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Abstract
Background: Capillary electrophoresis of plasma proteins has shown great potential as a complementary
diagnostic tool for avian species. However, reference intervals for plasma proteins are sparse or lacking for several
free-living avian species. The current study reports electrophoretic patterns and concentrations of plasma proteins
determined for 70 free-living white-tailed eagle (Haliaeetus albicilla) nestlings from two locations in Norway (Steigen
and Smøla) in order to establish reference values for this subpopulation using capillary electrophoresis. The
nestlings were between 44 and 87 days of age, and the plasma protein concentrations were investigated for age,
sex, year (2015 and 2016) and location differences. To our knowledge, this is the first report of reference intervals of
plasma proteins analysed by capillary electrophoresis in free-living white-tailed eagle nestlings.
Results: The plasma protein concentrations (% of total protein, mean ± SE) were determined for prealbumin (13.7%,
4.34 ± 0.15 g/L), albumin (46.7%, 14.81 ± 0.24 g/L), α1-globulin (2.4%, 0.74 ± 0.03 g/L), α2-globulin (11.7%, 3.72 ± 0.06
g/L), β-globulin (15.9%, 5.06 ± 0.08 g/L) and γ-globulin (9.6%, 3.05 ± 0.09 g/L). Significant differences were found
between the two locations for prealbumin, α2- and γ-globulins. No significant differences were found between the
two sampling years or sexes, and no effect of age was found for any of the plasma proteins. However, prealbumin
levels were several folds higher than previously reported from adults of closely related birds of prey species. There
were no other studies on capillary electrophoresis of nestling plasma available for comparison.
Conclusion: Significant differences were found between sampling locations for prealbumin, α2- and γ-globulins,
which may indicate differences in inflammatory or infectious status between nestlings at the two locations.
Sampling year, sex or age had no significant effect on the plasma protein concentrations. These results provide
novel data on plasma protein concentrations by capillary electrophoresis and may be useful for evaluation of health
status in free-living white-tailed eagle nestlings.
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Background
Plasma proteins are essential for normal physiological
health and provide an important diagnostic tool in
human and veterinary medicine [8, 34]. The proteins are
important for maintaining osmotic pressure and pH, for
transportation of biomolecules, blood clotting, regulation of cellular activity and immune responses [1, 42].
To separate and analyse these proteins, agarose gel- and
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capillary electrophoresis are two commonly applied
methods, which are based on the separation of proteins
by an electrical charge. In agarose gel electrophoresis
(AGE), the migration matrix for the plasma proteins is a
thin layer of agarose gel submerged in buffer. Despite
available semi-automated AGE systems, the analysis remains labour-intensive [18]. Capillary electrophoresis
(CE) is a fully automated and fast alternative to AGE,
using thin silica-fused capillaries as separation matrix
instead of agarose gel [18]. When compared to AGE,
studies have shown that CE is a reliable method with
high reproducibility and repeatability [3, 11, 38]. In mammalian studies, serum is normally used to determine
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serum proteins while in avian studies, plasma is the preferred sample matrix due to lower sample volumes, easier
storage and fluidity [41, 42]. Other methods such as enzyme- and radioimmunoassay, Western blot and mRNA
analysis are also available for measuring individual plasma
proteins as biomarkers for immune responses. However,
these methods often utilise species-specific reagents and
may not be available for avian species.
Plasma proteins are most often divided into six fractions; prealbumin, albumin, α1-globulins, α2-globulins, βglobulins and γ-globulins, depending on their charge and
size. Each fraction contains one or more proteins, and
especially the β- and γ-fractions contain valuable information for detection and diagnostics of diseases [34]. Inflammatory diseases have been shown to increase levels of the
positive acute phase proteins that either migrate in the αglobulin region e.g.: α2-macroglobulin and haptoglobin, or
in the β-globulin region eg: C reactive protein, serum
amyloid A and fibrinogen. Albumin and prealbumin are
both negative acute phase proteins and will decrease with
inflammation [9, 20]. Antibody responses increase levels
of γ-globulins in the blood in exposure to pathogens [20]
or as a result of immune mediated disease. A multitude of
avian diseases such as aspergillosis [7, 23], sarcocystosis
[10], chlamydophilosis, nephritis and hepatitis [8] are
known to affect plasma protein levels in birds.
Analyses of plasma proteins may therefore provide important information for health assessment in birds. Studies have shown more variation in electrophoretic
patterns among avian, than in mammalian species [4, 41,
44] indicating the need of species-specific reference intervals. Physiological factors such as age and nutrition
may also affect protein fractions, although to a lesser
degree than inflammation or disease [45]. As top predators, birds of prey can be used as sentinels of environmental pollution [12] or ecosystem health [40], and
information on electrophoretic patterns and plasma
protein ranges are currently lacking for several birds
of prey species.
The white-tailed eagle (Haliaeetus albicilla) is a territorial, long-lived bird of prey with an apex position in
the food web. Their diet depends on the location of their
territories and consists mainly of terrestrial and marine
carrion, fish, seabirds and small mammals [15]. Studies
have shown that white-tailed eagles are prone to exposure to ecto- and hemoparasites [26, 30]. Post-mortem
examinations of white-tailed eagles have shown coccidian and helminth species which reflect parasites commonly found in prey reservoirs [27, 28]. White-tailed
eagle nestlings are stationary in their nests during development and thus fed by their parents. As nestlings have
an immature immune system during growth, they may
be more sensitive to parasite exposure or infections than
adults [46].
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The aim of the present study was to provide capillary
electrophoretic patterns and plasma protein levels for
free-living white-tailed eagle nestlings at two locations in
Norway (Smøla and Steigen archipelago). Further, we
evaluated if protein levels varied depending on location,
sex, year, time of day and age at sampling.

