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Abstract: This study compared hematocrit measured with the EPOC and i-STAT Alinity v point-
of-care analyzers and manual measurement of packed cell volume in managed African savanna
elephants (Loxodonta africana) and southern white rhinoceros (Ceratotherium simum simum). Bio-
chemical analytes were also measured with the EPOC, i-STAT Alinity v, and a veterinary diagnostic
laboratory in the same animals. Analytes assessed included blood urea nitrogen, chloride, creatinine,
glucose, ionized calcium, potassium, and sodium. There were no differences for hematocrit values
for African savanna elephants or southern white rhinoceros (p ≤ 0.05). In African savanna elephants,
there were no differences between the EPOC and i-STAT Alinity v analyzers for any measured
analytes except ionized calcium. When compared to a veterinary diagnostic laboratory, there were
differences for a majority of the biochemical analytes measured on the EPOC and i-STAT Alinity
v analyzers in African savanna elephants. In southern white rhinoceros, there were differences for
a majority of analytes among all three analyzers. While differences existed among the portable analyz-
ers and a veterinary diagnostic laboratory for biochemical analytes in both species, these numerically
small differences are unlikely to be clinically significant. For routine health care of African savanna
elephants and southern white rhinoceros, these point-of-care analyzers may be a useful alternative to
commercial analyzers for the parameters evaluated.

Keywords: biochemistry; Ceratotherium simum simum; EPOC analyzer; hematology; i-STAT Alinity
v analyzer; Loxodonta africana; point-of-care analyzer

1. Introduction

The African savanna elephant (Loxodonta africana) and the southern white rhinoceros
(Ceratotherium simum simum) are currently classified as endangered and near threatened,
respectively, on the International Union for Conservation of Nature (IUCN) Red List
of Threatened Species [1,2]. Both of these populations are declining throughout their
historical range due to poaching and increasing competition from expanding human
populations [3–8]. Given their precarious populations, monitoring the health of both
free-ranging animals and animals under human care is vital for the in situ and ex situ
conservation of these species.

Hematological and biochemical analysis have proven to be useful tools for monitoring
health and contributing to a complete clinical examination of elephants and rhinoceros [9–13].
The increased availability of portable point-of-care (POC) analyzers in veterinary medicine
has facilitated plasma biochemistry and venous blood gas analysis in field settings in both
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elephant and rhinoceros species [14–20]. POC analyzers perform blood analysis within
minutes, allowing for more informed clinical decision making during veterinary procedures.
Additionally, POC analyzers address some of the challenges of traditional benchtop analysis
in these species including minimizing the effects of storage conditions and transport
delays on results [21]. To maximize the utility of POC analyzers in clinical decision-
making, POC analyzers should be validated for use in each species. Current guidelines
published by the American Society of Veterinary Clinical Pathology (ASVCP) recommend
comparison of test results from POC analyzers to those from a university, commercial,
or reference laboratory [22]. Evaluation of POC analyzers for biochemical analysis has
previously been performed in several wildlife species including American flamingos, Asian
elephants, canvasbacks, cynomolgus macaques, loggerhead sea turtles, northern elephant
seals, rockfish, Seminole killfish, and a variety of reptile species [19,23–31]. To the authors’
knowledge, there are currently no reports comparing the Element POC (Heska, Loveland,
CO 80538, USA) and i-STAT Alinity v (Zoetis, NJ 07054, USA) POC analyzers to a veterinary
diagnostic laboratory for biochemical analysis in either the African savanna elephant or the
southern white rhinoceros.

The Element POC or EPOC is a portable POC blood analyzer that is marketed for use
in domestic animal species including dogs, cats, and horses. EPOC uses a single room-
temperature test card to measure hematological, biochemical, and blood gas parameters [32].
The i-STAT Alinity v handheld analyzer is a handheld veterinary blood analyzer that is
also marketed for use in domestic species including dogs, cats, and horses [33]. The i-STAT
Alinity v utilizes refrigerated cartridges, and several different cartridges are available
for measuring a range of analytes, including the CHEM8+ cartridge, which provides
biochemical analysis (Zoetis, Parsippany, NJ 07054, USA) [33].

