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Abstract

Background A high incidence of heart disease, especially idiopathic cardio-
myopathy (IC), is seen in chimpanzees (Pan troglodytes).

Methods We reviewed clinical records and necropsy reports of 87 adult
chimpanzees for possible causes of heart disease/IC. We examined age, sex,
cause of death, weight, diet, environment, infectious diseases, experimental
uses and clinical pathology.

Results The overall prevalence of heart disease in chimpanzees was
67.81%:; the prevalence of IC was 51.72%. The prevalence of IC was signifi-
cantly higher in males (60.32%) than that in females (29.17%, P = 0.009).
The prevalence of other heart disease was higher in females (25%) than
that in males (12.70%, P = 0.165). Heart failure occurred in 47.13% of
chimpanzees. Heart disease was the primary cause of death in 34.49% of
chimpanzees; 29.88% died of unknown causes.

Conclusions We found no evidence that diet, environment, viral agents,
experimental use or disease exposure contributed to the deaths resulting

from IC in chimpanzees.

Introduction

Heart disease is the leading cause of death in the
United States, and kills over 650,000 people annually
[4, 26]. Cardiovascular diseases, such as idiopathic
cardiomyopathy (IC), congestive heart failure, arterio-
sclerosis and atherosclerosis have been documented
in chimpanzees (Pan troglodytes) [8, 10, 17, 20] and
gorillas [17, 22].

Idiopathic cardiomyopathy is of particular interest
due to the high prevalence in chimpanzees [10]. Idio-
pathic dilated cardiomyopathy is the most common
form of IC in humans. It causes decreased ejection
fraction, dilated chambers and cardiomegaly, as well
as fibrosis and hypertrophy of cardiac cells [21]. The
first report of IC in a captive chimpanzee was pub-
lished in 1984 [8], and IC has been identified with
increasing frequency in our colony. Heart disease, with
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a high percentage of IC, was the leading cause of
death in chimpanzees at the Southwest National Pri-
mate Research Center (SNPRC) at the Southwest
Foundation for Biomedical Research in San Antonio,
Texas between 1982 and 1989 [10].

The first male chimpanzees diagnosed with IC
showed clinical signs of heart failure that included an
abnormal electrocardiogram and subcutaneous edema
in the extremities. The necropsy and histology evalua-
tions revealed hydropericardium, lung and spleen con-
gestion, hemosiderosis in the lung and liver, as well as
cardiomegaly, diffuse myocardial fibrosis and athero-
sclerotic lesions of the coronary arteries [8, 21].
Figure 1 illustrates the gross and histologic expression
of IC in chimpanzee heart tissue.

Even though there is a high prevalence of IC in
chimpanzees, few studies have been conducted to
determine the causes. In humans, cardiovascular
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Fig. 1 Gross and histological presentation of cardiomyopathy in the chimpanzee. (A) Cardiomyopathy. Note rounding of the heart and dilata-
tion of the right ventricle; (B,D) heart, cardiomyopathy. Note extensive fibrosis and degeneration of myofibers. H&E; (C) heart. Normal H&E.

disease is linked to age, sex, diet, cholesterol, exercise,
viral infections, stress and genetic predisposition
[5, 13, 18, 19, 21]. Infection with Trypanosoma
cruzi, a protozoan spread by reduviid bugs (family
Reduviidae), also contributes to heart disease in
humans and animals in the southern United States
and Central and South America [2, 3]. Trypanosoma
cruzi infection causes left ventricular dysfunction in
humans with symptoms similar to dilated cardiomy-
opathy [3].

As the cause of spontaneous heart disease in these
chimpanzees is unknown, our goal was to retrospec-
tively examine potential contributing factors and
causes and to identify some factors that might predict
heart disease/IC in chimpanzees. Despite the decline in
the number of chimpanzees available for biomedical
research in recent years, the high prevalence of heart
disease-related mortality in captive colonies makes
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chimpanzees a potentially valuable animal model for
studying heart disease.

Materials and methods

Animals

The chimpanzee colony at the SNPRC during this
evaluation period, 1982-2006, had an average census
of 225. The chimpanzees were used in biomedical
research involving hepatitis B and C and human
immunodeficiency virus (HIV), as well as research with
monoclonal antibody therapies. The chimpanzees were
all maintained under similar conditions in indoor/out-
door metal and concrete cages. Standard commercial
monkey chow (Teklad©; PMI Nutrition International,
LLC, Brentwood, MO, USA) was fed and water was
available ad [libitum. Fresh fruits and vegetables were
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fed daily. All procedures and care were approved by
the Institutional Animal Care and Use Committee.

