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Abstract: Wild bonobos (Pan paniscus), chimpanzees (Pan troglodytes), Western gorillas (Gorilla gorilla), and
orangutans (Pongo pygmaeus, Pongo abelii) are threatened with extinction. In order to help maintain a self-
sustaining zoo population, clinicians require a sound understanding of the diseases with which they might be
presented. To provide an up-to-date perspective on great ape morbidity and mortality, a systematic review of the
zoological and veterinary literature of great apes from 1990 to 2014 was conducted. This is the first review of the
great ape literature published since 1990 and the first-ever systematic literature review of great ape morbidity and
mortality. The following databases were searched for relevant articles: CAB Abstracts, Web of Science Core
Collection, BIOSIS Citation Index, BIOSIS Previews, Current Contents Connect, Data Citation Index, Derwent
Innovations Index, MEDLINE, SciELO Citation Index, and Zoological Record. A total of 189 articles reporting
on the causes of morbidity and mortality among captive great apes were selected and divided into comparative
morbidity-mortality studies and case reports-series or single-disease prevalence studies. The content and main
findings of the morbidity-mortality studies were reviewed and the main limitations identified. The case reports—
case series and single-disease prevalence studies were categorized and coded according to taxa, etiology, and body
system. Subsequent analysis allowed the amount of literature coverage afforded to each category to be calculated
and the main diseases and disorders reported within the literature to be identified. This review concludes that
reports of idiopathic and infectious diseases along with disorders of the cardiovascular, respiratory, and
gastrointestinal body systems were particularly prominent within the great ape literature during 1990-2014.
However, recent and accurate prevalence figures are lacking and there are flaws in those reviews that do exist.
There is therefore a critical need for a robust, widespread, and more up-to-date review of mortality among captive
great apes.
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INTRODUCTION programs is guided within Europe by the Great
Ape Taxonomic Advisory Group (TAG) under
the European Association of Zoos and Aquaria.
The success of the program relies on the occur-
rence of successful births, the rearing of animals
to sexual maturity, the maintenance of a popula-
tion of healthy adults of sound reproductive
status and the genetic management of the popu-

As a result of the growing threats posed by the
pet and bush-meat trades, habitat destruction and
disease, wild populations of all great apes (bono-
bos, chimpanzees, gorillas, and orangutans) are
rapidly diminishing.® Therefore great apes
housed in zoos serve not only as ambassadors
for their species in helping to raise funds and 3 v et e ”
public awareness of conservation issues but as a lation to maintain genetic diversity and health.®
potential source for repopulation, thereby provid- Any disease threat to captive great apes is
ing insurance against extinction. Due to their therefore of great concern not only for the
endangered status, the international trade of all individual or zoologic collection affected, but
ape species is prohibited although movements more widely, for the future breeding and conser-
between zoos is permitted for breeding prupo- Vvation of these species.
ses.?? The zoo population must therefore be self- Historically, infectious diseases and disorders
sustaining and the management of the breeding of the gastrointestinal and respiratory systems

have been consistently identified as the most

significant causes of morbidity and mortality
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and chimpanzees during the 1980s. One of their
conclusions was that age-related conditions such
as gonadal neoplasia and cardiovascular disease
dominated the literature at this time. There are,
however, two potential criticisms of this review.
Firstly, with the exception of the aforementioned
statement about cardiovascular and neoplastic
disorders, there was little attempt to quantify the
relative importance of each condition. Also, given
that the paper was a narrative review with no
methodology provided, it is difficult to confirm
the completeness of the information presented.

To the authors’ knowledge, there have been no
reviews of the veterinary literature of great apes
published since 1990. With a view to expanding
upon the work of Janssen and Bush,® a systematic
review of the zoologic and veterinary literature of
great apes from 1990 to 2014 was conducted. The
aims of the study were as follows: 1) to identify
and critique papers that report upon the compar-
ative prevalence of various diseases and disorders
(morbidity and mortality reviews) within the
captive great ape population and 2) to calculate
the amount of literature coverage afforded to each
of the various causes of great ape morbidity or
mortality in the zoologic and veterinary literature
between 1990 and 2014 by taxa, etiology, and
body system affected.