Results
Description and identification of electrophoretic protein
patterns

Six major protein fractions were detected in plasma from
white-tailed eagle nestlings. These were prealbumin, albumin, α1-globulin, α2-globulin, β-globulin and γ-globulin,
and their respective concentrations (mean ± standard
error (SE), median, range, 95% reference intervals and
90% confidence intervals) found at Smøla and Steigen are
provided in Table 1.
Plasma samples were collected from nestlings at Smøla
and Steigen in 2015 and 2016 and samples were combined for each location due to statistically significant differences between locations and not between years
(Table 2). The concentrations are in g/L. Additional information regarding reference and confidence intervals
for Smøla and Steigen nestlings is found in the supplementary information (Additional file 1: Figure S3 and S4).
The percent of total protein content (%) and concentrations of plasma proteins in nestlings sampled in 2015 and
2016 for each location separately can be found in the supplementary information (Additional file 1: Table S2).
The electrophoretic patterns (Fig. 1) from 80% of the
nestlings from Smøla had clear prealbumin peaks shouldering off from the albumin fraction (Fig. 1a), compared
to 26% of the nestlings from Steigen. Most of the nestlings
from Steigen had no prealbumin shoulder (Fig. 1c), or a
small shoulder (Fig. 1d). The electrophoretic patterns for
the nestlings with the highest levels of β-globulin and γglobulin are shown in Fig. 1b and d, respectively.
Influence of sampling locations, years, sex, time of day
and age on plasma protein concentrations

When the two years were combined, statistically significant differences were detected between locations for
prealbumin, α2- and γ-globulins (p < 0.01), with higher
levels of prealbumin in nestlings from Smøla and higher
levels of α2- and γ-globulins in nestlings from Steigen
(Table 2). No statistically significant differences were
found between females and males, and the age of the
nestlings and the time of day at sampling did not affect
the variation of the plasma proteins (Table 2).
No statistically significant differences were found between
the two years when locations were combined (Table 2),
however, inter-annual differences were found for albumin
in Steigen with higher concentrations in 2016 than 2015
(F(17,1) = 5.87, p = 0.02). Statistically significant intra-annual
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Table 1 Concentrations and reference intervalsa of plasma proteins in Norwegian white-tailed eagle nestlings
SMØLA (n = 35)
Analyte
Prealbumin

(g/L)

Mean ± SE

Median

Range

95% RI lower limit (90% CI)

95% RI upper limit (90% CI)

4.75 ± 0.21

4.36

2.72–7.89

2.62 (2.35–2.98)

7.91 (6.88–9.00)

Albumin

(g/L)

14.66 ± 0.30

14.84

11.52–19.07

11.41 (10.87–12.11)

18.74 (17.59–19.79)

