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The African elephant (Loxodonta africana) is listed as vulnerable, with wild populations
threatened by habitat loss and poaching. Clinical pathology is used to detect and
monitor disease and injury, however existing reference interval (RI) studies for this species
have been performed with outdated analytical methods, small sample sizes or using
only managed animals. The aim of this study was to generate hematology and clinical
chemistry Rls, using samples from the free-ranging elephant population in the Kruger
National Park, South Africa. Hematology Rls were derived from EDTA whole blood
samples automatically analyzed (n = 23); manual PCV measured from 48 samples; and
differential cell count results (n = 51) were included. Clinical chemistry Rls were generated
from the results of automated analyzers on stored serum samples (n = 50). Reference
intervals were generated according to American Society for Veterinary Clinical Pathology
guidelines with a strict exclusion of outliers. Hematology Rls were: PCV 34-49%, RBC
2.80-3.96 x 10'2/L, HGB 116-163 g/L, MCV 112-134 fL, MCH 35.5-45.2 pg, MCHC
314-364 g/L, PLT 182-386 x 10%/L, WBC 7.5-15.2 x 10%/L, segmented heterophils
1.5-4.0 x 10%/L, band heterophils 0.0-0.2 x 10%/L, total monocytes 3.6-7.6 x 109/L
(means for “regular” were 35.2%, bilobed 8.6%, round 3.9% of total leukocytes),
lymphocytes 1.1-5.5 x 10%/L, eosinophils 0.0-0.9 x 10%/L, basophils 0.0-0.1 x 109/L.
Clinical chemistry Rls were: albumin 41-55 g/L, ALP 30-122 U/L, AST 9-34 U/L, calcium
2.56-3.02 mmol/L, CK 85-322 U/L, GGT 7-16 U/L, globulin 30-59 g/L, magnesium
1.15-1.70 mmol/L, phosphorus 1.28-2.31 mmol/L, total protein 77-109 g/L, urea
1.2-4.6 mmol/L. Reference intervals were narrower than those reported in other studies.
These RI will be helpful in the future management of injured or diseased elephants in
national parks and zoological settings.

Keywords: African elephant, hematology, reference intervals, VetScan VS2, serum chemistry, Loxodonta africana,
leukocyte morphology
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INTRODUCTION

The African elephant (Loxodonta africana) is a megaherbivore,
which had an extensive range across the African continent until
the 1930s. Loss of habitat and poaching led to the present
classification of this species as Vulnerable by the International
Union for Conservation of Nature (IUCN) (1). The total
population on the continent is presently estimated to be around
415,000 individuals (2). According to the African Elephant Status
report, the minimum estimated total number of individuals
within South Africa is 18,841, with the biggest population, of at
least 17,086 individuals, living in the Kruger National Park (KNP)
(2). The subspecies of this population can further be classified as
Loxodonta africana africana (South African bush elephant) based
on the geographical distribution (3). Although this population
is considered stable, poaching is a threat. According to South
African National Parks (SANParks), 71 elephants were poached
and killed in the country in the year 2018, and 31 elephants in
2019 (4). Elephants (Asian and African) are commonly kept in
managed (or in human care) settings such as zoos and circuses,
including 78 zoos in North America and 114 in Europe (3).
According to the Elephant Database, close to 9,000 individuals
are recorded to be in these zoo and sanctuary populations;
this number does not distinguish between the Asian and the
African elephants (5). Additionally, another 16,000 managed
Asian elephants are reported to live on the Asian continent (6).

Clinical pathology reference intervals (RI) are one of the most
valuable diagnostic tools in veterinary medicine and are used
to help differentiate diseased from healthy individuals (7, 8).
They are especially important for free-ranging animals, where
other diagnostic modalities such as imaging are usually more
limited than in practice settings. Published RI studies for African
elephants have been performed using managed animals (9, 10) or
with blood samples taken from culled animals (11). The analytical
methods used in most studies are outdated or not even described
(12). More recent papers concerning hematology and clinical
chemistry have investigated panels which contain only a few
measurands, for example nutritional evaluations in zoological
institutions (13, 14). Newer RI studies concern only the Asian
elephant (Elephas maximus), mainly in Sri Lanka, Thailand and
Myanmar, presumably because of the easier access to this species,
as these animals are at least partially under human care (15-17).
Some data are also available via the Species360 Database [former
International Species Information System (ISIS)] (18).

The objective of this study was to establish RI for
hematology and selected clinical chemistry measurands for a
free-ranging African elephant population. The RI were generated
in accordance with the guidelines published by the American
Society for Veterinary Clinical Pathology (ASVCP) (7) with
minor modifications based on information from more recent
modeling studies (19, 20).

MATERIALS AND METHODS

Ethical approval specifically for this study was obtained from
the University of Pretoria Faculty of Veterinary Science Research

Ethics Committee and Animal Ethics Committees (certificate
number REC 132-19).