The objective of this research was to compare biochemical values obtained using the
EPOC and i-STAT Alinity v POC analyzers to values obtained at a veterinary diagnostic
laboratory for two zoological species under managed care: the African savanna elephant
and the southern white rhinoceros. Additionally, this research compared hematocrit values
obtained using the EPOC and i-STAT Alinity v POC analyzers to manual measurement
of packed cell volume. We hypothesized that there would be no significant differences
for biochemical values measured among the POC analyzers and the veterinary diagnostic
laboratory or for hematocrit measured among the POC analyzers and manual measurement
of packed cell volume for either species.

2. Materials and Methods
2.1. Animals and Sample Collection

Six African savanna elephants (3 males and 3 females; age range 18–49 years) and
9 southern white rhinoceros (9 females; age range 1–53 years) managed by the North
Carolina (NC) Zoo, Asheboro, NC, USA had blood collected during routine quarterly
wellness examinations between August 2021 and October 2021. All animals included in
this study were deemed to be clinically healthy based on physical examination and routine
diagnostic testing at the time of sample collection. This research was conducted under the
guidelines and approval of the North Carolina Zoo Research Committee.

All blood samples used in this study were collected voluntarily using positive re-
inforcement behavioral training techniques. For the African savanna elephants, blood
was collected from the auricular vein using a 20-gauge butterfly needle with a vacutainer
attachment (Becton, Dickinson, and Company, NJ 07417, USA). For the southern white
rhinoceros, blood was collected from the medial radial vein using the same methodology.
Blood samples were collected into serum separator vacutainer tubes (Becton, Dickinson,
and Company, NJ 07417, USA) and vacutainer tubes containing the anticoagulant lithium
heparin (Becton, Dickinson, and Company, NJ 07417, USA). Following collection at the
animal enclosures, samples were transported to the NC Zoo veterinary hospital laboratory
within 5 min of sample collection for further processing.
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2.2. Hematological and Biochemical Analysis

At the NC Zoo veterinary hospital laboratory, non-heparinized hematocrit tubes
were filled from the lithium heparin-coated vacutainer tubes and centrifuged at a g-force
of 11,359 for 5 min to allow for the manual measurement of packed cell volume for
each animal.

The blood samples collected into serum separator vacutainer tubes were centrifuged
at a g-force of 2840 for 10 min. The serum samples were shipped overnight on ice in
insulated packaging to a commercial veterinary diagnostic laboratory (Antech Diagnostics,
Inc., Fountain Valley, CA 92708 USA). Serum samples were analyzed using an AU5800
Series Clinical Chemistry Analyzer (Beckman Coulter, Brea, CA 92821, USA) within 24 h
of venipuncture.

Whole blood samples collected into lithium heparin vacutainer tubes were utilized
for biochemical analysis at the NC Zoo veterinary hospital laboratory using both the
EPOC and i-STAT Alinity v POC analyzers. The EPOC cartridge measured the following
analytes: pH, partial pressure of carbon dioxide, partial pressure of oxygen, sodium, chlo-
ride, potassium, ionized calcium, creatinine, blood urea nitrogen (BUN), glucose, lactate,
and hematocrit. The EPOC also calculated the following analytes: total carbon dioxide,
bicarbonate, base excess of extracellular fluid, base excess of blood, anion gap, oxygen
saturation, and hemoglobin. The i-STAT CHEM8+ cartridge was used for sample analysis
on the i-STAT Alinity v analyzer. Analytes measured by the CHEM8+ cartridge include
sodium, potassium, chloride, total carbon dioxide, ionized calcium, glucose, BUN, creati-
nine, and hematocrit. The CHEM8+ cartridge also calculated anion gap and hemoglobin.
Samples were analyzed using the EPOC and i-STAT Alinity v analyzers within 15 min
of venipuncture.

