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To highlight the possible consequences of eradicating disease, relevant literature on the intended and unin-
tended consequences of disease eradication was reviewed. Though resource-intensive, eradication is often more
cost-effective than long-term control. Global health leaders pursue eradication when the benefits promise lasting
public health gains and transformative impact, as in the case of smallpox, guinea worm, and rinderpest.
Competitive release, where other pathogens with similar transmission modes or tissue tropism expand into the
vacated niche, is discussed. One underlying principle of the One Health approach to understanding emerging

infectious diseases is that human, animal, and environmental health are driven by a complex interplay of eco-
logical, behavioral, and socioeconomic factors. The law of unintended consequences means that whenever hu-
mans alter one factor, a completely unexpected event may occur. This complexity should be kept in mind in the
formulation of any disease eradication or control program.

Eradicating infectious disease: can we and should we?”

Eradication refers to the complete global elimination of a disease,
with no remaining cases and no need for further vaccination or treat-
ment. Smallpox remains the only human disease officially eradicated
(declared in 1980), while rinderpest—a viral disease in cattle—was
eradicated in 2011 [1]. Guinea worm disease (dracunculiasis) is
nearing eradication, with fewer than 13 cases reported globally in 2023
[2]. Polio is close to eradication but persists in Afghanistan and Paki-
stan [3]. Eradication is feasible when the pathogen has no alternate
reservoir hosts and relies solely on primary host-to-host transmission.
Key enablers include effective vaccines or therapies, affordable diag-
nostics, distinct clinical signs, and rapid outbreak response. Political
commitment, global cooperation, and robust surveillance systems are
essential. Though resource-intensive, eradication is often more cost-
effective than long-term control. Global health leaders pursue eradi-
cation when the benefits promise lasting public health gains and
transformative impact.

Addressing health care inequities that are based on access to pro-
ducts and education regarding their value, such as sanitation, hygiene,
mask-wearing, nutrition, use of insect repellents, and safe sexual
practices, is most likely as important as attempting to alleviate the
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global burden of infectious disease through the use of antibiotics and
vaccines [4,5]. In today’s world, where the control of infectious diseases
has been increasingly disrupted, this question (raised by Russell [5]) is
particularly relevant.

Animals co-evolved with microbes, but a mainly commensal re-
lationship can be disrupted [5]. There are many reasons why new in-
fectious diseases emerge and why old diseases affect new hosts or
change their geographical variation. Each microbe, as do all organisms,
occupies a particular ecological niche [6]. A niche is the position of a
species within an ecosystem, including the range of conditions it needs
to survive and its ecological role or function in that ecosystem [7].

Factors that can affect the conditions under which microbes thrive
and their role in the ecosystem include microbial factors, environ-
mental factors, and host factors [4]. Microbial factors include altered
virulence and host preference, often due to genetic changes. Examples
include increased virulence in Streptococcus A bacteria, resulting in
severe tissue necrosis, and the current HIN1 highly pathogenic influ-
enza outbreak [8,9]. Environmental factors such as climate can affect
the range of areas in which microbes and their vectors flourish by al-
tering the humidity and temperature of the habitat [10]. Floods and
other natural disasters may facilitate the spread of diseases such as
cholera [11]. Host factors that may contribute to disease include
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changes in host immunity due to concurrent disease, age, and poverty
[8]. People with infections that affect the immune system, such as those
with AIDS, or domestic dogs with distemper, are more susceptible to
opportunistic infections [12,13].

Lastly, human actions can alter the balance between microbes and
their hosts.

International travel, illegal trade in birds, and/or the inadvertent
transport of mosquitoes likely triggered the 1999 epidemic of West Nile
virus in humans, birds, and horses in the Americas [8]. The Eastern
European (2007) and Asian (2018) outbreaks of African Swine Fever
were likely due to improper treatment of ship food waste [14]. The
African Ebola virus outbreak in 2014 was at least partly due to new
roads being built to facilitate deforestation in Africa, which brought
burgeoning human populations into closer contact with forest animals
than ever before [15]. Diseases can also be spread due to war-related
disruption of health facilities, such as leishmaniosis in Syrian refugees
[16]. Growing resistance of microbes to antimicrobials and bio-
terrorism are further examples of how human actions can precipitate
disease [8].