The samples for this study originate from the free-ranging
African elephant population from the KNP, South Africa. The
animals were immobilized for park management purposes or
other unrelated studies. Immobilization was performed by
Veterinary Wildlife Service (VWS) veterinarians according to
SANParks Standard Operating Procedures (SOP). Elephants
were darted from a helicopter using an air-pressurized dart
(3mL Dan Inject plastic dart; DAN INJECT, International
S.A., Skukuza 1350, South Africa) propelled by a carbon
dioxide powered rifle (DAN INJECT JM-special, Skukuza 1350,
South Africa). Immobilization was induced with etorphine
(Novartis, Kempton Park 1619, South Africa), azaperone (Janssen
Pharmaceutical Ltd., Halfway House 1685, South Africa), and
hyaluronidase (Kyron Laboratories, Benrose 2011, South Africa),
with dose ranges based on subjective weight and age estimation
by the same veterinarian (etorphine 0.003 mg/kg and azaperone
0.01 mg/kg). Once the elephant was recumbent, the ground crew
approached and assisted the elephant into lateral recumbency,
if required. At the end of the procedure, naltrexone (Kyron
Laboratories, Benrose 2011, South Africa) was administered
intravenously at 20 times the etorphine dose (mg), and the
animal observed until it had fully recovered. Sample collection
proceeded according to a standardized protocol as follows: blood
was taken via a 18G needle and direct vacutainer collection from
an auricular vein at first handling after the venipuncture site
was swabbed with alcohol (ethanol 70%). Disposable medical
gloves were worn during the blood collection. Whole blood was
collected in sealed EDTA and serum vacutainers (BD Biosciences,
Franklin Lakes, NJ, USA). Serum samples were left to clot
for at least 30 min standing upright in a cooler box. Samples
were transported cooled, until they were processed in the VWS
laboratory within 6h of collection. EDTA whole blood was
analyzed with the scil Vet abc (scil Animal Care Company,
Ontario, Canada) or the Horiba ABX Micro VS60 (Horiba ABX
SAS, Kyoto, Japan) hematology analyser. Automated hematology
analysis was not routinely performed for all animals. Blood
smears were made using a standard pushing (wedge) technique
(21) and stained with a commercial modified Romanowski stain
(Kyro-Quick stain, Kyron Laboratories) for manual differential
counts. Microhematocrit tubes for determination of packed
cell volume (PCV) were prepared using a microhematocrit
centrifuge (Model HKT-400, Gemmy Industrial Corporation,
Taipei, Taiwan; 15,000 g, 5 min). Serum tubes were centrifuged at
1,300 g for 10 min, and serum aliquoted into cryotubes (Greiner
Bio-One, Lasec S.A., PTY LTD Cape Town, 7405, South Africa)
and frozen at —80°C.

At the time of immobilization, a physical examination
was performed. Animals without injuries and free of clinical
abnormalities were considered healthy. All data for the
animal, including the sex, general condition, age and weight
estimation, microchip number and geographical location of the
immobilization site, were recorded in Excel spreadsheets. Notes
were added for abnormal clinical findings or injuries, if present.
Sample selection was made according to this information. All
selected samples were collected between October 2014 and
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August 2019, meaning they were stored no longer than 5 years.
This threshold was chosen as no studies could be found on
stability beyond this time (22). Samples and data from a total
of 79 apparently clinically healthy animals were selected for the
reference interval study.

Hematology

Data from the original hematology analyses were reviewed.
Analysis was performed using EDTA whole blood after mixing
at room temperature, with a Scil Vet ABC (first 25 results) and a
Horiba ABX Micros ESV60 (last 11 results), using the domestic
horse setting on both analyzers. These analyzers and settings
have not been validated for elephant blood. Internal quality
control using manufacturer-supplied quality control material
was performed every day before analysis. These results from
the original hematology analyses were reviewed for the present
study. Firstly, the automated calculated hematocrit (HCT) was
compared to a manual PCV performed at the same time. Only
automated results with a HCT within 3% of the PCV were
included in this study. The white blood cell count (WBC), red
blood cell count (RBC) and platelet count (PLT) as measured by
impedance (both analyzers), and the hemoglobin concentration
(HGB), as measured by a cyanide-free photometric method
(both analyzers) were considered accurate enough to be used for
this study. The erythrocyte indices mean cell volume (MCV),
mean cell hemoglobin (MCH) and mean cell hemoglobin
concentration (MCHC) were calculated using the following
standard equations:

HGB

[PCVx10]
_— = . MCHC =
RBC

[HGBx100]
: MCH —
RBC

PCV

MCV =

(Units: HGB g/L. RBC x 10!%/L, PCV %; MCV fL, MCH pg,
MCHC g/L)

A 200-cell leukocyte differential count was performed on the
available corresponding blood smears. Two smears could not
be evaluated due to poor quality. Morphology of the erythron,
leukon, and thrombon were recorded. The amount of rouleaux
formation was graded from 0 to 4, where 0 was no rouleaux,
1 was the extension of rouleaux to 25% of the smear from
the droplet end, 2 was extension to 50%, 3 was extension
to 75% and 4 was extension of rouleaux all the way to the
feathered edge. This scale was formulated by the authors to
accommodate the high amount of rouleaux formation normally
present in elephants. The number of heterophils with toxic
changes was recorded (few, moderate, severe) as well as the
severity of toxicity (14 to 4+4) according to a standardized
grading system described for domestic species (23). Morphology
of other leukocytes was recorded based on the descriptions for
elephants found in Schalm’s Veterinary Hematology (24) and the
morphological changes reported by Stacy et al. (25). Monocytes
were subclassified as regular monocytes, bilobed monocytes,
and round monocytes, and each type was recorded separately.
Monocytes were counted as bilobed when either two clearly
separated nuclear lobes were visible or the isthmus connecting
them was less than a third of the nucleus diameter. Characteristics
used to define round monocytes were the almost complete

roundness of their nuclei, a nucleus to cytoplasm ratio of 1:1,
and coarser chromatin, compared to that of lymphocytes. Active
lymphocytes were also recorded if there were more than 5% on
a slide.

