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Abstract: Measurements of specific acute phase proteins (APP) and protein electrophoresis (EPH)
fractions have been widely used to better assess the health of species under managed care across
numerous taxa. To date, APP assays have not been validated in the hamadryas baboon (Papio
hamadryas), and reference intervals have not yet been established. This information is critical for
the interpretation of APP and EPH measurements used in the diagnosis of inflammatory diseases
during routine veterinary care of this species. To obtain this information, banked serum samples from
hamadryas baboons of various age, sex, and health status, under managed care at the North Carolina
Zoo, were analyzed. A small pilot study found significantly higher serum amyloid A (SAA) and C-
reactive protein (CRP) but not haptoglobin in baboons with acute inflammation compared to healthy
counterparts, so these two APPs were investigated further. Reagents for serum amyloid A (SAA)
and C-reactive protein (CRP) were validated, although differences in CRP reagents were observed.
Based on the results of this study, SAA and CRP were defined as major APPs that were significantly
increased in baboons with active inflammation or infection compared to healthy conspecifics. Baboons
with acute inflammation additionally had significantly higher gamma globulins compared to healthy
baboons. Although mean albumin concentrations were lower in baboons with acute inflammation,
the difference from healthy baboons was not statistically significant. This study identifies SAA, CRP,
and EPH as useful tools in the diagnosis of inflammatory disease in the hamadryas baboon and
establishes reference intervals to aid in the future veterinary care of this species.

Keywords: acute phase protein; C-reactive protein; hamadryas baboon; Papio hamadryas; protein
electrophoresis; serum amyloid A

1. Introduction

Native to the Horn of Africa and the southwestern Arabian Peninsula, hamadryas
baboons (Papio hamadryas) are a species of Old World monkey, of the family Cercopithe-
cidae, currently classified as least concern by the International Union for Conservation
of Nature. Hamadryas baboons are well represented in zoological institutions accredited
by the Association of Zoos & Aquariums (AZA) where routine veterinary care includes
pre-shipment examinations, quarantine, preventative health assessments, and diagnosis
and treatment of diseases [1]. Commonly encountered medical problems in hamadryas
baboons under managed care include conspecific wounding, age-related osteoarthritis, and
neoplasia [1].

Acute phase proteins (APP) are an integral part of the innate immune system, demon-
strating measurable increases (positive APPs) or decreases (negative APPs) in serum
concentration in response to many inflammatory processes including trauma, infection,
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stress, and neoplasia [2]. Changes in APPs are increasingly utilized in domestic and non-
domestic species as sensitive indicators of systemic inflammation that often increase prior
to appreciable leukogram changes [2]. Positive APPs can be further categorized by the
rapidity and magnitude of change in serum concentration, with major APPs having neg-
ligible basal levels and a greater than ten-fold increase within 24–48 h, moderate APPs
being present in healthy animals and demonstrating a five- to ten-fold increase within
48–72 h, and minor APPs rising less than two-fold at a gradual rate following an insult [3].
Conversely, negative APPs are reduced in production and serum concentrations following
an inflammatory stimulus [3].

Serum amyloid A (SAA) and C-reactive protein (CRP) are highly conserved positive
acute phase proteins in mammals, secreted from hepatocytes following cytokine stimulation.
These proteins have critical pro-inflammatory and anti-inflammatory effects that help to
stimulate and regulate the acute phase response. SAA induces further cytokine and
chemokine release while enhancing the survival of suppressor cells and the conversion of
macrophages to pro-resolving phenotypes [4,5]. CRP is a pattern recognition molecule that
enhances opsonization and phagocytosis and activates the complement pathway, while also
inducing the expression of anti-inflammatory cytokines and inhibiting chemotaxis [4,6].
Assays to measure these individual acute phase proteins are often species-specific and
cross-reactivity must be validated prior to clinical application in a novel species. Protein
electrophoresis (EPH) is a useful adjunct or alternative to individual APP assays as species-
specific reagents are not required. Furthermore, EPH provides a complete assessment of
the acute phase reaction by reporting broad groups of APPs and albumin, a negative APP
largely preserved across taxa [4].

