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e PURPOSE: Spontaneous cataracts have been identified
in the lenses of animals across a phylogenetically wide
range of species. This can be a source of insights and in-
novation for human health professionals, but many per-
sons may lack awareness of it. By providing a phyloge-
netic survey and analysis of species with cataract vulner-
ability, this paper demonstrates how a broad comparative
perspective can provide critical information about envi-
ronmental hazards to human visual health and can spark
potential innovations in the prevention and treatment of
cataracts in humans.

e DESIGN: Perspectives.

e METHODS: Review and synthesis of selected literature
with interpretation and perspective.

e RESULTS: We found 273 recorded cases of sponta-
neously occurring cataracts in 113 species of birds, 83
species of mammals, 30 species of actinopterygii fish, 10
species of amphibians, 6 species of reptiles, and 1 species
of cephalopod.

e CONCLUSION: A phylogenetically wide range of
species, including many living in and around human en-
vironments, are vulnerable to cataracts. These animals
may serve as sentinels for human visual health. Varia-
tion in cataract vulnerability across species may also facil-
itate the identification of resistance-conferring physiolo-
gies, leading to accelerated innovation in the prevention
and treatment of cataracts in humans. (Am ] Ophthal-
mol 2023;249: 167-173. © 2023 Elsevier Inc. All rights
reserved.)
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ODERN  LIFESTYLES, = ENVIRONMENTS,  AND

lengthened lifespans have been implicated

in rising rates of human cataracts. However, the
pathology itself is not uniquely human. Ocular cataracts
have been identified in a phylogenetically wide range of
animals, from chordates' to cephalopod” species. (Figure 1)
Since the ancient lens evolved 550 million years ago, evo-
lutionary processes have shaped multitudes of varied lens
phenotypes. Among living species, these phenotypic vari-
ations provide a window into the evolutionary history that
shaped the modern human lens. Beyond this, the varied
lens phenotypes observed across the metazoan lineage
can be a source of critical information supporting cataract
prevention efforts and a guide for innovation in human
visual health.

Biomedical research has traditionally focused on a hand-
ful of model organisms, including rats, mice, chickens,
dogs, and primates,” to gain insight into the develop-
ment of cataracts in humans. However, the phylogeneti-
cally widespread occurrence of cataract vulnerability may
provide additional insights for human visual health. Physi-
cians may lack awareness of the wide range of species in
which cataracts have been identified, perhaps because ac-
quired cataracts are so closely linked to human lifespans
and man-made environments.* This is unfortunate because
expanded awareness of cataract vulnerability across species
can lead to the following: (1) earlier identification of en-
vironmental hazards threatening human visual health, (2)
strengthened cataract prevention efforts centered around
environmental threats, and (3) accelerated biomedical in-
novation for the prevention and treatment of cataracts by
studying the biology underlying relative cataract resistance
in some species.

Because cataracts can develop in a wide range of animals
living in and around human communities, these species can
serve as sentinels for human visual health. Like modern-
day canaries in the coalmine, some urban squirrels, rac-
coons, dogs, cats, and birds develop cataracts, an occur-
rence that could indicate environmental hazards to hu-
man visual health. Although vulnerability to cataracts may
be widespread across species, not all animals are equally
vulnerable. In fact, the degree to which a specific animal
taxon may be at risk varies. For many pathologies, small
animals are effective sentinels because they develop dis-
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FIGURE 1. Cataracts develop across a phylogenetically wide range of species. Species included in this image were selected from the
larger taxonomy of identified species to demonstrate the widespread nature of this vulnerability (the full species list can be found in

the Supplemental Material).

ease following a lower level of toxic exposure and often
present far earlier than humans.””!! Whether this is the
case with cataracts is not known. However, an animal’s
age affects its vulnerability to cataracts, and some evidence
suggests that shorter-lived species might be more effective
sentinels.'”

Like all traits, vulnerability to pathology emerges as a
consequence of unique selective pressures faced by a taxon
over its evolutionary history. Recognition that vulnerabil-
ity varies across species raises the exciting possibility that
species can be identified in which resistance to cataracts is
much higher than what is observed in humans. The physi-
ology underlying resistance in these species could serve as a
blueprint for innovations in cataract prevention and treat-
ment. Despite this potential, there has been no systematic

review to identify the phylogenetic range of cataract vul-
nerability.