Only analytes that could be measured by both handheld analyzers were assessed in
this study. Specific analytes assessed include BUN, chloride, creatinine, glucose, hematocrit,
ionized calcium, potassium, and sodium. Hematocrit was compared between the EPOC
analyzer, the i-STAT Alinity v analyzer, and manual measurement of packed cell volume.
Six biochemical analytes (BUN, chloride, creatinine, glucose, ionized calcium, potassium,
and sodium) were compared between the veterinary diagnostic laboratory, the EPOC
analyzer, and the i-STAT Alinity v analyzer. For ionized calcium, only comparison between
the EPOC analyzer and the i-STAT Alinity v analyzer was performed, as ionized calcium
was not measured by the veterinary diagnostic laboratory.

2.3. Statistical Analysis

All statistical analyses were performed in RStudio version 1.4.1717 (Boston, MA 02210,
USA). Given the small sample sizes for both the African savanna elephant and the southern
white rhinoceros, non-parametric testing was utilized. A Wilcoxon signed-rank test was
used in both species for pairwise comparison of the specific analyzers used to measure each
analyte. Statistical significance for all analyses was set at p ≤ 0.05. Accuracy and precision
were not evaluated for any of the analyzers assessed in this study.

3. Results

There were no significant differences for hematocrit values for African savanna ele-
phants or southern white rhinoceros when comparing the EPOC and i-STAT Alinity
v analyzers to the manual measurement of packed cell volume or when comparing the
EPOC and i-STAT Alinity v analyzers to each other (Tables 1–3).
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Table 1. Descriptive statistics of hematocrit and biochemical values in African savanna elephants (Loxodonta africana; n = 6) and southern white rhinoceros
(Ceratotherium simum simum; n = 9) measured by the EPOC analyzer, manual measurement of packed cell volume (PCV), and a veterinary diagnostic laboratory (VDL).

African Savannah Elephants Southern White Rhinoceros

Analyte Analyzer Mean ± SEM Median IQR
(Q1–Q3) Min–Max Mean ± SEM Median IQR

(Q1–Q3) Min–Max

Hematocrit (%)
PCV 34.7 ± 0.56 35.0 33.5–35.8 33–36 34.8 ± 1.38 35.0 33.0–36.0 28–42

EPOC 37.3 ± 1.41 37.0 35.5–38.5 33–43 36.1 ± 2.02 36.0 32.0–37.0 27–47

Sodium (mmol/L)
VDL 130.2 ± 0.79 a 130.5 128.5–131.0 128–133 132.3 ± 0.58 132.0 131.0–134.0 130–135

EPOC 129.0 ± 0.73 b 128.5 128.0–129.8 127–132 133.4 ± 0.73 134.0 132.0–135.0 130–137

Potassium
(mmol/L)

VDL 4.5 ± 0.14 a 4.6 4.4–4.6 4.0–5.0 4.3 ± 0.07 4.4 4.2–4.4 4.0–4.6
EPOC 4.3 ± 0.18 b 4.3 4.1–4.5 3.6–4.9 4.3 ± 0.05 4.4 4.2–4.4 4.1–4.5

Chloride (mmol/L)
VDL 88.0 ± 1.03 87.0 87.0–89.3 85–92 91.7 ± 1.00 a 91.0 91.0–93.0 86–97

EPOC 90.2 ± 1.08 89.5 88.3–90.8 88–95 96.0 ± 1.20 b 96.0 94.0–99.0 89–100

Glucose (mg/dL) VDL 88.7 ± 6.96 a 87.5 76.3–99.5 68–113 66.4 ± 4.21 a 68.0 61.0–76.0 47–82
EPOC 96.8 ± 7.23 b 93.5 85.0–108.0 76–123 73.3 ± 4.28 b 79.0 64.0–82.0 55–89

Blood Urea
Nitrogen (mg/dL)

VDL 7.7 ± 0.33 a 7.5 7.0–8.0 7–9 17.6 ± 0.93 a 18.0 16.0–20.0 13–21
EPOC 5.7 ± 0.61 b 6.0 5.3–6.8 3–7 16.1 ± 0.99 b 16.0 15.0–18.0 12–20

