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Emerging Infectious Diseases and the Eye: Ophthalmic
Manifestations, Pathogenesis, and One Health Perspectives

K’Mani Blyden, BS,* Joanne Thomas, MD,†‡ Parisa Emami-Naeini, MD, MPH,§
Tolulope Fashina, MD, MPH,∥ Christopher D. Conrady, MD, PhD,∥¶ Thomas A. Albini, MD,#

Jessica Carag, DVM, MS,‡ and Steven Yeh, MD∥**

Abstract: Infectious diseases may lead to ocular complications
including uveitis, an ocular inflammatory condition with poten-
tially sight-threatening sequelae, and conjunctivitis, in-
flammation of the conjunctiva. Emerging infectious pathogens
with known ocular findings include Ebola virus, Zika virus,
Avian influenza virus, Nipah virus, severe acute respiratory
syndrome coronaviruses, and Dengue virus. Re-emerging
pathogens with ocular findings include Toxoplasma gondii and
Plasmodium species that lead to malaria. The concept of One
Health involves a collaborative and interdisciplinary approach to
achieve optimal health outcomes by combining human, animal,
and environmental health factors. This approach examines the

interconnected and often complex human-pathogen-intermediate
host interactions in infectious diseases that may also result in
ocular disease, including uveitis and conjunctivitis. Through a
comprehensive review of the literature, we review the ophthalmic
findings of emerging infectious diseases, pathogenesis, and One
Health perspectives that provide further insight into the disease
state. While eye care providers and vision researchers may often
focus on key local aspects of disease process and management,
additional perspective on host-pathogen-reservoir life cycles and
transmission considerations, including environmental factors,
may offer greater insight to improve outcomes for affected in-
dividuals and stakeholders.

Key Words: emerging infectious disease, One Health, uveitis,
ophthalmology, public health, Ebola virus disease, highly
pathogenic avian influenza (HPAI), conjunctivitis

(Int Ophthalmol Clin 2024;64:39–54)

INTRODUCTION
One Health is a collaborative, multisectoral ap-

proach that aims to optimize health outcomes by recog-
nizing the close connection of human health to the health
of animals and our shared environment.1 The One Health
concept was first associated with animal-human trans-
mission during the emergence of severe acute respiratory
disease (SARS) in 2003 and demonstrated the significance
of animal reservoirs with the potential to cause high
mortality in urban populations.2

Recently, highly pathogenic avian influenza (HPAI)
presented as isolated, bilateral conjunctivitis in the absence
of systemic symptoms in humans who were exposed to
dairy cows and poultry infected with H5N1. These unusual
findings highlight the extreme relevance of human-animal
interactions, as well as the ocular system in clinical disease
detection andmanagement.3–6 Zoonoses account for a large
majority of emerging infectious diseases, and as interactions
between humans, animals, and the environment continue to
expand, monitoring these interactions to better control
disease outbreaks is paramount.7

The eye is uniquely suited to harbor persistent patho-
gens, acting as a long-term reservoir for multiple pathogens
that may lead to chronic indolent inflammation (eg, anterior
uveitis due to rubella or cytomegalovirus) or aggressive,
sight-threatening uveitis [eg, panuveitis due to Ebola virus
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disease (EVD)] (Fig. 1). Besides viruses, parasites such as
Toxoplasma gondii that may lead to chorioretinitis further
highlight these relevant human-animal relationships and the
eye. While ophthalmologists often focus on the known host
risk factors, ophthalmic disease findings, and targeted
therapies for patients with eye disease, a more comprehensive
understanding of the animal reservoir-host-environment re-
lationships andOneHealth concepts can broaden the view of
disease from an eye care provider’s standpoint (Fig. 2). Be-
yond an improved understanding of disease life cycle,
pathogenesis and interactions, these insights provide oppor-
tunities for therapeutic considerations that extend beyond the
patient’s visual system.

This review aims to highlight One Health concepts
that clinicians may also consider when dealing with
emerging infectious diseases that affect the eye. This re-
view focuses on clinically relevant risk factors, including
pathogen-reservoir-host life cycle interactions, the envi-
ronmental aspects of disease transmission, and ocular
pathogenesis (Fig. 3). Utilizing this approach offers in-
sights that inform methods of mitigating transmission and
disease management that may eventually lead to improved
clinical outcomes.8 Given the breadth and multifaceted
nature of the One Health approach, this review is not
meant to be exhaustive. Additional details related to im-
plementation frameworks and One Health challenges, and
other specialized reviews are available.9,10

Ebola Virus Disease
Ebola virus disease (EVD) is a deadly viral hemor-

rhagic fever caused by Ebolavirus (EBOV). EBOV is a
negative sense, single-stranded RNA virus which belongs
to the Filoviridae family and is endemic to regions of west
and equatorial Africa.11 EVD was first discovered in 1976
when 2 simultaneous outbreaks occurred in South Sudan
and the Democratic Republic of Congo (DRC).12 Since its
discovery, over 30 outbreaks of Ebola disease have been
recorded in sub-Saharan Africa, with a high case fatality
rate exceeding 50%.13 Between 2014 and 2016, the largest
EVD outbreak occurred in West Africa that ultimately
exceeded 28,000 cases and over 11,300 deaths. Thousands
of EVD survivors predominantly within Sierra Leone,
Liberia, and Guinea were found to be at-risk for sight-
threatening ocular disease and systemic sequelae.14,15

Life Cycle and Animal Reservoir
Ebolavirus enters cells via a viral surface fusion

glycoprotein (GP)-mediated binding to a variety of po-
tential host cell attachment factors, followed by micro-
pinocytosis, a nonspecific cellular engulfing process. This
viral endosome enters the endosomal/lysosomal pathway,
where the proteases cathepsin B and L process GP, al-
lowing for the interaction of Niemann-Pick C1 (NPC-1),
subsequent fusion with the endosomal membrane and re-
lease of viral particle into the cytoplasm, allowing for viral
replication, assembly, and budding.16,17 Here, it is pro-
posed that the ribonucleoprotein (RNP) complex asso-
ciated protein, VP24, is released, allowing for
transcription by RNP complex proteins NP, VP35, VP30,
and L. Host ribosomes translate viral mRNA, and virion