METHODS: SYSTEMATIC REVIEW OF
CATARACTS

We conducted a literature search (May 18-25, 2020) for
studies of spontaneous cataracts across taxa in PubMed
and in Web of Science (Institute for Scientific In-
formation [ISI]). Although search parameters were set
to “all databases”, the majority of records were re-
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trieved from the Web of Science Core Collection, BIO-
SIS Citation Index, BIOSIS Previews, and Zoological
Record. We used the search terms “mammal*”, “bird*”,
“fish*”, “reptile*”, “amphibian*”, “arthropod*”, “animal*”,
“animalia*”, “vertebrate*”, and “cataract*”. Our final search
string successfully resulted in 9914 studies from PubMed
and 57,458 studies from Web of Science. Using CADIMA
(https://www.cadima.info/), the titles and abstracts of the
retrieved studies were first screened for duplicates, followed
by screening based on an inclusion criteria. The criteria
were as follows: (1) the study addressed spontaneously oc-

curring cataracts, (2) the study focus was non-human an-

imals, and (3) the study was in English and accessible

through a University of California—Los Angeles (UCLA)
subscription.

Additional reported instances of spontaneous cataracts
and clinical cases were also available on the Veterinary In-
formation Network (VIN), and cataract presence or ab-
sence within a species was extracted. From PubMed, Google
Scholar, and private sources (such as the UC Davis Library),
an additional 222 papers were extracted, the full texts of
which were filtered through the following inclusion criteria:
(1) the paper addressed cataracts in nonhuman animals, (2)
the paper described spontaneously occurring cataracts (ie,
not experimentally induced, congenitally occurring, or di-
rectly secondary to a specific medical condition), and (3)
the paper was published in English and accessible either
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through a UCLA subscription. Of these studies, 72 were
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included. Of 55,022 studies identified, 338 were ultimately
included. A number of limitations were encountered while
performing the systematic review (see Limitations section).

In total, there were 190 unique species or subspecies iden-
tified in records of spontaneous cataract occurrence. The
taxa of the affected species, their common name, and Latin
binomial were extracted from each final study.

To illustrate the phylogenetic range of affected species,
we created a phylogeny using the Interactive Tree of Life
(iTOL, https://itol.embl.de/). From the 190 species, we se-
lected 56 to exhibit the broad family-level diversity of
recorded cataract occurrence (the full list of 190 species and
subspecies from which the 56 were selected can be found in
the Supplemental Material). This phylogeny does not rep-
resent a comprehensive list of species; rather, it illustrates
the phylogenetic range of cataract vulnerability.

DISCUSSION

e SENTINELS OF ENVIRONMENTAL HAZARDS TO ENVI-
RONMENTAL HEALTH: Humans have long recognized that
the health of animals living with and around them can be a
source of critical information about the safety of their envi-
ronments. The natural history of many human pathologies
is accelerated when these disorders and diseases occur in
other species, especially those with smaller body sizes and
shortened lifespans.

Recognizing the emergence of “human” pathology in
species living in and around human communities can pro-
vide early warning of environmental threats. These animal
sentinels can serve an increasingly important role in identi-
fying threats to human health, especially as anthropogenic
environmental changes blur boundaries that once demar-
cated human and animal environments. For example, be-
tween 1983 and 1999, unexpectedly high rates of mam-
mary, ovarian, and other adenocarcinomas were found in
necropsies of wild beluga whales.” This led to the identi-
fication of commercial facilities contaminating the water-
ways, putting humans at risk as well. In 1952, in Minamata,
Japan, the emergence of bizarre choreiform movement dis-
orders in cats led to the identification of dangerous levels of
methylmercury in local fish. This helped clarify the cause of
neuropsychiatric disease in some humans known as “Mina-
mata Disease” and helped prevent further individuals from
being affected.” Because domestic animals live in close as-
sociation with humans and are thus similarly exposed, dogs
and cats may provide early warning of disease-inducing en-
vironmental threats, especially because similar levels of ex-
posure are likely to first affect animals smaller than humans.
For example, in 2007, cats and dogs that experienced kidney
failure due to melamine in food/infant formula proved to be
sentinels for kidney failure in children.”” Ongoing studies
are showing that cats may be secondary to ozone or asth-
magens, and nonhuman animals living in our home may
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be sentinels of human respiratory health.” Despite the po-
tential for animals to serve as sentinels of environmental
dangers, this approach has not, to the authors’ knowledge,
been applied to human visual health.

e SENTINELS OF ENVIRONMENTAL HAZARDS TO VISUAL
HEALTH: Growing evidence suggests that environmen-
tal factors may promote or accelerate the formation of
cataracts. As such, the surveillance of the lens health of
other species living in similar environments may provide
early information about hazards to human visual health.
Knowledge of the occurrence of cataracts across the tree
of life exposes an opportunity for detecting hazardous en-
vironmental factors that might otherwise not be detected
or might be identified after they have adversely affected
human visual health. For example, ultraviolet (UV) light
promotes cataractogenesis in humans, especially for peo-
ple living in regions with higher levels of UV-B radia-
tion.'* Notably, other species, including mice, " frogs (Hyla
regilla and Rana aurora),'® and rabbits,'’ develop cataracts
when experimentally exposed to UV radiation. Animals
living in regions with higher levels of UV-B could serve
as sentinels for human vulnerability to cataracts. High am-
bient temperature has also been linked to cataracts, par-
ticularly in tropical regions.'® The occurrence of natural
heat-induced cataracts in species such as Atlantic salmon
(Salmo salar)’ and the sensitivity of the lens to exper-
imentally induced high temperature in rabbits’’ suggest
that these and other species could serve as sentinels for
the ocular effects of high temperatures. Although vari-
ation exists in the thermal stability of the lens across
species,”! when vulnerable animals are exposed to envi-
ronmental hazards, they often develop pathology long be-
fore it emerges in humans. As such, these animal models
can serve as sentinels of cataract-promoting environmental
effects.”> >

