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Abstract: Objective disease markers in the southern white rhinoceros (Ceratotherium simum simum) are in high

demand. In the field, such markers are typically needed to decide whether a captured white rhinoceros is fit to

cope with quarantine, transport, or both. Captive white rhinoceros have a need for unbiased biomarkers for early

detection of disease. Acute phase proteins, including haptoglobin, are proteins that significantly change their

plasma concentration in response to tissue perturbation or inflammation, such as that occurring during infection

or neoplastic disease. Acute phase proteins are well known diagnostic tools in both human and veterinary

medicine. In this study, an ELISA with commercially available anti-human haptoglobin antibodies for

quantification of haptoglobin in white rhinoceros serum was developed. The validity of the haptoglobin assay

and haptoglobin as a biomarker of disease was investigated with the use of serum samples from both captive and

free-ranging animals with a well-described health status. The assay was precise (intra-assay and interassay

reproducibility were 5.0% and 13.1%, respectively) and reliably quantified white rhinoceros haptoglobin serum

concentrations consuming low volumes of sample. The assay was sensitive to the presence of free hemoglobin in

the sample at levels corresponding to a visibly hemolyzed sample. Haptoglobin was readily measurable, baseline

levels (in white rhinoceros with no clinical signs of disease) did not differ between genders, and a significant

increase was seen in captive as well as in free-ranging white rhinoceros with inflammatory disease. Thus,

haptoglobin is a positive acute phase protein in southern white rhinoceros with potential for use as an objective

marker of disease.

INTRODUCTION

The acute phase response is part of the innate

immune system aimed at promoting healing and

reestablishing homeostasis after an insult.10 Acute

phase proteins (APPs) are serum proteins pro-

duced in the liver when induced by cytokines

released to the circulation in response to trauma,

infection, or inflammation.4 Objective disease

markers in the southern white rhinoceros (Cera-

totherium simum simum) are in high demand. In the

field, such markers are typically needed to decide

whether a captured white rhinoceros is fit to cope

with quarantine (boma), transport, or both.

Captive white rhinoceros have a need for unbiased

biomarkers for early detection of disease.

In human medicine, APPs have been described

as early as in the 1930s.52 From the 1990s, they

were also applied in veterinary medicine.5,13 In

companion animals, APPs are often used for

detection of and monitoring inflammation and

subclinical infections or for prognostic purpos-

es.5,27 In production animals, APPs have been

proposed as markers of herd health16,35,42 and

stress.29,43 The kinetics of the acute phase response

is well known to vary between species2,10,42,54 and

between individual APPs.8,9,12,20,28,50 A correlation

between severity of inflammation and magnitude

of the acute phase response has been de-

scribed.19,24,46

Haptoglobin is known to be a positive APP, its

plasma concentration increasing with inflamma-

tion or disease in several domesticated3,14,42 and

wild animals.2 Various hematological and bio-

chemical values have been established for healthy

free-ranging and captive white rhinoceros30,32,48

however, published information on specific APPs

in healthy and diseased white rhinoceros is limited

to a report on serum amyloid A in black rhinoc-
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eros47 and two very recent papers that present data

on haptoglobin and other APPs in white rhinocer-

os.21,44 In the horse (Equus caballus), the domesti-

cated species phylogenetically closest to the white

rhinoceros,53 haptoglobin is known to be a so-

called moderate APP increasing 5 to 10 times

during a variety of inflammatory conditions23 and

Hooijberg et al21 report that haptoglobin is indeed

a positive APP in free-ranging white rhinoceros

when comparing healthy animals and those with

tissue injury.

In the wild, white rhinoceros are threatened

with extinction. Poaching is a serious threat to the

white rhinoceros in South Africa, where it is

estimated that 80% of the total world-wide white

rhinoceros population is found.15 Therefore, white

rhinoceros conservation is crucial to assure safe

and secure relocation within and between national

parks to reduce the threat from poachers. Despite

all efforts to facilitate quarantine and relocation

of white rhinoceros, approximately 20%–25% of

free-ranging individuals caught and placed into

holding facilities will not adjust to confinement

and have to be released.33 This lack of adaptation

to confinement is believed to be a chronic stress

response; however, the underlying pathophysiol-

ogy is not fully understood. Wild animals tend to

mask clinical signs of disease and the analysis of

APP responses have been proposed as an objec-

tive means to pinpoint disease in captive exotic

animals.2

Serum haptoglobin can be quantified by color-

imetric assays (hemoglobin peroxidase assay) or

immunoassays in exotic animals,2 and the use of a

commercial colorimetric assay was recently re-

ported for white rhinoceros haptoglobin quantifi-

cation.21 In this study, a sandwich ELISA was set

up and analytically validated for quantification of

white rhinoceros serum haptoglobin. Further-

more, the assay was clinically validated (i.e., the

applicability of haptoglobin as an APP in white

rhinoceros was investigated with the assay).