APPs have been extensively researched and utilized in human medicine and have
been found to be useful tools in veterinary medicine to screen for subclinical disease,
monitor disease progression or treatment, assess stress and welfare, and even identify or
monitor gestation [5–13]. Although a recent evaluation found elevations in SAA and CRP
in individual cases of disease in various species of zoo-housed macaques, in Old World
species of nonhuman primates these APPs have been evaluated primarily in laboratory
populations [14–18]. An evaluation of APPs in response to acute and chronic active inflam-
mation in the rhesus macaque (Macaca mulatta) showed that SAA, CRP, and haptoglobin
were positive APPs while albumin and iron were negative APPs, and reference intervals
for these APPs were established [16]. In various baboon species, individual APPs have
been evaluated in response to inoculation with infectious disease, suggesting the utility of
SAA, CRP, and haptoglobin in the baboon [14,17,18]. However, reference intervals for these
measures have not been established in any baboon species to the authors’ knowledge.

This study aimed to evaluate the utility of positive APPs in the hamadryas baboon.
The first objective was to determine the cross-reactivity of currently available commercial
assays for SAA, CRP, and haptoglobin. The next objective was to evaluate measurable
APPs and EPH fractions across sex, age class, and health status and, finally, to establish
reference intervals in healthy hamadryas baboons.

2. Materials and Methods

In total, 66 banked serum samples from 30 hamadryas baboons under managed care
at the North Carolina Zoo (Asheboro, NC, USA) were used in this study. Samples were
opportunistically collected under general anesthesia during routine or focused health
examinations and frozen at −80 ◦C from 1995 to 2021. Medical records of all samples were
reviewed to identify baboon sex, age, and health status at the time of collection. Baboon
age was classified into categories of infant (<two years old), juvenile (two–four years
old), subadult (five–seven years old), adult (eight–twenty-five years old), and geriatric
(>twenty-five years old). Health status was classified as healthy, acutely ill, chronically ill,
or pregnant. Baboons were considered healthy when no clinically relevant abnormalities
were found on physical examination, complete blood count, biochemistry analysis, and
available radiographic or ultrasonographic imaging reports. Baboons classified as acutely ill
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had diagnoses of trauma, active localized infection, and postpartum disease (e.g., retained
placenta, metritis). Baboons classified as chronically ill had a diagnosis of osteoarthritis
with no acute exacerbation. Samples were excluded from the study if the animal was
administered an anti-inflammatory medication at any point in the one week prior to sample
collection. Pregnancy diagnosis was confirmed by detection of a fetal heartbeat using
ultrasound and by a recorded birth less than 180 days after the examination.

2.1. Reagent Validation

Cryopreserved samples were shipped in an insulated container overnight on dry
ice to the Comparative Pathology Laboratory at the University of Miami Miller School
of Medicine (Miami, FL, USA). SAA and CRP were quantified using immunoassays and
all analyses were performed using a Vitros 5600 analyzer (Ortho Clinical Diagnostics,
Rochester, NY, USA). The analyzer was maintained according to manufacturer guidelines.
A preliminary study to evaluate the cross-reactivity of APP assays included serum samples
from five healthy, five acutely ill, and five chronically ill baboons. Two reagents were
evaluated for SAA cross-reactivity: SAA-LZ and VET-SAA (Eiken Chemical Co., Tokyo,
Japan). Similarly, two reagents were evaluated for CRP: O-CRP (Ortho Clinical Diagnostics,
Rochester, NY, USA) and R-CRP (Randox Laboratories, Kearneysville, WV, USA). Hap-
toglobin was measured using a colorimetric assay (Tridelta Development Ltd., County
Kildare, Ireland). A sample pool from clinically abnormal baboons was diluted from 0 to
100% in 10% steps to assess linearity.

Capillary zone electrophoresis was performed according to the manufacturer protocols
on a Capillarys 2 Flex Piercing system (Sebia Inc., Norcross, GA, USA). Briefly, samples were
diluted 1:8 using urine running buffer as a diluent. Absolute values for each fraction were
obtained by multiplying the percentages for each fraction by the total protein concentration
as determined using the biuret method and a Vitros 5600 chemistry analyzer (Ortho Clinical
Diagnostics, Rochester, NY, USA). The A/G ratio was calculated by dividing the sum of
prealbumin and albumin by the sum of alpha, beta, and gamma globulins.