FIGURE 1. Reported ocular manifestations of zoonotic pathogens. Created in BioRender. Blyden, K. (2024). Biorender.com/
e49s563
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assembly is coordinated by VP40 at the plasma mem-
brane, with eventual release of the virus to the ex-
tracellular space.18

A review of literature suggests that the single natural
reservoir of EBOV is yet to be identified, but suspected
incidental animal reservoirs have tested positive for EBOV
RNA and include duikers, gorillas, chimpanzees, and
rodents.11,19–21 Multiple studies suggest that bats, specifi-
cally fruit bats that belong to the Pteropodidae family, are
a natural reservoir of EBOV.22 These conclusions have
been made based on the probable index cases of EVD
outbreaks, which involve a history of contact with wild
animals that lead to the transmission event.11

Transmission
Multiple outbreaks have begun by EBOV being in-

troduced to humans through transmission from an un-
identified, likely animal reservoir with subsequent human-
to-human transmission through direct contact or contact
with body fluids, infected tissues, or contaminated
fomites.23,24 EBOV has been identified in multiple bodily
fluids including breast milk, saliva, urine, semen, cere-
brospinal fluid, and blood. During survivorship, EBOV
has also been detected in the aqueous humor, cere-
brospinal fluid, and semen.25–27 While uncommon, sexual

transmission of EBOV by survivors has been reported,
leading to novel transmission chains.28

Ocular Manifestations
During the 2014-2016 EVD outbreak, many survi-

vors experienced sight-threatening ophthalmic complica-
tions ranging from anterior uveitis to panuveitis, which
developed during convalescence. The range of in-
flammatory response can be mild to severe, resulting in
secondary structural complications (ie, cataract, vitreous
opacity) and resultant severe vision impairment or
blindness.29,30 The PREVAIL longitudinal study of sur-
vivors of EVD demonstrated an increase in the prevalence
and incidence of uveitis during the first year of follow-
up.31 EBOV detection from an aqueous humor sample
obtained from an EVD survivor with severe, sight-
threatening panuveitis highlights the contribution of
EBOV persistence to disease pathogenesis.

One Health Mitigation of Ebola Virus Disease
Factors that influence EVD spillover and trans-

mission include ecological as well as socioeconomic chal-
lenges and civil conflicts as demonstrated in the
Democratic Republic of Congo, where numerous deadly
EVD outbreaks have occurred.32 While the specific,

FIGURE 2. One Health concepts for emerging infectious diseases and the eye. Created in BioRender. Yeh, S. (2024). BioRender.
com/n53n924
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FIGURE 3. Ocular manifestations in zoonotic infections: host-pathogen dynamics. Created in BioRender. Blyden, K. (2024).
Biorender.com/v80m899
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unique reservoir for EBOV has not been identified, it is
speculated to originate in the rainforest,33 and the like-
lihood of EVD outbreaks is also related to the incidence of
recent deforestation.34 EBOV spillover into African great
apes has also been documented, threatening their pop-
ulations and providing an additional potential source of
human infection via bushmeat hunting and consumption.
Great apes may serve as sentinels in EBOV-endemic areas,
and consideration of veterinary interventions such as
vaccination could provide reciprocal benefits to human
and nonhuman health.35 Understanding the environ-
mental and mammalian distribution of EBOV allows for
the identification of possible zones that serve as an inter-
face between susceptible mammalian subtypes, ecosys-
tems, and humans.36 Robust monitoring, reduction of
deforestation, health interventions for affected animal
populations, and community education are some strat-
egies that could be considered in a coordinated One
Health approach to prevent EVD spillover and trans-
mission among human populations and reduce the burden
of vision impairment in resource-limited settings.34,37,38

Zika Virus Disease
Zika virus disease, caused by the Zika virus (ZIKV),

is transmitted by Aedes mosquitoes. ZIKV is positive-
sense, single-stranded RNA arthropod-borne virus (arbo-
virus) in the genus Flavivirus and the family Flaviviridae.
ZIKV was first identified in the Zika forest of Uganda in
1947 in a febrile rhesus macaque monkey, and was sub-
sequently identified in humans in 1954 in Nigeria.39 Out-
breaks of Zika virus disease have been recorded in Africa,
the Americas, Asia and the Pacific. The first outbreak of
Zika virus disease was reported in the Island of Yap
(Federated States of Micronesia) in 2007, infecting over
70% of the population.40 This was followed by a larger
outbreak in French Polynesia and other countries and
territories in the Pacific in 2013. In March 2015, Brazil
reported a large outbreak of Zika virus disease, where a
surge in associated Guillain-Barré syndrome cases was
observed.41

Life Cycle and Animal Reservoir
The viral life cycle of ZIKV begins when an infected

mosquito bites the host organism, from which the virus
can then infect different cells, including skin cells (fibro-
blasts, keratinocytes).42 ZIKV also has tropism for retinal
pericytes, retinal microvascular endothelial cells, and
neural progenitor cells, as many of these cells contain cell
surface receptors (Tyro3, DC-SIGN, AXL, and TIM01)
that facilitate viral entry.43 ZIKV attaches to these host
cell receptors using its envelope (E) protein and is then
endocytosed by clathrin proteins.44 Mature virions exit the
infected cell via exocytosis, where they can be picked up
by another feeding Aedes mosquito.

