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Case Study

Epidemiology and Characterization of Seizures in a
Pedigreed Baboon Colony

C Akos Szabé,"* Koyle D Knape,' M Michelle Leland,” Daniel ] Cwikla,' Sarah Williams-Blangero,** and Jeff T Williams**

This study evaluated the incidence, prevalence, and clinical features of seizures in a pedigreed captive colony of baboons. The
association of seizures with subspecies, age, sex, and various clinical features was assessed. Records for 1527 captive, pedigreed
baboons were reviewed, and 3389 events were identified in 1098 baboons. Of these events, 1537 (45%) represented witnessed sei-
zures, whereas the remaining 1852 presented with craniofacial trauma or episodic changes in behavior that were suggestive, but
not diagnostic, of seizure activity. Seizures were generalized myoclonic or tonic—clonic, with two thirds of the events witnessed
in the morning. Seizure onset occurred in adolescence (age, 5 y), with an average of 3 seizures in a lifetime. The incidence and
prevalence of seizures were 2.5% and 26%, respectively, whereas the prevalence of recurrent seizures (that is, epilepsy) was 15%.
Seizures were more prevalent in male baboons, which tended to present with earlier onset and more seizures over a lifetime than
did female baboons. Seizures were equally distributed between the subspecies; age of onset and seizure recurrences did not dif-
fer significantly between subspecies. Clinical features including age of onset, characteristics, and diurnal presentation of seizures
in baboons suggested similarities to juvenile myoclonic epilepsy in humans. Facial trauma may be useful marker for epilepsy in

baboons, but its specificity should be characterized.

The Texas Biomedical Research Institute (Texas Biomed;
San Antonio, TX) is home to the Southwest National Primate
Research Center, which manages the world’s largest baboon
colony, currently comprising about 2500 baboons. Almost 2000
baboons, stretching across 5 to 7 generations and consisting
of primarily olive baboons (Papio hamadryas anubis, 64%), yel-
low baboons (P. h. cynocephalus, 4%), and their hybrids (29%),
belong to a pedigreed colony that is widely used for genetic
research.” Baboons are ideal for the development of genetic
models of human disorders due to the many genetic, anatomic,
biochemical, and physiologic features shared by humans and
baboons.?**! Researchers at numerous institutions have used
baboons as animal models for a broad range of diseases includ-
ing diabetes, heart disease, osteoporosis, and chronic infec-
tious illnesses.'>*!

Baboons are a natural model of idiopathic generalized epi-
lepsy.® The occurrence of seizures among colony baboons has
been noted since the inception of our colony at Texas Biomed
more than 50 y ago.’ The seizures occur spontaneously or
are triggered by ketamine (used for sedation) or other stres-
sors, such as handling or fighting among baboons. Often the
seizures are not witnessed, but the baboons are found lying
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prone on the ground, presumptively having fallen from an
elevated structure. These baboons often undergo craniofacial
trauma, including periorbital lacerations or bruising, injury to
the muzzle or mouth, and broken teeth. Nonetheless, most of
these baboons are otherwise healthy, without evidence of de-
velopmental delay or focal neurologic deficits. Some baboons
with seizures have been reported to be congenitally blind or
demonstrate congenital brain damage,* whereas others exhibit
seizures as a result of head trauma or infectious diseases. For
the most part, however, the baboons with seizures have normal
brain anatomy.®!1619

The seizures reported in our baboon colony are typically
convulsive, either described as brief generalized myoclonic sei-
zures or tonic—clonic seizures,”'® similar to those described in
red baboons (P. h. papio)® and humans.? Previous scalp electro-
encephalographic studies characterizing epilepsy in the baboon
colony demonstrated a high prevalence of generalized interic-
tal epileptic discharges.'” As is true for P. h. papio, epileptic ba-
boons in our colony are photosensitive (that is, seizures in the
animals can be triggered by visual stimuli such as intermittent
light stimulation).*1718

Electroclinical findings suggest that baboons provide an ideal
animal model for idiopathic generalized epilepsies in humans.
However, little is known about the natural history of epilepsy
in baboons. In the current study, we present clinical data regard-
ing the incidence, prevalence, and characteristics of the seizures;
their age of onset and tendency to recur; and the effects of epi-
demiologic factors, including age, sex, and subspecies, on their
expression.
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Materials and Methods