Clinical Chemistry

Analysis was performed using the Abaxis VetScan VS2 (Abaxis,
Union City, USA) according to the manufacturer’s instructions.
The Large Animal rotor (Abaxis, catalog number 500-0023-
12, lot number 9214BC3) was used and included the following
measurands: albumin, alkaline phosphatase (ALP), aspartate
aminotransferase (AST), calcium, creatine kinase (CK), gamma
glutamyltransferase (GGT), globulin, magnesium, phosphorus,
total protein (TP) and urea. The analytical methods for these
measurands are shown in Table 1. This profile was considered
by veterinarians experienced in elephant medicine to be the
most valuable for this species. Serum samples were thawed
overnight at 4°C, then mixed using a vortex machine for 15—
30s, and thereafter pipetted into the sampling area of the
rotor and analyzed. An automatic electronic quality control
check is performed on each rotor before analysis. In order
to obtain an estimate of analytical precision specifically for
elephant serum, remaining serum was pooled, and this pool
was measured twenty times (on twenty rotors from the same
lot, number 9214BC3) in 1 day. The imprecision, represented
by the coefficient of variation (CV), was calculated from
the mean and standard deviation (SD) (CV% = SD/mean
x 100).

Statistical Analysis

Statistical analyses were performed with MedCalc software
version 19.1.7 (MedCalc Software, Ostend, Belgium) and the
Excel add-on Reference Value (RefVal) Advisor version 2.1 (26)
according to guidelines published by the ASVCP. Histograms
were inspected visually, and Dixon and Tukey tests were used
to identify outliers. If any measurand was identified as an
outlier, the whole data set of this sample was excluded, and

TABLE 1 | Assay methods utilized by the Abaxis VetScan VS2 for the analysis of
African elephant serum samples.

Measurand Abaxis VetScan VS2

Albumin Bromocresol green dye-binding method

ALP Kinetic (p-nitrophenol phosphate)

AST Kinetic (-aspartate and a-ketoglutarate)

Calcium Arsenazo Il method

CK Kinetic (creatine phosphate)

GGT Kinetic (L-y-glutamyl-3-carboxy-4-nitroanilide)
Globulin Calculated

Magnesium Enzymatic (hexokinase)

Phosphate Enzymatic (glucose-6-phosphate dehydrogenase)

Biuret Method
Urea Enzymatic (urease)

Total protein

ALR, alkaline phosphatase; AST, aspartate aminotransferase; CK, creatine kinase;
GGT, gamma-glutamyltransferase.
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the statistical analysis rerun. This procedure was repeated until
no more outliers remained, for any measurands. Normality
was assessed using a Shapiro-Wilk test. Based on ASVCP
guidelines for RI determination (7), the following strategies were
then followed:

For all sample sizes, a cut-off p-value of >0.2 for the
Shapiro-Wilk test, not >0.05, was used to define a Gaussian
distribution (19). For samples sizes of 40-80, if p > 0.2,
then the parametric method was used to generate the 95%
reference limits. If p < 0.2, the non-parametric method was
used (7, 20). For sample sizes of 20-40 the RI were calculated
with the parametric (p > 0.2) or robust method (p < 0.2,
data Box-Cox transformed). The 90% confidence intervals (CI)
of the lower and upper reference limits (RL) were calculated
using a bootstrap method. The ratio of the upper or lower
CI to the RI was calculated by dividing the former by the
latter (7).

To examine the potential effect of storage time on clinical
chemistry measurands, the number of days from storage
to analysis was enumerated, and the correlation between
days in storage and measurand concentration or activity
calculated using Pearson’s correlation coefficient, r (p < 0.05
considered significant).

RESULTS

Samples were selected from free-ranging elephants, with no
overt clinical abnormalities, living in the KNP in South Africa
and were collected between October 2014 and August 2019.
Of the original 79 selected samples, two were excluded after
further detailed analysis of their capture records, as one
was found deceased subsequent to a road traffic accident,
and one had a snare injury. After statistical analysis and
removal of 28 complete data sets with outliers, 51 samples
from apparently healthy animals remained. These consisted
of 42 males and 9 females. All were sub adults or adults
according to the original selection datasheet, except for one
male calf which was estimated to be 4 years old. Results
for PCV were available for 48 of these animals. Only 23
samples from the automated hematology analysis were finally
included, after applying the described screening procedures.
Results thereof are shown in Table 2 and results for all manual
relative differential leukocyte counts (n = 51) are presented
in Table 3. Clinical chemistry RI were established from 50
individuals (one serum sample was missing) and are shown
in Table4. Mean, median, standard deviation as well as the
distribution and chosen statistical method for all measurands

TABLE 2 | Hematology reference intervals from free-ranging African elephants (Loxodonta africana) of the Kruger National Park.