METHODS
Methodology for literature search

The methodology for this systematic literature
review followed published guidelines.?'-'%°

Eligibility criteria

The research question was defined as the
following: “What are the main causes of morbid-
ity and mortality among great apes kept in
captivity?” The inclusion criteria were set to
include papers that reported upon specific, natu-
rally occurring diseases or disorders of clinical
relevance among captive bonobos, chimpanzees,
gorillas, and orangutans.

Information sources

Databases were selected based upon their repu-
tation, relevance, and reported coverage of the
literature.** CAB Abstracts is reported to be the
database that provides the widest coverage of
veterinary journals and was selected for this reason.
Also selected for their breadth of coverage were
databases available through the Web of Knowledge
interface covering a wide range of topic areas: Web
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of Science Core Collection, BIOSIS Citation
Index, BIOSIS Previews, Current Contents Con-
nect, Data Citation Index, Derwent Innovations
Index, MEDLINE, and SciELO Citation Index.
Zoological Record was searched due to its coverage
of zoology-specific journals not indexed elsewhere.

Search

Alternative search terms and synonyms for
each of the key words within the research question
were used. The search was limited to include only
those papers in English and those published since
1990. The papers obtained from all three data-
bases were merged and duplicates removed.

Article selection and sorting

Papers were screened for relevance and the final
list of relevant publications was exported to an
Excel spreadsheet.** The content of each was
reviewed and the papers classified as either 1)
comparative morbidity-mortality studies or 2)
case reports-series and papers reporting upon
the prevalence of single diseases.

Data collection and processing

The morbidity-mortality studies were reviewed
and the following data extracted from each:
author, date of publication, period of study, type
of study (retrospective-prospective, intervention-
al-observational, multi-single center, longitudinal
or cross-sectional), details relating to the study
population (taxa, number of subjects, age, sex),
and the main causes of morbidity-mortality
identified. The reviews were assessed for risk of
bias and the main limitations of each identified.

The contents of the case reports—case series and
single-disease frequency studies were reviewed and
each article categorized and coded according to 1)
the taxa under study, 2) the etiology of the primary
condition being reported, and 3) the body system
affected. Etiologic categories were adapted from
the DAMNITYV classification system as used by
Rizzo et al.'"® and on categories used by Mesle.®
Body system categories were adapted from those
used by Robinson et al.'”” Descriptive statistics
were carried out and the amount of literature
coverage afforded to each of the categories was
calculated. The main diseases and disorders re-
ported within the literature were also identified.

RESULTS AND DISCUSSION

The initial search yielded 1,146 results and
following relevance screening, 189 full-text arti-
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Figure 1.
the PRISMA checklist and flow diagram.

cles remained (Fig. 1). The literature search
revealed a variety of reference types: journal
articles, conference proceedings, meeting papers,
and correspondence pieces. A total of 183 (97%)
of the articles were classified as case reports, case
series, and single-disease frequency studies. The
remaining six papers were morbidity and mortal-
ity studies, which reported upon the comparative
frequency of occurrence of various diseases and
disorders within a population.

Flow chart showing sequential steps involved in reference selection and exclusion process based on

Case reports, case series, and single-disease
frequency studies

The absolute number and percentage of papers
identified for each taxon are displayed in Table 1.
Chimpanzees (40%) and gorillas (35%) received
greater literature coverage than orangutans (19%)
and especially bonobos (2%). This distribution
may be related to the relative numbers of each
species kept in captivity and due to the involve-
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Table 1. Amount of literature coverage afforded to
each taxa, displayed as absolute number and percent-
age of total (n = 1,831), ordered alphabetically.

JOURNAL OF ZOO AND WILDLIFE MEDICINE

Table 3. Infectious disease, broken down by path-
ogenic agent, displayed as percentage of total (n = 62),
ordered alphabetically.