Eradication of disease could also result in an ‘empty’ niche that
becomes filled with another microbe [17]. Viruses are obligatory pa-
thogens and may have very specific niches, especially those with
narrow host ranges. The use of an attenuated virus to control a wild-
type virus, as in the case of the oral polio vaccine, has been associated
with reversion to virulence and/or delay in eradication. Bacteria, in
contrast, may fill various niches in the host, the environment, and in
animals and are therefore both more difficult to control and less likely
to leave a niche vacant [5]. Bacteria such as Streptococcus pneumoniae
and Staphylococcus aureus may compete with each other to fill a niche
[18]. Improper use of antibiotics allows commensal bacteria to pro-
liferate, for example, in Clostridium difficile infections in humans and
horses treated with antibiotics [5,19]. Similarly, treatment with fluco-
nazole affects the gut microbiome as well as the host immune response
in mice [20]. To date, only smallpox (declared eradicated in 1980) and
rinderpest (2011) have been eradicated, while new and re-emerging
diseases occur regularly [21] (Table 1). Is it possible that mpox utilizes
a niche that smallpox used to occupy, and that the paramyxovirus Peste
de Petits Ruminants fills a niche previously filled by the paramyxovirus
rinderpest?

Polio is nearing eradication, but the wild virus persists in
Afghanistan and Pakistan [3]. The decision of the World Health Orga-
nization (WHO) to pursue eradication stems from its biological feasi-
bility—no animal reservoir, effective vaccines, and strong global sur-
veillance. Eradication promotes health equity by protecting vulnerable

Table 1

Examples of emerging or re-emerging human infectious diseases.

Sources: [21]; CDC, https://www.cdc.gov/vaccines-children/diseases/index.
html.

Date Emerging diseases”

1970 Yellow fever (Yellow fever virus)

1980s AIDS (Human immune deficiency viruses)

1989 Hepatitis C (Hepatitis C virus)

1993 Hantavirus disease (Hantaviruses)

1996 Meningococcal encephalitis (Neisseria meningitides)
2002 SARS (SARS-CoV-1 virus)®

2006 Non-polioencephalomyelitis virus

2007 Zika (Zikavirus) (Micronesia)

2009 HIN1 influenza (Influenza A virus)

2011 Peste des petits ruminants (Peste des petits ruminants virus)
2012 MERS (MERS-CoV)*

2013 Yellow fever (Yellow fever virus)

2014 Ebola (Ebolavirus)

2015 Zika (Zikavirus) (Brazil)

2019 Covid 19 (SARS-CoV-2 virus)®

2022 Mpox virus®

2 New diseases.
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children from paralysis. The infrastructure built—trained health
workers, cold chains, and acute flaccid paralysis surveillance—offers a
high return on investment and strengthens broader health systems.
These assets support pandemic preparedness, routine immunization,
and sustainable integration into national programs, making eradication
both strategic and transformative.

Polio resurgence remains a serious risk if eradication is incomplete.
Vaccine-derived poliovirus from the oral polio vaccine can mutate and
circulate in under-immunized communities. Immunity gaps resulting
from disrupted health systems, conflict, or displacement allow out-
breaks. Surveillance failures, especially in remote areas, hinder early
detection. Global travel can reintroduce the virus into polio-free re-
gions. Post-eradication vaccine withdrawal, through a careful transition
to inactivated polio vaccine, is vital to prevent immunity gaps. The
WHO'’s strategy includes maintaining vaccine stockpiles, strengthening
acute flaccid paralysis and environmental surveillance, and ensuring
rapid outbreak response to safeguard progress and prevent resurgence
[3].