While ZIKV was first isolated from a febrile rhesus
macaque monkey, the precise animal reservoir has yet to
be identified.45 ZIKV is an arbovirus, maintained in na-
ture through biological transmission between a susceptible
vertebrate host and a hematophagous arthropod such as a

mosquito. Anti-ZIKV antibodies have been observed in
many nonhuman primates and other wild and domestic
animals such as rodents, domestic sheep, goats, and or-
angutans, suggesting multiple animal reservoirs.44

Transmission
ZIKV is usually transmitted when an infected female

Aedes mosquito bites a human or a nonhuman primate
and has distinct human and nonhuman primate trans-
mission cycles.44 The most common mode of biological
transmission is horizontal via a mosquito vector that has
taken a viremic blood meal. ZIKV has been associated
with intrauterine vertical transmission and congenital in-
fections, resulting in severe microcephaly and cerebral
atrophy with coarse subcortical calcifications. In mothers
with clinical signs of ZIKV, studies have demonstrated
intrauterine transmission with ZIKV RNA via reverse
transcription PCR (RT-PCR) in the brain and placental
tissues of fetuses and mothers, respectively.46,47 In addi-
tion, there have been reports of successfully cultured
ZIKV particles from breast milk isolates, suggesting that
breastfeeding may be a potential route of transmission.48
Sexual transmission has also been implicated. While
ZIKV infections related to blood transfusions have not
been reported, there is one case report of probable trans-
mission of ZIKV through a platelet transfusion.49,50

Ocular Manifestations
ZIKV-infected patients experience a range of oph-

thalmic manifestations, from common (eg, mild con-
junctivitis, retrobulbar pain) to rarely reported findings
(eg, chorioretinal lesions and uveitis). These findings are
thought to develop as ZIKV infects blood-retinal barrier
cells and cause an inflammatory response mediated by
TNFα, IFNα, and interleukins.43 Up to 50% of infants
with congenital Zika syndrome (CZS) present with oph-
thalmic manifestations.51 CZS presents with retinal find-
ings including pigment mottling of the macula and well-
circumscribed chorioretinal atrophy.52 In patients in
whom anterior uveitis develops, patients may present with
ocular hypertension, which may be treated with a com-
bination of corticosteroid and anti-inflammatory medi-
cations applied topically.53,54 Cases of posterior uveitis
have had varying presentations including bilateral neuro-
retinitis, optic disc edema, chorioretinal lesions, and outer
retinal and retinal pigment epithelial architecture
disruption.55

Studies in mice have confirmed the detection of
ZIKV in tears, and ZIKV in conjunctival swab
samples.56,57 ZIKV RNA can be detected in conjunctival
swabs in the late convalescent phase as well, suggesting
that the ocular surface may be a reservoir for the virus
with a potential public health risk of transmission even
after recovery.58

One Health Mitigation of Zika Virus Disease
Arthropod-borne viruses remain a continuing threat

to humans living in endemic regions. One Health ap-
proaches to ZIKV prevention and control may utilize

Int Ophthalmol Clin � Volume 64, Number 4, Fall 2024 Emerging Infectious Diseases, One Health and the Eye

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. www.internat-ophthalmology.com | 43



vector control strategies including physical alteration of
environments to reduce mosquito breeding, mechanical
traps that lure and kill mosquitoes, and chemical and bi-
ological measures. Environmental health interventions
that focus on water-based viral surveillance and outbreak
control may allow for early detection, vector control, and
reduction in outbreak potential.59 The integrated vector
management approach is a promising vector control
strategy that focuses on making vector control more eco-
nomically advantageous and ecologically sustainable.60
The use of plain language public health messaging re-
garding disease transmission is an additional consid-
eration in the One Health approach to reducing the
burden of ZIKV disease.61

Human Coronavirus Infection
The human coronavirus (CoV) was first documented

in 1965 and is known for its ability to cause acute upper
respiratory tract infections in adults. Besides the recent
COVID-19 pandemic caused by SARS-CoV-2, CoV out-
breaks of significant public health impact include severe
acute respiratory syndrome (SARS), caused by SARS-
CoV-1 and Middle East respiratory syndrome (MERS),
caused by MERS-CoV. These resulted from cross-species
infections and spill-over events due to increased human-
animal interactions.62,63 CoV are single-stranded, positive-
sense RNA viruses that belong to the Coronaviridae
family.64 To date, there are 7 coronaviruses that infect
humans, with SARS-CoV-1 and MERS-CoV associated
with higher mortality.

Life Cycle and Animal Reservoir
The coronavirus family is well-known for its spike

protein, which facilitates viral entry into target cells by
binding to an angiotensin-converting enzyme 2 receptor.
This interaction allows viral attachment to the surface of
the target cell and subsequent fusion of viral and cellular
membranes.65

Animal coronaviruses, including bovine coronavirus
and feline infectious peritonitis virus, have been recog-
nized since as early as the 1930s.66 The first CoV isolated
was an avian infectious bronchitis virus in 1937. Bats are
reservoir hosts for all CoVs, serving as gene pools and
playing a crucial role in their evolutionary pathway.67,68

Transmission
Human coronaviruses are typically transmitted via

respiratory droplets, aerosol, fecal-oral route, and contact
with contaminated surfaces.69 The precise mechanism of
zoonotic transmission from the reservoir host to humans
remains unclear, and it is speculated that intermediate
hosts play an important role in viral transmission. The
prevalence and genetic diversity of bat coronaviruses,
along with the frequent recombination events within bats
provide an ideal milieu for spillover to humans. In SARS-
CoV-1, intermediate hosts, including civets and other
mammals, allow for mutation acquisition with resultant
spillover.70

Human coronavirus 229E (HCoV-229E), the first

human CoV isolated, is closely related with CoVs that
existed in African bats suggesting transmission to humans
from these reservoir hosts.71 MERS-CoV strains respon-
sible for MERS outbreaks have been associated with
contact with dromedary camels.67 Even then, there is a
phylogenetic gap between bat MERS-related CoV and
human and camel MERS-CoV, indicating that viruses
that have not yet been identified contributed to the
emergence of MERS-CoV in humans and camels.

Ocular Manifestations
The eye is not a commonly known entry route for

human CoVs and is rarely involved in infection despite the
conjunctiva being exposed to pathogens and communi-
cating with the upper respiratory tract via the nasolacri-
mal duct. While the prevalence of SARS-CoV-2 RNA in
the tear film of patients with COVID-19 has been low in
several studies, one hospital-based evaluation showed that
25% of hospitalized patients with acute illness tested
positive for SARS-CoV-2.72–74

In animal populations, CoV may have unique and
important ophthalmic findings.75 Feline CoV is a coro-
navirus that affects domestic and wild cats and has been
associated with pyogranulomatous anterior uveitis, cho-
roiditis with retinal detachment, and retinal vasculitis.
Murine CoV mouse hepatitis virus is associated with a
virus-induced retinal degeneration and is considered
neurovirulent.14 While some of these specific ophthalmic
findings associated with coronavirus have not been ob-
served in humans, understanding the ocular manifes-
tations of coronavirus and related pathogenesis in animals
may help in identifying parallel mechanisms to understand
and manage human ophthalmic disease in the future.

