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Effects of Aging and Blood Contamination on
the Urinary Protein—Creatinine Ratio in Captive
Chimpanzees (Pan troglodytes)

Michael L Lammey,"" John J Ely,! Tony Zavaskis,' Elaine Videan,! and Meg M Sleeper?

The initial goal of this study was to evaluate proteinuria by using the protein to creatinine (UPC) ratio of urine obtained by
cystocentesis of healthy adult captive chimpanzees. Urine samples were collected by using ultrasound-guided cystocentesis
from 125 (80 male, 45 female) captive chimpanzees. All samples were collected over a 17-mo time period (August 2008 to
January 2010) during the animal’s annual physical examination. Samples were assayed at a veterinary diagnostic laboratory.
Results indicated that both age and blood contamination affect the UPC ratio and therefore alter the diagnostic utility of the
UPC ratio in chimpanzees. In addition, this research establishes reference ranges by age for the UPC ratio in healthy adult
chimpanzees. Chimps younger than the median age of 24.6 y have a median UPC ratio of 0.098 (range, 0 to 1.76), whereas older
animals have a median UPC of 0.288 (range, 0 to 2.44). Our results likely will enable veterinarians working with chimpanzees

to better evaluate their renal function.

Renal diseases in its various forms have been reported to
occur in captive chimpanzees but at a relatively low preva-
lence.'#193335 However, renal failure is a frequent cause of
morbidity and mortality in captive chimpanzee populations.2
Reliable means for measuring renal function are invaluable
tools. Urinalysis is the traditional initial diagnostic test used
to evaluate overall renal function. Collection of urine for 24 h
followed by protein-to-creatinine clearance testing is used in
human medicine to determine the level of renal function and
assess kidney status.® However, this test can be difficult to
administer to captive chimpanzees because of its time require-
ments. A spot urine test for protein and creatinine can be used
to estimate the amount of protein excreted.’ The urine protein-
to-creatinine ratio obtained from the spot urine test corresponds
to the amount of protein (in grams) excreted in 24 h, making
this measure more appropriate for use in chimpanzees. Due to
the increasingly geriatric population of captive chimpanzees,
aging effects on anatomic structures and physiologic parameters
have been noted.?83¢40 In humans, the aging process reduces
kidney function, the glomerular filtration rate, and the creati-
nine clearance rate and significantly increases the risk level for
cardiovascular disease.*

Several studies have addressed the analysis of urine in wild
chimpanzees.?224252 All of these studies used urinary ‘dipstick’
test strips with free-catch urine samples. Only one study has
compared the specific gravities of urine from captive and wild
chimpanzees;? all samples were obtained by free catch, and
specific gravity evaluated with a refractometer. Kidney func-
tion and urinary creatinine clearance in captive chimpanzees
have also been evaluated by using free-catch samples and a
urinometer.!! To the best of our knowledge, the current study
is the first that deals specifically with the urinary protein—cre-
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atinine (UPC) ratio of samples collected from chimpanzees
by cystocentesis. The hypothesis of this study is that both age
and blood contamination (even at the trace level) can alter the
UPC ratio. If true, these factors need to be assessed so that UPC
ratios determined from cystocentesis samples can function as
an effective diagnostic tool for screening and evaluating renal
disease in captive chimpanzees. In addition, we studied the
effects of age and sex on reference intervals for the UPC ratio
of healthy captive chimpanzees. Furthermore, we here describe
guidelines for appropriate urine collection from chimpanzees
by cystocentesis.

Materials and Methods

All chimpanzees at our facility (Alamogordo Primate Facil-
ity, Holloman Air Force Base, NM) are maintained in same-sex
group housing to comply with the NIH chimpanzee breeding
moratorium; no research or breeding occurs at our facility. The
facility and its program are fully AAALAC-accredited, and all
procedures were IACUC-approved. Chimpanzees were fed a
commercial primate diet (Monkey Diet Jumbo 5LR2, Purina
Mills, St Louis, MO) and were maintained in accordance with
the Guide for the Care and Use of Animals?® A maximum of 6
chimpanzees are maintained in an indoor den (180 ft?, 9.5-ft
high) with radiant heated floor and air conditioning. In addition,
chimpanzees have 24-h access to an outdoor area (242 ft?, 12-ft
high) as well as with weekly access to a modular geodesic dome
structure (802 ft*; Primadome, Brandes Brothers Constructors,
Bee Cave, TX). Each chimpanzee participates in enrichment
programs and is observed every 2 h by experienced, AALAS-
certified animal care technicians or clinical veterinarians. The
enrichment program involves daily fruits and vegetables and bi-
weekly forage opportunities; novelty items including blankets,
magazines, and simulated termite mound feeders are provided
also. All animals are observed for general health, activity levels,
elimination, exercise tolerance, and recovery rates. The subjects
for this study consisted of 125 (45 female, 80 male) adult chim-
panzees (age: range, 11.6 to 50.1 y; mean, 26.7 y). The infectious
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disease status of the study population was: hepatitis-B-infected,
1 chimp; hepatitis-C-infected, 21; HIV-infected, 13; coinfected
(hepatitis C and HIV), 3; and noninfected, 87.