Taxa Absolute number % of total ~ Pathogenic agent % of total
Bonobos 4 2% Bacterial 45%
Chimpanzees 73 40% Fungal 5%
Gorillas 64 35% Mixed 8%
Orangutans 35 19% Undetermined 6%
All four taxa 2 1% Viral 15%
Two or three taxa 5 3%

ment of chimpanzees in biomedical and behav-
ioral research.

Etiology: A total of 174 (95%) of the 183
papers could be categorized according to the
etiology of the primary condition being reported
(Table 2). The three etiologies that received most
literature coverage were infectious (39%), idio-
pathic (17%), and neoplastic (9%) disorders.

Infectious diseases, especially of the gastroin-
testinal and upper respiratory tracts, were report-
ed more commonly in the literature from 1990 to
2014 than disorders of any other etiology. This is
despite the fact that infection has been stated
elsewhere as becoming less important over recent
years.'*® The papers that reported upon infectious
disease were further categorized by causal agent
(Table 3). Bacterial infection was often reported
in association with disorders of the gastrointesti-
nal system such as enteritis, colitis, and the
clinical presentation of diarrhea. Reported path-
ogenic agents include Salmonella spp., Escherichia
coli and Campylobacter spp.'®***” The most com-
monly cited gastrointestinal disorder of bacterial
etiology was shigellosis, which was also implicat-
ed in cases of reactive arthritis.>!°>'?* Bacterial

Table 2. Amount of literature coverage afforded to
each etiology, displayed as absolute number and
percentage of total (n = 174), ordered alphabetically.

Etiologic category Absolute number % of total

Behavioral/psychological 8 5%
Congenital/hereditary 6 3%
Degenerative 11 6%
Husbandry related 9 5%
Idiopathic 30 17%
Immune mediated 5 3%
Infectious 62 36%
Metabolic 6 3%
Miscellaneous 4 2%
Neoplastic 15 9%
Trauma-accidental death 7 4%
Vascular 11 6%

infections were also commonly implicated in
respiratory disorders, which were particularly
frequently reported in orangutans.'”7>!2>13” Balan-
tidium coli and Balamuthia mandrillaris were the
most frequently cited parasitic infections. Viral
diseases reported, amongst others, included cases
of fatal viral myocarditis®"#°>13¢ and also herpes-
virus infection.®>'® Respiratory syncytial virus
(RSV), often in association with concurrent
Streptococcus pneumoniae infection, was reported
to cause severe, often fatal, bronchopneumo-
nia.?”1?2612> Fungal infections including coccidioi-
domycosis**> and a suspected case of
dermatophilosis'* were also reported. Human-to-
great ape zoonotic disease transmission reported
in the literature included cases of respiratory
disease due to RSV, Streptococcus pneumoniae,
and whooping cough, and cases of coxsackie B3
virus, Entamoeba histolytica, and varicella virus
infection.30,46,79,93,l26,]29

The majority of those articles classified as being
on the topic of idiopathic disorders were report-
ing on the occurrence of cardiovascular disease.
Reports identified suggest that disorders of the
cardiovascular system are associated with high
rates of mortality in at least three (chimpanzees,
gorillas, and orangutans) of the four great ape
taxa. However, there is very little evidence
presented in the literature about the epidemiolo-
gy, diagnosis, and treatment of great ape cardio-
vascular disease, suggesting that current
understanding remains poor and that there is a
critical need for further research in this area.
Other reported idiopathic conditions were varied,
and included epilepsy, appendicitis, hyperthyroid-
ism, and diverticulitis.?*+280!

The female reproductive tract®®3+!1612¢ and gas-
trointestinal system were the body systems most
commonly reported to be affected by neoplastic
disorders?s'!!' (Table 4).

Body system: A total of 177 (97%) of the 183
papers could be classified according to a single
body-system category. The body systems most
commonly reported on were cardiovascular

700



STRONG ET AL.—GREAT APE MORBIDITY AND MORTALITY REVIEW

701

Table 4. Neoplastic disorders reported in the literature with references (ref.), by taxa, listed alphabetically.