Creatinine (mg/dL) VDL 1.7 ± 0.21 a 1.6 1.4–1.8 1.3–2.7 1.2 ± 0.08 a 1.3 1.0–1.3 0.9–1.5
EPOC 2.1 ± 0.23 b 1.9 1.8–2.3 1.7–3.1 1.5 ± 0.12 b 1.6 1.1–1.8 1.0–1.9
a, b Denotes statistically significant difference between the PCV or VDL and the EPOC analyzer based on Wilcoxon signed-rank analysis test (p ≤ 0.05).
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Table 2. Descriptive statistics of hematocrit and biochemical values in African savanna elephants (Loxodonta africana; n = 6) and southern white rhinoceros
(Ceratotherium simum simum; n = 9) measured by the i-STAT Alinity v analyzer, manual measurement of packed cell volume (PCV), and a veterinary diagnostic
laboratory (VDL).

African Savannah Elephants Southern White Rhinoceros

Analyte Analyzer Mean ± SEM Median IQR
(Q1–Q3) Min–Max Mean ± SEM Median IQR

(Q1–Q3) Min–Max

Hematocrit (%)
PCV 34.7 ± 0.56 35.0 33.5–35.8 33–36 34.8 ± 1.38 35.0 33.0–36.0 28–42

i-STAT 35.0 ± 0.86 35.0 34.0–36.0 32–38 35.3 ± 1.57 35.0 33.0–37.0 28–44

Sodium (mmol/L)
VDL 130.2 ± 0.79 130.5 128.5–131.0 128–133 132.3 ± 0.58 132.0 131.0–134.0 130–135

i-STAT 129.2 ± 0.87 128.5 128.0–129.8 127–133 133.0 ± 0.67 133.0 132.0–134.0 129–136

Potassium
(mmol/L)

VDL 4.5 ± 0.14 a 4.6 4.4–4.6 4.0–5.0 4.3 ± 0.07 a 4.4 4.2–4.4 4.0–4.6
i-STAT 4.2 ± 0.15 b 4.2 4.0–4.4 3.6–4.7 4.2 ± 0.06 b 4.3 4.1–4.4 3.9–4.4

Chloride (mmol/L)
VDL 88.0 ± 1.03 87.0 87.0–89.3 85–92 91.7 ± 1.00 a 91.0 91.0–93.0 86–97

i-STAT 88.7 ± 1.09 88.5 86.5–89.8 86–93 94.3 ± 1.08 b 94.0 93.0–97.0 88–98

Glucose (mg/dL) VDL 88.7 ± 6.96 a 87.5 76.3–99.5 68–113 66.4 ± 4.21 a 68.0 61.0–76.0 47–82
i-STAT 94.5 ± 6.32 b 91.0 82.8–106.0 78–116 73.4 ± 4.62 b 77.0 66.0–84.0 50–89

Blood Urea
Nitrogen (mg/dL)

VDL 7.7 ± 0.33 a 7.5 7.0–8.0 7–9 17.6 ± 0.93 18.0 16.0–20.0 13–21
i-STAT 6.0 ± 0.37 b 6.0 5.3–6.8 5–7 18.0 ± 1.00 19.0 15.0–20.0 14–22

Creatinine (mg/dL) VDL 1.7 ± 0.21 a 1.6 1.4–1.8 1.3–2.7 1.2 ± 0.08 a 1.3 1.0–1.3 0.9–1.5
i-STAT 2.0 ± 0.28 b 1.8 1.6–2.1 1.5–3.3 1.3 ± 0.12 b 1.5 1.0–1.6 0.9–1.8

a, b Denotes statistically significant difference between the PCV or VDL and the i-STAT Alinity v analyzer based on Wilcoxon signed-rank analysis test (p ≤ 0.05).
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Table 3. Descriptive statistics of hematocrit and biochemical values in African savanna elephants (Loxodonta africana; n = 6) and southern white rhinoceros
(Ceratotherium simum simum; n = 9) measured by the i-STAT Alinity v and EPOC analyzers.