MATERIALS AND METHODS

All white rhinoceros included in this study were

stratified as zoo-kept or free-ranging and diseased

or healthy and classified into four groups (Z, zoo-

kept; H, healthy; Z-D, zoo-kept diseased; F-H,

free-ranging healthy; and F-D, free-ranging dis-

eased), as presented in Table 1. The classification

into H and D was based on the absence or

presence of clinical signs of inflammatory disease

in the animal in question. Rhinoceros were

classified according to habitat, clinical condition,

sampling procedure, and handling of samples.

Body condition score (BCS) was estimated by a

veterinarian according to the scoring system

published by Rachlow and Berger45 according to

Keep.26 This scale spans the range from 1

(excellent condition) to 4 (very poor). Clinical

findings, gender, and age for the captive white

rhinoceros with clinical signs of inflammation (Z-

D) are presented in Table 2. Clinical findings,

gender, estimated age, and BCS for the free-

ranging white rhinoceros with clinical signs of

inflammation (F-D) are presented in Table 3. For

captive white rhinoceros, the year of birth was

registered in the data bank. For free-ranging white

Table 1. Description of the groups of white rhinoceros included in the study, including sampling procedure and
sample handling timelines.

Rhino group

Zoo, healthy (Z-H) Zoo, diseased (Z-D)
Free-ranging,
healthy (F-H)

Free-ranging,
diseased (F-D)

Habitat Copenhagen Zoo,

Denmark

Copenhagen Zoo,

Denmark

Kruger National Park,

South Africa

Kruger National Park,

South Africa

Clinical status No clinical signs Clinical signs of

inflammatory

disease

No clinical signs Clinical signs of

inflammatory

disease

Blood sampling Not immobilized Immobilized Immobilized Immobilized

Darting procedure Not darted Darted from

ground

Darted from

helicopter

Darted from

helicopter

Time from sampling

to processing in

lab (h)

,1 ,1 ,6 ,6

Transport from

biobank to

laboratory (h)

,1 ,1 ,21 ,21
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rhinoceros, the age was estimated by the attending

veterinarian from horn size and configuration,

tooth emergence, and wear and general emer-

gence. All samplings, transport, and sample

handling was done in accordance with national

and international rules and legislation, specifical-

ly including Convention on International Trade in

Endangered Species of Wild Fauna and Flora

(CITES) export and import permissions pertain-

ing to the shipment of South African samples to

Denmark.7

A sandwich ELISA for quantitative determina-

tion of white rhinoceros haptoglobin was devel-

oped and optimized with serum from white

rhinoceros serum banks in Copenhagen Zoo (Den-

mark) and Kruger National Park (South Africa).

A microtiter plate (96 wells, MaxiSorp lot AB

4-42404, Nunc A/S, Roskilde 4000, Denmark)

was coated with 100 ll/well of 2.5 lg/ml rabbit

anti-human haptoglobin polyclonal antibody

(DAKO A0030, DAKO A/S, Glostrup 2600,

Denmark) in 0.05 M Na carbonate buffer (pH

9.6) overnight at 48C. The plate was then emptied

and washed four times with phosphate-buffered

saline (PBS), produced from Milli-Q water, con-

taining 0.05% Tween 20 (PBS-T) with a manual

ELISA plate washer (Nunc-ImmunoTM Wash 12,

Nunc A/S). For blocking, 200 ll of PBS with

2.5% (w/v) casein (Hammerstein, Merck, Darm-

stadt 64297, Germany) was added to each well,

whereafter the plate was covered with a plastic lid

and incubated for 30 min at room temperature

(208C–218C) on a laboratory shaker (Gerhardtt

laboratory shaker, C. Gerhardt Analytical Sys-

tems, Königswinter 53639, Germany). The plate

was emptied and washed four times with PBS-T.

Samples were diluted between 100- and 320,000-

fold (depending on the level of haptoglobin in the

sample) in PBS-T with 0.1% (w/v) casein. Then,

100 ll of the diluted sample was applied twice in

two separate wells (duplicates). The covered plate

was then incubated at room temperature on a

laboratory shaker for 1 h. The plate was emptied

and washed four times with PBS-T, followed by

incubation with 100 ll of biotinylated rabbit anti-

human haptoglobin antibody (prepared in-house

by reacting the DAKO A0030 antibody with

biotin-N-hydroxy succinimide, Sigma Aldrich,

Søborg 2860, Denmark) and diluted 1:500 in

PBS-T-casein (0.1%, w/v). The covered plate

was incubated on a laboratory shaker for 1 h at

Table 2. Clinical findings in white rhinoceros in group
Z-D (zoo, diseased; Copenhagen Zoo; n¼5) and their
serum haptoglobin concentrations in arbitrary units
(AU).