Global organizations pursue disease eradication based on their core
mandates and strategic priorities [22]. The WHO aligns eradication
efforts with the Sustainable Development Goals, aiming to reduce dis-
ease burden and strengthen health systems—exemplified by the Ne-
glected Tropical Diseases 2030 roadmap. The United Nations Children’s
Fund focuses on protecting children's health and rights by improving
access to vaccines, clean water, and essential services, as seen in the
Global Polio Eradication Initiative [3].

The Food and Agriculture Organization and the World Organization
for Animal Health (WOAH, formerly Office International des
Epizooties) emphasize zoonotic disease control through One Health
approaches, safeguarding livelihoods and food security—illustrated by
the rinderpest eradication and rabies control programs. The WOAH
promotes animal disease eradication to safeguard international trade
and help countries maintain official disease-free status—an essential
requirement for exporting animal products. Under World Trade
Organization rules, communicable animal diseases are among the most
legitimate and enforceable grounds for import restrictions, as they pose
direct threats to public health, agriculture, and biosecurity. Common
examples include bans on live birds, poultry meat, and eggs from avian
influenza (H5N1, H7N9) zones; restrictions on pigs, pork, and feed from
African swine fever regions; and prohibitions on beef and bone meal
from BSE-affected areas. These measures protect the livestock and food
industries of disease-free countries.

What happens to ecological niches after eradication? When a pa-
thogen is eradicated, its ecological niche—defined by host suscept-
ibility, transmission routes, and environmental conditions—becomes
vacant. This can lead to competitive release, where other pathogens
with similar transmission modes or tissue tropism expand into the va-
cated space. For example, mpox cases increased in parts of Africa after
smallpox eradication, possibly due to reduced cross-immunity and di-
minished surveillance focus [23]. Polio, which lacks an animal reservoir
and targets human gut mucosa with neuroinvasive potential, occupies a
relatively specific niche. No virus is expected to strictly replace it.
However, enteroviruses such as EV-D68, Coxsackie, and echovir-
uses—already endemic and capable of causing similar symptoms—may
gain ecological prominence if immunity gaps or surveillance shifts
occur. Crucially, vacated niches can favor the emergence of novel or
previously undetected pathogens, especially in immunologically naive
populations or disrupted ecosystems, underscoring the need for sus-
tained vigilance post-eradication [24,25].

In some cases, disease control and prevention are more sustainable
than eradication. Maintaining ecological stability helps avoid niche
shifts or the emergence of new threats. For diseases such as foot-and-
mouth disease in endemic regions, long-term control has proven more
cost-effective than eradication campaigns. Moreover, ongoing control
ensures continuous investment in surveillance, detection, and response
infrastructure, strengthening health systems over time.
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Emerging diseases are driven by interconnected environmental,
social, animal, microbial, and governance factors. Climate change, de-
forestation, and biodiversity loss disrupt ecosystems, increasing spil-
lover risks. Urbanization, population growth, global travel, and agri-
cultural expansion intensify contact between humans, livestock, and
wildlife, while bushmeat hunting and wildlife trade expose people to
novel pathogens [26]. Intensive animal farming, pet ownership, and
wildlife reservoirs (e.g., bats, rodents) expand the human-animal in-
terface and facilitate cross-species transmission. Microbial evolutio-
n—especially in RNA viruses—enables rapid adaptation, while anti-
microbial resistance, driven by misuse in humans and animals,
complicates disease control.

One underlying principle of the One Health approach to under-
standing emerging infectious diseases is that human, animal, and en-
vironmental health are driven by a complex interplay of ecological,
behavioral, and socioeconomic factors. Weak surveillance systems and
fragmented One Health coordination delay outbreak detection and re-
sponse. Effective integration across human, animal, and environmental
health sectors is essential to mitigate these risks and prevent future
pandemics [24]. The law of unintended consequences means that
whenever humans alter one factor, a completely unexpected event may
occur [27]. This complexity should be kept in mind in the formulation
of any disease eradication or control program.
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