One Health Mitigation of Human Coronavirus
Disease

One Health actions to target human CoV disease
include the development of diagnosis and treatment ca-
pacity, food safety measures, and surveillance
strategies.63,76 Most of these One Health approaches to
preventing human CoV disease address the animal-human
interface, with relatively fewer approaches addressing the
human-animal-environment interface despite having rele-
vance to outbreak prevention and control. Further re-
search is needed to evaluate the environmental drivers of
spillover, the ecology of the viruses in the wildlife, and the
effects of habitat loss and destruction.63,77

Avian Influenza Virus Disease
Avian influenza viruses (AIVs) are type A influenza

viruses and members of the Orthomyoxoviridae family
infecting birds and mammals. Influenza A viruses are
single-stranded, segmented RNA viruses with genes en-
coding 2 particular transmembrane proteins, hemag-
glutinin (HA) and neuraminidase (NA), which are key
players in infectivity as HA and NA facilitate viral entry
and release, respectively.78 Among AIVs, 16 HA and 9
NA subtypes have been identified, creating a source of
antigenic diversity and increasing outbreak potential.79
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There are reports as early as 1878 of a nonbacterial
disease of high mortality in domestic chickens and poultry,
described as the “fowl plague.”80 It was not until 1955 that
the type A influenza virus was identified as the causative
pathogen of what is now known as avian influenza virus
disease.81,82 Highly pathogenic AIVs (HPAI) consist of
the H5 or H7 subtypes thought to arise from mutations in
low pathogenic AIVs (LPAI) in poultry.83 The HPAI
H5N1 virus strain found in geese in Guandong Province,
China caused outbreaks in chicken farms in Hong Kong in
1997, with zoonic transmission resulting in human fatal-
ities. Despite all poultry in Hong Kong being culled,
H5N1 viruses re-emerged in 2001 and have since spread
from Asia into Europe, Africa, the Mediterranean, Rus-
sia, and as of recently, Canada and the United
States.3,81,82,84 Approaches to disease reduction and pre-
vention in humans before the emergence of highly
pathogenic disease outbreaks like H5N1 have either
lapsed over time or were never implemented.81 Subsequent
outbreaks of HPAI viruses from zoonotic transmission
call for a One Health approach to bring awareness to this
potentially fatal disease.81

Life Cycle and Animal Reservoir
The life cycle of AIVs involves host cell entry via HA

binding to host cell sialic acid residues and receptor-
mediated endocytosis into an endosome.85 The acidic en-
vironment of the endosome allows for viral ribonucleo-
proteins (vRNP) to be released and enter the host cell
cytoplasm. The nuclear localization signals associated
with vRNPs lead the proteins to the nucleus for tran-
scription and eventual exit from the nucleus via Exportin
1.86,87 The viral particles form in the cytoplasm alongside
its segmented genome, and NA removes sialic acid resi-
dues, allowing for viral release from the plasma
membrane.85

Wild aquatic birds like wild waterfowl (Anser-
iformes) and shorebirds (Charadriiformes) are considered
natural hosts to all influenza viruses.

Transmission
Type A influenza viruses are transmitted from bird

to bird via the fecal-oral route. Transmission to other in-
termediate hosts can occur via direct contact with an in-
fected bird’s saliva, mucus, or feces, or indirectly from
environmental contamination or an intermediate host.88
While direct transmission of AIVs from its natural host to
humans is documented and associated with the 1997
outbreak in Hong Kong,89–91 transmission to humans
typically requires an intermediate host.91 Transmission of
AIVs to domestic birds and mammals offers additional
avenues for reassortment and human spillover.92–94 Al-
though HPAI H5N1 is rarely transmissible among mam-
mals, the outbreak of HPAI H5N1 in lactating dairy cattle
across multiple US states in March 2024 marks an un-
precedented and sustained mammal-to-mammal trans-
mission. Furthermore, cases of conjunctivitis in humans
exposed to infected poultry and dairy cows highlight the
potential for H5N1 to spill over into the human pop-

ulation, raising concern for another respiratory
pandemic.3,95–97

The HA of AIVs recognize α-2,3-linked sialic acid
receptors on the conjunctiva and ciliated nasal epithelial
cells and allow viral entry and propagation.98–100 Influ-
enza A viruses are prone to antigenic shifts that increase
transmissibility and risk of pandemics due to the seg-
mented nature of the viral genome, the ability for influ-
enza A virus to undergo reassortment, and the error-prone
RNA polymerase.79,101 Such antigenic shifts have been the
cause of major influenza A outbreaks, including the Asian
flu of 1957 (H2N2), and the Hong Kong flu of 1968
(H3N2).102

Ocular Manifestations
The ocular surface is likely a portal of entry for AIV

infection, as the virus has demonstrated replication within
the corneal epithelium as well as an ocular surface
tropism.103 Ocular involvement of HPAI H5N1 appears
to be limited to isolated conjunctivitis with at least one
report of a subconjunctival hemorrhage.6,104 Viral pres-
ence has been confirmed through positive RT-PCR results
in conjunctival swabs from infected patients.3,105 In ad-
dition, H5N1-inoculated domestic ducks developed cor-
neal opacification with keratitis and edema.106 Treatment
with the antiviral oseltamivir inhibits virus replication in
ocularly inoculated animal models; however, the persis-
tence of HPAI in ocular tissue after infection resolution
has not been shown.107,108