Pathology

The pathology and clinical records of 87 deceased
chimpanzees were retrospectively reviewed for this
study. Male chimpanzees reach sexual maturity at
approximately 156 months and females at 135 months
[8]. The adult chimpanzees in this study were evaluated
at 10 years of age or older [9]. We evaluated specific
factors that may be related to the high rate of heart
disease in chimpanzees; however, data for specific fac-
tors analyzed were not always available for compari-
son, so for some factors the sampled population was
<87. The criteria evaluated were age, sex, cause of
death, weight, diet, environment, history of infectious
and experimental diseases, clinical pathology results
and extent of arteriosclerosis and atherosclerosis.

Chimpanzees with congestive heart failure were iden-
tified based on pathology records that specifically sta-
ted that congestive heart failure was present and/or
indicated symptoms of congestive heart failure such as
ascites, hydrothorax, hydropericardium and the pres-
ence of hemosiderin in macrophages (heart failure
cells) in the lungs [21]. Acute heart failure was assigned
as the cause of death to chimpanzees that were specifi-
cally noted to have had acute heart failure in the clini-
cal and/or pathology records.

The 87 chimpanzees evaluated were divided into three
groups based on the histologic evaluation of the hearts:
IC, other heart disease (OHD) and no heart disease
(NHD). IC was defined as the presence of multifocal to
coalescing areas of fibrosis, necrosis, mineralization and
inflammation. The heart slides from chimpanzees with
IC (n = 45) were graded for severity and compared
based on age, sex and diagnosis of heart failure. Severity
was based on a 0-5 rating scale: 0, normal; 1, minimal;
2, mild; 3, moderate; 4, moderately severe; 5, severe. The
OHD group was not histologically diagnosed with IC,
but the cause of death was directly related to the heart
and/or they exhibited chronic or acute heart failure as
stated in pathology records. The NHD group had no
history of heart disease with either normal heart tissue
or only background histologic changes. Examples of
background histologic changes would include the pres-
ence of few lymphocytes in the interstitium or mild
fibrosis restricted to areas near the valves.

Clinical pathology

Blood chemistry and hematology data for 63
chimpanzees for the year prior to death were
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available in the EZ Pro database (Glomed Systems
Inc., North Richland Hills, TX, USA). The values
of specific blood components related to heart
failure averaged for each chimpanzee during its
last year of life were: red blood cell count, white
blood cell count, platelet count, hematocrit,
hemoglobin, uric acid, glucose, blood urea nitrogen
(BUN), creatinine, BUN/creatinine ratio, total
protein, albumin, alanine aminotransferase serum
glutamic-pyruvic transaminase (ALT/SGPT), aspar-
tate aminotransferase serum glutamic-oxaloacetic
transaminase  (AST/SGOT), alkaline phosphate,
sodium, potassium, creatine phosphokinase, iron, and
any trace of blood or protein in urine. The normal
ranges used of each blood component were species-
and sex-specific for Pan troglodytes [7].

Trypanosoma cruzi

Histopathologic examination has established that
T. cruzi infection is endemic in the baboon, cynomol-
gus and chimpanzee colonies at the SNPRC, which
is located within the geographical range of the T.
cruzi vectors [1, 12]. Only one chimpanzee has been
diagnosed with 7. cruzi-associated fatal myocarditis
at the SNPRC (unpublished data, Habbard & Dick).
This chimpanzee is not included in this study because
it died of acute myocarditis and was not in the time
frame of this study.

Virology

Enteroviruses, such as the Coxsackie B viruses, have
been detected in patients with dilated IC and have
been considered to be a potential etiologic agent of
heart disease and heart failure [18, 21]. A screening
panel for Coxsackie A and B was run on a 24-year-old
male chimpanzee diagnosed with IC after death. Serol-
ogy for the Coxsackie A antibody panel included types
2,4, 7,9, 10 and 16; and the Coxsackie B antibody
panel included types 1-6.