2.2. Cohort Comparison

Results for CRP, SAA, and EPH fractions were compared between (1) male and female
baboons, (2) age classes, and (3) healthy and acutely ill baboons. For all comparisons, the
distribution of cohorts was evaluated quantitatively using a Shapiro–Wilk test. Similarly,
the homogeneity of variances between cohorts was evaluated quantitatively using a Lev-
ene’s test. For comparisons between male and female baboons as well as healthy and
acutely ill baboons, a t test or Wilcoxon rank sum test was used depending on the distri-
bution and homogeneity of variances. For comparisons between age classes, an ANOVA
or Kruskal–Wallis test was used depending on distribution. If an ANOVA or Kruskal–
Wallis test found a significant difference, age classes were compared using a Tukey’s test
for multiple comparisons or pairwise Wilcoxon rank sum tests. To account for multiple
comparisons, p values were adjusted using the Bonferroni correction. For all statistical
tests, null hypotheses were rejected when p values were less than an alpha level of 0.05.
All calculations and analyses were performed in the statistical software R (R Foundation
for Statistical Computing, Vienna, Austria) using the ”boot”, ”car”, ”dplyr”, ”psych”, and
”referenceIntervals” packages and their dependents.

2.3. Reference Intervals

To establish de novo reference intervals in healthy hamadryas baboons for SAA, CRP,
and EPH fractions, methods outlined by the American Society for Veterinary Clinical
Pathology reference interval guidelines were followed [19]. Only healthy subadult, adult,
and geriatric baboon data were included when generating reference intervals. Potential out-
liers were identified visually using histograms and quantitatively using the Horn’s method
of outlier detection using Tukey’s interquartile fences [20]. The distribution of reference
data was evaluated visually using histograms and quantitatively using a Shapiro–Wilk
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test. Given the sample size (n = 23 for SAA; n = 20 for CRP) and non-Gaussian distribution
of the CRP and SAA data, robust methods were used to determine the 90% confidence
interval of reference limits. Conversely, for EPH data, parametric methods were utilized
given the sample size (n = 20) and Gaussian distribution [21]. A 90% confidence interval of
reference EPH fraction limits was obtained using bootstrap methods based on 5000 boot-
strap replicates. For all parameters, 90% confidence intervals around the upper and lower
reference limits were calculated. Finally, mean, median, minimum, and maximum values
were calculated for all parameters to allow informed clinical decision-making.

3. Results
3.1. Reagent Validation

In the preliminary study, the VET-SAA reagent but not the SAA-LZ reagent was found
to react with baboon samples (Table S1). For VET-SAA, the 95% CI for the slope included 1
(0.96–1.08) and the y-intercept included 0 (−5.21–0.02) and the Runs test indicated a devia-
tion from linearity (p = 0.02); the Pearson r was 0.99 (p < 0.0001). Both CRP reagents were
found to cross-react with baboon CRP (Table S1). For O-CRP, the 95% confidence intervals
(CI) for the slope included 1 (0.56–1.50) and the y-intercept included 0 (−4.15–31.70) but the
Runs test indicated a deviation from linearity (p = 0.02); the Pearson r was 0.86 (p = 0.0008).
For R-CRP the 95% CI for the slope included 1 (0.87–1.12) and the y-intercept included 0
(−43.5–20.3) and the Runs test did not indicate a deviation from linearity (p = 0.07); the
Pearson r was 0.99 (p < 0.0001). The inter-assay coefficient of variation was between 3.5%
and 2.6% for SAA and CRP analyses, respectively. Although haptoglobin values were
measurable in the preliminary study, no apparent increase was found in the small sample of
acutely ill or chronically ill baboons when visually compared to healthy baboons; therefore,
validation of this APP was not pursued further (Table S1).

A Bland–Altman plot demonstrated poor diagnostic agreement between O-CRP and R-
CRP in healthy, acutely ill, and chronically ill baboons with an average difference of 84 mg/L
(95% CI: −519–689 mg/L) (Figure S1). As VET-SAA and R-CRP provided the most robust
measurement of SAA and CRP, respectively, the data provided by these reagents were used
accordingly for the following cohort comparisons and reference interval calculations.