Measurand (unit) n Mean SD Median Min Max RI LRL URL Distribution Method
PCV (%) 48 41 4 41 33 49 34-49 32-35 47-50 G P

RBC (x10'2/L) 23 3.44 0.30 3.48 2.80 3.96 2.80-4.08 2.64-2.98* 3.90-4.26* G P

HGB (g/L) 23 141 13 143 116 163 114-167 107-121* 160-175* G P
MCV (fL) 23 121 6 121 12 134 109-133 106-113* 129-136* G P

MCH (pg) 23 40.9 2.6 41.4 35.5 45.2 35.5-46.3 34.2-37.0* 44.8-47.8* G P
MCHC (g/L) 23 338 15 337 314 364 306-370 298-315* 361-379* G P

PLT (x109/L) 23 284 54 281 182 386 171-398 142-203* 364-429* G P

WBC (x10°/L) 23 1.2 2.2 1.3 7.5 15.2 6.6-15.7 5.4-7.8* 14.4-17.0* G P
Segmented 23 2.8 0.7 2.9 1.5 4.0 1.4-4.3 1.0-1.8* 3.8-4.7* G P
heterophils (x109/L)

Band heterophils 23 0.1 0.1 0.1 0.0 0.2 0-0.6 0-0 0.4-0.8* NG Robust
(x109/L)

Total monocytes 23 5.2 1.1 5.0 3.6 7.6 2.8-7.7 2.2-3.5* 6.9-8.3* G P
(x10%/L)

Monocytes normal 23 3.8 0.9 3.7 2.7 6.1 2.5-6.9 2.3-2.7 5.56-8.9* NG Robust
(x10°/L)

Monocytes bilobed 23 1.1 0.5 0.9 0.3 2.3 0.3-2.6 0.2-0.4 1.9-3.4* NG Robust
(x109/L)

Monocytes round 23 0.3 0.3 0.3 0.0 0.9 0.0-1.7 0.0-0.0 1.3-2.3* NG Robust
(x10%/L)

Lymphocytes 23 2.7 1.3 2.3 1.1 55 0.7-7.0 0.5-1.1 5.4-9.2* NG Robust
(x10°/L)

Eosinophils (x10%/L) 23 0.4 0.2 0.3 0.0 0.9 0.1-0.9 0.1-0.1 0.7-1.2* NG Robust
Basophils (x 109/L) 23 0.0 0.0 0.0 0.0 0.1 0.0-0.1 Not able to calculate with any method NP

“The ClI (confidence interval of the upper or lower reference limit) to Rl ratio exceeded 20%.

PCV, packed cell volume; RBC, red blood cell concentration; HGB, hemoglobin concentration; MCV, mean cell volume; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin
concentration; PLT, platelet concentration; WBC, white blood cell concentration; n, number of individuals; SD, standard deviation; Rl, reference interval; LRL, 90% confidence interval
of the lower reference limit; URL, 90% confidence interval of the upper reference limit; G, Gaussian; NG, non-Gaussian; F, parametric; NF, non-parametric.

PCV was measured by manual methods; WBC, RBC, HGB, and PLT were measured using a scil Vet abc or Horiba ABX Micro ESV60; MCV, MCH, and MCHC were calculated. Absolute

leukocyte numbers were derived from WBC and 200-cell manual leukocyte differential counts.
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TABLE 3 | Reference intervals for relative leukocyte differential counts for African elephants (Loxodonta africana) of the Kruger National Park.

Leukocyte n Mean SD Median Min Max RI LRL URL Distribution Method
Segmented heterophils (%) 51 25.6 4.9 25.5 156.5 36.0 15.6-35.5 13.8-17.5 33.6-37.4 G P

Band heterophils (%) 51 1.0 1.0 1.0 0.0 3.5 0.0-3.5 0.0-0.0 3.0-3.5 NG NP
Total monocytes (%) 51 47.6 8.0 48.0 31.0 63.5 31.5-63.8 28.5-34.5 60.6-66.9 G P
Monocytes normal (%) 51 35.2 6.5 35.0 24.0 49.0 22.1-48.3 19.7-24.5 45.7-50.8 G P
Monocytes bilobed (%) 51 8.6 4.0 8.5 1.0 19.5 1.2-18.8 1.0-2.3 15.7-19.5* G NP
Monocytes round (%) 51 3.9 2.9 3.5 0.0 9.5 0.0-9.4 0.0-0.0 8.2-9.5 NG NP
Lymphocytes (%) 51 22.2 8.9 23.0 6.0 40.0 7.4-39.9 6.0-10.7 36.5-40.0 NG NP
Eosinophils (%) 51 3.5 1.4 3.5 1 7.0 1.2-6.7 1.0-1.7 5.7-7.0* NG NP
Basophils (%) 51 0.1 0.3 0.0 0.0 1.0 0.0-1.0 0.0-0.0 0.8-1.0 NG NP

“The ClI (confidence interval of the upper or lower reference limit) to Rl ratio exceeded 20%.

n, number of individuals; SD, standard deviation; R, reference interval; LRL, 90% confidence interval of the lower reference limit; URL, 90% confidence interval of the upper reference
limit; G, Gaussian; NG, non-Gaussian; F, parametric;, NF, non-parametric.

200-cell manual differential counts were performed.

TABLE 4 | Serum clinical chemistry reference intervals from free-ranging African elephants (Loxodonta africana) of the Kruger National Park, using the Abaxis VetScan
VS2.

Measurand (unit) n Mean SD Median Min Max RI LRL URL Distribution Method
Albumin (g/L) 50 48 3 48 4 56 41-55 41-44* 52-56* NG NP
ALP (U/L) 50 68 23 64 28 124 30-122 28-38 115-124 NG NP
AST (U/L) 50 21 6 21 9 36 9-34 6-11 31-36 G P
Calcium (mmol/L) 50 2.79 0.11 2.78 2.55 3.04 2.56-3.02 2.52-2.61 2.98-3.07 G P
CK (UL 50 203 58 200 86 341 85-322 63-107 298-345 G P
GGT (U/L) 50 1 2 1 7 16 7-16 7-8 14-16* NG NP
Globulin (g/L) 50 45 7 44 31 60 30-59 28-33 56-62 G P
Magnesium (mmol/L) 50 1.41 0.15 1.41 1.14 1.70 1.15-1.70 1.14-1.22 1.68-1.70 NG NP
Phosphorus (mmol/L) 50 1.82 0.23 1.82 1.27 2.31 1.28-2.31 1.27-1.45 2.23-2.31 NG NP
Total protein (g/L) 50 93 8 93 78 112 77-109 74-80 106-112 G P
Urea (mmol/L) 50 2.9 0.8 3.0 1.0 4.8 1.2-4.6 0.9-1. 4.3-5.0 G P

"The CI (confidence interval of the upper or lower reference limit) to RI ratio exceeded 20%.