Taxa

Condition

Ref.

Gastrointestinal stromal tumor
Gingival mass

Chimpanzee

110

109

Hepatocellular carcinoma and myelolipoma 99

Maxillary sarcoma

41

Nevus lipomatosus cutaneus superficialis 67

Renal carcinoma

Uterine leiomyoma

Acute lymphocytic leukemia
Choriocarcinoma
Inoperable obstetric cancer

Gorilla

44

116

7

30

Intracranial tumor gorilla (possible lymphoma) 82
Leydigocytoma and a large cell lung carcinoma 96
Metastatic pancreatic islet cell carcinoma 26
Primary hyperparathyroidism (presumed adenoma) 53

Prolactin secreting pituitary adenoma
Squamous cell carcinoma of the skin

Uterine adenocarcinoma and squamous cell carcinoma of vagina, cervix, and uterus

Orangutan Malignant gastric rhabdoid tumor

124

(18%), generalized-multi-system (18%), gastroin-
testinal (12%), and respiratory (11%).

Cardiovascular: Idiopathic myocardial fibrosis
(often referred to as fibrosing cardiomyopathy)
was reported among gorillas, chimpanzees, and
orangutans and was associated with sudden death,
peri-anesthetic death, congestive heart failure,
and cerebrovascular infarction.26:7%85%:112 Qther
cardiomyopathies reported include dilated car-
diomyopathy''®!"® and arrhythmogenic right-ven-
tricular cardiomyopathy.'?” Several reports of
aortic aneurysm or dissection in male gorillas®®*
and cardiac arrhythmias, particularly among male
chimpanzees, also featured.’**-'?° Hypertension
was reported to affect gorillas and chimpanzees
and has been shown to correlate with age and
obesity and to increase mortality risk.’¢*”85 Other
reports included congenital heart disease,*!2®
fatal myocarditis,$°%1°%136 a case of coronary
artery disease in a gorilla,'"* and three cases of
cerebrovascular accident (stroke) in female chim-
panzees.®®

Generalized-multi-system: This category con-
sisted largely of infectious disorders. Noninfec-
tious conditions in this category included cases of
idiopathic hypocalcaemia, Reyes-like syndrome,
systemic anaphylaxis, protein deficiency, clinically
significant chromosomal abnormalities, and intra-
abdominal abscesses or cysts.!2!15:24:48.72.868992 Qbe-
sity (with or without concurrent metabolic syn-
drome) was also categorized as a generalized
condition‘74,94,122,131

Gastrointestinal: Most reported gastrointesti-
nal diseases were infection-associated. The most
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commonly reported presenting sign was diar-
rhea, which was occasionally hemorrhagic,’”-7!57
but lethargy, inappetence, anorexia, tenesmus,
rectal prolapse, and abdominal pain also fea-
tured.***! Three cases of neoplasia of the gastro-
intestinal system (Table 5) and one case of
paralytic ileus in an orangutan, which occurred
secondary to severe depression, were also re-
ported.'?!

Respiratory: Air sacculitis was the most fre-
quently discussed respiratory disorder, especially
in orangutans.'773105137.138 RSV with or without
concurrent Streptococcus pneumoniae infection,
was also identified as a common cause of fatal
disease.?”'2¢12* Other infectious agents reported
included Bordetella pertussis,*® Streptococcus angi-
nosus,*> Mycobacterium kansasii,* and Mycobacteri-
um tuberculosis.''>'""” Noninfectious disorders
included allergic respiratory disease and anes-
thetic complications.?>*$5 Clinical signs included
nasal discharge, coughing, tachypnea, dyspnea,
and, less commonly, facial swelling, exophthal-
mos, and cyanosis.

