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Abstract

Serum protein electrophoresis is commonly used
in veterinary medicine to obtain a broad picture
of acute phase and humoral immune responses.
Agarose gel electrophoresis (AGE) has been
the most prevalent platform in laboratory set-
tings; however, in human medicine, this method
is becoming increasingly supplanted by capillary
zone electrophoresis (CZE). CZE has been demon-
strated to have superior accuracy in fraction quan-
titation as well as consistently resolved protein
fractions that are generally not observed by AGE.
The objectives of the current study were to com-
pare these two methods using serum from bottle-
nose dolphins (Tursiops truncatus) and to generate
preliminary reference intervals for this species. The
methods were compared using Spearman’s cor-
relation, Passing—Bablok regression, and Bland
Altman analysis. A varying but significant correla-
tion was observed between the methods for all pro-
tein fractions and the albumin/globulin (A/G) ratio
except for the beta globulin fraction. Comparable
or better imprecision in fraction quantitation was
observed for CZE. Constant and proportional error
was detected for both alpha globulin fractions. Of
note, CZE allowed for an easier definition of the
beta globulin fraction into two fractions (beta 1
and beta 2 globulins), and other subfractions were
also visible. In total, these statistical and visible
differences indicate that the two methods are not
equivalent which necessitates the generation of
method-specific reference intervals. Additionally,
as it becomes more widely available, CZE should
be considered as the preferred method for electro-
phoresis in this species.
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Introduction

Protein electrophoresis (EPH) methods are
widely applied in human medicine, especially
to detect monoclonal gammopathies associ-
ated with neoplasia (Eckersall, 2008). In veteri-
nary medicine, EPH has been employed for this
reason as well as to accurately quantitate albu-
min and to view changes in globulin fractions
which include immunoglobulins and over 200
acute phase proteins (APPs) that might indicate
the presence of inflammation or infection (Cray
& Tatum, 1998; Eckersall, 2008). While both
fields have benefited from the validation of vari-
ous assays for APP quantitation like C-reactive
protein, reagents have not been found to be cross
reactive with many species. Therefore, EPH has
remained a mainstay, allowing for a broad view
of changes that may be present during an acute
phase response which has been estimated to
reflect over 200 proteins (Eckersall, 2008; Cray,
2011). As with the use of APPs, the quantitation
of protein fractions by EPH can be utilized in
health assessments as well as for prognostic pur-
poses (Eckersall, 2008; Cray, 2011).

The agarose gel electrophoresis (AGE) method
has previously been described using dolphin serum
samples through which differences were observed
between free-ranging animals and dolphins under
human care (Bossart et al., 2001). In addition,
studies using AGE have indicated differences
between AGE and chemistry analyzer-derived
albumin levels (Goldstein et al., 2006). Changes
were also reported in dolphins with an array of
infections and diseases, including the presence
of orogenital papillomas and morbillivirus infec-
tion (Bossart et al., 2001, 2006, 2008, 2011). AGE
is often used as a routine test in cetacean species
under human care (Bossart et al., 2001; McBain,
2001) and has also been used in health assessments
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of free-ranging dolphins (Fair et al., 2013). Most
recently, AGE results were reported in conjunction
with a newly validated reagent to measure serum
amyloid A which is a major APP in this species
(Cray et al., 2013; Miller et al., 2017, 2020).

Currently in veterinary reference laboratories,
EPH is conducted using semi-automated platforms
and AGE. In human clinical pathology laboratories,
anewer technology has been mostly adopted called
capillary zone electrophoresis (CZE) (Bossuyt,
2006; Roudiere et al., 2006). Rather than the use
of solid substrate like agarose, the sample is sus-
pended in a capillary tube in which the exposure to
high voltage allows for the separation of the pro-
teins (Roudiere et al., 2006). Also, instead of using
a protein stain as is done in AGE, the fractions are
quantitated by a UV detector. In both human and in
recent veterinary studies of CZE, the opportunity to
define fractions and subfractions has been reported
(Bossuyt, 2006; Roudiere et al., 2006; Crivellente
et al., 2008; Giordano & Paltrinieri, 2010; Roman
et al., 2013; Regeniter & Siede, 2018; Leineweber
et al., 2019, 2020; Toonder et al., 2020). This has
been observed in mammals, including the cat, dog,
mouse, and marmoset (Crivellente et al., 2008;
Giordano & Paltrinieri, 2010). In addition, vari-
ous bird and reptile species have also been exam-
ined (Roman et al., 2013; Leineweber et al., 2019,
2020). To date, there has been a single implementa-
tion of CZE in bottlenose dolphins to study heredi-
tary bisalbuminemia (Gili et al., 2016). The goals
of the current study were to calculate new reference
intervals for CZE and to compare AGE and CZE
methods.