Sample
no. (sex)

Age
(yr) Anamnesis

Haptoglobin
concentration

(AU)

17 (female) 8 Pododermatitis 2,431

20 (male) 18 Squamous cell

carcinoma on foot

2,958

10 (male) ;40 Pustular dermatitis 2,209

21 (male) 44 Rectal laceration 2,483

27 (male) 8 Entropion,

conjunctivitis

2,130

Table 3. Clinical findings in white rhinoceros in the free-ranging diseased group (F-D, Kruger National Park; n¼14)
and their serum haptoglobin concentrations in arbitrary units (AU). Adult is defined as estimated age �7 yr old.

Lab no. (sex)
Age

(estimated)

Body
condition

score Anamnesis

Haptoglobin
concentration

(AU)

10/731 (male) Adult 3 Snare cut down to bone, forelimb 1,968

11/836 (male) Adult 1.5 Snared, fractured hindlimb, ulceration with

multifocal abscesses

1,899

12/310 (female) Adult 4 Shot by poacher, infected, necrotic wound 1,655

10/01 (female) Adult 3 Shot by poacher, infected fracture scapula 1,509

10/879 (male) Adult 2.5 Suspected poaching, very lame, extensive

inflammation, forelimb

1,491

10/647 (male) Adult 4 Snared hindleg, skin intact 1,401

10/08 (female) Adult 3 Horn and nasal bone cut off, septicemia 1,128

10/115 (male) Adult 2 Fracture forelimb, severe infection 1,092

11/437 (male) Adult 2 Bullet wound jaw, severe fight injuries 806

08/98 (male) Adult 2 Snare hindlimb, excessive granulation tissue 693

10/195 (female) Adult 3.5 Snare hindlimb, cut to bone 685

10/643 (male) Adult 2.5 Limping but moving agilely 411

10/718 (female) Adult 3 Fight injuries, lame forelimb 188

13/134 (male) Adult 2 Bullet wound, fracture scapula, fight injuries 103
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room temperature. The plate was emptied,

washed four times with PBS-T, and 100 ll of

streptavidin-conjugated horse radish peroxidase

(DAKO P0397, DAKO A/S) diluted 1:2,000 in

PBS-T-casein (0.1%, w/v) was added to each well

before 1 h of incubation at room temperature, as

before. Finally, the plate was emptied and washed

four times with PBS-T before 100 ll of 3,39,5,59-

tetramethylbenzidine/H2O2 chromogen reagent

(TMB PLUS2, ECO-TEKt, Kem-En-Tec Diag-

nostics, Taastrup 2630, Denmark) was added to

each well. The plate was covered in aluminum foil

to exclude light, and color development was

allowed for 5 min at room temperature until 100

ll/well of 0.5 M H2SO4 was added to stop color

development. The optical density (absorbance) in

each well at 450 nm was determined with an

ELISA reader (Thermo Multiskan EX, Thermo

Fisher Scientific, Roskilde 4000, Denmark).

Because no white rhinoceros haptoglobin stan-

dard for calibration of the assay was available, a

serum sample from one white rhinoceros was

selected and used as a standard to calibrate all

analyses; it had a haptoglobin concentration in the

middle of the range, originated from a healthy

captive animal, and showed no visible hemolysis.

Haptoglobin concentrations were expressed as

arbitrary units (AU). All samples were tested in

duplicate. Optical density values differing by

more than 10% between duplicate determinations

were considered inaccurate, and the analysis was

repeated.

Twenty-two nonhemolyzed samples from 11

adult white rhinoceros were obtained from the

biobank in Copenhagen Zoo, Denmark. Seven-

teen samples were from clinically healthy animals

(Z-H). These animals were trained for blood

sampling and the samples were obtained without

immobilization (Table 1). Five samples were

obtained from animals suffering from inflamma-

tory conditions expected to cause an acute phase

response (Z-D). These white rhinoceros were

remotely injected (darted) and immobilized be-

fore blood sampling (Table 1). Samples were

collected up to 10 yr before the study.