α1-globulin

(g/L)

0.71 ± 0.04

0.65

0.36–1.45

0.37 (0.34–0.42)

1.32 (1.09–1.56)

α2-globulin

(g/L)

3.56 ± 0.07

3.55

2.77–4.41

2.77 (2.60–2.94)

4.47 (4.21–4.70)

β-globulin

(g/L)

4.98 ± 0.12

4.81

4.03–7.69

3.99 (3.85–4.16)

6.36 (5.59–6.89)

γ-globulin

(g/L)

2.74 ± 0.10

2.64

2.00–4.45

1.88 (1.79–2.00)

4.08 (3.64–4.59)

Total protein

(g/L)

31.40 ± 0.45

31.40

26.00–35.90

25.47 (24.36–26.99)

36.62 (35.44–37.57)

b

A:G ratio

1.63 ± 0.03

1.59

1.28–2.09

1.30 (1.25–1.36)

2.09 (1.94–2.25)

A:Gc ratio

0.88 ± 0.02

0.87

0.54–1.20

0.61 (0.55–0.69)

1.14 (1.06–1.20)

Mean ± SE

Median

Range

95% RI lower limit (90% CI)

95% RI upper limit (90% CI)

STEIGEN (n = 35)
Analyte
Prealbumin

(g/L)

3.93 ± 0.18

3.78

1.85–6.63

2.10 (1.82–2.44)

6.56 (5.74–7.53)

Albumin

(g/L)

14.97 ± 0.38

14.82

9.71–19.35

10.29 (9.32–11.32)

19.58 (18.25–20.82)

α1-globulin

(g/L)

0.79 ± 0.04

0.73

0.42–1.38

0.43 (0.39–0.49)

1.21 (1.08–1.39)

α2-globulin

(g/L)

3.88 ± 0.10

3.74

2.80–5.25

2.82 (2.65–3.02)

5.30 (4.82–5.72)

β-globulin

(g/L)

5.13 ± 0.12

5.15

3.51–6.35

3.70 (3.39–4.02)

6.57 (6.20–6.88)

γ-globulin

(g/L)

3.37 ± 0.13

3.30

2.01–5.23

1.96 (1.71–2.27)

5.12 (4.68–5.65)

Total protein

(g/L)

32.06 ± 0.68

32.40

20.30–39.60

24.15 (22.36–26.30)

41.20 (38.40–43.44)

A:Gb ratio

1.44 ± 0.02

1.42

1.16–1.76

1.17 (1.12–1.22)

1.78 (1.68–1.86)

A:Gc ratio

0.88 ± 0.02

0.87

0.73–1.11

0.70 (0.67–0.73)

1.13 (1.06–1.21)

a

95% Reference intervals (95% RI) were calculated using a robust method based on Box-Cox transformed data. Confidence intervals (90% CI) around the upper
and lower reference limit were obtained through a nonparametric bootstrap
b
Albumin to globulin ratio: (albumin + prealbumin)/(α1 + α2+ β + γ globulins)
c
Albumin to globulin ratio: (albumin)/(prealbumin + α1 − + α2 − + β − + γ-globulins, [38])

differences were also found between the two locations, with
higher concentrations of prealbumin at Smøla and α1-globulins at Steigen in 2015 (F(17,1) = 6.13–6.21, p = 0.02). In
2016, significantly higher concentrations of α2- and γ-globulins were found in Steigen compared to Smøla. When the

two sexes were separated, statistically significant differences between the locations for prealbumin, α2and γ-globulins were found for females (F(27,1) = 4.46–
13.84, p = 0.04), but not males (p > 0.05). Statistically
significant differences between years were also found

Table 2 Statistical differences between plasma protein concentrations between locations, years, sex, nestling age and sampling time
Steigen - Smøla
n: 35–35

2015–2016
n: 27–43

Age
n: 70

Sex
n: 35–35

Time of day
n: 70

F-value

p-value

F-value

p-value

F-value

p-value

F-value

p-value

F-value

p-value

Prealbumin

(g/L)

7.41

0.01*

2.19

0.15

0.24

0.63

1.29

0.27

0.08

0.77

Albumin

(g/L)

0.10

0.75

3.55

0.07

0.80

0.38

0.84

0.37

0.09

0.76

α1-globulin

(g/L)