Another chimpanzee diagnosed with IC had exten-
sive lymphocytic myocardial inflammation associated
with typical changes consistent with IC. An extensive
viral culture screen for this animal was run on samples
from both the left and right ventricles which were
placed on several cell lines including Vero, MDBK,
CHO, MRCS5 and A549 (VRL Laboratories, The Sim-
ian Diagnostic Laboratory, Ltd, San Antonio, TX,
USA). Initially, cells were placed at a lower density so
they would remain viable for a longer period. Cells
were transferred to fresh monolayers after 3 weeks of
incubation to determine any further cytopathic effect.
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Experimental use and disease exposure

The experimental history, disease exposure and clinical
history of each ape were compared with the assessment
of heart disease. Positive and negative test results
(whether they had become chronic carriers or not) for
58 of the chimpanzees that were exposed to HIV,
hepatitis B and C and/or blood products were ana-
lyzed in relation to heart disease.

Weight

Available documented weights for each animal were
averaged per year and analyzed in 5-year intervals
(£1 year).

Statistical analysis

Data were analyzed using spss Viewer version 10.0.
(SPSS Inc., Chicago, IL, USA) Student’s t-test or
Mann—Whitney test and ANOVA were used to com-
pare quantitative variables between two or more than
two groups, respectively. Chi-squared or Fisher’s exact
test were used to compare qualitative variables. P-val-
ues <0.05 were considered statistically significant.

Results

The 87 chimpanzees evaluated were classified into
three groups: IC (n = 45), OHD (n = 14) and NHD
(n = 28). Table 1 contains the incidence and percent-
ages of heart disease based on sex. Heart disease (IC
and OHD) was found in 59 of the chimpanzees (68%)
and was more common in males (73%) than in females
(54%). IC was present in over half the chimpanzees

Table 1 Prevalence of heart disease in chimpanzees at the South-
west National Primate Research Center (n = 87)

Males Females Total
n % n % n % P
|diopathic 38 60 7 29 45 52 0.009

cardiomyopathy
Other heart disease 8 13 6 25 14 16 0.165

No heart disease 17 27 1 46 28 32 0.009
Cause of death
Heart disease 25 40 5 21 30 34 0.09
Unknown 18 29 8 33 26 30 0.66
No heart disease 20 32 N 46 31 36 022
Total sampled 63 100 24 100 87 100
Total with heart 46 73 13 54 59 67 0.09
disease

P-values, males vs. females.
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(52%) and OHD was present in 16%, leaving only
one-third (32%) of the chimpanzees without heart dis-
ease. Male chimpanzees had a higher prevalence of IC
(60%) than females (29%). Females had a higher prev-
alence of OHD (25%) than males (13%). Heart disease
was the cause of death in 34% of the chimpanzees,
and occurred predominantly in males (40%), compared
with females (21%). Because 30% of the chimpanzees
had unknown causes of death, the mortality rate
caused by heart disease may be higher than reported.

The age of death for each sex and group is reported
in Table 2. The mean death age was 27.80 years in the
IC group, 28091 years in the OHD group and
24.87 years in the NHD group. Generally, male chim-
panzees  (IC = 26.11 years, OHD = 25.97 years,
NHD = 20.83 years) died at younger ages than
females (IC = 36.97 years, P = 0.004, OHD =
32.84 years, NHD = 31.11 years, P = 0.008). On
average, males in the NHD group died the earliest.
In chimpanzees with IC as a cause of death, males
died earlier (24.85 years) than females (36.64 years,
P = 0.001). However, in chimpanzees with OHD as a
cause of death, females died earlier (28.58 years) than
males (34.07 years), but this difference was not statisti-
cally significant. The earliest case of heart disease as a
cause of death was in a male that died of IC at age
13.10 years. The earliest case of OHD as a cause of
death was in a 10.10-year-old male.

Table 3 shows the relationship between heart failure
and cardiovascular disease. Congestive heart failure
was the most common presentation in chimpanzees
with both IC (40%) and OHD (57%). The remaining
cases were generally evenly divided between acute
heart failure and no heart failure. No heart failure was
slightly more common in the OHD group, but the dif-
ference did not reach statistical significance.