Serum from free-ranging white rhinoceros were

obtained from the biobank in Kruger National

Park, South Africa. Immobilization of white

rhinoceros and collection of blood samples were

performed according to the South African Na-

tional Parks standard operating procedure

(SOP)49 for the capture, transportation, and main-

tenance in holding facilities of wildlife. This SOP

has ethics approval from the SANParks Animal

Use and Care Committee (reference 002/17).

These samples were collected up to 8 years before

the study.

The South African white rhinoceros were

immobilized with a combination of etorphine

(9.8 mg/ml, Novartis, Kempton Park 1619, South

Africa) and azaperone (40 mg/ml, Jansen Phar-

maceutical Ltd, Halfway House 1685, South

Africa) delivered remotely from a helicopter into

the muscles of the rump with a 3.0-ml plastic dart

with a 60-mm uncollared needle propelled by a

compressed air rifle (Dan-Inject, International

S.A., Skukuza 1350, South Africa). Doses were

based on standardized age categories: 3–4 yr¼ 2.5

etorphine, 20 mg azaperone; 4–5 yr ¼ 3 mg

etorphine, 40 mg azaperone; and .5 yr ¼ 4 mg

etorphine, 40 mg azaperone. All animals were

blindfolded once they were recumbent and could

be safely approached. Butorphanol (50 mg/ml,

Kyron Laboratories, Benrose 2011, South Africa)

was immediately administered intravenously at 10

times the etorphine into an auricular vein.

When immobilized in the field for translocation

or because of clinical disease, all white rhinoceros

were clinically examined in the sedated state by a

veterinarian. On the basis of presence or absence

of clinical signs of inflammatory disease, the

sedated rhinos were classified as controls (F-H)

or cases (F-D) (Table 1).

Blood samples were collected from either an

auricular or cephalic vein directly into lithium

heparin and serum separator vacutainers (Fisher

Scientific, Suwanee, GA 30024, USA). Samples

were kept in a cooler on ice and processed in a

laboratory within 6 h (Table 1). Vacutainers were

centrifuged at 2,500 rpm (approximately 1000 g)

for 10 min, and plasma or serum was decanted.

Samples were frozen at �808C until shipped to

Denmark. Frozen serum was transported by plane

in a cooler on ice to DTU, Technical University of

Denmark, Copenhagen, Denmark. Duration of

transport was approximately 21 h. The cooler was

opened once for customs check. The samples

were stored at �708C immediately on arrival.

Precision was determined as the intra-assay

variation (CVintra) and interassay variation (CVinter)

of the assay. CVintra was determined by 10 dupli-

cate determinations of two serum samples within

one plate. The serum samples were taken from the

same individual captive white rhinoceros and

were known to have markedly different serum

concentrations of haptoglobin (high and low).

CVinter was assessed by 11 repetitions (separate

analyses, separate days) of 15 serum samples from

six captive white rhinoceros in duplicate determi-
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nations. The analyses were performed by the same

person with a new ELISA plate each day.

Linearity under dilution was determined with

five serum samples from captive white rhinoceros

known to have low, medium, and high serum

concentrations of haptoglobin, respectively. All

samples were diluted in twofold dilution series.

The results were plotted with dilutions on the x-

axis and calculated concentration in arbitrary

units in the original sample on the y-axis to assess

linearity graphically. Confidence intervals were

determined for each of the samples, and a runs

test was applied to test for randomness. Addi-

tionally, twofold dilution series of six different

serum samples were analyzed to compare paral-

lelism of the corresponding optical density (OD)

curves.

The lower limit of detection was defined as the

haptoglobin concentration corresponding to the

mean of the background absorbance þ3 SD,

deriving the actual haptoglobin concentration by

extrapolation of the standard curve. Negative

controls (100 ll PBS-T-casein 0.1% with no white

rhinoceros serum, n¼ 24) defined the background

absorbance of the assay.

Visible hemolysis in a serum sample is indic-

ative of the presence of free hemoglobin, which is

known potentially to interfere with the quantifi-

cation of haptoglobin by immunoassays.41 To

evaluate the potential interference of hemolysis,

a nonhemolyzed white rhinoceros serum sample

was diluted at a fixed ratio with a twofold

dilution series of white rhinoceros hemoglobin.

The hemoglobin was obtained by lysing red

blood cells obtained from a white rhinoceros

stabilized (non-clotted) blood sample, followed

by separation of cell debris from the hemoglobin

containing supernatant by centrifugation and

microfiltration. The twofold dilution series of

hemoglobin was prepared in PBS-T-casein 0.1%.