ALR, alkaline phosphatase; AST, aspartate aminotransferase; CK, creatine kinase; GGT, gamma-glutamyltransferase; n, number of individuals; SD, standard deviation; R, reference
interval; LRL, 90% confidence interval of the lower reference limit; URL, 90% confidence interval of the upper reference limit; G, Gaussian;, NG, non-Gaussian; F, parametric;
NP, non-parametric.

are presented. Histograms for hematology and clinical chemistry
are presented in Figures 1-3. Original data are presented in
Supplementary Table 1.

The CVs obtained for the clinical chemistry measurands
from the repeatability study with elephant serum on the
VS2 were: albumin 1.1%, ALP 3.1%, AST 4.7%, calcium
0.8%, CK 5.2%, GGT 6.6%, globulin 3.7%, magnesium 0.9%,
phosphorous 1.0%, TP 1.4%, urea 3.9%. Imprecision for
all measurands was considered acceptable, when compared
to total allowable analytical error guidelines for veterinary
species (27).

No significant  correlation  between storage time
(minimum 5 months to maximum 5 years) and measurand
concentration/activity was found for any measurands apart from
AST and CK (AST r = 0.69, p < 0.001; CK r = 0.50, p < 0.001).
In other words, older samples appeared to have a decreased AST
and CK activity compared to more recent samples, which may
indicate a storage effect (28).

Morphology from the microscopic blood smear evaluation
was recorded, with examples shown in Figures 4, 5. Rouleaux
ranged from 2+ in 22 blood smears to 4+ in one blood smear.
Mild anisocytosis was seen in over 90% of the evaluated smears.
Band heterophils were seen in 31 of 51 blood smears. The number
of heterophils showing toxic changes was categorized as few
to moderate in 20 blood smears and high in 6 blood smears.
In 16 of the 26 smears with toxic heterophils, dark blue-gray
cytoplasm with vacuoles or toxic granulation was noted (3+)
(Figure 5) and karyolysis was seen in one (44 toxicity grade).
Monocytes were divided into three categories: regular, bilobed
and round (Figure 4). Normal monocytes were observed most
commonly and round monocytes least commonly (Table 3 and
Figure 4). Occasionally, trilobed monocytes were seen, which
were counted as bilobed. Monocyte activity, characterized by
the number of vacuoles, was mild in 41 smears and recorded
as moderate in 6 smears. More than 5% of lymphocytes were
reactive in 26 smears. Eosinophils (Figure 5) were characterized
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Horiba ABX Micro ESV60. The x-axis represents the measurand result; the y-axis represents the frequency of these values occurring.

by bright red granules and were present in every slide.
Basophils had a light blue to transparent cytoplasm with
non-staining granules and were detected in only seven smears
(Figure 5).

DISCUSSION

This study presents RI for hematology and clinical chemistry
for the free-ranging African elephant, with the intent of
providing valuable guideline data for clinicians working with
the species. Hematology RIs were generated from automated
analysis as well as from manual counts; the latter supplying useful
data for situations where resources are limited. The selected
clinical chemistry panel includes measurands that are applicable
and useful for this species. For all RIs, a very strict outlier
elimination approach was followed, as the samples originated
from wild animals whose health status was presumed normal
based on a cursory examination but could not be confirmed.
It can be assumed that in the wild, a certain proportion

of a population have an underlying subclinical disease, and
strict outlier exclusion ensures that the resultant RIs are as
representative of a truly healthy population as possible.
Reference interval studies for African elephants have been
performed and described previously, albeit with various
limitations for material and methods. While this is the second
study for this specific geographic location and population, the
previous study, published in 1984, generated data largely from
animals that were shot prior to blood collection (29). Culled
animals were similarly used in studies with larger sample sizes
(n = up to 141), published between 1977 and 1980; all these
data originated from the same elephant population in eastern
Africa (12, 30-33). The same blood collection method was
performed in a smaller Tanzanian study (n = 18-23), where
on later examination, infestation with the bile duct hookworm
(Grammocephalus sp.) and other parasites was discovered
(11). Post mortem findings or coproscopic examinations were
either not performed or reported for any of the other studies
involving culled animals (12, 29, 34, 35). Two RI studies were
performed on managed animals which were either chemically
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immobilized or trained to stand for blood collection (9, 10).
In both, blood was collected via venipuncture from either the
auricular or the saphenous vein and animals were reported
to be clinically healthy. The limitations of the first of these
studies are the analysis of a limited range of measurands,
small sample size (n = 5) and a different subspecies of African
elephant (Loxodonta africana cyclotis) (9). Allen et al. (10)
report data from 31 animals for comparable measurands to
our study, but all their elephants were young, between 4 and

8 years old, and the immobilization protocol varied amongst
individuals. Most of the aforementioned studies used manual
analytical methods for hematology, when methods were
reported (9). Data were presented as mean or median with the
standard deviation (SD) or range; outlier identification and
exclusion were not performed and RI and CI of the RLs were
not calculated.