From August 2008 through January 2010, we collected urine
samples by cystocentesis during annual physical examina-
tions of chimpanzees under sedation (3.0 mg/kg tiletamine
hydrochloride—zolazepam). Included were a physical examina-
tion, CBC, clinical chemistry, electrocardiography, abdominal
ultrasonography, tuberculosis testing, dental prophylaxis, and
blood pressure assessment. Blood pressure measurements,
electrocardiography, pO,, and core body temperature were
recorded by using a physiologic monitor (Datascope Passport
2, Mahwah, NJ).

The process of obtaining urine by cystocentesis of a chimpan-
zee remains challenging due to the difficult anatomic location
of the bladder. The chimpanzee bladder is located dorsal and
caudal within the pelvic canal. The palpable cranial edge of the
ilium served as a guideline for a starting point of needle inser-
tion. Clippers were used to remove the hair from the abdomen,
and the lower abdominal area was prepared aseptically. A 3.25-
in. spinal needle was attached to a 10-mL syringe to access the
bladder. The needle was inserted at a 45° angle to the abdomen,
and urine was transferred into the syringe by negative pres-
sure. The use of concurrent ultrasonography ensured that the
bladder and other abdominal structures were visible and that
urine could be collection safely. The ultrasound technique also
provided valuable information about the bladder wall struc-
ture, amount of urine present within the bladder, and possible
anomalies (for example, uroliths) within the bladder.

All urine samples were obtained from chimpanzees that ap-
peared clinically healthy prior to annual physical examination.
Only urine samples that were free of contaminates, including
RBC, WBC, and bacteria, were used to establish reference
values. All urine samples were evaluated for pH levels. Uri-
nalysis was performed at a veterinary diagnostics laboratory
(Antech Diagnostics, Southhaven, MS) by using an automated
reflectance spectrophotometer (Clinitek Atlas Automated Urine
Chemistry Analyzer, Siemens, Tarrytown, NJ) and standard
reagent packs (Siemens). The UPC ratio was quantified at a
veterinary diagnostics laboratory (Antech Diagnostics) by us-
ing a random- access spectrophotometry analyzer (Olympus
AUb5431, Beckman Coulter, Brea, CA) using standard reagents
(MTP [Urinary/CSF Microprotein] and Creatinine Reagent,
Beckman Coulter).

Statistical analysis. All statistical modeling and tests were
conducted using commercially available software (version 11,
SYSTAT Software, Richmond, CA). Statistical significance was
defined as a P value less than 0.05. UPC ratios were examined
for fit to normal (Gaussian) assumptions by using the omnibus
Shapiro-Wilks statistic.!” Data were normalized by using the
Box-Cox power series of transformations,® with a maximum
likelihood procedure to estimate the A parameter at —0.50.16
Transformed data underwent ANOVA by using focused com-
parisons.3**” Animals on medications were excluded from
analysis. Because age and sex are determinants of chimpanzee
and human health and disease, these variables were evaluated
as probable covariates.!>!* Age was measured by decade of life.
Blood contamination was categorized as a trichotomy (none, 1
to 2, and 3). Reference intervals were estimated from healthy
chimpanzees by using the robust method according to CLSI/
IFCC C28-A3 guidelines®'® and MedCalc software.3! Covariates
that were statistically significant in the ANOVA were tested
with the z* statistic to determine the need for separate reference

Urinary protein—creatinine ratio in chimpanzees

intervals.!® If z* exceeded the critical value of 3.0, data were
partitioned into subgroups for separate reference intervals.*10

Results

Results of the statistical analysis indicated that, although sex
was not a significant predictor (le =0.064, P = 0.801), both age
(F, 4, = 9.59, P = 0.003) and blood contamination (F,,, = 14.12,
P <0.000) were significant predictors of the UPC ratio in captive
chimpanzees. This model explained 31.5% of the variance in
UPC ratio. As expected, the mean UPC ratio increased signifi-
cantly (P < 0.05) with age. The UPC for chimpanzees 30 y or
older (mean UPC ratio, 195.6) was 3 times higher than that of
animals 20 to 29 y of age (63.4), which was more than 100 times
higher than that animals 10 to 19 y old (0.51). In addition, mean
UPC ratios increased dramatically across categories of blood
contamination, from no contamination (mean UPC, 0.12), to
trace to moderate contamination (0.27), to high contamination
(6.83; Figure 1). This result indicates that blood contamination,
even at trace levels, is a serious problem that can confound the
interpretation of UPC values for evaluating renal function. In
addition, geriatric chimpanzees (30 y or older) were 3.4 times
more likely to have blood contamination than were animals 20
to 29 y old and 18.8 times more likely than were chimpanzees 10
to 19 y in age. This trend approached but did not reach statistical
significance (G2, =9.13, P = 0.058). Chimpanzees that had a UPC
greater than 1.0 were evaluated further with other diagnostic
tests for renal disease (data not shown).