Thus, a standard series representing an increas-

ingly hemolyzed white rhinoceros serum sample

having a constant concentration of haptoglobin

was obtained. The hemoglobin absorbance was

measured at 540 nm with a Nanodrop 2000t

spectrophotometer (Thermo Fisher, Hvidovre

2650, Denmark), and the apparent haptoglobin

concentration was determined by the sandwich

ELISA and was used to define the maximum

hemoglobin concentration not affecting the mea-

sured haptoglobin concentration.

The acute phase response was additionally

analyzed by clinical chemistry analysis and serum

protein electrophoresis in nonhemolyzed captive

white rhinoceros serum samples (n¼ 22, Z-H and

Z-D). One sample in each group was excluded

because of low sample volume. Duplicate analy-

ses of the protein concentration (biuret), albumin

(bromocresol green), and iron (ferrozine) were

performed in a single run on an automated clinical

chemistry analyzer (ADVIA 1800 Chemistry

System, Siemens Healthineers, Ballerup 2750,

Denmark). Additionally, the concentrations of

a1-, a2-, b1-, b2-, and c-globulins were deter-

mined on an automatic capillary electrophoresis

analyzer (MiniCap Flex Piercing, Sebia, ILS,

Alleroed 3450, Denmark).

Statistical analyses were carried out by Graph-

Pad Prismt 7.0 (GraphPad Software Inc, La Jolla,

CA 92108, USA). A Shapiro–Wilk test (99% CI)

was applied to raw data as will be seen in Figures

3–5 and Table 4 to ascertain that data were

normally distributed. An unpaired t test was used

when data were normally distributed to establish

the statistical significance of the difference be-

tween the two datasets; if data were non-normally

distributed, unpaired Mann–Whitney tests were

performed. Linear regression was performed on a

dilution series of five selected serum samples to

establish that slopes did not deviate significantly

from zero. A value of P , 0.05 was considered

significant.

RESULTS

The overall CVintra was found to be 5.0% for 10

duplicate determinations of two serum samples

Table 4. Median concentrations and minimum and
maximum of serum protein analyses in Z-H (zoo,
healthy; n¼ 15) and Z-D (zoo, diseased; n ¼ 5) white
rhinoceros groups.a

Z-H,
APR not expected,
median (min–max)

Z-D,
APR expected,

median (min–max)

n 15 5

Total protein (g/L) 78.1 (61.7–83.3) 84.1 (71.2–91.2)

Albumin (g/L) 34.7 (27.0–36.4) 36.7 (22.8–39.3)

Iron (lmol/L) 27.7 (18.7–33.1) 18.9 (9.7–46.0)

Alpha1 (g/L) 2.3 2.3

1.3–3.0 1.9–3.4

Alpha2 (g/L) 5.9 8.1b

4.5–9.3 7.4–8.6

Beta1 (g/L) 12.0 14.2b

9.4–12.6 11.8–14.5

Beta2 (g/L) 6.8 7.8b

5.8–7.7 5.8–8.5

Gamma (g/L) 24.2 27.3

20.0–28.4 22.7–31.7

a APR, acute phase response; min, minimum; max, maximum.
b Significant difference at P , 0.05.
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(low [1028.79 AU] serum sample CVintra¼6.1; high

[2352.3 AU] serum sample CVintra¼3.8). The mean

CVinter was found to be 13.12% after 11 determi-

nations on 11 separate days of 15 serum samples

ranging from 1,088 to 6,536 AU (mean concen-

trations).

Linearity under dilution was determined by

linear regression (Fig. 1) for a serial dilution of

each of five samples spanning concentrations

from between 200 and 800 AU. The confidence

interval of the slope in all five samples included

zero; thus, none these slopes were significantly

different from zero (P � 0.11). Twofold dilution

series of six different serum samples yielded

parallel titration curves in the ELISA (i.e., having

linear slopes with similar gradients; P¼0.10) with

a of 2–3-log dynamic range (not shown).

The mean OD and standard deviation of the 24

negative samples (buffer only) was 0.12 6 0.01,

which corresponds to a lower limit of detection of

0.03 AU from the mean þ 3 SD being equal to

0.15, which is approximately 10 times below the

lower end of the standard curve.

Free hemoglobin as present in hemolyzed

samples interfered significantly with the assay,

causing a clear inhibition of the signal, occurring

above 0.04 hemoglobin absorbance units (540 nm;

Fig. 2). Below this free hemoglobin concentration

virtually no interference was observed. Adding

0.04 absorbance units of hemoglobin caused the

haptoglobin signal to drop by 2.5%; 0.04 hemo-

globin absorbance units is clearly visible to the

eye as a red coloration, indicating hemolysis.

