS-CoV; SARS-CoV; Nipah and other
henipaviral diseases; Rift Valley fever; Zika virus; and Disease
X (30). Interestingly, when this was written in 2018, Disease X
was considered to represent a serious international epidemic that
could result from a novel pathogen that was not a recognized
source of human disease—this prior to the recognition of SARS-
CoV-2 and COVID-19 in early 2000.

Human host factors also play a prime role in emerging and
reemerging viral diseases. As in other infectious diseases, persons
who are immunocompromised or have underlying medical
conditions may be at increased risk for having poor outcomes
from emerging viral diseases. Persons at the extremes of age—
infants, children, and the elderly, constitute special risk groups
for emerging viral diseases, not only because they may have
increased susceptibility and worse incomes from developing
infections, but because they may have host-related limitations to
receiving newly developed therapeutic agents and vaccines. In
particular, pregnancy has been shown to represent a risk factor
for poor maternal outcomes in some emerging viral diseases
(31, 32).

Among themost important questions that typically arise when
an outbreak of human infection due to an emerging virus occurs
is whether it will cause illness in pregnant mothers, and if the
virus can undergo vertical transmission to the developing fetus
or newborn infant. Unfortunately, mother-to infant infection has
occurred withmany emerging viral agents, either prior to, during,
or after delivery. These include viral agents of hemorrhagic fever
such as filoviruses (Ebola andMarburg viruses) (33), arenaviruses

(Lassa virus) (34), retroviruses (HIV) (35), hepeviruses (hepatitis
E virus) (36), and flaviviruses (Zika virus) (37). These emerging
viruses have the capacity to be transmitted transplacentally and
cause fetal infection, often with disastrous results, and are now
considered to be TORCH agents. Besides these agents there are
two pathogenic coronaviruses—MERS-CoV and SARS-CoV—
that were first identified in the last 20 years and have also caused
this concern (38). These two emergent coronaviruses caused
illness and death of pregnant women well as well as perinatal
deaths, but there were no confirmed cases of placental infection
or vertical transmission identified (39, 40). The most recent
example of vertical transmission of an emerging virus has been
the identification of transplacental infection of fetuses as well
as postpartum infection of neonates with SARS-CoV-2 (40, 41),
where the virus can infect not only the mother but also the
placenta, fetus, and newborn.

Emerging viral infections have affected the entire course
of human history and been the source of immeasurable
human misery and death. Considering the ongoing status
of the current COVID-19 pandemic, now in its fourth
wave in some countries and with emerging viral variants
continuing to develop, they will continue to do so for
the foreseeable future. Throughout the centuries, emerging
infections have, together with armed conflicts and natural
disasters, created major challenges to human progress and
survival. Emerging and reemerging viruses will continue to
create unpredictable epidemics and difficult challenges in
preventing widespread morbidity and mortality. Governments
and institutions must prioritize assistance to the global scientific,
medical, allied science, and public health communities so
that we are prepared for the next emerging virus when
it occurs.
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