One Health Mitigation of Avian Influenza Virus
Disease

The One Health approach to AIV disease largely in-
volves controlling outbreaks in poultry populations with
large-scale culling operations during outbreaks, surveillance
of human exposure, and antiviral prophylaxis of those ex-
posed while conducting depopulation operations.109 How-
ever, mitigating the spread of AIV is complicated by the
influence of climate change, which alters the AIV ecology
and transmission cycle due to shifts in bird migration pat-
terns. These migrational changes facilitate interactions be-
tween host species and intermediate hosts, potentially driving
AIV evolution and enabling interspecies transmission.110
Interspecies transmission events have been associated with
the recent spillover of HPAI to dairy cattle, efficient cow-cow
transmission, and cow-human transmission.111 This bovine
HPAI facilitates the risk of infection and transmission in
mammals, as AIV RNA has also been isolated in other an-
imals on affected farms (eg, raccoons, domestic cats).
Transmission of H5N1 virus from bovine milk-inoculated
lactating mice to offspring as well as mice in proximity to
H5N1 infected mice has been documented.112 This im-
portant discovery of mammal-to-mammal transmission
emphasizes that following the spill-over of AIV, the public
health risk and pandemic potential of HPAI is increased.
Moreover, these data call for increased AIV research, sur-
veillance, and multidisciplinary collaboration among rele-
vant authorities including public health departments, the
United States Food and Drug Administration, Centers for
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Disease Control and Prevention, veterinary health
organizations, etc.

AIV persists in aquatic environmental reservoirs like
ice lakes and ponds, also facilitates viral transmission
among other species and increasing the risk for
spillover.113 Areas of potential mitigation include en-
hanced biosecurity, hygiene, contact precautions with
birds and poultry, and surveillance of environmental
reservoirs.114 Transmission of AIV can be prevented by
treatment of agricultural water supplies and avian protein
sources, in addition to separation of animals with known
transmissibility.101 In addition, an “all-in and/or all-out”
approach can be applied to birds removed from their farm
and taken to the market, or any transmission-susceptible
environment, and they should not be returned back to the
farm.114 A combination of clinical and veterinary sur-
veillance along with human and veterinary collaboration
will ultimately be needed to significantly reduce the
probability of transmission.114

Toxoplasmosis
Toxoplasmosis is a global zoonotic disease caused

by the single-celled protozoan Toxoplasma gondii and is a
member of the Apicomplexa group of parasitic proto-
zoans. T. gondii was first isolated in 1908, where it was
proposed to have originated in South American felids and
spread to domestic animals including cats, rats and mice
through the transatlantic slave trade.115 It is estimated that
around 2 billion people are chronically infected by this
parasite globally, and it is recognized as the leading cause
of posterior infectious uveitis worldwide.116,117 Tox-
oplasmosis can develop in those who are immunocom-
promised or pregnant.118 The most notable disease
manifestation in the immunocompromised is encephalitis.
Pregnant women with acquired infection are at risk for
transplacental migration of the parasite and subsequent
systemic congenital infection that is characterized by
premature birth, intrauterine growth retardation, fever,
pneumonia, hepatosplenomegaly, thrombocytopenia, and
fetal death.119,120 Congenital disease commonly affects the
eyes and brain, resulting in chorioretinitis, micro-
phthalmia, meningoencephalitis, seizures, microcephaly,
cerebral calcifications, and/or deafness.

Life Cycle and Animal Reservoir
The life cycle of T. gondii begins in its definitive,

obligate felid host with spread into intermediate hosts,
including homeotherm (warm-blooded) vertebrates like
sheep, goats, pigs, chickens.119,121 Once T. gondii reaches
its intermediate host, it can only reproduce sexually, ex-
creting massive numbers of oocysts into the external en-
vironment by way of feces.122 The oocytes sporulate
infectious sporozoites, and these sporulated oocysts are
ingested or inhaled by an intermediate host and invade
host tissues like the heart, lungs, and CNS beginning
asexual reproduction. The life cycle is completed when the
tissues of intermediate hosts are consumed by the defini-
tive hosts. T. gondii has been shown to use host manipu-
lation to attract intermediate hosts (eg, rodents) to cat

urine by causing rodents to lose their innate fear of cats,
thereby completing their life cycle.123

Transmission
T. gondii is easily transmitted between organisms via

the fecal-oral route. Inoculation of T. gondii is associated
with consumption of raw or undercooked meat containing
parasitic cysts, or ingestion of contaminated water or
other substance contaminated with feces containing oo-
cysts. It is estimated that 30 to 80 million feral domestic
cats exist in the United States, allowing for easy
transmissability.119 T. gondii infection is also known to be
associated with blood transfusions and organ
transplants.124 The more common of the 2 is due to the
transplantation of an organ containing parasitic cysts. A
patient who receives a contaminated organ may succumb
to an active infection due to their immunocompromised
status.124 This parasite is also known to be transmitted
vertically via transplacental migration to the fetus.

Ocular Manifestations
Infection with T. gondii can cause ocular tox-

oplasmosis, with around 2% of immunocompetent adults
developing ocular manifestations.125 T. gondii invades
target tissues using what is likened to a trojan horse ap-
proach by utilizing immune cells.126 Once it has achieved
intracellular access, it secludes itself from the host cyto-
plasm by forming a vacuole that protects it from poten-
tially toxic host molecules and the acidic host
phagolysosomes.127 In fact, pH plays a significant role in
T. gondii invasiveness and host defense. Tachyzoites are
very susceptible to acidic environments, and phagosome
acidification likely serves as a primary immune defense
against T. gondii in ocular tissues.128,129 This is further
supported by the higher risk of being diagnosed with oc-
ular toxoplasmosis in patients exposed to protein pump
inhibitors or histamine 2 blockers, which suggests a pos-
sible mechanism of ocular parasite persistence.130

Though the details of retinal invasion are still being
studied, Toxoplasma has been shown to cross retinal pig-
ment epithelial cells in its free form using intercellular
adhesion molecule-1 (ICAM-1), and using vascular cell
adhesion molecule-1 (VCAM-1) and activated leukocyte
cell adhesion molecule (ALCAM) in dendritic cells.131 The
largest indicator of progression or recurrence of ocular
toxoplasmosis seems to be the quality of the immune
response.131 Due to the lack of proper lymphatic drainage
of the eye, the presentation of ocular-derived antigens to T
cells is significantly reduced. The posterior pole of the eye
provides an ideal environment for chronic Toxoplasma
ocular persistence as it is an immunosuppressed area due
to the excretion of suppressive cytokines like TGFB2,
a-MSH, and vasoactive intestinal peptide (VIP).132