We performed a retrospective case-detection survey of veter-
inary records to evaluate the incidence and prevalence of wit-
nessed and suspected seizures in the pedigreed baboon colony
housed at the Southwest National Primate Research Center (Texas
Biomed, San Antonio, TX. The review included electronic records
generated between 1980 and 2007, with additional chart review
for asymptomatic baboons with limited information in the elec-
tronic records. The baboons were treated in strict accordance with
the US Public Health Service’s Guide for the Care and Use of Labo-
ratory Animals® and the Animal Welfare Act. ! This study was ap-
proved by the IACUC of the University of Texas Health Science
Center at San Antonio and Texas Biomed.

Electronic records were available for 1528 baboons (740 living,
788 dead; 872 female, 586 male; 841 P. h. anubis and 367 hybrid ba-
boons). Electronic records included information about subspecies
type, sex, sire, dam, date of birth, health check summaries, and
medical interventions. The records were screened for references
to witnessed seizures, whether spontaneous (unprovoked) or pro-
voked by ketamine or handling. In addition, they were screened
for any treatments for head injuries, particularly brow or muzzle
lacerations, which are often (but not exclusively) related to falls
during seizures, and observations of peri-ictal behaviors includ-
ing decreased responsiveness, confusion and lethargy. Electronic
or paper records were incomplete for 246 baboons (that is, infor-
mation regarding sex or subspecies was missing).

The incidence during the period 1991 to 2004 was computed by
direct enumeration of the new (living) cases in the at-risk popu-
lation.” The prevalence of witnessed seizures was compared be-
tween sexes and subspecies by using y? tests (Www.vassarstats.
net). Statistical comparisons were performed for seizure onset
and frequency according to sex and subspecies and for seizure
onset according to single versus multiple seizures (2-tailed Stu-
dent f tests).

Results

A total of 3389 events were detected in the records of 1098 ba-
boons. Of these events, 1537 (45%) were witnessed seizures; 1267
(82%) of these witnessed seizures were unprovoked, 212 (14%)
were associated with ketamine administration for sedation or an-
esthesia, and 58 (4%) were associated with handling. The remain-
ing 1852 events consisted of craniofacial trauma, including head,
periorbital, and muzzle lacerations or bruising, swollen eyelids
or other facial contusions, and broken teeth or, less frequently,
reversible behavioral changes, such as lethargy or decreased re-
sponsiveness. The durations of spontaneous and provoked sei-
zures were reported for 385 events; the mean duration of a seizure
was 75 s (range, 3 to 300 s). The time at which a seizure occurred
was provided for 1059 seizures. After exclusion of provoked sei-
zures, 668 (70%) spontaneous seizures occurred in the morning
(median time, 1010).

Witnessed seizures were reported for 404 of 1527 baboons,
yielding a seizure prevalence of 26%. Most of these seizures were
spontaneous and unprovoked. The prevalence of recurrent un-
provoked seizures (that is, epilepsy) approached 15%. The annual
incidence of seizures (mean + 1 SD) for the period of 1991 to 2004
(Figure 1) was 0.026 + 0.005 (or 2.6%). The incidence appeared
to be stable over this period. Among the 404 baboons with wit-
nessed seizures, 51% were male (n = 206) and 46% were female (n
= 184); 58% were P. h. anubis (n = 236) and 25% were P. h. anubis
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x P. h. cynocephalus hybrids (n = 102; Table 1). The remaining 3%
of the baboons were P. h. hamadryas or other P. h. anubis hybrids.
The prevalence of seizures was significantly (y*=34.9,df =1, P <
0.0001) greater among male (35%, 206 of 586) than female (21%,
184 of 872) baboons but the same between subspecies (28% in
both P. h. anubis and hybrid baboons). Single unprovoked sei-
zures were reported in 172 (43%) baboons, whereas 232 baboons
had multiple seizures with a mean of 6 (range, 2 to 56) seizures
over their lifetimes. Seizures were the only reported events in
173 (43%) baboons, whereas 231 (57%) baboons had craniofacial
trauma or episodic behavioral changes in addition to seizures.
Craniofacial trauma was almost twice as frequent (mean + 1 SD,
3 £ 3) in the baboons with seizures than in animals without sei-
zures (2 £ 1). Ketamine-induced seizures were noted in 57 (4%)
baboons, and seizures provoked by handling were reported in 35
(2%) baboons, and these were observed predominantly in animals
with otherwise spontaneous, unprovoked seizures.

