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Mystery solved? Disease detectives identify the cause of

a mass die-off in the sea

Rebecca Vega Thurber' and Mark Hay?

A mass sea urchin die-off in the Caribbean Sea in the 1980s may have resulted from a single-cell protist called a

scuticociliate.

In 1983, the common sea urchin Diadema
antillarum, living near the Caribbean
opening to the Panama Canal, started drop-
ping their spines and dying. When popula-
tions experienced infection, 93 to 100% of
urchins died within 2 weeks, and within
about 13 months of these first diseased
urchins dying in Panama, 98% of Diadema
died throughout the entire Caribbean (I).
On heavily fished reefs like those in the
U.S. Virgin Islands and Jamaica, where
fishes that consume urchins or compete
with urchins had been overharvested, pre-
disease densities of these urchins were com-
monly reported as 10 to more than 70/m?,
and they functioned as critical herbivores
—consuming algae and suppressing algal
competition with corals (I). After the Ca-
ribbean-wide death of Diadema, macroal-
gae escaped control, largely replaced
corals, and the coral-generated topographic
complexity on which many reef organisms
depend declined dramatically. In Jamaica,
coral cover declined from ~50 to ~3% and
macroalgal cover increased from ~4 to
~90% (2). Thus, the disease that killed
Diadema appeared to cascade through the
ecosystem to fundamentally alter the struc-
ture and function of Caribbean coral reefs.
Numerous reefs began converting from
structurally complex and species-rich
systems to flattened reefs with fewer
species and compromised ecosystem func-
tions (Fig. 1).

Despite such extensive mortality, the
causative agent of the 1980's die-off re-
mained a mystery until now (3). At the
time of the outbreak, marine scientists and
practitioners were not prepared or equipped
to investigate the disease, and its rapid pro-
gression meant that little material was left to

study after the disease swept through the
Caribbean. However, a recent die-off event
of the same species, beginning in early 2022
and with a similar ecology to the 1980s
event (4), provided a second opportunity
to evaluate what may have killed these
urchins. During this new event, scientists,
community members, and managers
seized the opportunity to better investigate
the cause. Hewson et al. (3) investigated
the current die-off using a holistic set of tra-
ditional (e.g., culture-based work and histo-
pathology) and modern (high-throughput
sequencing and qPCR) methodologies to
identify the culprit as an infectious single-
celled protist, a scuticociliate (Fig. 1).
Because ciliates are commonly associat-
ed with marine species and not always path-
ogens, it makes it difficult to conclusively
identify an individual ciliate species as the
cause of a given disease. In this study, re-
searchers compared specimens from 23
sites around the Northern and Eastern Ca-
ribbean that were either notably afflicted by
disease or normal. They found that, in
almost all cases, the diseased urchins con-
tained evidence of DNA consistent with
that of a ciliate pathogen but no evidence
of viral, bacterial, or archaeal DNA differen-
tially associated with the disease (i.e., the
“usual” groups of microbial pathogens did
not seem to be the cause). Further, the
ciliate morphology and its DNA were very
similar to known pathogenic ciliates isolat-
ed and characterized from fish eggs in 2009.
Using this information, the researchers
created molecular methods (i.e., gPCR) al-
lowing them to track the abundance of the
ciliate within and among their specimens.
Compared to normal urchins, these molec-
ular methods indicated that ciliates were
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more abundant in animals with signs of
the disease, as well as in asymptomatic
animals from sites where the disease had
been recorded. Researchers then grew cul-
tures of ciliates, confirmed their identities,
and showed that urchins exposed to the
ciliate became infected and showed disease
symptoms like those seen in the field. These
findings strongly support their hypothesis
that this ciliate caused the disease that
killed these Caribbean sea urchins; they
named the disease D. antillarum scuticocili-
ate or DaSc.

Mass mortality events due to infectious
diseases, like seastar wasting disease,
abalone withering syndrome, morbillivirus-
es in marine mammals, and numerous
other diseases, have been particularly dam-
aging to marine species in many regions of
the world (5). Although the causative agents
of most marine diseases are unknown, the
disease impacts often are obvious. Massive
mortality events can fundamentally alter
entire ecosystems, and major impacts of
disease outbreaks are not uncommon.
When diseases affect species that create the
structure on which others depend (e.g.,
corals on coral reefs) or that have strong
impact on the community for other
reasons, community-wide or even ecosys-
tem-wide effects can occur. For example,
the sunflower star Pyconopodia succumbed
to seastar wasting disease along the Pacific
coast from Canada to Mexico (6). This sub-
tidal predator normally consumed kelp-
eating sea urchins, and release from this
predator led to a plague of herbivorous sea
urchins that overgrazed and suppressed kelp
beds upon which many near-shore species
depended. A few years after the infamous
Diadema die-off, white-band disease that
attacked Acropora corals in the Caribbean
(7) caused the two species there to go from
the most abundant species in the Caribbean
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Fig. 1. Fundamental alterations of Caribbean coral reefs due to the Diadema epidemic. Before Diadema die-off, even heavily fished reefs of the Caribbean were coral-
rich, topographically complex, and generated a structure that hosted many species due to abundant Diadema whose grazing suppressed macroalgae and protected
corals from algal competition (top). The pathogenic ciliate attacked Diadema sea urchins (center). After die-off, macroalgae escaped control by Diadema, seaweeds
replaced corals, and Caribbean reefs lost 3D structure, diversity, and function (bottom). Credit: Austin Fisher/Science Advances