* EVOLVED ADAPTATIONS: An additional benefit of a
broadly comparative approach to cataract formation is that
animals with a level of resistance may be identified. Such
species could provide a blueprint for innovative preven-
tion strategies for cataractogenesis in humans. Over the
past decade, the identification of animals with reduced vul-
nerability to some cancers, cardiovascular diseases, infec-
tious diseases, reproductive aging, and even senescence it-
self is providing new approaches to a number of high-impact
human diseases. In the field of oncology, for example, a
number of animals with cancer resistance, as well as the
mechanisms underlying this resistance, have been identi-
fied.”* An African elephant (Loxodonta Africana), for ex-
ample, has more than 20 copies of TP53, the crucial tu-
mor suppressor gene seen mutated in most human can-
cers. In Abegglen et al’s genomic analysis, elephant lym-
phocytes demonstrated significantly higher P-53 —mediated
apoptotic responses after DNA damage in compari-
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son to humans, indicating potentially higher cancer
resistance.”’

In other species, cancer resistance arising from differ-
ent mechanisms has been identified in whales, gray squir-
rels, cows, and horses. For example, cell contact inhibi-
tion, as well as the uniquely long half-life of TP53 and
high rates of nuclear localization in response to DNA
damage, appear to confer a degree of cancer resistance
in the naked mole rat.2>?7 In bats, mitochondria have
evolved to counteract oxidative stress, an effect underly-
ing both pathogen control and tumor resistance.’* Numer-
ous groups are studying methods for leveraging this biol-
ogy of cancer resistance in other species to human health.
Finally, in dogs, significant breed-based differences in vul-
nerability to cancers, including osteosarcoma, melanoma,
and glioblastoma,’® have led to advances in human
medicine, including limb-sparing therapies’’ and vaccine
development.””

Recently, the modern giraffe (Giraffa camelopardalis), a
species with the highest blood pressure, has been proposed
as a natural animal model of resistance to adverse effects
of hypertension.’!»*” Editing some uniquely mutated giraffe
genes into mice appears to confer resistance to angiotensin
II and elevated blood pressure, a finding with potential rel-
evance to human heart failure and other pathologies.’!>*?
Species have also been identified with both high and very
low levels of vulnerability to COVID-19, and this knowl-
edge is providing novel approaches for strengthening hu-
man immune responses.’”’ Some bat species, for example,
have evolved a dampened inflammatory response that pro-
tects them from many of the virus’s adverse effects.’*

The relative resistance of some species to both reproduc-
tive senescence and aging itself is a growing area of inter-
est. Numerous species with significantly greater longevity
than our own have been identified as having the mecha-
nisms that appear to confer this apparent relative resistance
to aging. This has sparked much investigation into telomere
repair, resistance to oxidative stress, and other mechanisms
that could be used to potentially expand longevity in hu-
mans.”’

To date, this approach has not been applied to all
aging-related diseases such as cataracts, pulmonary dis-
eases, dementia, etc. More in-depth research on these age-
related signaling pathways in “non-model” organisms can
be grounded-breaking models for a vast number of age-
related diseases.

One species that some researchers have suggested car-
ries a level of resistance to cataractogenesis is the bow-
head whale (Balaena mysticetus). Bowhead whales live
more than 200 years.’”® Given the association between
aging and cataracts in humans, it is reasonable to con-
sider whether a long-lived species such as the bowhead
whale has evolved adaptations conferring protection from
vision-compromising (and therefore fitness-compromising)
pathologies. A similar logic directs focus toward species in
environments with a high UV and other cataractogenic ex-
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posure burden. Such species might have faced especially sig-
nificant selective pressure to evolve resistance to cataract
formation. Whether the bowhead whale (or other species)
is actually relatively resistant will require more investiga-
tion.