African Savannah Elephants Southern White Rhinoceros

Analyte Analyzer Mean ± SEM Median IQR
(Q1–Q3) Min–Max Mean ± SEM Median IQR

(Q1–Q3) Min–Max

Hematocrit (%)
i-STAT 35.0 ± 0.86 35.0 34.0–36.0 32–38 35.3 ± 1.57 35.0 33.0–37.0 28–44
EPOC 37.3 ± 1.41 37.0 35.5–38.5 33–43 36.1 ± 2.02 36.0 32.0–37.0 27–47

Sodium (mmol/L)
i-STAT 129.2 ± 0.87 128.5 128.0–129.8 127–133 133.0 ± 0.67 133.0 132.0–134.0 129–136
EPOC 129.0 ± 0.73 128.5 128.0–129.8 127–132 133.4 ± 0.73 134.0 132.0–135.0 130–137

Potassium
(mmol/L)

i-STAT 4.2 ± 0.15 4.2 4.0–4.4 3.6–4.7 4.2 ± 0.06 a 4.3 4.1–4.4 3.9–4.4
EPOC 4.3 ± 0.18 4.3 4.1–4.5 3.6–4.9 4.3 ± 0.05 b 4.4 4.2–4.4 4.1–4.5

Chloride (mmol/L)
i-STAT 88.7 ± 1.09 88.5 86.5–89.8 86–93 94.3 ± 1.08 a 94.0 93.0–97.0 88–98
EPOC 90.2 ± 1.08 89.5 88.3–90.8 88–95 96.0 ± 1.20 b 96.0 94.0–99.0 89–100

Glucose (mg/dL) i-STAT 94.5 ± 6.32 91.0 82.8–106.0 78–116 73.4 ± 4.62 77.0 66.0–84.0 50–89
EPOC 96.8 ± 7.23 93.5 85.0–108.0 76–123 73.3 ± 4.28 79.0 64.0–82.0 55–89

Blood Urea
Nitrogen (mg/dL)

i-STAT 6.0 ± 0.37 6.0 5.3–6.8 5–7 18.0 ± 1.00 a 19.0 15.0–20.0 14–22
EPOC 5.7 ± 0.61 6.0 5.3–6.8 3–7 16.1 ± 0.99 b 16.0 15.0–18.0 12–20

Creatinine (mg/dL) i-STAT 2.0 ± 0.28 1.8 1.6–2.1 1.5–3.3 1.3 ± 0.12 a 1.5 1.0–1.6 0.9–1.8
EPOC 2.1 ± 0.23 1.9 1.8–2.3 1.7–3.1 1.5 ± 0.12 b 1.6 1.1–1.8 1.0–1.9

Ionized Calcium
(mmol/L)

i-STAT 1.29 ± 0.023 a 1.30 1.25–1.33 1.21–1.35 1.54 ± 0.035 a 1.59 1.47–1.62 1.35–1.64
EPOC 1.22 ± 0.033 b 1.21 1.18–1.28 1.10–1.32 1.47 ± 0.032 b 1.47 1.40–1.53 1.34–1.63
a, b Denotes statistically significant difference between the i-STAT Alinity v analyzer and the EPOC analyzer based on Wilcoxon signed-rank analysis test (p ≤ 0.05).
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In the African savanna elephants, significant differences were found when comparing
the EPOC analyzer to the veterinary diagnostic laboratory for 5 of the 6 biochemical
analytes compared (sodium, potassium, glucose, BUN, and creatinine) (Table 1). When
comparing the i-STAT Alinity v analyzer to the veterinary diagnostic laboratory, there were
significant differences for 4 of the 6 biochemical analytes compared (potassium, glucose,
BUN, and creatinine) (Table 2). There was no significant difference between the EPOC and
i-STAT Alinity v analyzers for any of the measured biochemical analytes except for ionized
calcium (Table 3).