Studies on Asian elephants are more common and involve
both managed and free-ranging animals. Managed elephants
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FIGURE 4 | Representative monocytes (A-E) and lymphocyte (F) in blood smears from an African elephant (Loxodonta africana). (A): Normal monocyte; (B,C):
Bilobed monocytes; (D): Round monocyte; (E): Normal and bilobed monocyte; (F): Lymphocyte. Wright -Giemsa stain; 1,000x magnification.

often reside in tourist camps or are working elephants from
the timber industry, from various locations in South East
Asia, including India, Sri Lanka, Thailand and Myanmar (15,
17, 36). Blood was collected from the auricular vein without
immobilization, except for one study on free-ranging elephants
where a combination of etorphine and acepromazine was
used (15). All blood samples were obtained from auricular
veins with either 14G needles or vacutainer systems, but
variation in sample handling, storage and transportation is
described and analytical methods range from manual to
completely automated. In most of these studies, presented
data include hematology reference values, and at least some
clinical chemistry measurands are presented, apart from one
of the earliest studies, from elephants in India (36). Another
study, using samples from zoo Asian elephants, focused
on blood cell morphology using conventional light and
electron microscopy and also describes cytochemical staining
characteristics (37).

In the above mentioned studies on Asian elephants, the
animals were described as clinically healthy or apparently
healthy. Sample sizes varied greatly; the smallest one was
performed on six individuals with longitudinal samples (38)
with the largest sample size up to 765, although some of the

animals were sampled two or three times (17). Silva et al
were able to compare domesticated with free-ranging animals,
all originating from one geographical region and using the
same study methods (15, 39). Most published results have been
reported as means or medians, SDs and ranges. More recent
studies include outlier detection and calculation of 90% CI
(16, 17). Only the most recent publication, on Asian elephants,
generated RI in accordance with the ASVCP guidelines, and
performed partitioning for sexes and age groups (17). A few
studies have also investigated the influence of musth on clinical
chemistry measurands and hormone concentrations (16, 38).
Hematologic values have been shown to vary by geographical
location. The means for RBC (3.9 x 10'%) and PCV (49%)
described in the East African study, were higher than those
determined in the current study and the minimum-maximum
(14-6.0 x 10'2/L and 18-80%) ranges much wider, in
comparison to the current reference intervals (33). Reasons
for this could include the presence of underlying illnesses or
dehydration, as no health assessment was performed prior
to collection; as well as differing blood collection methods
and preanalytical errors, the lack of outlier identification and
subsequent exclusion of samples. Hematocrit values (39.3—
47.7%) from KNP elephants, sampled from seven groups with
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..

FIGURE 5 | Representative granulocytes in blood smears from an African elephant (Loxodonta africana). (A): Heterophil and normal monocyte; (B): Heterophil; (C):
Heterophil with toxic changes (Dohle body, arrow); (D): Eosinophil; (E): Heterophil and eosinophil; (F): Basophil. Wright -Giemsa stain; 1,000x magnification.

different restraint methods (sedated to culled) were comparable
to the current PCV findings, however, other hematology RIs were
not given (29). Immobilized captive African elephants showed
lower mean RBC (3.0 x 10'%/L) and PCV (35.1%); MCV range
(106-122 fL) was slightly narrower and MCHC range (310-
390 g/L) wider but comparable to the current RIs (10). Asian
elephants tend to have lower PCVs with lower hemoglobin
concentrations and lower RBC counts than African elephants
(15, 17, 39). However, the current established means of MCV (121
fL), MCHC (338 g/L) and MCH (41 pg) are almost the same as
those reported in immobilized Asian elephants in Sri Lanka (15).

The WBC RIs generated in this study are found to be well
within the middle of the ranges of data presented in other studies,
where the lowest WBC count is 6.83 (x10°/L), reported in the
African forest elephant (1 = 5) (9) and the highest is 13.6 (x10°
/L) from captive and immobilized African elephants (10). Asian
elephant WBC counts vary at least as widely amongst various
studies and range from 8.8 (x10°/L) in tuskers (36) to 18.0
(x10°/L) in free-ranging elephants in Sri Lanka, the latter being
the highest reported WBC count in apparently healthy elephants
(15). The percentages described for leukocyte subpopulations
vary greatly between studies, especially for monocytes and
lymphocytes, due to discrepancies in the identification and

classification of bilobed and round monocytes. The morphology
of these monocytes is unique to the Paenungulata clade,
which also includes the Procaviidae (hyraxes) and the Sirenia
families (dugongs and manatees) (40, 41). Bilobed and round
monocytes have been confirmed to be of monocytic origin based
on cytochemical staining (10, 42). In the current study, the
three types of monocytes were identified using morphological
characteristics described in the more recent literature (25, 42).
Presumably, bilobed as well as round monocytes have been
counted as lymphocytes in multiple other studies, which resulted
in lymphocyte percentages above 50%, up to 77% (11, 33, 36).
Two studies involving captive and free-ranging Asian elephants
identified the bilobed monocyte as such, but the reported
lymphocyte counts still appeared to be high, with means of
38% for managed, and 44% for free-ranging elephants (15, 39).
Exclusion of samples and handling of outliers were not described.
Possible reasons for the high proportion of lymphocytes are that
round monocytes were counted as lymphocytes, and that animals
with subclinical illnesses were included.