to being listed as endangered species in only
a couple of decades. It is telling that the
names of most marine diseases focus on
the species they affect or the symptoms
they produce such as seagrass wasting
disease, stony coral tissue loss disease
(SCTLD), or white-band disease, rather
than the pathogens that cause the disease.
This occurs because the causative agents
are rarely known.

Identifying and managing disease out-
breaks in the sea are major challenges.
Much of what we do know about marine
diseases is limited to commercially impor-
tant (often aqua-cultured) species like
oysters, shrimps, and finfish. However,
most marine disease research remains far
behind other areas of disease research for
several important reasons. First, for
marine organisms, we do not have the thou-
sands of years of experience and intimate
interaction that we have with humans or ter-
restrial plants and animals used in
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agriculture; humans invented and used
scuba gear to explore marine habitats for
the first time less than 100 years ago.
Second, studying disease identity and dy-
namics in a liquid medium as vast,
dynamic, and complex as the ocean poses
challenges that terrestrial humans are not
well equipped to confront. Third, we lack
the basic foundational research on the
natural history of most marine microbes,
and even many larger marine species, limit-
ing our ability to respond adequately during
an outbreak. Finally, we simply do not have
systems in place to quickly and effectively
respond to new diseases in the sea, even
ones that cause catastrophic effects on the
entire ecosystem.

Marine ecosystems have not had a
Centers for Disease Control or a Depart-
ment of Agriculture with deep histories of
studying diseases nor the organization and
infrastructure to quickly mobilize resources
when an outbreak occurs. When mystery
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outbreaks occur among humans (for in-
stance, COVID-19, Legionnaires’ disease,
or Four Corners disease) or within domestic
or agricultural animals (such as bird flu,
chronic wasting disease, or white-nose syn-
drome), we now often identify the cause
within weeks to months. In contrast, for
one of the largest epidemics in a marine
system and one that killed ~98% of all indi-
viduals and produced cascading effects on
the entire ecosystem, it has taken 40 years
to identify the suspected pathogen. Essen-
tially, the tools, scientific knowledge, and
human infrastructure to identify marine
diseases are underdeveloped and limit our
ability to quickly, accurately, and inexpen-
sively identify and better manage the path-
ogens causing disease epizootics in the sea.
For example, currently unknown pathogens
associated with SCTLD are ravaging what
remains of the Caribbean's coral reefs, and
despite hundreds of researchers and manag-
ers focused on Caribbean coral reefs, no
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conclusive data link any single or multiple
pathogens to the disease (8).

Despite the above challenges, Hewson
et al. (3) managed to solve this 40-year-old
mystery of a major marine disease. One
reason for this new success is that, after
some recent marine epidemics, NOAA,
state-funded programs, and other coalitions
of scientists have begun early detection pro-
grams that track specific diseases, like the
current program focused on SCTLD
(https://cdhc.noaa.gov/coral-disease/
characterized-diseases/stony-coral-tissue-
loss-disease-sctld/) and the group that
initially tracked the 2022 Diadema outbreak
(https://www.agrra.org/sea-urchin-die-
off/). However, marine disease surveillance
and forecasting programs need additional
and continuous support (9). In addition,
citizen science programs (https://marine.
ucsc.edu/data-products/collaborative-
monitoring/index.html) that helped track
seastar wasting disease can be replicated in
other areas around the world so that rapid
response teams can be activated quickly
and efficiently. With new diagnostic tools
like those used by Hewson et al. (3) and
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with international cooperation and financ-
ing to track emerging infectious disease in
the sea, we can be more prepared and poten-
tially able to understand and hopefully mit-
igate marine disease outbreaks in future.

Notice (12 May 2023): Some readers may infer from the
Focus that researchers discovered the definitive cause of the
Diadema die-off in the 1980s. However, despite the symptoms
of the recent Diadema die-off being similar to the one in the
early 1980s, one cannot be sure that the cause was the same
due to a lack of samples from the early 1980s die-off for
rigorous assessment.
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