The validated ELISA was used to measure the

serum haptoglobin concentration in 22 serum

samples from a total of 11 captive white rhinoc-

eros. For all captive white rhinoceros, the BCS

was between 3 and 4 at the time of sampling. As

seen in Figure 3, the haptoglobin concentration in

the disease group (Z-D) samples (mean ¼ 2,442

AU, n¼5) was significantly higher than that of the

healthy group (Z-H) samples (mean¼ 1,283 AU, n

¼ 17) (P , 0.0001). A small overlap between the

two populations occurred with a single Z-H

sample reaching into the Z-D range.

Likewise, the F-D group (mean¼ 1,073 AU, n¼
14) had significantly higher haptoglobin serum

concentration than the F-H group (mean ¼ 143

AU, n¼ 8) (P , 0.001) (Fig. 4). As for the captive

white rhinoceros samples, the overlap between the

two populations was small, with only two samples

of the F-D group having haptoglobin concentra-

tions low enough to fall within the range of the F-

H samples. BCS varied from 1.5 to 4 for the F-D

animals, with seven animals (50%) below 3 (see

Table 3). The BCS for the Z-D, Z-H, and F-H

animals were all 3–4. The mean haptoglobin

Figure 1. Linearity under dilution of five serum

samples from white rhinoceros (Copenhagen Zoo)

at five twofold dilution steps each. The calculated

haptoglobin concentration (in arbitrary units, AU) of

each of the samples at each of the dilutions is shown

as a function of the dilution factor. Dotted lines

represent simple linear regression curves for each of

the samples. NB: Please note logarithmic x-axis.

Figure 2. Effect of added white rhinoceros hemoglobin

on the optical density at 450 nm (OD 450) obtained

with a constant dilution of a specific white rhinoceros

serum in the ELISA. The horizontal line indicates

the mean OD value of the serum sample without

added hemoglobin. The vertical dotted line repre-

sents the amount of hemoglobin at which the

measured OD was no longer affected (i.e., at 0.04

hemoglobin absorbance units [540 nm] correspond-

ing to a visibly hemolyzed sample).
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response in the F-D group with high BCS (3–4)

was 1,219 AU (188–1,968 AU, n ¼ 7). For F-D

animals with low BCS (,3), the mean haptoglobin

response was 928 AU (103–1,899 AU, n ¼ 7).

Biochemical analysis of serum samples from

captive white rhinoceros revealed no significant

differences in total protein, albumin, or iron

concentrations. Although iron was lower in the

Z-D group compared with the Z-H group, the

difference was not statistically significant (Table

4). Analysis of subsets of serum proteins by

electrophoresis demonstrated a significant in-

crease in the concentrations of a2- (P , 0.05),

b1- (P , 0.05), and b2-globulin (P , 0.05) subsets

in Z-D compared with Z-H animals (Table 4; Fig.

5).

DISCUSSION

A precise (CVintra ¼ 5%, CVinter ¼ 13.115%) and

sensitive sandwich ELISA for relative quantifica-

tion of white rhinoceros serum haptoglobin based

on commercially available antibodies directed

against human haptoglobin was successfully de-

veloped. The high sensitivity of the assay even

allowed samples with low concentrations of

haptoglobin to be run at a dilution of 100, thus

using very little sample volume. The assay was

also robust with good linearity under dilution.

The lower limit of detection was found to be

markedly lower than the mean OD value in the

lower end of the linear part of six standard curves

(0.03 AU; not shown). All measured white

rhinoceros values in this study were above 0.3 AU.

The assay yielded valid haptoglobin concentra-

tions in white rhinoceros serum, provided the

level of free hemoglobin did not exceed 0.04

absorbance units at 540 nm (Fig. 2). The 0.04

absorbance units correspond to a visibly hemo-

lyzed serum sample. Above this threshold, free

hemoglobin as encountered in a hemolyzed

sample had a marked inhibitory effect on the

measurement of haptoglobin by the ELISA. This

has been reported previously for an immunoassay

for quantification of porcine haptoglobin,41 and is

also noted as a potential problem with colorimet-

ric assays based on the protection of hemoglobin

peroxidase activity by haptoglobin (PHASE hap-

toglobin assay, manufacturer’s protocol, Tridelta

Development Ltd, Kildare, Ireland).

Serum proteins induced by inflammation, in-

fection, and trauma, such as haptoglobin, may

provide an alternative for monitoring health of

nondomesticated animals.2 Haptoglobin is known

to be a major or moderate positive APP in many

species;2,42 for example, the acute phase charac-

teristics of haptoglobin in the pig has been

extensively investigated.39–41 Some dependency

on gender and age has been reported in this

species, with females having higher serum con-

centrations and very young animals having higher

serum concentrations than older animals.6 Be-

cause all white rhinoceros in the study were

adults, age effects should not influence the results.