Methods

Samples

Fifty-four serum samples were obtained from free-
ranging bottlenose dolphins in the Indian River
Lagoon in Florida as part of the Dolphin Health
and Environmental Risk Assessment (HERA)
Project. These samples were collected from ani-
mals assessed with a normal physical examina-
tion and no bloodwork abnormalities (Reif et al.,
2008). The sample set was composed of 31 males,
22 females, and one dolphin of unknown sex with
an estimated age range of 3 to 16 y. Samples were
frozen at -80°C until transport to the University of
Miami’s Avian & Wildlife Laboratory in Miami,
Florida, for analysis.

Agarose Gel Electrophoresis

Samples were analyzed using split beta gels and
the SPIFE 3000 system (Helena Laboratories, Inc.,
Beaumont, TX, USA) as previously described
(Bossart et al., 2012). Percentages of gel fractions
were determined after scanning and then multiplied

by total protein for the determination of absolute
fraction values. The albumin/globulin (A/G) ratio
was calculated by dividing the sum of prealbumin
and albumin by the sum of the globulin fractions.
The instrument was maintained according to man-
ufacturer instructions, and normal and abnormal
human control samples were utilized. Total pro-
tein was determined by the biuret method using a
chemistry analyzer (Ortho Vitros 250; Ortho Vitros
Diagnostics, Rochester, NY, USA).

Capillary Zone Electrophoresis

Samples were analyzed using the Capillarys
Flex 2 piercing instrument following manufac-
turer procedures and a 1:4 dilution with urine
protocol buffer (Sebia, Norcross, GA, USA). The
Sebia analysis software was toggled to remove
the automatic anodic and cathodic limits of the
detected protein curve. The instrument was main-
tained according to manufacturer instructions,
and normal and abnormal human control samples
were utilized.

Method Comparison and Statistics

Statistical analyses were performed using Graph
Pad Prism, Version 607 (La Jolla, CA, USA)
and MedCalc, Version 19.2.1 (Ostend, Belgium).
Method comparison was performed as previously
described (Jensen & Kjelgaard-Hansen, 2006) and
included Spearman’s correlation, Passing—Bablok
regression, and Bland Altman plots. Coefficient of
variation (CV) analysis was performed to deter-
mine an intra-assay evaluation: two samples
were run eight times in 1 d using both methods.
Reference intervals were calculated and presented
per American Society for Veterinary Clinical
Pathology (ASVCP) guidelines; outliers (com-
plete data for each animal for which substan-
tial outliers were present) were removed after
identification by Tukey’s test as far out outliers
(Friedrichs et al., 2012).

Results

Fraction Delimitation

Based on previous work with this species, six
fractions— prealbumin, albumin, alpha 1, alpha 2,
beta, and gamma globulins—were quantitated
using AGE (Figure 1A). For CZE, more fractions
could be defined (Figure 1B), including prealbu-
min, albumin, alpha 1, alpha 2, beta 1, beta 2, and
gamma globulins. Of note, alpha 1, alpha 2, and
beta globulin fractions often showed the pres-
ence of at least two protein bands that were not
all consistently apparent in AGE. Fraction values
may be affected by imprecision in the placement
of fraction delimits which is done both by analysis
software and technical staff. This imprecision was
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Figure 1. AGE (A) and CZE (B) derived electrophoretograms
noting the number of fractions observed by each method.
The same sample was analyzed by both methods. AGE
fractions 1 to 6 correspond to prealbumin, albumin, alpha 1,
alpha 2, beta, and gamma globulins. CZE fractions 1 to 8
correspond to prealbumin, albumin, alpha 1, alpha 2-1,
alpha 2-2, beta 1, beta 2, and gamma globulins.

gauged by CV analysis. As samples were run in
one batch, only intraday variation was assessed.
The highest variation was observed for prealbu-
min which ranged between 7.8 to 14.9% by AGE
but only 3.6 to 3.7% for CZE. The CV for the
other fractions were lower or comparable by CZE.
The largest globulin difference was observed in
alpha 1 globulins for which the CV was 9.3 and
2.6% for AGE and CZE, respectively.

