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Abstract
Background—Gallbladder pathology (GBP) is a relatively uncommon, naturally occurring
morbidity in both baboons and humans.

Methods—A retrospective analysis was performed on 7,776 necropsy reports over a twenty year
period to determine the prevalence of baboon GBP.

Results—Ninety-seven cases of GBP were identified, yielding a twenty year population
prevalence of 1.25%. GBP is more common in adult female baboons, occurring with a female to
male ratio of nearly 2:1. Among gallbladder pathologies, cholecystitis (35.1%) and cholelithiasis
(29.9%) were the most prevalent abnormalities, followed by hyperplasia (16.5%), edema (15.5%),
amyloidosis (5.2%), fibrosis (4.1%), necrosis (4.1%, and hemorrhage (1.0%).

Conclusion—Many epidemiologic similarities exist between GBP in baboons and humans
suggesting that the baboon may serve as a reliable animal model system for investigating GBP in
humans.
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Introduction
Gallbladder pathology (GBP) in humans affects approximately 10% of the adult population
aged forty years and older in developed countries [17,42]. Risk factors for GBP include
gender, obesity, pregnancy, weight loss, high cholesterol, family history of GBP, and
ethnicity [14,18,26–31,33]. GBP has been linked to a variety of other diseases, including
metabolic diseases, liver disease, pancreatic disease, renal disease, and diseases of the small
intestine [2,4,5,7,11,15,19,20,32,36]. The primary clinical manifestation of GBP in humans
is cholelithiasis, the development of gallstones. In humans, the prevalence of gallstones is
higher in females [29,46], and only 20–30% of gallstones are symptomatic [9].

Gallstones are characterized by stone composition and are classified as either cholesterol,
pigment, or mixed gallstones [39]. Cholesterol gallstones are most prevalent in the western
hemisphere, account for greater than 80% of human clinical cases, and have been linked
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with obesity, sudden weight loss, diabetes, and pregnancy [16]. By definition, cholesterol
gallstone composition is greater than 50% crystalline cholesterol monohydrate by weight.
These crystals form when cholesterol concentrations rise to a level that surpasses bile’s
solubilizing capacity. As a result, supersaturation causes cholesterol to nucleate, forming
gallstones [16]. Pigment stones are composed of greater than 50% bilirubin calcium salts
and are more common in patients with cirrhosis. Bacteria may also play a role in stone
pathogenesis through the hydrolyzation of bilirubin glucuronide [16,39].

Cholecystitis occurs 90% of the time due to the obstruction of the neck of the gallbladder or
the cystic duct by gallstones, leading to inflammation of the gallbladder [16]. If obstruction
of the pancreatic duct occurs, pancreatitis may result [41].

Baboons (Papio species) have previously been used to investigate mechanisms of GBP,
possible drug interventions, and treatment modalities. GBP studies in baboons have
examined the composition of gallstones, biliary metabolism, and pregnancy in induced
models of GBP [24,25,34]. In one study of natural occurring GBP in baboons, investigators
demonstrated that the lipid composition of both gallbladder and hepatic bile was identical to
that of human bile [25].

To determine the extent to which baboons with spontaneous GBP elicit similar disease
profiles to humans, we examined the prevalence of spontaneous GBP as well as concurrent
lesions in other tissues in baboons, and compared these to the human literature. In our study,
GBP in baboons was diagnosed at necropsy through both gross and histological pathology.

Materials and Methods
Animals

Data was obtained from baboons (Papio spp.) that were part of the colony housed at the
Southwest National Primate Research Center (SNPRC) at the Southwest Foundation for
Biomedical Research (SFBR), in San Antonio, TX. The baboons were housed in metal and
concrete indoor-outdoor cages, outdoor corrals, or individual metal cages. They were fed a
commercial primate diet, supplemented with fruits and vegetables, and water was available
ad libitum. The baboons were normal members of the breeding colony and not used
experimentally. If there was any question that the pathological lesions could be related to
experimental use of an animal, that animal was excluded from our study. All animal care
and procedures were approved by the SFBR Institutional Animal Care and Use Committee.

Record Review
We have defined our population as the 7,776 baboons necropsied over a twenty year period
(1986–2006) at SNPRC. A complete necropsy is performed on each baboon that dies at
SNPRC. Since, the death of a given baboon is considered a random event, the 7,776 baboons
necropsied serve as a good representation of the living baboon population. Thus, we were
able to calculate the prevalence of GBP, without any selection bias.

A complete record search was performed using an internal anatomical pathology database
(apath) for all diagnoses of GBP among the population. There were 114 diagnoses of GBP
in 97 baboons, which were confirmed via both gross and histological examination of
postmortem tissues. Complete medical records including gender, weight, date of birth, date
of death, age, and gallbladder pathology were available for all 97 animals and used for the
epidemiologic characterization. Lesions were classified as one or more of the following:
cholelithiasis, cholecystitis (lymphocytic, neutrophilic, or mixed cell population),
hyperplasia, edema, amyloidosis, fibrosis, necrosis, and hemorrhage.
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The baboons were separated into one of three age groups: juvenile (0–5 yrs of age), adult
(6–19 yrs of age), and geriatric (20+ yrs of age). In order to calculate the percentage of
weight lost, the body weight at the time of necropsy was compared to the body weight of the
baboon recorded nearest to one year prior to necropsy.