One Health Mitigation of Toxoplasmosis
Though the global seroprevalence of T. gondii is

high, its seroprevalence appears to be dependent on vari-
ous regional factors including climate, diet, and hygiene
that call for a One Health approach.133–135 Despite the
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prevalence and disease burden of toxoplasmosis, addi-
tional work that focuses on implementing strategies that
explore the transmission and life cycle of T. gondii is
needed. One Health mitigation strategy could be aimed at
environmental control by improving the understanding of
oocyst resistance, survival in environmental and tissue
reservoirs, and the reduction of contamination of these
reservoirs while improving hygienic practices.133 In addi-
tion, understanding the prevalence in other animal reser-
voirs of different environments may offer a continued
refinement of the One Health approach to understanding
and reducing the burden of Toxoplasmosis.136–138

Malaria
Malaria is a mosquito-borne disease that is caused

by parasites of the Plasmodium genus. There are 5 species
known to infect humans: Plasmodium falciparum, Plas-
modium vivax, Plasmodium malariae, Plasmodium ovale,
and Plasmodium knowlesi. P. falciparum and vivax are the
primary species responsible for the majority of malarial
infections, with P. falciparum being the most prevalent in
Africa and also the deadliest malaria species.139 Millenia
of human exposure to many of these species have placed
selection pressures that have led to a finely tuned human-
parasite interaction.140

Life Cycle and Animal Reservoir
The malaria parasite’s life cycle begins as a spor-

ozoite in Anopheles spp. mosquito’s salivary gland. When
the mosquito feeds on a human, the sporozoites in the
mosquito’s saliva are released into the blood stream and
undergo an asexual reproductive process known as schiz-
ogony to form merozoites once they reach target organs,
like the liver. These merozoites enter the bloodstream and
bind to red blood cells (RBCs) and undergo the eryth-
rocytic phase to form the trophozoite. These trophozoites
mature to their final mitotic replicative developmental
stage called the schizont, then differentiate into merozoites
and eventually gametocytes and oocytes. These oocysts
mature before rupturing and releasing infectious spor-
ozoites that migrate to the salivary gland for further
transmission.141

Transmission
Transmission from mosquito to human is influenced

by many factors including age, gametocyte density and sex
ratio, antimalarial treatment, and host immunity. Ma-
laria’s pathogenesis is primarily driven by asexual stages.
However, about 0.1% to 5% of asexual parasites develop
into male and female gametocytes, and this gametocyte is
the only stage that is transmitted to the mosquito
vector.141 The fertilization of the gametes leads to the
development of sporozoites in the mosquito, making them
infectious to humans.

Ocular Manifestations
Cerebral malaria is a serious and deadly complica-

tion of malaria, characterized by an unarousable coma. A
pattern of retinal changes secondary to cerebral malaria

were first described in Malawian children.142 These retinal
changes present as a symmetrical retinopathy in both eyes
and include retinal whitening, vessel discoloration, retinal
hemorrhages resembling Roth spots, and optic disc
edema.142 The solitary finding of optic disc edema suggests
severe illness and possible co-infection.143 The diagnosis of
cerebral malaria can be confirmed by examination of the
retina for signs of malaria retinopathy, with retinal hem-
orrhages being a significant prognostic sign.144,145 Patho-
genesis of ocular malaria involves small vessel occlusion
by sequestered red blood cells in the microvasculature of
the retina leading to hypoxia and ischemia.146 Recent
studies in murine models have shown that malaria
parasites cross the blood-brain barrier and infiltrate
the neuroretina and can cause irreversible retinal
neurodegeneration.147

One Health Mitigation of Malaria
The One Health approach to malaria largely relies

on vector control and includes insecticide-mediated inter-
ventions such as insecticide-treated nets and indoor re-
sidual spraying.148 Economic development during periods
when malaria burden is low has added incentive to vector
control efforts, thus leading to a considerable decline in
malaria cases.149 A campaign to prioritize malaria erad-
ication called for by the Bill and Melinda Gates Foun-
dation in 2007 focused on reduction of transmission.32–34
Current mitigation strategies focus on controlling the
vector through insecticide-treated nets and antimalarial
combination therapy including a transmission-blocking
drug.141 In addition, methods of larval source manage-
ment aimed at controlling environmental reservoirs and
decreasing mosquito survival and breeding are also a
crucial role in the One Health approach to malaria. These
methods include alterations of aquatic habitats, habitat
modification, larvicide, and the introduction of preda-
torial biological controls into such environments.150 De-
spite the efforts made toward vector control, the increase
in insecticide resistance in Anopheles mosquitos and the
morbidity and mortality of the disease are concerning.151
The vaccine landscape continues to develop with favorable
potential, as the MosquirixTM vaccine and other candi-
date vaccines like R21/Matrix-M and PfSPZ have proved
efficacious in clinical trials.152 While hopeful, vaccine de-
ployment in addition to continued vector control im-
provements might enhance the One Health approach to
malaria.

Nipah Virus Disease
Nipah virus disease is caused by a virus from the

family Paramyxoviridae and is a single stranded RNA
virus.153 It was first discovered in 1998 in the village of
Sungai Nipah in Malaysia after many pigs began dying
from respiratory and neurological disease, accompanied
by an outbreak of acute encephalitis in surrounding hu-
man populations.154 Nipah virus (NiV) then spread to
Singapore in early 1999 after pigs were imported from
Malaysia.153 Since then, there have been outbreaks in
Malaysia, Bangladesh, and India, with nearly annual
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outbreaks in Bangladesh since 2001.153 In India, the first
reported case was in West Bengal with more recent out-
breaks in Kerala. An epidemiologic study from the 2018
Kerala outbreak showed that 87% of cases showed respi-
ratory symptoms with a fatality of 91%.153,154