2.89

0.10

0.22

0.64

0.75

0.40

3.64

0.07

0.90

0.35

α2-globulin

(g/L)

4.60

0.04*

3.31

0.08

0.08

0.79

0.22

0.65

0.01

0.91

β-globulin

(g/L)

0.70

0.41

0.27

0.61

0.01

0.93

0.32

0.58

0.40

0.54

γ-globulin

(g/L)

11.79

< 0.01*

0.03

0.86

0.03

0.87

1.30

0.27

3.02

0.10

Total protein

(g/L)

0.48

0.49

1.39

0.25

0.49

0.49

1.26

0.28

0.02

0.88

17.37

< 0.01*

0.09

0.77

2.18

0.15

0.22

0.65

0.39

0.85

0.14

0.71

3.75

0.06

0.70

0.41

0.80

0.38

0.65

0.43

A:Ga ratio
b

A:G ratio

Albumin to globulin ratio: (albumin + prealbumin)/(α1 + α2 + β + γ globulins)
b
Albumin to globumin ratio: (albumin)/(prealbumin + α1- + α2- + β- + γ-globulins, [38])
Statistically significant differences are marked with asterisks (*)
a
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A

B

C

D

Fig. 1 Electrophoretic patterns of plasma protein fractions from white-tailed eagle nestlings from Steigen and Smøla. Protein fractions (from left
to right) are prealbumin, albumin, α1-globulin, α2-globulin, β-globulin and γ-globulin. a Typical pattern from Smøla nestlings, with a separate
prealbumin peak indicated with a black arrow, b Pattern from the nestling with the highest levels of prealbumin and β-globulin. c Typical pattern
of Steigen nestling, with a “smooth” transition between prealbumin and albumin. d Pattern of nestling with the highest levels of γ-globulin

for prealbumin and albumin for females
(F(27,1) = 13.33 and 5.14, p < 0.03, respectively).

only

Discussion
The electrophoretic patterns found for the white-tailed
eagle nestlings in the present study resembled those
found for black kite (Milvus migrans) by CE analyses
[38] and bald eagle (Haliaeetus leucocephalus) nestlings
by AGE analyses [41]. The concentrations of total protein, albumin, α2-, β- and γ-globulins were also similar
to those observed by AGE of plasma from healthy stellar’s sea eagle (Haliaeetus pelagicus) and bald eagle
adults [41], and within the range of concentrations observed in free-living nestling peregrine falcons (Falco
peregrinus) by cellulose acetate electrophoresis [29].
Compared to these previous studies, the most notable
differences were the lower levels of α1-globulin and
higher levels of prealbumin in the present study.
The α1-globulin fraction is often not detectable in
plasma of healthy birds from most avian species, while
plasma from raptorial species show a high-amplitude fraction branching off the albumin spike [44]. The mean concentration of α1-globulin in the present study was 2.4% of
the total protein content (Additional file 1: Table S2),
which is lower than what has been found for α1-globulins
in peregrine falcon nestlings (6.4% of the total protein
content, [29]). The concentrations of the present study

were close to 1.4 g/L or 4% of total protein as found in
plasma of adult bald eagles using AGE [24]. These differences are most likely due to species differences although
the age of the birds may also interfere with the plasma
protein concentrations.
The concentrations of prealbumin in the present
white-tailed eagle nestlings constituted 13.7% of the total
plasma protein content (Additional file 1: Table S2),
which is similar to concentrations found for healthy juvenile gyr–saker hybrid falcons (Falco rusticolus x Falco
cherrug) [14], adult Spanish imperial eagles (Aquila
adalberti) and golden eagles (Aquila chrysaetos) [35].
These prealbumin concentrations are higher than those
reported in studies on bald eagles showing values of
2.1–4.0% [24, 41]. A study by Roman et al. [38] found
significant correlations for albumin, β- and γ-globulin
when comparing protein fractions from agarose gel electrophoresis and capillary electrophoresis in plasma from
several bird species. Interestingly, they also found significant correlations between prealbumin values obtained by
capillary electrophoresis and α-globulin values from
agarose gel electrophoresis, which can imply that some
proteins from the α-region may migrate to the prealbumin region when using capillary electrophoresis. This
may possibly explain the high levels of prealbumin and
low levels of α-globulin in the present study compared
to Jones et al. [24] and Tatum et al. [41] which used
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agarose gel electrophoresis. Cray et al. [6] demonstrated
differences in protein fractions of avian plasma due to
different electrophoretic systems. Hence, the analytical
methods used to determine concentrations of plasma
proteins should be considered when comparing results
among studies. However, the study of Fischer et al. [14]
was also performed using AGE, which indicates that
there may also be species-specific differences regarding
prealbumin in birds of prey.
Plasma proteins and potential disease