The age of onset (mean *+ 1 SD) of unprovoked seizures was 5
+5y, with a mean number of 3 witnessed (range, 1 to 62) seizures
(Table 1). Compared with female and P. h. anubis baboons, male
and hybrid baboons tended to be younger at the onset of seizures
and to have more seizures, but these differences were not statisti-
cally significant. Baboons with multiple seizures tended to pres-
ent earlier with their first seizure than did baboons with single
seizures, but these differences were not statistically significant.

Discussion

This is the first descriptive study of the incidence and preva-
lence of seizures in captive baboon colony. Although baboons
were established as a model for photosensitivity more than 50
y ago,® little has been published about the epidemiology of sei-
zures and epilepsy in baboons. The prevalence of seizures in the
colony we evaluated was 26%, whereas that of recurrent seizures
(that is, epilepsy) was 15%. Seizures were significantly more com-
mon in male baboons, but there is little evidence for differences
in seizure incidence between P. h. anubis, P. h. cynocephalus, and
their hybrids. Affected baboons in this colony presented with
their first seizure at about 5 y of age, with only slight differences
between sexes (male baboons tended to present earlier than did
female baboons) and subspecies (hybrid baboons tended to pres-
ent earlier than did P. h. anubis baboons). Earlier onset of seizures
appeared to be associated with a larger number of spontaneous
seizures over a lifetime. Generalized tonic—clonic seizures tended
to last longer than 1 min in duration and occurred predominantly
during the morning.

The incidence of seizures in the baboon colony we evaluated
was 25 per 1000 (2.5%) baboon years, which is much higher than
the 135 per 100,000 patient years in human studies.® Seizures were
mainly unprovoked and idiopathic (that is, unrelated to an un-
derlying etiology) in our baboons. As expected, the prevalence
of seizures is was much higher in our baboon colony than in hu-
man populations: 26% in this baboon colony compared with a
cumulative incidence of 10% for lifetime seizures identified in
humans.® Nonetheless, the prevalence of seizures and epilepsy
in our baboon colony are more similar to those found in some
human pedigrees, particularly in dominantly inherited epilepsies
such as the generalized epilepsy with febrile seizures plus syn-
drome.? For example, 42 (11%) members of one human pedigree
with generalized epilepsy with febrile seizures plus provided a
history of seizures, whereas 29 (8%) had a history of epilepsy. In



Table 1. Demographics and clinical features of baboons with seizures

Epidemiology of seizures in a captive baboon colony

Mean age (y [1 SD])
of onset of seizures

No. of subjects

Mean no. of events of facial trauma or

Mean no. of seizures behavioral episodes

3 2
3 2
4 2
3 1
4 2
not applicable 1
6 2

All 404 5(5)
Female baboons 184 6 (5)
Male baboons 206 5(4)
Papio h. anubis 236 6 (5)
Papio h. anubis X 102 5(5)
Papio h. cynocephalus
Single seizures 172 6 (5)
Multiple seizures 232 5(4)
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Figure 1. Incidence of seizures in a captive baboon colony, 1991-2004.

another consanguineous human pedigree with febrile seizures
and myoclonic astatic epilepsy, the prevalence of seizures in-
creased to 42%, and almost all of the affected subjects had been
diagnosed with epilepsy.**

The genetic basis for epilepsy in baboons has yet to be deter-
mined. The prevalence of epilepsy in our colony is not likely to
occur in wild baboon populations, because selection pressure is
likely strong against young epileptic baboons, which are far more
vulnerable to environmental hazards than are captive-reared ba-
boons. The higher prevalence of epilepsy among male baboons
differs from the female predominance observed in some types of
human idiopathic epilepsies, such as juvenile myoclonic epilep-
sy and generalized tonic-clonic seizures upon awakening." The
higher likelihood of recognizing seizures in male baboons may
reflect a sex-associated difference in the severity of seizures or ep-
ilepsy.'® Male baboons had an earlier onset and greater likelihood
for recurrence of seizures than did female baboons, which would
make the condition more apparent in male animals. Common
seizure types such as eyelid myoclonus are similarly distributed
in male and female baboons undergoing scalp EEG studies.'”*