Life Cycle and Animal Reservoir
The life cycle of NiV starts when the virus attaches

to the host cell. NiV infects host cells by 2 glycoproteins,
G and F proteins. G protein aids with attachment to host
cell receptors while the F protein allows fusion of virus to
host.154 In addition, viruses can target the DNA-damage
response pathway to increase Nipah virus production as
well as encode accessory proteins to avoid immune
detection.154,155 Pteropus fruit bats are the natural reser-
voir for the disease.153 These bats are endemic to tropical
and subtropical areas of Asia, East Africa, and Australia.
While the bats are asymptomatic carriers, they shed the
virus in fluids such as saliva, urine, and excreta.153 Pigs
can be an intermediate and amplifying source, allowing
for zoonotic transmission.154

Transmission
Nipah virus disease can be transmitted in many ways

including indirectly from the bat reservoir, by intermediate
hosts, or, in some instances, human-to-human.154 In Ma-
laysia, Nipah virus was transmitted to humans through
infected pigs.153 In Bangladesh and India, NiV has been
transmitted from consumption of raw date palm sap
contaminated by bat urine, excreta, or saliva. There have
also been reports of human-to-human transmission asso-
ciated with close contact with an infected person, although
cases have been limited.153 The transmission of NiV has
changed with variations in resources and landscapes that
have altered the natural habitat for fruit bats leading to
more unseasonal spillover in areas such as Bangaldesh.154

Ocular Manifestations
Ocular manifestations are not well-studied in NiV

disease, but some reports include blurry vision, photo-
phobia, and double vision during the acute illness
phase.156 There are also limited reports of transient
blindness, Horner’s syndrome, and branch retinal artery
occlusion (BRAO).157 In some patients, doll’s eye reflex
was also found, and this brainstem involvement indicated
a poor prognosis and higher rate of mortality.

One Health Mitigation of Nipah Virus Disease
The One Health approach to mitigating NiV disease

outbreaks focuses on reducing transmission from bats to
humans. While raw sap from fresh date palms is a popular
delicacy in Southeast Asian countries, it is associated with
the indirect transmission of NiV from bats to humans.
Fruit bats also consume date palms, making it is easy for
them to contaminate and spread NiV to humans who
consume raw date palm sap. To reduce contamination,
date palm juice can be boiled, fruits should be washed
thoroughly before eating, and bat exposure to fruits and
sap sources like bamboo sap skirts should be limited.158

Bat-human habitats continue to overlap due to defor-
estation and urbanization increasing the odds of spillover
events with outbreak potential, emphasizing the effect that
early detection systems can have on preparedness against
future outbreaks. In addition, personal protection may
decrease the risk of human-human and animal-human
transmission, especially for those handling sick animals or
humans.158,159 The limited availability of antiviral ther-
apeutics and vaccines further emphasize the role of
strengthening and integrating current One Health ap-
proaches that includes increased community awareness,
early detection with the implementation of integrated data
systems, and garnering resources to fund the compre-
hensive management of NiV disease.160,161

Dengue Virus Disease
Dengue virus is a member of the Flavivirus genus

and is a single-stranded positive sense RNA virus that can
be caused by 4 serotypes (DENV 1-4).162 Dengue was first
reported in the late 1700s in Asia, Africa, and North
America; however, a disease with similar symptoms was
also reported during the Chin Dynasty in 265-420 AD.162
In the last 50 years, this virus has increased 30-fold in
incidence,163 with outbreaks reported in tropical and
subtropical areas with an increased spread with urban-
ization, global travel, and poor mosquito control mea-
sures. The epicenter of DENV is India although dengue is
endemic to over 100 countries.163

Life Cycle and Animal Reservoir
Similar to other viral processes, the dengue viral

replication process initiates with attachment to the host
cell and the formation of an endosome that seals around
the virus to allow entry into the cell.164 Viral RNA is then
released into the cytoplasm and the virus hijacks host cell
mechanisms to further replicate and mature to then infect
other cells. DENV is spread through the bite of an Aedes
mosquito, which has a life cycle of around 8 to 10 days at
room temperature and has both an aquatic and terrestrial
phase.163 In addition, humans can serve as reservoirs for
dengue in urban settings, while nonhuman primates are
reservoirs in a sylvatic cycles.165

Transmission
Dengue virus disease is transmitted to humans from

the female Aedes mosquito into skin epithelium during a
blood meal, where it infects and replicates in cells of
mononuclear lineage.162,163 It can then spread into the
lymph node and continue replicating, ultimately leading to
a systemic infection. When viremia occurs in humans,
Aedes mosquitoes can feed and become a dengue vector
and continue to spread the disease. Transmission of den-
gue infection via a blood transfusion is rare, but has been
documented.166

Ocular Manifestations
Ocular symptoms usually include blurred

vision, subconjunctival hemorrhages, eye pain, and
photophobia167 with many of these symptoms presenting
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during the acute, self-limiting phase. More severe oph-
thalmic findings have been described including bilateral
maculopathy, vasculitis, optic neuropathy, and
endophthalmitis.168 Foveolitis may even persist and cause
a chronic central scotoma.167 Notably, uveitis noted in
Dengue survivors has responded well to topical
corticosteroids.169

One Health Mitigation of Dengue Virus Disease
Dengue virus outbreaks are exacerbated by numer-

ous determinants including urbanization, climate change,
insufficient population immunity, and the rapidly evolving
nature of DENV.170 Many of these factors have resulted
in an increase in DENV vector distribution in addition to
inadequate vector control.171 In fact, since the COVID-19
pandemic, there has been a global resurgence in the
number of Dengue cases, with cases in America reaching
over 9.7 million as of June of 2024, which is more than
double that of 2023.172 Climate change is believed to be a
major factor in the recent resurgence of DENV cases, as
rising global temperatures create warmer environments
more conducive to DENV transmission, survival, and
increased biting rates.173

Vector control strategies are crucial and provide a
comparably practical approach to DENV management,
and include interventions such as removing stagnant wa-
ter, managing waste, manipulating vector habitats, and
decreasing the reproducibility of mosquitoes.170 The in-
corporation of vector geographic distribution prediction
models might also prove to be of use in public health
planning.174,175 To reduce insecticide resistance, biological
controls, like bacterial larvicide with Bacillus thuringiensis
israelensis, can serve as alternatives to vector control
strategies that rely on insecticides.176 Though the efficacy
of the vaccines Dengvaxia (CYD-TDV) and Qdenga
(TAK-003) still require more research, they are somewhat
limited as Dengvaxia can only be used in someone with
previous infection, while Qdenga vaccine protection in the
setting of a highly mutable virus could result in more se-
vere infection in the future.177,178