Concentrations of plasma proteins can show a large variation in birds exposed to disease, inflammation, variable
temperatures and different diets. The α-, β- and γ-globulins are known to include positive acute phase proteins
or immunoglobulins and their concentrations often increase in response to an infection or inflammation, while
prealbumin and albumin are negative acute phase proteins as their concentrations often decrease [8, 9]. The
two sample locations, Steigen and Smøla, are breeding
areas for migrating birds such as geese, which may
transport diseases and ectoparasites to these locations
[2, 25]. The samples from the present study were taken
from free-living nestlings, which may have been exposed
to a variety of diseases and parasites through prey or
their parents while in the nests. The significantly higher
concentrations of α2- and γ-globulin, and lower concentrations of prealbumin in Steigen compared to Smøla,
may indicate that some of the nestlings from Steigen
could have had an acute immune response to an infection or inflammation. Ectoparasites were present in the
plumage of some nestlings, however, there were no differences regarding the locations. One of the field
workers were infected with the endoparasite Cryptosporidium sp. after fieldwork in 2016, which most likely originated from the nestlings. However, it is not possible to
know the location of origin. All the nestlings were also
screened for avian influenza and the test was negative at
both locations (Lee et al., in submission). Still, variation
in exposure to infections or inflammations may explain
the observed temporal and spatial differences in plasma
proteins.
A study on prefledging caspian terns (Sterna caspia)
and herring gulls (Larus argentatus) also found significant differences in positive APPs (α- and β-globulins)
between sampling locations [21]. Although their study
design and analytical method differed from the present
study, their results support the notion that geographical
location or underlying factors at these locations may
affect plasma protein concentrations. Løseth et al. [31]
have shown indications of a significantly higher input of
terrestrial species in the diet of nestlings from Smøla
than Steigen which may offer another explanation to the
spatial variation the plasma proteins.
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Age of the nestlings

Age-related differences have been reported for plasma
protein profiles in avian species [44]. A previous study
investigated the relationship between protein fractions
and age in captive bald eagles (aged 6–43 years) and
found a significant increase of total protein and β-globulin with age [24]. Such differences were not found in the
current study (Table 2), most likely due to the short age
span of nestlings, which were only 6–12 weeks old.
However, the prealbumin in the plasma of the sampled
nestlings were several folds higher relative to values reported for adult birds from other raptor-species [24, 41].
Prealbumin is a carrier protein for growth hormones
[33] and thyroid hormones [36], and since nestlings are
in a stage of rapid growth it might offer an explanation
for the relatively high levels of prealbumin observed in
the current study. This proposed explanation is further
supported by a study on wild peregrine falcon nestlings
using cellulose acetate electrophoresis [29], where the
authors found prealbumin to constitute 8.35% of the
total plasma protein, compared to 13.7% in the present
white-tailed eagle nestlings (Additional file 1: Table S2).
Time of day

Circadian rhythms have been reported to affect concentrations of plasma proteins, various hormones and blood
clinical-chemical parameters in birds [13, 17, 39]. The
photoperiod or light cycle during the day is an important
cue for circadian rhythms, as such studies advice to collect blood samples mid-day when the light is relatively
stable [17, 39]. The present study found no effect of
sampling time of day on the variation on the plasma
proteins (Table 2, Additional file 1: Figure S6), most
likely due to the long light period (midnight sun) at both
locations during June–July.
To summarize, capillary electrophoresis may offer a
rapid and efficient health assessment of avian species,
given that reference intervals for wild birds become
available. As the plasma protein levels from the present
study varied significantly compared to previous studies
of related bird of prey species, it is likely that the presented levels are species-specific. Thus, more baseline
data on avian species are needed in order to use capillary
electrophoresis as a diagnostic tool for avian wildlife.