3.2. Cohort Comparison

Between male and female baboons, a Wilcoxon rank sum test found alpha-2 globulins
were significantly different (adjusted p value = 0.038); female baboons had significantly
higher absolute alpha-2 globulins than male conspecifics (median = 0.8 and 0.6 g/dL,
respectively) (Table S2). Among age classes, A Kruskal–Wallis test found no significant
difference between SAA, but did find two significant differences in CRP. Adult and juvenile
baboons had significantly higher CRP levels (adjusted p value = 0.03 and 0.01, respectively)
than infant baboons. Multiple ANOVAs found numerous significant differences among
baboon age classes in EPH parameters (adjusted p values < 0.001) with two exceptions: no
significant difference was found between adult and geriatric baboons or infant and juvenile
baboons (Table S3).

Preliminary data showed elevation in APPs with acute inflammation but not in APPs
with chronic inflammation; therefore, only baboons in the acutely ill cohort were evaluated
further. A Wilcoxon rank sum test found SAA and CRP were significantly different (ad-
justed p values = 0.038 and <0.001, respectively) between healthy and acutely ill baboons.
Figure 1 demonstrates the distribution of APPs by health status on a logarithmic scale. On
average, acutely ill baboon SAA increased approximately 40× (mean: 411.3 mg/L) and
CRP increased approximately 37× (mean: 374.4 mg/L) compared to healthy conspecifics
(means: 10.2, 10.0, 6.4 mg/L, respectively) (Table 1). Finally, a t test found that the per-
centage gamma globulins were significantly different (adjusted p values = 0.038) between
healthy and acutely ill baboons; on average, acutely ill baboons exhibited an approximate
3% increase in gamma globulins relative to total protein. All three pregnant females had
SAA and CRP within the reference intervals established in this study (Table 1).
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Table 1. Descriptive statistics for serum amyloid A (SAA), C-reactive protein (CRP), and protein
electrophoresis fractions in hamadryas baboons of various health status. The healthy and acutely
ill cohorts include males, females, and all age groups. An asterisk indicates statistical significance
compared to the healthy cohort, p ≤ 0.05.