Chikungunya Virus Disease
Chikungunya virus (CHIKV) is an arbovirus

belonging to the family Togaviridae. It is an enveloped,
single stranded positive sense RNA virus with four dif-
ferent genotypes that are separated by geographic regions:
West African, East/Central/South African, Asian, and
Indian Ocean.168 It was initially discovered in present day
Tanzania in 1952 where the name Chikungunya origi-
nated, meaning “disease that bends up joints.”179 There
have been cases internationally reported including in the
Americas, Africa, Europe, and Asia. Large outbreaks in-
clude Comoros in 2005 with over 200,000 infections, Re-
union Island with 3500 confirmed cases and more than
200,000 suspected cases,180 and Kenya in 2004.181 Out-
breaks in Americas started in 2013 on Saint Martin Island
in the Caribbean with nearly 1 million cases reported by
the end of 2015.182 In addition, certain areas have been
impacted with dual infection of CHIKV and either DENV

or ZIKV. While mortality rates are low (0.1%),179 mor-
bidity can be high. Outbreaks tend to correlate with pe-
riods of heavy rains, which can make a more opportune
habitat for mosquitos.

Life Cycle and Animal Reservoir
CHIKV entry is clathrin-mediated endocytosis that

requires an acidic environment for entry and fusion.183
The viral genome codes E1, a fusion protein, and E2, an
attachment protein. These 2 proteins then form a complex
by conformational change to enhance endocytosis. Fusion
releases nucleocapsid into the cytosol where viral repli-
cation compartments named spherules form. Nucleocap-
sids then assemble and develop mature progeny.179
Infections can occur in human epithelial and endothelial
cells, fibroblasts, and macrophages.181 This can then
spread throughout the body to several organs including
liver, muscle, joints and lymphoid tissue.

Nonhuman primates such as chimpanzees and ba-
boons have been implicated as natural reservoirs for dis-
ease in more rural areas.184 Other reservoirs include bats
and rodents, although rodents do not exhibit clinical signs
and may be dead-end hosts.185 In urban areas, mosquito-
to-human-to-mosquito is the most common pattern of
transmission with no animal reservoirs identified.186

Transmission
CHIKV can be transmitted to humans by mosquitos

of the Aedes genus via blood meals. CHIKV can also be
transmitted vertically intrapartum or peripartum, with
rare reports of intrauterine transmissions.187,188 Two
transmission cycles have been noted for chikungunya:
rural/sylvatic and urban. The rural cycle involves mos-
quito-animal reservoir transmission with occasional spill-
over into humans.182 Nonhuman primates are the major
reservoir in this cycle.181 Urban introduction has occurred
largely via Aedes aegypti or Aedes albopictus, with a
mosquito-to-human transmission cycle.179 In recent times,
the virus has become adapted to urban cycles, which may
result in large outbreaks even when lower levels of virus
circulation are present.182

Ocular Manifestations
Ocular symptoms can vary based on phase of the

disease. In the acute phase, symptoms may include pho-
tophobia, retro-orbital pain, and redness of the eye.168
Later in the disease course, patients may have anterior
uveitis and keratic precipitates, and there have been re-
ports of retinitis with good recovery.168

One Health Mitigation of Chikungunya Virus Disease
The global spread of CHIKV has been heavily in-

fluenced by international travel.189–191 Ecological studies
reveal an inverse relationship of a city’s spatial dis-
tribution of arbovirus incidence and sanitation, sewage-
treatment networks, solid waste management, and urban
water drainage. In addition, arbovirus incidence increases
with an increase in rainfall depth. Aedes vector control
systems utilize environmental methods that range from
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capturing, killing, or sterilizing mosquitos, including novel
interfering RNA formulations used to kill mosquito
larvae.192–195 In addition to these studies focused on vector
spatial distribution surveillance, studies evaluating case
surveillance data from domestic and imported cases of
CHIKV disease may increase our knowledge in vector-
human transmission dynamics, with possible implications
in outbreak predictions and the development of outbreak
mitigation strategies.196 The most advanced vaccine
against chikungunya virus is VLA1553, which has proved
to be well-tolerated and efficacious.197,198 However, since
vaccine is a live, attenuated virus, the development of
candidate vaccines that are more tolerable by im-
munocompromised and pregnant patients might prove to
be beneficial in a vaccine that would need to be widely
distributed.199

CONCLUSION
Given the distinct ophthalmic manifestations ob-

served within a range of emerging infectious diseases in-
cluding viral hemorrhagic fevers and a number of vector-
borne illnesses, it is evident that individual health care
provider and public health response, as well as a broad
understanding of the disease characteristics, pathogenesis,
and a One Health perspective is needed. While clinicians
require a keen understanding of the specific ophthalmic
manifestations of diseases and existing treatments that
address disease mechanism, improved understanding of
transmission dynamics may improve the ability to detect
risk factors and host-animal-environment interactions that
also play a role in disease presentation. Ultimately, a One
Health approach is required to address the multiplicity of
factors that lead to disease that affect humans, animals,
and their shared environments.

The One Health approach may involve multisectoral
collaboration to bridge animal and human health dy-
namics by bringing together experts who evaluate out-
break details from varying perspectives in fields including
health, livestock, fisheries, wildlife, environment and dis-
aster respose.32 Moreover, the inclusion of ecologists in
One Health efforts can improve assessment and manage-
ment of environmental risks in disease control and
prevention.186,187

One Health approaches to research and global
health efforts have improved our understanding of the
interconnectedness of pathogens, humans, and the envi-
ronment, allowing us to develop holistic strategies to
prevent and mitigate disease outbreaks. Using this ap-
proach when considering ocular manifestations of
emerging infectious etiologies may improve disease as-
sessment and management with the broader goal of re-
ducing disease burden and improving clinical outcomes.
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