Reference Intervals

Reference intervals were generated per ASVCP
guidelines (Table 1). All data were transformed
before analysis using the robust method. Nine ani-
mals with repeated outliers were removed based
on Tukey’s test with notation as far out outliers.

Method Comparison
Passing—Bablok regression (Table 2) and Bland
Altman analysis (Figure 2) were conducted, and

the methods were found not to be equivalent.
All fractions and A/G ratios were found to be
significantly correlated between the methods to
varying levels except for the beta globulin frac-
tion. Constant and proportional error, based on the
confidence intervals of y-intercept and the slope
of the regression line, was found for both alpha
globulin fractions. The difference between the
methods is also evident in the Bland Altman plots
(Figure 2).

Discussion

EPH has been used in veterinary medicine for
many years (Eckersall, 2008). In addition, it
has been well utilized in dolphins under human
care and in health assessments of free-ranging
dolphins with the goal of detecting underlying
inflammatory processes and humoral immune
responses (Bossart et al., 2001, 2006, 2008, 2011;
Fair et al., 2013; Miller et al., 2020). In the cur-
rent study, CZE analysis provided an increased
level of detection of protein fractions with a clear
definition of beta 1 and beta 2 fractions. In addi-
tion, other subfractions were evident, includ-
ing an opportunity to subdivide alpha 2 into two
fractions. These fractions should be a focus of
future CZE studies, comparing samples obtained
from clinically normal and abnormal dolphins to
assess the clinical and research applications of this
increased fraction resolution. Overall, as reported
in studies involving other mammalian, reptile,
and avian species, CZE was also found to have
a higher precision than AGE, and these methods
are not equivalent, necessitating the generation of
method-specific reference intervals (Crivellente
et al., 2008; Giordano & Paltrinieri, 2010; Roman
et al., 2013; Leineweber et al., 2019, 2020;
Toonder et al., 2020).

The reference intervals generated in the current
study should be considered preliminary given the
span of ages and low sample size. Compared to a
previous study on AGE in free-ranging dolphins
(n = 19), the sample set in the current study has
generally resulted in overlapping and, in some
cases, narrower intervals (Bossart et al., 2012).
The observed differences in CZE include a higher
overall level of alpha 2 globulins and a narrower
range (as determined by mean + SD) in alpha 2,
beta, and gamma globulins. This may be related
to the use of different sample sets obtained from
the multi-year health assessment study and/or the
increased precision of the CZE method.

Compared to a previous study to detect bis-
albuminemia in dolphins under human care
which utilized CZE, the albumin concentra-
tion was lower (Gili et al., 2016). However,
this may be related to the previously described
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Table 1. Reference intervals (RIs) for CZE fractions; sample size: n = 45. LRL = lower reference limit, URL = upper
reference limit.

LRL URL
Analyte Mean SD Median Min Max RI (90% CI) (90% CI)  Distribution® Method"
Total protein (g/dL) 7.5 0.9 74 52 92 5.6-94 52-6.0 9.0-9.8 G R, T
A/G ratio 0.77 009 076 061 103 0.57-095 0.53-0.62 0.91-1.00 G R,T
Prealbumin (%) 15 08 13 03 45 0-2.9 -0.9-0.1 24-34 NG R, T
Prealbumin (g/dL) 0.11 006 0.10 0.02 0.32 0-0.22 -0.06-0.01 0.18-0.25 NG R,T
Albumin (%) 419 28 417 364 490 36.0-475 349-373 46.2-48.8 G R, T
Albumin (g/dL) 3.12 041 306 233 430 224-393 2.06-2.46 3.73-4.12 G R,T
Alpha 1 (%) 47 1.1 45 03 89 24-6.8 1.6-3.5 5.6-7.6 NG R, T
Alpha 1 (g/dL) 035 008 035 002 062 0.18051 0.13-025 0.44-0.57 NG R,T
Alpha 2 (%) 124 12 122 103 156 98-149 9.3-10.3 143-154 G R, T
Alpha 2 (g/dL) 092 0.14 091 063 124 064-120 0.59-0.69 1.14-1.26 G R,T
Beta 1 (%) 71 14 7.0 07 94 44-10.1 3353 9.0-11.1 NG R, T
Beta 1 (g/dL) 024 006 023 0.13 039 0.11-035 0.09-0.14 0.32-0.38 G R,T
Beta 2 (%) 40 07 40 28 52 2.6-54 23-29 52-5.6 G R, T
Beta 2 (g/dL) 030 007 029 0.15 047 0.16-043 0.13-0.19 0.40-0.46 G R,T
Total beta (g/dL) 112 13 11.1 87 139 84-139 8.0-8.9 13.2-14.5 G R, T
Total beta (g/dL) 0.84 0.13 082 048 109 0.56-1.11 0.51-0.62 1.04-1.17 G R,T
Gamma (%) 283 35 285 184 362 212-356 19.6-229 34.1-37.2 G R, T
Gamma (g/dL) 2.12 042 215 124 298 125298 1.08-144 2.79-3.15 G R,T