Protein Units Status n Mean Median Min Max

SAA mg/L Healthy 41 10.2 4.8 1.3 67.1
Acutely ill * 17 411.3 153.8 0.8 2816.6

Pregnant 3 2.5 2.0 2.0 4.3

CRP mg/L Healthy 37 10.0 5.1 0.1 97.1
Acutely ill * 12 374.4 140.6 0.1 2116.0

Pregnant 3 1.8 1.17 0.1 4.21

A/G Ratio g/dL Healthy 37 1.3 1.29 0.75 1.9
Acutely ill 12 0.9 0.835 0.47 1.8

Prealbumin g/dL Healthy 37 0.1 0.09 0.05 0.2
Acutely ill 12 0.1 0.11 0.03 0.1

% Healthy 37 1.5 1.5 0.7 2.4
Acutely ill 12 1.6 1.55 1 2.2

Albumin g/dL Healthy 37 3.4 3.45 2.57 4.1
Acutely ill 12 2.8 3.07 0.87 3.9

% Healthy 37 53.8 54.8 41.3 64.4
Acutely ill 12 45.0 44.15 30.6 62.3

Alpha-1 g/dL Healthy 37 0.3 0.26 0.2 0.3
Acutely ill 12 0.3 0.28 0.18 0.4

% Healthy 37 4.1 4 3.4 5.2
Acutely ill 12 4.8 4.3 3.2 7.5

Alpha-2 g/dL Healthy 37 0.7 0.68 0.44 1.1
Acutely ill 12 0.9 0.85 0.32 1.5

% Healthy 37 11.1 10.8 7.4 15.7
Acutely ill 12 14.1 12.95 9.4 23.0

Beta-1 g/dL Healthy 37 0.7 0.64 0.46 0.9
Acutely ill 12 0.7 0.75 0.34 1.0

% Healthy 37 10.4 10.5 7.9 12.5
Acutely ill 12 11.6 11.85 8.5 14.3

Beta-2 g/dL Healthy 37 0.5 0.44 0.26 0.7
Acutely ill 12 0.5 0.54 0.22 0.7

% Healthy 37 7.0 6.8 4.1 9.7
Acutely ill 12 8.0 8.55 4 9.7

Total Beta g/dL Healthy 37 1.1 1.08 0.73 1.5
Acutely ill 12 1.2 1.29 0.57 1.7

% Healthy 37 17.5 17.3 12.5 21.8
Acutely ill 12 19.5 20.4 12.6 24.0

Gamma g/dL Healthy 37 0.8 0.75 0.39 1.1
Acutely ill 12 0.9 0.965 0.42 1.3

% Healthy 37 12.0 12.3 7.1 16.8
Acutely ill * 12 14.9 15.55 8.5 17.6

3.3. Reference Intervals

Reference intervals calculated for SAA, CRP, and EPH fractions in subadult, adult, and
geriatric baboons are demonstrated in Table 2. Reference intervals were calculated from 23,
20, and 20 healthy baboon serum samples, respectively. No outliers were identified visually
or quantitatively among any baboons used to establish reference intervals.
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Table 2. Reference intervals for serum amyloid A (SAA), C-reactive protein (CRP), and protein
electrophoresis (EPH) fractions in the hamadryas baboon. SAA and CRP data were non-normally
distributed with reference intervals calculated using robust methods. EPH fraction data were normally
distributed and reference intervals were calculated using parametric methods. Healthy subadult,
adult, and geriatric baboons were included.

Protein Units n Mean Median Min Max Reference
Interval

Lower
90% CI

Upper
90% CI

SAA mg/L 23 11.2 5.3 1.4 62.6 0 *–35.9 Null 20.2–53.4

CRP mg/L 20 13.2 5.22 0.1 97.1 0 *–53.6 Null 25.2–87

A/G
Ratio g/dL 20 1.08 1.07 0.75 1.49 0.64–1.51 0.51–0.78 1.37–1.65

Prealbumin g/dL 20 0.11 0.1 0.05 0.17 0.05–0.17 0.03–0.07 0.15–0.19
% 20 1.6 1.6 0.7 2.4 0.8–2.4 0.5–1 2.1–2.6

Albumin g/dL 20 3.37 3.41 2.57 4.05 2.61–4.13 2.37–2.85 3.88–4.37
% 20 49.8 49.8 41.3 58.6 39.6–59.9 36.4–42.9 56.6–63.1

Alpha-1 g/dL 20 0.27 0.27 0.23 0.33 0.22–0.31 0.2–0.23 0.3–0.33
% 20 3.9 4 3.4 4.6 3.3–4.5 3.1–3.5 4.3–4.7

Alpha-2 g/dL 20 0.84 0.85 0.6 1.13 0.52–1.16 0.42–0.63 1.06–1.27
% 20 12.4 12.7 9.4 15.7 8.4–16.3 7.2–9.7 15.1–17.6

Beta-1 g/dL 20 0.76 0.77 0.62 0.87 0.6–0.92 0.55–0.65 0.87–0.97
% 20 11.2 11.3 9.4 12.5 9.4–12.9 8.8–10 12.4–13.5

Beta-2 g/dL 20 0.53 0.56 0.37 0.68 0.36–0.7 0.31–0.42 0.64–0.75
% 20 7.8 7.7 5.4 9.7 5.5–10.1 4.7–6.2 9.4–10.9

Total Beta g/dL 20 1.29 1.33 1.01 1.52 0.98–1.59 0.89–1.08 1.49–1.69
% 20 19 19.3 14.8 21.8 15.2–22.8 14–16.4 21.6–24

Gamma g/dL 20 0.91 0.97 0.55 1.14 0.55–1.27 0.44–0.66 1.15–1.38
% 20 13.4 13.6 8.8 16.8 8.8–17.9 7.3–10.3 16.5–19.4

* The estimated lower limit of the reference interval and corresponding lower 90% confidence interval were below
the detection limit for SAA and CRP.

4. Discussion

This study is the first to establish cross-reactivity, reference intervals, and the clinical
utility of common APPs in the hamadryas baboons. Preliminary studies successfully



J. Zool. Bot. Gard. 2023, 4 114

validated the use of one SAA and two CRP reagents, although different reactivity was
observed with the latter. Baboons with acute infection or inflammation were found to
have significant elevations of SAA, CRP, and absolute gamma globulins compared to their
healthy counterparts. Based on these findings, reference intervals were established for SAA,
CRP, and EPH fractions in healthy hamadryas baboons.