A correlation between BCS and APP levels has

been found in cattle after calving.34 In this study,

Figure 3. Serum haptoglobin concentrations of white

rhinoceros healthy zoo (Z-H, Copenhagen Zoo)

group (n ¼ 17) and diseased zoo (Z-D) group (acute

phase response expected, n ¼ 5). The categorization

was based on the clinical examination at the time of

blood sampling. Symbols show means and the

standard error of the mean. **** P , 0.0001.

Figure 4. Serum haptoglobin concentration of white

rhinoceros in Kruger National Park, South Africa,

for free-ranging healthy (F-H) group (n¼ 8) and free-

ranging diseased (F-D) group (acute phase response

expected, n ¼ 14). Symbols show means and the

standard error of the mean. *** P , 0.001.
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there appears to be no correlation between low

BCS and an increased haptoglobin response. A

lower BCS was expected for free-ranging com-

pared with zoo white rhinoceros because of a

lower and more variable nutritional plane and

increased daily activity associated with grazing

and walking to water. For F-H animals, no

difference in BCS was observed when compared

with Z-H animals (not shown). However, BCS is

connected with nutritional status and not directly

connected with inflammation. Also, different

people were determining the BCS, and therefore

possibly different criteria may have been applied

in the assessments.

An elevated concentration of haptoglobin was

found in serum in captive white rhinoceros

suspected to have an acute phase response (Z-D

animals; Fig. 3). The observed increase in serum

haptoglobin concentration in the Z-D group

compared with the Z-H group was approximately

100%, indicating that haptoglobin is a positive

APP in white rhinoceros. One animal in the Z-H

group had an elevated haptoglobin concentration.

In this animal, blood sampling was performed

when the white rhinoceros was inseminated 24 h

after insertion of a deslorelin implant (under local

anesthetics).

Biochemical analyses of serum samples from

captive white rhinoceros supported the results of

the haptoglobin analyses and demonstrated a shift

toward an ‘‘inflammation-type’’ profile, with iron

tending to decrease and a1, b1, and b2 electro-

phoretic protein populations tending to increase

in the six samples from Z-D animals compared

with the Z-H animals. The serum concentration of

iron is known to decrease during inflammation in

mammalian species1,24,35 and has recently been

demonstrated to be a negative acute phase

reactant in white rhinoceros, as well; together

with haptoglobin, it has an excellent diagnostic

accuracy for detecting inflammation.22 Increased

a2-, b1-, and b2-globulin concentrations can be

caused by increases in the serum concentration of

acute phase proteins such as haptoglobin, cerulo-

plasmin, and C-reactive protein, respectively.37

Haptoglobin will typically give rise to an in-

creased a2-globulin profile in electrophoresis, as

seen in this study.17,31 A recent study by Hooijberg

et al22 has established the normal range (reference

intervals) of serum proteins by agarose gel

electrophoresis of white rhinoceros blood sam-

ples. Notably, the values for diseased animals with

acute phase response reported in the current

study are lower or within reference of normal

individuals as defined in the study of Hooijberg et

al22 (except for c-globulins), which underlines the

difficulty in standardizing electrophoretic analy-

ses for quantification of serum protein fractions.

Analysis of samples collected from South

African free-ranging southern white rhinoceros

also supported that haptoglobin is a positive acute

phase protein in white rhinoceros (Fig. 4), with a

highly significant approximately sixfold increase

in the mean haptoglobin serum concentration in

F-D animals (Fig. 4). This result is in agreement

with previous studies of haptoglobin responses in

other species38,40 and with a recent report compar-

ing serum haptoglobin concentrations of white

rhinoceros having a tissue injury with healthy

controls.21

Most F-D animals in the present study were

suffering from major trauma, such as infected

gunshot wounds, deep skin wounds caused by

snares, and other clinical conditions that would be

Figure 5. Representative examples of serum protein electrophoretic curves by capillary electrophoresis of (A)

clinically healthy captive white rhinoceros and (B) captive white rhinoceros with expected acute phase response

(sample 20, squamous cell carcinoma on foot).
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expected to cause a severe acute phase response

(Table 2). Although the mean haptoglobin serum

concentrations were significantly higher in the F-

D group, two white rhinoceros had a haptoglobin

serum concentration within the range of the F-H

group (Fig. 4). One animal was lame with fight

injuries. No treatment was needed, and it was

released after the clinical checkup, indicating a

less severe clinical condition. The other white

rhinoceros had a bullet wound, fractured scapula,

and fight injuries with a BCS of 2, and according

to the clinical examination, the injuries were

chronic, indicating blood sampling late in the

inflammatory response.