If, in fact, the bowhead whale does have a level of
cataract resistance, characterizing the physiologic mech-
anisms could provide novel pathways for investigation.’’
Looking broadly across taxa could expose species with
enhanced vulnerability. For example, the subterranean
naked mole rat (Heterocephalus glaber) possesses a degen-
erate visual system and develops cataracts at a young
age, even in the absence of UV. This early degeneration
makes it a possible natural animal model of enhanced
vulnerability.’">?8

Intraspecies differences in vulnerability to cataracts also
offer insights. In dogs age is a significant predictor of risk.
Small breeds appear to be at elevated risk as are Retriev-
ers, Standard Schnauzers, Standard Poodles. What factors
drive this breed-specific vulnerability is still an active area
of research.’” In cats, age is also a predictor, although feline
lens opacities have been reported to develop later in life
(at approximately 17 years of age) as compared to approx-
imately 13.5 years of age in dogs.*” Lifespan may also be a
factor driving differences in cataract development among
cat breeds. Siamese cats, which tend to live into their late
teens, develop cataracts slightly later in life than Domes-
tic Short-hair cats, which have a similar lifespan but are
cross-breeds, and Persian cats, which typically live only 10
to 12 years.** Horses also possess breed-specific variation in
vulnerability to cataract formation, although this has been
less studied. Older Appaloosas were found to be more vul-
nerable to cataracts than other breeds.*' Morgan horse and
Rocky Mountain horse breeds are known to have congen-
ital cataracts, and several other breeds, including Arabian,
Belgian, Quarter horse, and Thoroughbred are considered
to be predisposed to them.*’

o LIMITATIONS: This paper serves as an invitation to hu-
man health professionals to consider the visual health of ex-
tant animals as a source of relevant information for human
health. Although surveillance of animal populations for
infectious diseases has been strengthened in recent years,
the systematic surveillance of animal populations for non-
communicable diseases, including visual pathology, is lim-
ited. Systematic coordinated efforts to obtain, review, and
publish the results of wild animal necropsies—including
information relevant to visual health— are in their early
stages. Cataracts may be identified on examinations in do-
mestic, agricultural, laboratory, and zoological species with
significant human contact. However, recent estimates put
the number of vertebrate species at 74,140 and the number
of vertebrate animal individuals exceeding 1018.#*~*° This
means that the vast majority live outside human scientific
scrutiny, as it has been estimated that approximately 86%
of estimated terrestrial animal species and 91% of marine
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species on Earth have yet to be identified.** Therefore the
absence of evidence of cataracts in most species is not ev-
idence of the absence of vulnerability to cataracts, a real-
ity and limitation of the current methodology to compre-
hensively identify species with vulnerability and resistance
to cataracts. For similar reasons, it is currently not possible
to arrive at an estimate for the incidence or prevalence of
cataracts in many species.

An additional limitation of this approach emerges from
some of the issues noted above and the search strategy itself.
The focus of this paper is to identify species with “spon-
taneous cataracts” that is, cataracts emerging during the
life course—as opposed to congenital cataracts or those in-
duced in laboratory settings. However, inconsistencies in
the methods of diagnosis and terminology used to iden-
tify and to describe cataracts regularly appear in the peer-
reviewed literature. In many cases, cataracts were identi-
fied through gross inspection without histologic confirma-
tion. In addition, in some papers, especially those describ-
ing cataracts in very young animals, differentiation between
spontaneous or congenital lesions could not be confirmed
with certainty.

Identifying animals with relative resistance to cataract
formation is only an initial step in discovering the adapta-
tions of resistance with potential translational benefits for
humans. The next critical steps will require rigorous, con-
trolled experimentation to both confirm or refute the pres-
ence of resistance or vulnerability to cataracts, and to char-
acterize the underlying biological mechanisms. Although
species with relative resistance might never be found with-
out some species-spanning surveillance, uncovering the bi-

ological mechanisms underlying these characteristics is be-
yond the scope of the proposed approach.

CONCLUSION

As accelerated environmental change increasingly exposes
humans and animals to the same cataractogenic factors, the
visual health of other species has taken on new salience for
human health. Animal sentinels can act as canaries in a
global coal mine for lens health. The phylogeny constructed
here reveals the ancient origins of this vulnerability, and
represents an invitation to consider how speciation and bio-
diversity have influenced the vulnerability to pathology in
our species. Identifying and decoding biological pathways
of resistance that have evolved over hundreds of millions
of years may also provide novel approaches to addressing
these pathologies.

Ophthalmology is positioned to join oncology, neurol-
ogy, psychiatry, and other fields that use expanded compar-
ative and phylogenetically informed approaches to gain in-
sights into human health.*’~°° For this to happen, however,
human health professionals must gain awareness of the phy-
logenetically widespread vulnerability to cataracts and the
variation of this vulnerability across the tree of life. Moving
the field of ophthalmology beyond anthropocentric tradi-
tions to more species-spanning and evolutionarily informed
perspectives can strengthen our understanding of cataract
vulnerability, and can guide efforts to innovate more effec-
tive therapeutic and preventive approaches.
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