Reference intervals for UPC ratio were estimated. The z*
test for geriatric animals was highly significant compared with
those for 10- to 19-y-olds (z* = 6.57) and 20- to 29-y-olds (z* =
6.19), whereas there was no difference between the 2 younger
groups (z* = 0.76). After elimination of outliers, small sample
sizes prohibited partitioning by age, because the sample size
was too small even for the robust method .>18 Therefore, a sin-
gle 95% reference interval (0, 1.266) was estimated for healthy
nonmedicated adults (Figure 2). Median UPC ratios were ap-
proximately twice as high for geriatric chimpanzees (median
UPC ratio, 0.303) than for nongeriatric animals (0.153). These
results suggest a slow but progressive decline in kidney func-
tion with age. This reference interval will facilitate the clinical
determination of kidney failure in chimpanzees of any age,
by enabling comparison to the reference interval specified for
healthy animals of the same age group. This interval is valid for
all adult chimpanzees not on medications and with no blood
(even trace blood) in the collected urine sample.

Discussion

As the challenges of caring for geriatric apes increase,
management strategies will need to adjust to accommodate
for physiologic health risks that may be associated with ag-
ing.40 Chronic renal failure has been linked to increasing age
in humans.?! In addition, renal failure has been noted to be a
significant cause of morbidity and mortality in captive chimpan-
zee populations.?® Appropriate management and evaluation of
renal disease is needed as the captive chimpanzee population
becomes increasingly older. The UPC ratio is an important initial
test that can help define renal disease or stability.

Chronic kidney disease is defined as kidney damage or
decreased kidney function for 3 or more months.® Persist-
ent proteinuria is the principle marker of kidney damage.?
At our facility, an initial renal examination includes dipstick
testing (Urispec 11-way, Henry Schein Melville, NY). Further
evaluations include CBC, blood chemistry (blood urea nitrogen,
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Figure 1. Effects of blood contamination on the UPC ratio.
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Figure 2. 95% reference interval and medians for UPC ratio.

creatinine, calcium, phosphate, and potassium), ultrasonog-
raphy, and radiography. If chimps show any clinical signs of
renal damage, they are monitored continuously for any sign of
decompensation.

Cystocentesis has been a commonly used method of urine
collection in veterinary medicine.? Other standard methods of
urine collection in veterinary medicine are free catch and cath-
eterization.® Iatrogenic introduction of hemorrhage is one of
the disadvantages of obtaining urine samples by cystocentesis.
Although cystocentesis can result in the contamination of a
urine sample by RBC, it eliminates the bacterial contamination
originating from the lower urinary tract that plagues most other
collection methods.3? The use of the cystocentesis method of
urine collection reduces the bacteria that could contaminate a
sample to falsely elevate the UPC ratio. By performing cysto-
centesis, secretions and debris of the lower urogenital tract are
avoided, and interpretation of urinalysis findings is simplified %
Urine collection by cystocentesis is an appropriate method of
obtaining a urine sample in chimpanzees when risks of bacterial
contamination are high.

In veterinary medicine, blood contamination of urine samples
may not cause an increase in UPC ratios.’® However, our results
indicated that even trace levels of blood contamination can
confound the interpretation of estimated UPC ratios (Figure 1).
Future studies should collect UPC data from a larger number
of animals to decisively test this conjecture. Meanwhile, we
recommend thorough evaluation of blood contamination of
urine samples when interpreting UPC ratios as a diagnostic
method to assess kidney function.

Appropriately measuring the level of proteinuria is vital to
evaluating protein loss and therefore kidney function. Proteinu-
ria is a sensitive indicator of renal damage.3> The magnitude
of proteinuria should be measured accurately and precisely by

using quantitative tests.!® In domestic species such as dogs, a
UPC ratio less than 0.5 is considered normal, and a UPC ratio
greater than 1.0 indicates proteinuria.’> In human medicine,
a UPC ratio of 0.1 is considered normal, whereas a UPC ratio
greater than 2 is usually associated with glomerulopathy pro-
ducing the nephrotic syndrome.” Our current research indicates
that captive chimpanzees have a normal UPC ratio (0.288) that
is similar to that of humans.

Nephrotic syndrome is a glomerular disease that is character-
ized by the presence of proteinuria, hypoalbuminemia, edema,
hyperlipuria, and hyperlipemia.! The leading diagnostic feature
of renal glomerular diseases is proteinuria.'” The finding of
proteinuria of greater than 3.5 g/24 h/1.73 m? is sufficient for
the designation of nephrotic syndrome.! In humans, proteinuria
greater than 3.5 g in 24 h indicates glomerular disease.’ Neph-
rotic syndrome has been described in captive chimpanzees.?”
The UPC values presented in this study can provide valuable
guidelines for diagnosing and evaluating chimpanzees with
nephrotic syndrome.

Renal disease has been noted in various captive chimpanzees
in the past.!#19%3% However, little is known about renal failure
in general in this species or about how to manage this disease.
Urinalysis and a UPC ratio is the initial testing needed to
evaluate renal function. As the captive chimpanzee population
continues to age, increased research into the various methods
and tests to evaluate various disorders associated with aging
is needed. Further studies to increase our knowledge of renal
dysfunction in chimpanzees are warranted.
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