In the southern white rhinoceros, significant differences were found when comparing
the EPOC analyzer to the veterinary diagnostic laboratory for 4 of the 6 biochemical
analytes compared (chloride, glucose, BUN, and creatinine) (Table 1). When comparing
the i-STAT Alinity v analyzer to the veterinary diagnostic laboratory, there were significant
differences for 4 of the 6 biochemical analytes compared (potassium, chloride, glucose, and
creatinine) (Table 2). When comparing the EPOC and i-STAT Alinity v analyzers, there were
significant differences for 5 of the 7 biochemical analytes compared (potassium, chloride,
BUN, creatinine, and ionized calcium) (Table 3).

4. Discussion

There were no significant differences for hematocrit values for African savanna ele-
phants or southern white rhinoceros when comparing the EPOC and i-STAT Alinity
v analyzers to the manual measurement of packed cell volume. Prior studies in other
species have identified significant differences between manual and automated measure-
ments of hematocrit [34,35]. This may be due to plasma trapping within erythrocytes in
centrifuged samples for manual measurement [34–36]. Despite these prior studies, manual
measurement of packed cell volume was chosen for comparison to the POC analyzers as it
is the typical method of analysis performed at the NC Zoo veterinary hospital laboratory.
Manual measurement of packed cell volume is a widely used diagnostic tool due to its
low cost, availability of equipment, ease of performance, and ability to obtain rapid analy-
sis. The results of this study suggest that the difference between manual and automated
measurement of hematocrit may be minimal in the African savanna elephant and southern
white rhinoceros.

In the African savanna elephants analyzed in this study, there were no statistically
significant differences for any of the assessed biochemical analytes between the EPOC and
i-STAT Alinity v analyzers except for ionized calcium.

Ionized calcium is a clinically significant analyte in elephants. There is emerging evi-
dence that hypocalcemia is a common problem in managed populations of elephants [37].
For example, in Asian elephants, providing calcium-rich diets has been shown to increase
total and ionized calcium levels, suggesting that subclinical hypocalcemia may be prevalent
in managed herds [37,38]. Both clinical and subclinical hypocalcemia in elephants may
lead to complications during the periparturient period, including dystocia and metabolic
bone disease [37,39,40]. To prevent these complications, calcium supplementation is rec-
ommended during parturition if ionized calcium drops below 1.20 mmol/L [37,39]. Thus,
confidence in an ionized calcium concentration measured by a POC analyzer is valuable in
the routine health management of elephants under human care.

Ionized calcium was higher when measured on the i-STAT Alinity v compared to
the EPOC for every individual analyzed in this study, suggesting an intrinsic differ-
ence in analysis between the two analyzers; however, while there was a statistically
significant difference for ionized calcium measurements between the EPOC and i-STAT
Alinity v analyzers, this difference is unlikely to be clinically significant. Results of
a recent study report mean plasma ionized calcium levels in captive African elephants
as 1.23 ± 0.05 mmol/L in summer and 1.19 ± 0.06 mmol/L in winter [38]. The val-
ues provided by both POC analyzers in this study were clinically similar to the sum-
mer value reported by van Sonsbeek et al. (2013) [38]. For the EPOC analyzer, 3 out of
6 individuals measured within one standard deviation of the summer value reported by



J. Zool. Bot. Gard. 2022, 3 660

van Sonsbeek et al., 2013 (1.18 to 1.28 mmol/L), with one individual measuring below
this range and two individuals measuring above this range (Table 3) [38]. For the i-STAT
Alinity v analyzer, 3 out of 6 individuals measured within one standard deviation of the
van Sonsbeek et al. (2013) summer value, with the other three individuals measuring above
this range (Table 3) [38]. While the blood samples in this study were collected over a time
frame spanning summer and fall (August to October 2021), the summer value reported
by van Sonsbeek at al., 2013 was chosen for comparison due to the subtropical climate in
North Carolina, USA where samples were collected.

Based on the results of this study, it is reasonable to consider the EPOC and i-STAT
Alinity v analyzers as alternative POC analyzers to each other for the majority of biochemi-
cal analytes in African savanna elephants.