Elephants share another hematological characteristic with
sirenians, in that these species have heterophils rather than
neutrophils (41). Band heterophils have been described in low
numbers in Asian elephants (15, 37, 39), but there is disagreement
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as to whether they occur in healthy animals (42). They have only
been described in one study on African elephants (1.17%), but
these animals were known to have parasites (11). The presence
of band heterophils, and heterophils with toxic change, in over
half of the elephants in this study indicates that low-grade
inflammatory disease, not apparent during clinical examination,
was possibly present in many of the current reference individuals.
The current findings indicate that band heterophils of up to
3.5% can be expected for apparently healthy KNP elephants. The
potential causes of this tendency toward a left shift need to be
investigated further.

Eosinophils and basophils have been reported by most
authors in low and comparable numbers to those here; except
that eosinophil concentrations from managed African elephants
(mean of 0.05 x 10°/L) are lower than the current Rls (0.4
x 10%/L) (10). This could reflect a higher parasite load in
the free-ranging, compared to the managed population. Similar
percentages of eosinophils and basophils were described for
free-ranging and domesticated Asian elephants with 5% for
eosinophils and 0.03% for basophils (15, 39). Interestingly, the
most recent study on elephants in Myanmar does not report
findings on either basophils or thrombocytes (17).

Platelets are the cell fraction with the widest ranges, as
described in most studies where platelets were assessed (15, 16,
38, 39). They occur in large numbers but are very small in size
and often found as clumped aggregates, making it difficult to
identify single cells. The current range determined for the KNP
elephant population is narrower and lower than for other African
elephants (294-455 x 10°/L) (42). The lowest mean number for
platelets was found for domestic Asian elephants in Sri Lanka
(215 x 10°/L) (39) which remains within the range established
for elephants in Thailand (101-590 x 10°/L) (16). The highest
reported count is 719 x 10°/L, also found in the Asian elephant
(42). The wider ranges reported in other studies may be due to the
presence of platelet clumping, differing analytical methods and
the lack of outlier exclusion.

Most of the results for clinical chemistry measurands reported
in other studies of comparable geographical region were similar
to the current measurements, even though analytical methods
differed (12, 29, 32, 43). Reported means and medians were
mostly within the current RIs. Seasonal changes could be seen
for some analytes and other authors reported variations between
age groups especially for minerals (32, 34). Differences can
be seen in data published from managed African elephants,
although sample size and age (4-8 years) need to be considered
when making direct comparisons (10). Differences between
sexes seem more prominent in the Asian elephant than in the
African elephant, especially for serum activities of ALP and
GGT which are much higher during musth periods (17, 38).
The majority of measurands included in our panel have also
been studied in the Asian elephant: total protein or protein
fractions tend to be included in different studies as well as
selected enzymes, while magnesium and GGT have not been
widely investigated (16, 17, 39). Veterinarians with clinical
experience of these species advise the inclusion of fibrinogen,
creatinine, lactate dehydrogenase and electrolytes (Na, K, Cl)
in clinical chemistry panels for elephants, in addition to the

current study measurands (44). However, these were not included
in our study due to the set profile of the VetScan VS2
rotor system.

Serum mineral concentrations in the African elephant vary
by geographical location. The means of calcium, magnesium and
phosphorus in the current study were higher compared to those
from elephants at Sengwa Wildlife Research, Zimbabwe, but
lower in comparison to elephants from Ruwenzori National Park
in Uganda (29, 30). Firstly, a contributing factor that may explain
the higher mineral concentrations and at least phosphorus in
the Ruwenzori study could be hemolysis, as these elephants
were bled after being culled. Secondly, nutrition may play a
role; it has been shown previously that season and location
have an influence on mineral and protein concentrations in
blood (30, 32, 43). The blood samples in the current study
were collected almost all year round, except during the months
of January and February. One study showed that calcium and
phosphorus were higher in male elephants and phosphorus was
higher in young animals compared to animals above 5 years
(34). In Asian elephants in Myanmar, calcium was lower (2.15-
2.75 mmol/L), means of phosphorus and magnesium of managed
Asian elephants were also lower than the current established
means (17, 36). Blood mineral concentration data collected for
z0o-housed African elephants also showed lower means than the
KNP population (45). Seasonal and geographical, and therefore
nutritional, variation will need to be taken into consideration
when using the reference intervals in the future, as elephants
tend to graze more during the wet season, when grassland is
lush. In zoos, this information could be used as an aid for
evaluating nutritional status and preventing mineral deficiencies
which could influence bone health.

Determination of AST and CK activity is especially important
for captured animals, as increases in these enzymes are associated
with muscle injury, intramuscular injection, trauma and capture
stress in domestic and wild animals such as dogs, horses, some
ruminants and rhinoceros (46-48). Animals known to be injured
were excluded from the current study. Kock et al. described
a difference in the activities of AST and CK depending on
etorphine dosages and the time to recumbency that elephants
experienced during capture (43). The capture protocol with
the higher etorphine dosages led to quicker recumbencies and
lower AST and CK, compared to a lower dose protocol with
longer times to recumbency. Although with both protocols,
measurements were within the current reference intervals, AST
and CK for the higher dosed group were visibly lower; duration
of chasing and capture must be considered as both enzymes
rise within hours of the insult. CK reaches its peak after 24—
36 h and declines thereafter. As blood samples from the current
study elephants were drawn immediately after the animals were
recumbent, results reflect CK activity well before its peak.
Distinct increases in activities of both enzymes are usually seen
after long transports or exhaustion, exercise and rhabdomyolysis
(46). Reference intervals generated for AST from managed
African elephants are very similar to the current ones, while
other enzymes (ALP, GGT, and CK) show much broader RIs (45).
Young animals, also true for elephants, have higher ALP levels,
due to increased osteoblast activity. In male Asian elephants,
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ALP is especially elevated during musth periods (30, 38). This
would need to be evaluated in future studies to determine if this
also occurs in African elephants. Unfortunately, the presence of
musth in the male elephants in our population was not recorded.