The severity grading of chimpanzees with cardio-
myopathy showed a significant correlation with red
blood cell count (r = 0.403, P = 0.046), but no
differences in sex (P = 0.711), congestive heart failure
(P = 0.126), acute heart failure (P = 0.580), athero-
sclerosis (P = 0.570) or arteriosclerosis (P = 0.595).
No significant differences were seen in the incidence of
arteriosclerosis or atherosclerosis. However, cases of
arteriosclerosis or atherosclerosis were found in the IC
and NHD groups but not in the OHD group. The
group of chimpanzees with arteriosclerosis/atheroscle-
rosis (n = 8) were older (33.17 £ 3.56 vs. 2641 =+
0.99, P = 0.045) and had higher glucose Ilevels
(125.57 + 32.87 vs. 94.34 + 4.06, P = 0.057) and
lower potassium levels (2.85 £ 0.29 vs. 3.55 + 0.13,
P = 0.077) than those without arteriosclerosis. Arte-
riosclerosis/atherosclerosis lesions varied from mild to
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Table 2 Age of death of chimpanzees
from all causes at Southwest National
Primate Research Center (n = 87)

Males Females Total

Average age Average age

Categories of heart disease n of death n of death n P

|diopathic cardiomyopathy 38 26.11 +£ 1.30 7 36.96 + 2.56 45 0.004

Other heart disease
No heart disease
Total

8 25.97 + 3.39 6 32.84 + 3.01 14 0.156
17 20.83 = 1.71 11 31.11 = 2.97 28 0.008
63 24.67 = 1.03 24 33.25 + 1.73 87 0.001

Heart disease as the primary cause of chimpanzee death
|diopathic cardiomyopathy 22 24.85 + 3.56 2 36.64 + 3.20 24 0.001

Other heart disease

3 34.07 + 2.89 3 28.68 + 2.97 6 0.09

P-values, males vs. females.

Table 3 Heart failure status in chimpanzees
with cardiovascular disease

Cardiomyopathy Other heart disease
(n = 45) (n=14)
Chi-squared
n % n % P-value
Congestive heart failure 18 40 8 57 0.263
Acute heart failure 13 29 2 14 0.233
No heart failure 14 31 4 28 0.569

P-value, cardiomyopathy vs. other heart disease.

severe and involved the brain, basilar artery and circle
of Willis (n = 4), aorta (n = 3), heart (n = 1), kidney
(n = 1) or adrenal gland (n = 1). Arteriosclerosis/ath-
erosclerosis was related to the cause of death in only
two chimpanzees: infarction of the brain associated
with arteriosclerosis of the small arteries of the brain,
and renal hemorrhage associated with arteriosclerosis
of the renal arteries. No significant differences were

Table 4 Descriptive and significant data based on sex and group

seen comparing the severity grading of the histologic
lesions in the IC group based on age, sex or diagnosis
of heart failure.

Clinical pathology

Table 4 shows the quantitative data and significant
values for age, weight and clinical pathology values

|diopathic
cardiomyopathy Other heart disease No heart disease
Normal ranges’ Sex n Mean + SE n Mean + SE n Mean + SE P-value
Age N/A M 38 26.11 + 1.42 8 25.97 + 3.4 17 20.84 £ 1.7 0.024°
Weight at Adult 45.0-47.4kg F 2 61.98%° 2 50.0°¢ 3 435 £ 1.3°°  0.002% 0.009°
age 352 0.028°
Cholesterol 152-314 mg/d| F 2 2365 3 14192 + 15.0° 6 22446 +96°  0.002°
Uric acid N/A M 10 312 +03° 1 8.7% ¢ 4 3.85+0.4°  0.001°, 0.016°
BUN 5-15 mg/dl M 23 18.27 + 3.0° 3 65.46 + 29.0° 7 3144 £ 175  0.021°
BUN/creatinine  N/A M 23 10.45 £ 1.1° 3 23.89 + 11.3° 7 11.22 £ 2.0 0.007°
ratio
Albumin 3.1-4.1 g/dl M 23 2.99 £ 0.16° 3 2.49 + 0.06>° 7 3.28 £ 0.2°  0.002°, 0.016°
ALT/SGPT 25-53 U/I M 23 63.89 + 8.6° 3 132.65 + 69.7° 7 47.96 + 7.7 0.044P
AST/SGOT 2-48 U/I M 23 99.11 £+ 26.2° 3 42432 + 365.3° 7 49.89 + 1.1 0.023°
Potassium 3.3-4.9 mEq/l M 23 3.39 +0.2° 3 33803 7 418 +0.3°  0.039°

"Normal range for clinical pathology values in chimpanzees was established by Hainsey et al. [7].
2\Weight range for female chimpanzees referenced in Jungers and Susman [11] and Leigh and Shea [14].