Although the use of APPs has not previously been reported in the hamadryas ba-
boon, changes in these parameters compared to the baseline have been reported in other
baboon species used in experimental infection models. In chacma baboons (Papio ursinus)
with experimental Escherichia coli infection, a fifteen-fold rise was seen in CRP at 72 h
post-inoculation [14]. In yellow baboons (Papio cynocephalus) inoculated with group A strep-
tococci, CRP peaked around 48 h [18]. In olive baboons (Papio Anubis) with experimental
Schistosoma mansoni infection, haptoglobin rapidly increased four-fold and returned to the
baseline with the resolution of the infection [17].

In the present study, SAA and CRP would be classified as major positive APPs in
hamadryas baboons, with an average forty-fold and thirty-seven-fold increase in SAA and
CRP, respectively. This is in agreement with the findings of a greater than ten-fold increase
in CRP in the chacma baboon and a rise in CRP within 48 h in the yellow baboon during
experimental sepsis [14,18]. Unfortunately, the use of archived samples precluded the ability
to determine the time from the stimulus to peak APP concentration in this study population.
The discrepancy between the clinical relevance of haptoglobin in hamadryas and olive
baboons using a similar colorimetric assay is also unclear, but is likely attributed to the
small sample size of the pilot study reported here rather than a true species difference. The
median haptoglobin concentration measured in four healthy and five acutely ill hamadryas
baboons was 2.51 and 2.37 mg/mL, respectively, and therefore further investigation of
this APP in this study population was not pursued. However, similar to the olive baboon,
haptoglobin in other mammalian species is often characterized as a moderate positive APP
with a two- to five-fold increase during an inflammatory process [3]. This may have been
the case in the hamadryas baboon had it been measured in a larger study population.

It was unexpected to find that two human-focused reagents, SAA-LZ and O-CRP, did
not perform as well as their veterinary counterparts, VET-SAA and R-CRP, in this nonhu-
man primate species. In a recent report, a human-focused assay for CRP, different from the
assay used in this study, and VET-SAA were both found to cross-react with APPs of various
macaque species. However, VET-SAA did not produce as robust a measurement in the
Strepsirrhini species when visually compared to the Haplorhini species. Importantly, vali-
dation for these assays was not performed in any of the species assessed in that study [15].
These findings, combined with the data presented here, highlight the importance of con-
tinued research to validate and utilize assays with optimal cross-reactivity to accurately
quantify these inflammatory markers in the various species under veterinary care.

Clinical interpretation of APPs is aided by the establishment of species-specific refer-
ence intervals from a similar healthy population. Within the population of clinically normal
baboons in this study, no difference was found in APPs between males and females, but fe-
male baboons were found to have statistically higher absolute alpha-2 globulins than males.
However, when comparing the median measurement for each sex, the difference is likely
clinically insignificant (median = 0.8 g/dL in females and 0.6 g/dL in males). Therefore,
males and females were included in the established reference intervals. Infants and juve-
niles were excluded from the population for the purpose of establishing reference intervals.
Although no difference was found across age classes for SAA, CRP was statistically lower
in infants than in juveniles and adults. Similarly, a significant difference was found in at
least one pairwise comparison between age classes for almost all individual EPH fractions.
Importantly, no significant differences were found between adult and geriatric baboons as
well as infant and juvenile baboons for any EPH fraction. Despite significant differences in
subadults compared to adult and geriatric baboons, these three age classes were included
in the established reference intervals to meet the minimum threshold recommended by the
American Society for Veterinary Clinical Pathology [19]. It is possible that larger sample
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sizes of healthy reference individuals could allow stricter partitioning criteria and more
refined reference intervals.

As previously mentioned, EPH is a valuable tool because this test assesses the entire
acute phase response, reported as groups of APPs, in contrast to measuring individual APPs
which may require species-specific reagents. This evaluation also includes albumin, a well-
conserved negative APP across taxa [2,7,10,22] which has also previously been identified
as a negative APP in baboons [17,18]. Mean serum concentrations in albumin in this study
were lower in acutely ill hamadryas baboons than healthy baboons, but this difference
was not statistically significant after adjustment of p values for multiple comparisons.
Interestingly, in baboons with experimental infection, the decline in albumin concentrations
was not as robust as expected and occurred later in the inflammatory model [17,18]. It
seems likely that in a larger study population, albumin would be identified as a negative
APP in the hamadryas baboon as well.