While statistically significant differences existed between the portable analyzers and
the veterinary diagnostic laboratory for the majority of biochemical analytes in both species,
the information provided by these analyzers is likely still clinically useful based on sim-
ilarities to previously published values from other healthy individuals; however, due to
the small sample populations utilized in this study, the values in this current study are not
reference intervals.

In African elephants, published reference interval studies have previously been per-
formed; however, the analytical methods used in most of these studies are outdated or
minimally described [41,42]. A recent study by Steyrer et al. (2021) developed refer-
ence intervals for hematology and select clinical chemistry values in free-ranging African
elephants [43]; however, the biochemical analytes evaluated by Steyrer et al. (2021) (albu-
min, alkaline phosphatase, aspartate aminotransferase, calcium, creatinine kinase, gamma
glutamyl transferase, globulin, magnesium, phosphorous, total protein, and urea) did not
include any of the biochemical analytes measured in this study. Another recent study by
Wood et al. (2020) evaluated circulating plasma biochemical concentrations in a population
of managed African elephants (n = 6) [44]. The mean values for all analytes in this current
study population of African savanna elephants were clinically similar to the mean values
published by Wood et al. (2020) for sodium, potassium, glucose, BUN, and creatinine [44].
Chloride values were not reported by Wood et al. (2020) [44]. Of note, significant bias may
exist when comparing these values as the majority of animals in the sample population
utilized by Wood et al. (2020) were also included in this study’s population.

For southern white rhinoceros, there were significant differences for a majority of
biochemical analytes among the analyzers evaluated. For southern white rhinoceros,
the published reference interval for ionized calcium measured on the i-STAT Alinity
v is 1.36–1.56 mmol/L [20]. The mean values for ionized calcium on the two portable
analyzers in this study were both within this reference range (1.47 and 1.54 mmol/L
for the EPOC and i-STAT Alinity v analyzers, respectively). Trivedi et al. (2021) also
published values for sodium, potassium chloride, glucose, BUN, and creatinine mea-
sured on the i-STAT Alinity v in managed southern white rhinoceros (n = 10) [20]. The
mean values for sodium, potassium, chloride, and creatinine measured on all three an-
alyzers in this study were comparable to the values published by Trivedi et al. (2021)
(132.5 mmol/L, 4.24 mmol/L, 92.6 mmol/L, and 1.29 mg/dL, respectively) [20]. All indi-
vidual measured values for glucose in the rhinoceros in this study were lower than the
mean value (89.5 ± 11.05 mg/dL) published by Trivedi et al. (2021). The range reported by
Trivedi et al. (2021) indicates a right-skewed distribution (70–181 mg/dL) with the animal
having a glucose of 181 mg/dL increasing the mean compared to the median. As the
median value reported by Trivedi et al. (2021) (74.5 mg/dL) is more similar to the values
obtained in this study, the authors suspect that the right-skewed distribution is the most
likely explanation for this discrepancy [20]; however, other possibilities could be considered
including diet and stress.

For BUN, the mean value published by Trivedi et al. (2021) for managed animals was
8.1 mg/dL [20]. All individual BUN measurements for southern white rhinoceros in this
study were higher than the published value with a mean of 16.1, 18.0, and 17.6 mg/dL for
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the EPOC analyzer, i-STAT Alinity v, and veterinary diagnostic laboratory, respectively.
Interestingly, the mean values for BUN obtained in this study were more closely aligned
with the value reported by Trivedi et al. (2021) for free-ranging southern white rhinoceros
(n = 30; 15.8 ± 0.51 mg/dL). A reason for the difference in BUN measurements for managed
southern white rhinoceros between studies is not clear. Of note, 6 of the 9 southern
white rhinoceros utilized in this study were also included in the sample population of
10 southern white rhinoceros utilized by Trivedi et al. (2021) [20]; thus, external factors such
as environment, diet, seasonal, or reproductive changes should be considered as potential
causes for the differences in measured BUN values. Interestingly, in the study conducted
by Trivedi et al. (2021), samples were collected from southern white rhinoceros at the North
Carolina Zoo in February. In this study, samples were collected between August through
October. This may suggest a seasonal change to BUN. In February, the animals were likely
housed in the barns more frequently due to colder temperatures, and they would have
been in close proximity to water sources. In contrast, during August through October,
the animals spend more time on their outdoor exhibit. The outdoor exhibit encompasses
40 acres, and the animals would have had to walk further to reach their water sources. The
authors hypothesize that BUN may be lower in the winter months due to easier access
to water and increased water consumption. This hypothesis may also explain why the
mean values for BUN obtained in this study were more similar to the values obtained by
Trivedi et al. (2021) for free-ranging southern white rhinoceros, as the outdoor exhibit is
meant to mirror the animals’ natural habitat [20]. Based on this hypothesis, if concerns
for elevated BUN exist, management should be evaluated to ensure that animals have
adequate access to water sources.