Published means of TP and albumin are consistently lower
than those found in our study, for wild African elephants from
various geographical locations (32, 43). Results from managed
Loxodonta africana are even lower whereas urea and globulin
means were higher than the current results (10, 45). Total protein
reported for the older study of elephants from KNP was most
similar to the current findings (29). Seasonal and geographical
changes have been recorded for all protein constituents, pointing
to nutrition as the most important variable (32). This needs to
be considered when comparing results to established Rls. Total
protein values from Asian elephant populations were similar to
each other (65-93 g/L), and generally lower than TP in African
elephants (15-17, 39).

Anesthetic drugs, stress, capture and transport or a
combination thereof can lead to PCV and TP changes in
various species, and thus influence RIs (49-51). In other
animal species, stress during capture can lead to an increase
in PCV and HGB via catecholamine release and contraction
of the spleen (52). In the adult African elephant, the spleen
acts mostly as a filtering organ (rather than as a blood storage
organ) as is the case in animals which flee if they encounter
enemies or hazards, like equids with a splenic capsule with
muscle tissue (44). The elephant’s splenic capsule consists of
connective tissue, therefore a contraction as stress response
seems unlikely (44). The anesthetic drugs etorphine and
azaperone or combinations thereof have been commonly used
for the African elephant as well as other wildlife species (53-56).
Cardiopulmonary measurands, such as heart and respiratory
rate, blood pressure, blood gases and hemoglobin in arterial
blood have been described for the African elephant anesthetized
with these drugs (57). The influence of these agents on clinical
pathology has not been evaluated in this species so far. In one
small antelope study, where etorphine was one component of
the immobilization drugs (but not used on its own or with
azaperone), a decrease in RBC, WBC, PCV, and HGB was
found (58). A RI study on African buffalo (Syncerus caffer) from
the same geographical location (KNP), using the same drug
combination and clinical chemistry panel, did not consider the
influence of the anesthetics relevant (59). One reason for this
could be that blood is collected very soon after recumbency
which does not allow enough time for measurands to react.
This is a general assumption which needs to be studied further,
for example by comparing results from samples taken under
similar conditions and analyzed using the same methods, from
non-immobilized and immobilized captive elephants. As most
managed elephants are not immobilized for blood collection, the
possible influence of drugs on the RIs generated in this study
needs to be considered if these Rls are used to evaluate results
from captive individuals.

These RIs were generated from a free-ranging elephant
population, meaning that most likely not all reference individuals
were healthy, as indicated by the presence of band heterophils
and some toxic changes. It is difficult to determine health

under field conditions as only certain parameters are assessable
and the animals are chemically restrained. Generally, wild
animals show signs of illness very late in the progression of
a disease. Parasitic loads will likely also differ from managed
animals, as fecal examinations and prophylactic deworming
schedules are commonly recommended practices (60). The above
described strict outlier elimination was performed to exclude
most potential “unhealthy” animals and gain the cleanest possible
data set. Reference intervals were established from the KNP
population, and this should be taken into account when applying
them to populations from a different geographical distribution or
to managed individuals. However, these RIs could be particularly
useful in terms of assessing the nutritional management of zoo
or sanctuary animals as they are derived from a population
existing in the natural habitat of this species, with free choice
of fodder.

Another limitation of the current study could be the age of
the bio-banked samples, which were stored up to 8 years at
—80°C. The literature suggests that human serum samples can
be stored for at least 13 months and plasma for up to 5 years
at the same temperature (—80°C) without significant changes in
the measurands (61, 62). In the current study, we found that the
activity of the two enzymes, AST and CK, were lower in the older
samples, which could be an indication of a storage effect (28).
This would have influenced the Rls by resulting in falsely lower
reference limits. However, as low activity of these enzymes is not
considered clinically relevant, this limitation is not likely to have
an effect on the clinical utility of the Rls.

For future studies, the sample size should be increased,
especially for the automated hematology analyses, as the current
sample size was rather small and the analyzers are not validated
for this species. Ideally, the same machine should be used for
all samples, which in the best case scenario is validated for the
species to be analyzed. Unfortunately, this was not possible for
this study due to resource restrictions present in the laboratory.
It is important to note that the automated hematology reference
intervals are specific to the analyzers and settings used in this
study. The desirable sample size for all measurands would be
>120, but above 39 is considered reasonable for RI studies,
which we were able to attain for blood smear analyses and
WBC count as well as chemistry measurands (7). Larger sample
sizes would allow for partitioning of sexes, which was not
possible here. Male samples are overly represented here, as most
samples were obtained opportunistically during the course of
other studies, which may have had selection criteria favoring
bull elephants.

CONCLUSION

This is the first RI study for hematology and a clinical chemistry
panel relevant for the African elephant performed using
appropriate statistical methods and a strict outlier elimination
approach. In comparison with previously performed research on
the same species and for Asian elephants, the current ranges are
narrower, which will have a greater potential to identify normal
and abnormal clinical pathology results in individuals of this
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species in the future. The established RI will function as an
important tool for researchers and clinicians working with the
species, provided that drugs, geographic location and nutrition
are taken into consideration when interpreting results. Future
studies will be needed with greater sample sizes to create Rls for
different groups (male vs. female, adult vs. juvenile).
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