A very small number (n = 3) of samples from pregnant females were available for
inclusion in this study. Data in the giant panda (Ailuropoda melanoleuca) showed that urine
concentrations of the APP ceruloplasmin could be correlated with pregnancy and used to
distinguish pregnancy from pseudopregnancy. It was also noted that urine ceruloplasmin
concentrations followed a specific pattern that deviated if the pregnancy was lost [13].
Concentrations of ceruloplasmin in serum are also reported to increase in humans during
pregnancy [23–25]. Furthermore, serum ceruloplasmin, haptoglobin, and CRP concentra-
tions increased during pregnancy in dogs [26,27]. Although ceruloplasmin has not been
evaluated in baboons in this context, CRP has been evaluated in the pregnant olive baboon.
In that study, serum levels were likely reflective of the severity of an experimentally in-
duced periodontitis and did not appear to relate to the stage of pregnancy [28]. For the
three pregnant hamadryas baboons in this study, no clinical difference could be identi-
fied in either CRP or SAA when compared to the healthy population. However, further
study is needed to evaluate the utility of APPs for information regarding pregnancy in
hamadryas baboons.

The major limitation of this study was the dependance on archived samples from
the study population. The sample size available required robust methods for calculating
reference intervals and precluded stricter partitioning by sex or individual age group to
establish more refined reference intervals for subgroups [19]. The reference population was
limited to one hamadryas baboon troop at a single institution; thus, multiple samples from
individual baboons at different time points were included in the data set. When evaluating
APPs in baboons with acute illness or inflammation, retrospective case selection required
the inclusion of various ailments not necessarily of the same nature (e.g., acute trauma vs.
focal infection). Similarly, it was not possible to control the timepoint from the stimulus
of inflammation to serum collection and most often that information was not available
in the reviewed medical record. Samples were stored for up to 26 years at −80 ◦C prior
to shipping for analysis; however, these are the recommended conditions for long-term
storage to preserve APPs in human samples [29,30]. Despite these limitations, the study
population is reflective of a hamadryas baboon troop under managed care and the data
reported here remain a valuable foundation for the clinical use of APPs in this species.

5. Conclusions

In hamadryas baboons, SAA and CRP appear to be major positive APPs reflective
of acute inflammation or illness, while absolute gamma globulins were most consistently
elevated on EPH. After assay validation, reference intervals were established for SAA, CRP,
and EPH protein fractions in healthy hamadryas baboons to aid in their clinical use in
this species.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jzbg4010012/s1, Table S1: Preliminary data to assess for cross-
reactivity of haptoglobin, serum amyloid-A (Vet-SAA) and C-reactive protein (CRP-NHP and CRP-K)
in the hamadryas baboon; Figure S1: Bland–Altman plot demonstrating poor agreement between
C-reactive protein measurements in hamadryas baboons using two different reagents, O-CRP and
R-CRP. The solid black line denotes the average difference (84 mg/L), and the red dashed lines denote
a 95% confidence interval of the average difference (−519–689 mg/L); Table S2: Descriptive statistics
of acute phase proteins and protein electrophoresis fractions in healthy female and male hamadryas
baboons. Vet-SAA denotes the reagent used to measure the serum amyloid A while, CRP-NHP and
CRP-K denote two separate reagents used to measure the C-reactive protein. An asterisk indicates
statistical significance between females and males, p ≤ 0.05; Table S3: Descriptive statistics of acute
phase proteins and protein electrophoresis fractions in healthy hamadryas baboons separated by age
class; infant (<two years old), juvenile (two–four years old), subadult (five–seven years old), adult
(eight–twenty-five years old), and geriatric (>twenty-five years old). Vet-SAA denotes the reagent
used to measure serum amyloid A, while CRP-NHP and CRP-K denote two separate reagents used
to measure the C-reactive protein. Statistically significant differences between age classes are denoted
by the superscript letters A–D. Age classes that are significantly different do not share a superscript
letter. Age classes with no superscript letter demonstrated no significant difference from the other
age classes for that measured protein. Statistical significance was determined by a p value ≤ 0.05.
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