Pathology
A complete necropsy was performed on all baboons after death, including the 97 baboons
diagnosed with GBP. For each animal, tissue samples were fixed in 10% neutral buffered
formalin, processed conventionally, and embedded in paraffin. Tissue blocks were cut at 4
μm, stained with hematoxylin and eosin (H&E), and evaluated with light microscopy by
board- certified veterinary pathologists (GBH or EJD Jr.).

Gallstone Analysis
Gallstones from three baboons were submitted for integrated crystallographic analysis by the
Louis C. Herring Company, Orlando, FL, USA.

Statistical Analyses
The prevalence was determined for baboon GBP. Prevalence was defined as the total
number of baboons with GBP divided by the total number of baboons necropsied over the
twenty year period.

Results
Ninety-seven cases of spontaneously occurring GBP were identified in a retrospective
analysis of 7,776 necropsy reports from a population of captive baboons at SFBR over a
twenty year period. The overall prevalence of GBP for the colony was 1.25%.

Of the 97 baboons diagnosed with GBP, it was found that GBP was most common in adult
baboons (post-maturity, 6–19 years of age), comprising 56.7% of the GBP total, as
compared to just 12.4% for juvenile (0–5 years of age) and 30.9% for geriatric baboons (20+
years of age) (Table 1). Furthermore, GBP is more prevalent in female baboons than in
males (nearly 2:1); 1.6% of females (67 of 4,157) had GBP compared to only 0.8% of males
(30 of 3,619). Twenty-three (23.7%) baboons with GBP experienced significant weight loss
(>15% total body weight) within the last year of life.

The most common GBP (Fig. 1) was cholecystitis, comprising 35.1% of the colony’s GBP
(%GBP) and a prevalence (P) of 0.44%, and cholelithiasis (%GBP = 29.9%; P = 0.37%).
Additional manifestations of GBP included hyperplasia (%GBP = 16.5%; P = 0.21%),
edema (%GBP = 15.5%; P = 0.19%), amyloidosis (%GBP = 5.2%; P = 0.06%), fibrosis
(%GBP = 4.1%; P = 0.05%), necrosis (%GBP = 4.1%; P = 0.05%), and hemorrhage (%GBP
= 1.0%; P = 0.01%).

Concomitant organ pathologies (Table 2) associated with GBP included liver, kidney, and
pancreas pathology, with a population prevalence of 0.63%, 0.54%, and 0.14%, respectively.
Of the baboons with concomitant liver disease, 42.9% had hepatitis (a population prevalence
of .27%). At 45.2%, nephritis was the most frequent finding in baboons with both GBP and
kidney disease (a population prevalence of .24%).

Integrated crystallographic analysis of the gallstones indicated that the calculi from the three
baboons evaluated were of the same composition: predominantly cholesterol with small
amounts of calcium bicarbonate and calcium carbonate.
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Discussion
We conducted a record review of 7,776 baboons that were necropsied over a twenty year
period. We found the prevalence of GBP (1.25%) was lower in our captive population of
baboons than what is reported in the human population in the U.S. (14.63%) [12]. Many
characteristics of baboon GBP are similar to human GBP, such as the majority of cases
occurring in females. Like humans, this ratio of females to males is very close to 2:1. Nearly
one quarter of the baboons exhibited significant weight loss (>15% body weight) in the year
before death. While many factors may have contributed to this weight loss, it has been
shown that a significant weight loss can exacerbate GBP in humans [1,10,37].

The most common GBP in baboons and humans are cholelithiasis and cholecystitis. In
humans, 95% of GBP is attributed to cholelithiasis [16], but it accounts for only 29.9% of
GBP in our baboon colony. The other major GBP is cholecystitis, responsible for
approximately 5% of GBP in humans, but 35.1% in baboons.

In humans, GBP is most prevalent from ages 20–74. According to the Sirmione study [3],
which evaluated GBP among various age groups in humans, age 40 represents the cut-off
between relatively low and high rates of GBP that necessitate cholecystectomies. In fact, the
prevalence between ages 40 to 69 was found to be four times higher than that in younger
subjects. Likewise, the prevalence in adult baboons was also approximately 4.5 times higher
than in juvenile baboons. Thus, we are able to conclude that baboons along with humans
have their highest prevalence of GBP in their adult years.

Lastly, each of the gallstones sent for integrated crystallographic analysis was composed
predominantly of cholesterol, which is the most prevalent type of gallstone found in humans.

Further studies may examine how risk factors of GBP in humans, such as pregnancy, high-
fat diet, and bacterial co-infection, correlate with GBP in baboons. Another avenue of future
study is the genetic predisposition to developing GBP, which has been shown in humans
[17].
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Figure 1.
Baboon GBP. A and B: Gallstones. Note severe edema and fibrosis in A and B, and
obstruction of the gallbladder in B. C: Lymphocytic cholecystitis. H&E. D: Neutrophilic
cholecystitis and necrosis of the gallbladder. H&E.
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Table 1

GBP stratified by age.

Age Affected (n) % of Necropsied baboons with GBP; (% of GBP stratified by age)

Juvenile (0–5 yrs of age) 12 0.15%; (12.4%)

Adult (6–19 yrs of age) 55 0.71%; (56.7%)

Geriatric (20+ yrs of age) 30 0.39%; (30.9%)
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