2P < 0.05 cardiomyopathy group vs. no heart disease group.
P < 0.05 cardiomyopathy group vs. other heart disease group.
°P < 0.05 other heart disease group vs. no heart disease group.
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based on sex and group. Males with IC were older
than males with NHD (P = 0.024). In females, the
body weight at 35 years of age was higher in the IC
group compared with the rest of the OHD
(P = 0.009) and NHD (P = 0.002) groups and higher
in the OHD group than in the NHD group
(P = 0.028). Cholesterol was lower in the OHD
females than the NHD group (P = 0.002). Males with
IC had significantly lower levels of BUN (P = 0.021)
and lower BUN/creatinine (P = 0.007), ALT/SGPT
(P = 0.044) and AST/SGOT (P = 0.023) ratios when
compared with the OHD group, and lower levels of
potassium (P = 0.039) when compared with the NHD
group. Males in the OHD group had lower albumin
levels (IC, P = 0.002; NHD, P = 0.016) and higher
uric acid levels (IC, P = 0.001; NHD, P = 0.016)
than in the other two groups. Males with OHD had
higher levels of BUN, BUN/creatinine, ALT/SGPT,
AST/SGOT and lower potassium levels when com-
pared with the NHD group, but the difference was not
statistically significant. No significant differences were
seen in the presence of blood or protein in the urinaly-
sis results. Total protein (P = 0.017) and albumin
(P = 0.009) levels were significantly lower in chimpan-
zees with congestive heart failure than those without
congestive heart failure (data not shown).

Weight

Females between the ages of 20 and 40 years in the IC
group weighed more than those in the OHD and
NHD groups. Also, the females between the ages of 20
and 40 years in the IC group were 13.26-15.94 kg
heavier than reported average female weights of
45.0-47.4 kg [1, 14]. Pathology records only indicated
three obese chimpanzees in our study group, one of
which was a 43-year-old female with NHD. One
female in the IC group that had available weight data
had congestive heart failure, but it was not the heaviest
animal in the group. No other trends in weight for
male or female chimpanzee groups were seen.

Virology

The result of the Coxsackie B virus screening for the
23-year-old male with cardiomyopathy showed some
level of reactivity (1:8 for Coxsackie A type 2, 4, 7, 9,
10 and 16). However, this chimpanzee could not be
considered positive because it was within reasonable
antibody reference range (< 1:8). The viral culture for
the other chimpanzee in the IC group failed to reveal
any infection agents using standard cell culture
methodology.
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Experimental and disease exposure

There were no obvious differences in experimental use
or natural disease among the three groups (n = 54).
Positive test results for HIV, hepatitis B and C and
blood product exposure were found in only one male
with IC (n = 58). Therefore, natural and experimental
disease exposure was essentially ruled out as a cause of
cardiovascular disease in chimpanzees.

Diet and environment

All the chimpanzees lived in essentially identical envi-
ronments and ate essentially the same food. Therefore,
these two criteria were considered as neutral or non-
discriminatory in regard to the development of heart
disease in this population.

Discussion

The prevalence of heart disease in necropsied chimpan-
zees at SNPRC in this 23-year period was 73% (46/63)
for male and 54% (13/24) for female chimpanzees. The
mortality rate attributable to heart disease was 40%
(25/63) for males and 21% (5/24) for females. How-
ever, the mortality rate for chimpanzees with heart dis-
ease may be higher because 30% (26/87) of the
population died of unknown causes. Spontaneous IC
was found in over half of the population (n = 45).
Because age was not correlated with the prevalence of
heart disease (except arteriosclerosis), it is difficult to
imagine strategies to minimize disease.

Sex plays a major role in the occurrence of heart
disease in chimpanzees. More male chimpanzees were
diagnosed with heart disease (73%) than females
(54%). This prevalence of heart disease in chimpanzees
is considerably higher than that in humans. The preva-
lence of heart disease in American men (ages 20 and
older) is 34.40% compared with 33.96% in females;
however, females with cardiovascular disease have a
higher mortality rate than men [21]. Possible reasons
for this difference include protective properties of
estrogen on the heart combined with genetic and envi-
ronmental factors, as well as the expression of some
genes on the Y chromosome that play roles in blood
pressure and stress response [15, 25]. Chronic stress
has been shown to have serious adverse effects on the
heart, especially in males, because glucocorticoids
lower levels of testosterone creating a high cortisol:tes-
tosterone ratio [6, 16].