Musculoskeletal: The majority of musculoskel-
etal disorders reported were degenerative in
origin."'*13213¢ Rickets was reported in a gorilla,
an orangutan, and a group of chimpanzees.®?262

Neurologic: Four great apes (one orangutan;
three gorillas) displayed nonspecific clinical signs
progressing to ataxia, disorientation, and death
caused by the amoeba species Ballamuthia man-
drillaris.'®"*'°* Encephalopathy was also the cause
of death in a case of septicemia due to Aeromonas
hydrophilia infection in a gorilla.” Noninfectious
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Table 5. Amount of literature coverage afforded to
each body system, displayed as absolute number and
percentage of total (n = 177), ordered alphabetically.

Body system category Absolute number % of total

Behavioral 10 6%
Cardiovascular 31 18%
Dental 3 2%
Endocrine 8 5%
Gastrointestinal 21 12%
Generalized-multi-system 31 18%
Hepatobiliary 1 <1%
Hematopoietic-lymphatic 1 <1%
Musculoskeletal 14 8%
Neurological 12 7%
Ophthalmic 6 3%
Renal 2 1%
Reproductive 9 5%
Respiratory 20 11%
Skin-integumentary 6 3%
Urinary (lower) 2 1%

neurologic conditions reported include inflamma-
tory polyradiculoneuropathy, cerebral calcinosis,
vascular mineralization, and acute transverse
myelitis in chimpanzees;>2%$71* intracranial mass,
hydrocephalus, and age-related pallido-nigral de-
generation in gorillas;””*? demyelinating polyneu-
ropathy in an orangutan;’' and epilepsy in
bonobos.*

Behavioral: One observational study of zoo-
housed chimpanzees concluded that abnormal
behavior is endemic in the population.!! The
paper reported that all 40 animals displayed at
least two abnormal behaviors, including coproph-
agy, stereotypic grooming, genital touching, rock-
ing, regurgitation, hair plucking, and self-injury.
Regurgitation-reingestion syndrome was also re-
ported in gorillas,*’” chimpanzees,'?* and orang-
utans.? Self-injurious behavior was identified in a
gorilla,’® a chimpanzee,"? and a bonobo.’*® Mood
and anxiety disorders were also described in
chimpanzees.!¢

Other body systems: Disorders of the integu-
ment, reproductive and genitourinary tracts, and
endocrine, hepatobiliary, and hematopoietic-lym-
phatic systems as well as ophthalmic and dental
conditions each constituted five percent or less of
the articles identified

Whilst these figures relating to the frequency of
reporting are informative, it must be remembered
that amount of literature coverage a disorder
receives might be influenced by a number of
factors; for example, the veterinary knowledge
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and diagnostic capabilities available at the time,
the level of allocated funding, the specific clinical
and academic interests of the author, or simply
the author’s perceived importance of the condi-
tion. Perhaps almost ironically, an author’s per-
ception of a condition’s importance can in turn be
influenced by the amount of literature coverage it
receives. Case reports are an invaluable resource
but they give very little perspective on the
significance of a condition at a population level.
An appreciation of this latter point requires in
depth epidemiologic study and the calculation of
comparative prevalence of various diseases and
disorders. This was the purpose of just six of the
records identified by the literature search (Table
6).

Comparative morbidity and mortality studies

Six (3%) of the 189 papers identified consisted
of reviews of the various causes of morbidity and
mortality among captive chimpanzees, gorillas,
and orangutans. The main findings of each are
summarized in Table 6.

Three of the six prevalence reviews were single-
center studies.®®*** The three remaining studies
reviewed morbidity and mortality across more
than one institution.”*8"1*° This allowed for a
larger number of animals to be studied, arguably
deeming the findings more representative of the
wider population. Five of the six were retrospec-
tive reviews,*8120.13° inyolving the use of routine
information that had been collected for another
purpose. The researchers therefore had very little
control over the accuracy and completeness of the
dataset, which might negatively impact upon the
reliability of the findings. In contrast, the screen-
ing of 16 geriatric female chimpanzees for the
presence of chronic and age-related disease® was
a prospective study and therefore had the advan-
tage that data collection methods were specifically
designed for a purpose. The results of this study
might therefore be considered more reliable,
although the potential for observer bias (bias
introduced due to the investigator’s prior knowl-
edge of the hypothesis under investigation of the
individual’s exposure or disease status)® remains.
All six studies reported the frequency of occur-
rence of various conditions but were only able to
speculate about underlying causes and risk fac-
tors.