Although the majority of measured values were comparable to previously published
values for both African savanna elephants and southern white rhinoceros, clinicians should
use their own clinical judgment when interpreting values produced by the EPOC and
i-STAT Alinity v POC analyzers in these species. Based on the statistically significant
differences for biochemical analytes between both the EPOC and i-STAT Alinity v analyzers
compared to a veterinary diagnostic laboratory in both species, unexpected measurements
on the EPOC and i-STAT Alinity v analyzers may warrant additional investigation and
analysis on an alternative analyzer. University, commercial, and reference laboratories
are considered the standard of comparison for POC analyzers in the current guidelines
published by the American Society of Veterinary Clinical Pathology (ASVCP) based on the
type of analysis performed by these analyzers [22]. While the EPOC and i-STAT Alinity v
POC analyzers utilize electrochemistry for biochemical analysis, many larger laboratories
including the commercial veterinary diagnostic laboratory utilized in this study employ
photometry for biochemical analysis [32,33,45].

One limitation of the current study is the small sample sizes utilized (n = 6 elephants
and n = 9 rhinoceros). The recommended sample size for method comparison studies is
conventionally 40–100 samples [46]. In particular, analytes with a narrow normal physio-
logic range, such as sodium, potassium, chloride, creatinine, and ionized calcium, require
a larger sample size than utilized in this study to accurately assess differences between
analyzers. The small sample size also precluded the assessment of precision and accuracy
of the analyzers.

Another limitation of this study is that the EPOC and i-STAT Alinity v analyzers
utilized whole blood for analysis, while the veterinary diagnostic laboratory utilized serum.
The red blood cells present in whole blood that are not present in serum may impact com-
monly measured biochemical parameters. For example, in whole blood samples, glucose
concentration decreases over time due to glycolysis [47]. In the human literature, glucose
has been shown to decrease by 5–7% per hour [47]. The human literature has also demon-
strated that use of whole blood for potassium measurement can mask hypokalemia [48].
In hemolyzed samples, ruptured erythrocytes can falsely increase potassium levels due
to potassium present within erythrocytes [48]. When whole blood is utilized, hemolyzed
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samples may go unrecognized [48]. Difference in sample types is a general limitation in
comparing POC analyzers to reference analyzers.

Finally, all of the animals included in this study were deemed to be clinically healthy
at the time of sample collection; therefore, we have limited ability to make conclusions
about the performance of the EPOC and i-STAT Alinity v analyzers comparatively in
African savanna elephants and southern white rhinoceros that are clinically unwell or have
biochemical abnormalities.

5. Conclusions

Although there were statically significant differences for a majority of analytes between
the EPOC and i-STAT Alinity v POC analyzers when compared to the veterinary diagnostic
laboratory, the clinical difference was minimal. Ideally, reference intervals should be
generated for each analyzer and accuracy and precision should be assessed; however, for the
purposes of routine health care of African savanna elephants and southern white rhinoceros,
POC analyzers can be considered a useful alternative to commercial analyzers for the select
parameters evaluated in this study. Further study is warranted to assess the utility of POC
analyzers in the face of disease and in managed compared to free-ranging populations.
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