Common risk factors for heart disease in humans do
not seem to affect heart disease in chimpanzees at
SNPRC. There was a trend in female weights, with

J Med Primatol 38 (2009) 51-58 © 2008 The Authors
Journal compilation © 2008 Blackwell Munksgaard

85UB017 SUOLUIOD 9AITE.1D) 3[cfedt|dde aup Aq peusenob e sl VO ‘8sn J0 sonl o} Akeiq 18Ul uO 8|1 LD (SUORIPUOD-PUE-SWSILIOY™A8 | 1M Ale.q Ul |UO//Stny) SUORIPUOD pue swis | 8y} 88s *[£202/50/62] Lo Akeiqiauliuo A8|im ‘AisieAlun fuolieussiu] efedwe Aq X 20£00'8002 #890-009T [TTTT 0T/I0p/W0 A8 | ARiq1puljuo//SAny Wos pepeojumod ‘T ‘6002 ‘7890009T



Seiler et al.

females in the IC group between the ages of 20 and
40 years weighing more than those in the OHD and
NHD groups. Also, females in the IC group weighed
more (by 13.26-15.94 kg) than the reported average
weights for age-related female chimpanzees [11, 14].
Pathology records indicated only three obese chimpan-
zees, one of which was a 43-year-old female with
NHD. However, body mass index would be a better
measure of obesity.

The results suggest that, on average, females live
longer than males in every group. In human models,
the risk of developing heart disease increases with age;
a high prevalence in men occurs about 10 years before
women and continues to increase [24]. This is also true
in chimpanzees. Of the 24 females in the population,
12 of them died at age 32 or above, and all had a form
of cardiovascular disease. Male chimpanzees showed a
higher prevalence of heart disease than females at a
younger age. Also, all male chimpanzees over the age
of 30 (n = 18) had some form of heart disease, with
nine having heart disease as cause of death and six
having an unknown cause of death. Interestingly, these
prevalence data show similar trends with human heart
disease.

Clinical indications of heart failure can be seen in
the blood chemistry values of the chimpanzees with
heart disease. The data for chimpanzees with conges-
tive heart failure showed significantly lower levels of
total protein (P = 0.017) and albumin (P = 0.009).
This indicates hypoproteinemia, a common clinical
indication of heart failure in both humans and ani-
mals. Also, males in the IC and OHD groups had
lower levels of albumin and higher ALT/SGPT and
AST/SGOT values compared with the normal
reported ranges. Both low serum protein and
increased liver enzymes can be evidence of abnormal
heart conditions, congestive heart failure and inflam-
matory diseases such as myocarditis [21, 27, 28]. Fur-
thermore, the potassium level of males with
cardiomyopathy was significantly lower than males
without heart disease (P = 0.039), but within normal
ranges. This difference may indicate decreased heart
function and contractility during the last year of life
for males with IC.

Trypanosoma cruzi as a cause of cardiomyopathy
deserves further investigation in the chimpanzees at
SNPRC because the vector is endemic to this area.
Trypanosoma cruzi is responsible for Chagas heart dis-
ease, which causes left ventricular dysfunction, similar
to dilated cardiomyopathy [3]. This protozoan is
transferred in the reduviid bug feces, which enter the
blood stream of the host after scratching of the bite
site or by oral ingestion by specific hosts [1, 3, 23].
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Furthermore, 7. cruzi testing in chimpanzees is essen-
tial to assess whether the protozoan causes cardiomy-
opathy in chimpanzees.

The cause of spontaneous heart disease, especially
IC, in chimpanzees at SNPRC remains unknown. We
have essentially eliminated possible causes that can
affect both males and females at an equal probability.
Those factors that did not affect the prevalence of
heart disease in chimpanzees include diet, environment,
weight, natural disease, experimental use, and experi-
mental disease exposure to HIV, hepatitis B and C,
and blood products. Coxsackie virus A and B and
other viruses were not found in the chimpanzees with
IC that we tested, indicating that viruses are not con-
tributing to heart disease; however, more viral screen-
ings should be carried out. Chimpanzees do not
exhibit a high prevalence of arteriosclerosis or athero-
sclerosis, which indicates that vascular disease was not
a major cause of death in chimpanzees.
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