Inclusion criteria were not always stated,
making it difficult to ascertain the degree of
selection bias present. In two of the multi-center
studies,’®®' the investigators were reliant on
various institutions submitting data to the study.
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Table 6. Summary of key components of the six morbidity-mortality reviews identified by the literature

search.
Period of Main causes of morbidity—
Author and year study Study type Study population mortality
Meehan and 1980-1994 Retrospective, Gorillas (n = 74); all Infants: trauma (60%)
Lowenstine 19948! observational, ages, genders; Adults (<30 yr):
longitudinal, multi- Species Survival Plan gastrointestinal
center (unknown population (36%), cardiovascular
no.); review of (32%)
postmortem records Elderly (>30 yr):
cardiovascular (53%)
Varki et al. 2009'%° 1966-1991 Retrospective, Chimpanzees (n = 58); 1966-1991:
observational, adult (>10 yr); enterocolitis (16%),
longitudinal, multi- Yerkes National heart disease (11%),
center (2); review of Primate Research meningitis (11%),
postmortem records Center; Primate pneumonia (5%),
Foundation of renal disease (5%),
Arizona trauma (3%),
miscellaneous (50%)
1992-2008 1992-2008: heart
disease (36%), renal
disease (16%),
trauma (12%),
miscellaneous (36%)
Nunamaker et al. 2009 Prospective, Chimpanzees (n = 16);  Cardiovascular disease
2012 observational, cross- aged >35 yr; females; (81%), metabolic
sectional single Alamogordo Primate syndrome (44%),
center; incidence of Facility renal disease (31%)
disease at routine
health assessment
Munson and Unknown Retrospective, Gorillas, orangutans Orangutans: myocardial
Montali 1990°° observational, and chimpanzees (n fibrosis,
longitudinal, single = unknown); gastrointestinal
center; review of National Zoological disease, perinatal
pathology and Park, Washington, infections
medical records D.C. Gorillas: arthritis,
gastrointestinal
disease, infertility,
Chimpanzee:
myocardial fibrosis
Lammey et al. 2001-2006 Retrospective, Chimpanzees (n = 36);  Sudden cardiac death
2008¢ observational, aged 10-40 yr; (36%), renal failure
longitudinal, single Alamogordo Primate (25%), trauma and
center; review of Facility septicemia (each
postmortem records 23%), anesthetic
complications and
neoplasia (each 15%)
Hewitt 20055 1896-2005 Retrospective, Gorillas (n = 109); all Respiratory (27%),
observational, ages; United multi-system (26%),

longitudinal, multi-
center (9); review of
postmortem records

Kingdom and Ireland
populations (various
zoological
collections)

gastrointestinal (15%)
(cardiovascular
disease: <9%)

This self-selection process has the potential to

introduce bias but in retrospective studies that
involve voluntary participation, it is largely

unavoidable.

In five of the six studies’®81.901% the data
collected consisted of medical records or pathol-
ogy reports written by various clinicians and

pathologists at the time of an animal’s illness or
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death. In one study,® reported morbidity and
mortality events date as far back as 1896, when
veterinary diagnostic capabilities were limited.

In view of the small sample sizes, the time span,
and the single-center focus of the studies, they
may not be representative on a wider population
level, and they may not provide an accurate and
up-to-date representation of the current situation.