3G = Gaussian, NG = non-Gaussian; °R = robust, T = transformed

Table 2. Passing-Bablok regression analysis, Bland Altman analysis, and Spearman’s correlation of electrophoresis fractions
quantitated by AGE and CZE in sera from bottlenose dolphins (Tursiops truncatus); sample size: n = 54.

Spearman’s Passing-Bablok
AGE, CZE, correlation, regression Bland Altman bias,
Fraction median (IQRY) median (IQR) rvalue (p value)  (y-intercept, slope)® mean (SD)
Prealbumin (%) 2.2(1.8-2.8) 1.3 (1.0-1.6) 0.37 (p =0.0059) NE (0.69, 1.16) -0.80 (0.93)
Albumin (%) 49.1 (47.3-51.8) 41.6 (39.4-44.0)  0.87 (p <0.0001) NE (6.05, 1.04) -713(22)
Alpha 1 (%) 332842 45 (4.2-5.0) 0.34 (p=0.0116) CE,PE (-5.85,2.00) 12(1.2)
Alpha 2 (%) 10.7 (9.2-12.3) 12.5(11.5-134) 053 (p <0.0001) CE,PE (-8.62,1.57) 39(152)
Beta (%) 9.3(7.7-9.9) 11.1 (10.3-12.2) 0.03 (p=0.81) NE (-5.62,1.31) 23(20)
Gamma (%) 25.7(23.0-28.7) 28.9(250-31.8) 091 (p <0.0001) NE (0.88,0.88) 2.8(2.0)
A/G ratio 1.1(0.94-1.17) 0.76 (0.68-0.84)  0.81 (p <0.0001)  PE (-0.03, 1.44) -0.31(0.13)

“IQR = interquartile range; "NE = no error, CE = constant error, and PE = proportional error
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Figure 2. Bland Altman analysis of AGE and CZE data

differences observed in free-ranging vs man-
aged care dolphins (Bossart et al., 2012). In the
current study, none of the samples analyzed by
CZE demonstrated bisalbuminemia, although
this has been observed in samples from some
bottlenose dolphins (C. Cray, pers. comm., 21
July 2020). Overall, CZE was noted to pro-
vide a lower quantitation of albumin levels.
This was not observed in previous studies of

Mean of Gamma_AGE and Gamma_CZE

humans and other mammals (Bossuyt, 2006;
Crivellente et al., 2008; Giordano & Paltrinieri,
2010). Notably, CZE has been reported to over-
estimate human albumin concentrations when
the levels are below 3 g/dL, which is within the
range of values reported in the current study
(Padelli et al., 2018). Further studies should be
performed to address this difference when using
dolphin sera.
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With the advent of test options to quantitate
serum amyloid A, which is a major APP in the
dolphin, EPH may be used less often in routine
health assessments in this species (Cray et al.,
2013; Miller et al., 2017, 2020). While the mag-
nitude of change is impressive in some clinically
abnormal animals, this APP may not change in
response to all stimuli and acute and chronic
conditions (Cray, 2011). As CZE provides a
clear resolution of fractions and subfractions not
previously observed by AGE, the transition from
AGE to CZE will ensure the use of an updated
EPH method to view more changes that are pres-
ent during the acute phase response. Future stud-
ies should examine the application of this new
level of quantitation in samples from dolphins
which are free ranging or under human care with
a variety of health conditions. This may aid in
the identification of new sensitive markers of
disease or environmental stressors in the bottle-
nose dolphin.
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