Although the haptoglobin serum concentra-

tions in the F-D group were lower than the

concentrations measured for the Z-D group, the

clinical conditions observed in the Z-D group

were more moderate in nature. However, in

addition to differences in BCS, the white rhinoc-

eros in a zoo are under constant observation,

whereas free-ranging white rhinoceros in a na-

tional park may have inflammatory conditions

that remain undetected for days, resulting in

sampling late in the inflammatory response. If

that is the case, that could partially explain the

unexpected lower haptoglobin concentration in F-

D animals with major traumas compared with the

Z-D animals with more moderate clinical condi-

tions because acute phase proteins, including

haptoglobin, generally show transient responses,

returning to baseline concentrations within a few

days of an acute stimulus.12 Also, and more

importantly, the two sample sets were handled

differently preanalytically (Table 1). In particular,

the long transport time from the South African

site to the Danish laboratory (around 21 h in

total) may have caused additional cycles of

thawing and freezing of all samples in the F

group, resulting in suboptimal conditions for

those samples, as opposed to the samples in the

Z group. Such a case is likely to have decreased

the measured haptoglobin concentration in all F

samples.

Distributions of haptoglobin values were very

different between the two samples sets; the Z-D

animals showed a much narrower distribution

than seen with the F-D animals. Performing a full

clinical examination of a white rhinoceros in the

South African bush is a challenge. Even when

performed under more optimal conditions, clini-

cal examinations are known to suffer from lack of

objectivity and reproducibility.11,39,51 Also, an in-

creased APP concentration in animals with sub-

clinical disease has been observed.18,40 Therefore,

subclinical diseases that influence animal health

may remain undetected when the clinical exami-

nation is performed.

In the report by Hooijberg et al21 a commercial

colorimetric species-independent assay was used,

and haptoglobin was concluded to be a positive

acute phase protein in white rhinoceros, fully in

line with the results in this study. Importantly, the

colorimetric assay consumes a lot more sample

than the ELISA presented here (15 ll undiluted
serum compared with, at most, 2 ll for a double

determination). Both assays are essentially uncal-

ibrated because the colorimetric assay of Hooij-

berg et al21 uses a ‘‘modified serum calibrator’’

from an unknown species.

Whereas Hooijberg et al21 only analyzed sam-

ples from free-ranging animals,21 this study also

analyzed captive white rhinoceros from Copenha-

gen Zoo and found a difference between serum

haptoglobin concentrations in Z-H animals and in

F-H animals from Kruger National Park. Gener-

ally, the haptoglobin serum concentration in

South African white rhinoceros was found to be

lower than in white rhinoceros from Copenhagen

Zoo, as determined in the immunoassay. In that

both background levels and positive samples were

lower in the samples originating from the wild, the

difference is likely caused by the disparities in

preanalytical handling, including storage and

transport of the samples (Table 1), rather than

differences in immobilization techniques (only

the Z-H group was not immobilized during

sampling).

Despite the small overlaps between control and

case animals in both sample sets and irrespec-

tively of sex, a significant increase in serum

haptoglobin concentration was found when clin-

ical signs of inflammation were present. However,

further testing of a larger number of samples to

validate the clinical usefulness of the assay is

clearly warranted, as is calibration with a species-

specific (white rhinoceros) haptoglobin standard.

A larger number of samples from well-character-

ized sick animals, especially, should be included.

Also, if the test is to be implemented in the field, a

simpler and less time consuming method for

quantifying haptoglobin would be highly useful,

such as a (semi)quantitative lateral flow dipstick

format.

CONCLUSION

An ELISA for quantification of white rhinoc-

eros haptoglobin in nonhemolyzed serum samples

on the basis of easily accessible commercial

polyclonal antibodies specific for human hapto-
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globin was developed and used to demonstrate

that haptoglobin is a positive acute phase protein

in southern white rhinoceros. Although the num-

ber of samples employed in this study was

relatively small, not allowing discrimination of

sex- and age-specific effects, and although the

available samples did not allow a time course

study of the white rhinoceros haptoglobin re-

sponse before, during, and after insult, the results

clearly indicate that haptoglobin is a useful acute

phase protein in white rhinoceros. The obtained

results suggest that the measurement of hapto-

globin could help in detecting individual white

rhinoceros with inflammation and serve as a tool

for health monitoring, possibly combined with

serum iron concentrations.
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28. Lampreave F, González-Ramón N, Martı́nez-

Ayensa S, Hernández MA, Lorenzo HK, Garcı́a-Gil
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