The mean age of seizure onset was 5 y in our baboons, with mi-
nor variations across sex and subspecies. Adolescence in baboons
typically begins at 4 y, with full maturation into an adult by 7 y.
Given that every year in a baboon’s life corresponds roughly to
3 y of human life, the age of seizure onset in baboons translates
to 15 y in humans, with the confidence intervals extending from

childhood to the end of the third decade. The age range of af-
fected baboons is roughly that for juvenile myoclonic epilepsy in
humans.? Because craniofacial trauma may present as the initial
seizure in some baboons, animals exhibiting such trauma should
be followed closely.

The accuracy of the estimated number of seizures in baboons
is unknown. The reporting of seizures depends on observations
by caretakers, who may frequently report prolonged seizures or
identify peri-ictal behaviors or injuries but may be less likely to
recognize myoclonic seizures, which are extremely brief (especial-
ly eyelid myoclonus). Eyelid myoclonus in baboons has been de-
scribed in the setting of photosensitivity, that is, seizures evoked
by intermittent light stimulation, or occurring spontaneously dur-
ing electroencephalographic studies.”'® Baboons with frequent
seizures were monitored closely by veterinary staff, especially
during admissions to the infirmary, but even among these cases,
some baboons had such frequent seizures that they were no longer
documented. However, because craniofacial trauma and episodic
unresponsiveness or confusion can reflect seizure activity, such
episodes need to be documented rigorously in medical records to
facilitate accurate assessment of seizure frequency. However, the
specificity of trauma as a disease marker is unknown, particularly
given that baboons frequently contract facial wounds in fights. It
is essential to characterize craniofacial wounds according to their
location and association with witnessed seizures.

The natural history of epilepsy in our baboon colony is difficult
to ascertain. Generalized tonic—clonic seizures appear to remit in
some baboons, but those data are confounded by the limitations
of observation, particularly of more subtle seizure types, and by
colony management practices. Baboons with frequent or severe
seizures that no longer thrived or were at high risk for injury were
euthanized. In contrast, baboons with infrequent seizures usually
were returned to their cages, with some animals eventually dying
due to seizure-related injuries or the syndrome of sudden unex-
pected death in epilepsy.®

Although seizures can occur at any time, our colony appeared
to show an increased likelihood of seizure occurrence in the morn-
ing.® Diurnal variation of seizures has also been described in hu-
man epilepsy syndromes, and seizures occurring in late stages of
sleep or on awakening have been associated with the most com-
mon types of idiopathic generalized epilepsies.’ Photosensitivity
in both baboons and humans tends to be higher in the morning,
during the first hours after awakening.”® The diurnal bias toward
the morning hours may be in part due to observational bias
related to the work schedule of caregivers, allowing them to ob-
serve the animals throughout the morning and only during part
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of the afternoon, with limited observation during the evenings
and nights. A similar observational bias may have affected the
assessment of seizure duration, in that longer generalized tonic—
clonic seizures are more likely to be seen than are brief general-
ized myoclonic seizures, which last only a few seconds.

Although the natural history of the disease is altered by cap-
tivity, the ability to compile observations of seizures in several
hundred animals over the course of several decades offers unique
insights into the characterization of the baboon model of epilepsy.
In addition to the clinical findings in baboons of adolescent-onset
of myoclonic and generalized tonic—clonic seizures that occurred
predominantly in the morning, we have used scalp electroen-
cephalography to demonstrate generalized ictal and interictal
epileptic discharges, both spontaneous and induced by intermit-
tent light stimulation.”'® These electroclinical findings suggest
strong similarities in epilepsy between baboons and humans,
particularly resembling juvenile myoclonic epilepsy in humans.?
The availability of accurate pedigree information for the baboon
colony we evaluated will enable future qualitative and quanti-
tative genetic analyses to characterize genetic contributions to
seizures and related traits in baboons.
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