Limitations of this systematic literature review

The validity of the conclusions depends heavily
on the reliability of the initial literature search.
Every effort was made to make the search as
exhaustive as possible though the use of syno-
nyms and Medical Subject Headings (MeSH)
terms. The search strategy used within this review
returned a total of 1,146 initial results, which were
considered to constitute a representative propor-
tion of the literature body as a whole. Less than
one-third (n = 313) of the 1,146 results were
duplicates, suggesting that there is a relatively low
degree of overlap of coverage by the databases
accessed. Some relevant papers were not identi-
fied by the literature search;?*7¢°¢ this might have
been due to words (for example, “captive” or
“z00”) not being included in the key words
provided by authors, or at the point of database
indexing. This highlights the importance of the
application of accurate and representative key
words by journal authors and editors in order to
facilitate such search and review processes. These
omissions might, however, simply reflect the
inherent limitations of any literature search, and
the difficulties associated with striking the bal-
ance between maximizing sensitivity whilst re-
taining specificity.

For case report-case series or single diseases,
category definitions were described and closely
adhered to but some degree of subjectivity and
ambiguity was still encountered. An example of
this is regurgitation-reingestion, categorized in
this review as a behavioral disorder. However,
since diet and environmental conditions have
been suggested as underlying causes, it might
have been categorized as husbandry-related, il-
lustrating how easily categorization can influence
results.

Differences in the approach to categorization
might also have been responsible for the variation
in findings between the two gorilla comparative
mortality studies identified by the search: Meehan
and Lowenstine®' found that cardiovascular dis-
ease was responsible for 32% of adult and 41% of
aged gorilla deaths. However, Hewitt*® identified
it as the cause of death in less than 9% of the
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animals. If this discrepancy were genuine, it might
suggest that there are differences in the cardiac
risk factors (such as genetics, diet, husbandry) to
which the North American and United Kingdom-
Irish populations are exposed. Upon closer ex-
amination, however, a number of animals includ-
ed in the latter study were diagnosed as having
cardiovascular and another concurrent disease on
postmortem examination. These deaths were
categorized as being multi-system in origin, which
might have led to underrepresentation of the
importance of cardiovascular disease as a cause
of mortality within this population.
Categorization according to etiology does not
account for disorders or events that occur due to a
more complicated, multi-factorial pathophysiolo-
gy. Examples of such are anesthesia-related com-
plications and infection-associated disorders. In
the latter case, the pathogen may not be the
primary or sole cause; the infection might be a
complicating factor in another disease process or
may be occurring secondarily to underlying
reasons such as immunosuppression, poor hus-
bandry, or environmental conditions. In human
medicine, many of the issues highlighted here are
overcome by the implementation of the Interna-
tional Classification of Diseases system.'>* This
might in fact be a more appropriate categorization
model for morbidity and mortality reviews in
veterinary medicine to utilize in the future.

CONCLUSIONS

This is the first review of the great ape literature
published since 1990 and the first-ever systematic
literature review of great ape morbidity and
mortality. The review highlights cardiovascular
disease, multi-system disorders, and infectious
diseases as areas of current topical interest within
the current great ape literature. It identifies
cardiovascular and other chronic or age-related
diseases to be of particular importance, especially
in light of the increasing longevity of great apes
housed in modern zoos.

The review concludes, however, that there is a
critical need for a robust, widespread and more
up-to-date review of mortality among captive
great apes. The aims of such a review would be
to identify the main causes of morbidity and
mortality for each age group and species. Any
retrospective review performed should focus
upon a relatively recent time period in order to
produce findings that provide an accurate and
reliable representation of the current situation.
Prospectively, data collection methods should
provide the opportunity for more an in-depth
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study of subpopulations, such as specific age
groups (e.g., infant or geriatric animals), between
which patterns of disease and mortality are likely
to differ. In particular, in-depth study of the risk
factors associated with the development of dis-
eases of significance would be especially interest-
ing, as would comparison of mortality between
captive and wild great apes. The findings of such a
study would be informative, not only for the
practicing clinician, but also in providing a focus
for further investigation and research to help
improve captive great ape health and welfare.
Working closely with the Great Ape TAG,
studbook coordinators, and vet advisors would
facilitate data collection and maximize the poten-
tial benefits of such a study.
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