Conclusion
The present study provides the first report of protein
fractions in plasma from free-living white-tailed nestling
eagles. The variation in plasma protein levels was primarily a result of sample location, and variations related
to sex, age, time of day and year of sampling were less
indicative. The values provided for these Norwegian
free-living nestlings can be useful as reference intervals
for further evaluation of health status of white-tailed
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eagle nestlings and may potentially be used as biomarkers of health.

Methods
Field sampling

White-tailed eagle nestlings were sampled in 2015 (n = 27)
and 2016 (n = 43) at Smøla (63.35°N; 8.03°E) and Steigen
(67.93°N; 14.98°E) in Norway as described in Løseth et al.
(2019a,b, Additional file 1: Figure S1). Sex was determined
by comparing tarsus depth and bill height with wing
length, as females are significantly larger than males [22].
The age of the nestlings ranged from 44 to 87 days and
was calculated based on tail feather length as described in
[31]. The body mass of the nestlings ranged from 3.7 to
6.7 kg. Detailed information regarding age and body mass
can be found in the supplementary information (Additional file 1: Table S1). A limited physical examination
was done to confirm gross clinical health. There were no
visible signs of wounds, swelling or of diarrhoea by faeces
stuck to the cloaca. The nestlings seem to be in good condition based on their body condition index ranging from
− 1.30 to 1.42 [31] and other research (e.g. blood clinical
chemistry; [47]). All nestlings were sampled from each
nest (1–3 nestlings) and blood was drawn by brachial
venepuncture using a heparinized vacutainer (Venosafe®
BD, 9 mL) and a 23-gauge needle (0.6 mm). The majority
of blood samples were collected during daylight between
10:00 and 18:00, while three samples were collected between 20:00 and 22:00 (midnight sun). Samples were
stored in cooling bags until centrifugation, and the plasma
was transferred and stored in sterile cryotubes at − 20 °C
until analysis (up to 8 months after sampling). The sampling was in accordance with the regulations of the Norwegian Animal Welfare Act and approved by the
Norwegian Food Safety Authority (Mattilsynet; 2015/6432
and 2016/8709). Previous studies of these white-tailed
eagle nestlings have found low plasma concentrations of
organohalogenated contaminants, which mainly reflect
background contamination in their local environments
[31, 32]. The plasma protein levels from these nestlings
may therefore present suitable to reference ranges for
other free-living nestlings.
Biuret test

Total protein was determined using Siemens ADVIA
1800 automated chemistry analyzer according to the
product manual (Siemens Healthineers, Germany). In
brief, a volume of 30 μL plasma was diluted with 120 μL
saline solution (physiological 0.9%) and 17.5 μL of the diluted sample was transferred to a test tube for further
extraction with two reagents. Reagent 1 (68.5 μL, TP R1,
Lot: 129TP) contained sodium hydroxide (400 mmol/L)
and Na-K-tartrate (92 mmol/L), while reagent 2 (68.5 μL,
TP R2, Lot: 130TP) contained the two prior ingredients
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as well as potassium iodide (60 mmol/L) and cupric
sulphate (24 mmol/L) (Advia Chemistry, Siemens Healthineers, Germany). The cupric ions in reagent 2 interact
with the protein peptide bonds and form a purple complex. The intensity of the purple colour is then used to
measure the amount of total protein in the sample by
spectrophotometry at 545 nm [43].
Capillary protein electrophoresis

Plasma protein fractions were obtained with Capillarys 2
instrument (Sebia®, Lisses, France), using CAPILLARYS
PROTEIN(E) 6 kit (PN 2003) according to the manufacturer’s instructions. Plasma (40 μL) was added to 8 well
dilution segments (8 sample tubes and up to 13 racks)
and diluted 1:5 with migration buffer (160 μL, alkaline
buffer pH 9.9, Capillarys Protein(e) 6, Lot: 18055/01,
Sebia®). Samples were then injected by aspiration in the
anodic end of silica glass capillaries with constant
temperature (Peltier effect) and voltage for separation.
The protein patterns were detected by absorption photometry (200 nm, deuterium lamp, Sebia®) at the cathodic end of the capillaries and patterns were visualized
with PHORESIS software (version 8.6.3). The capillaries
were then immediately washed with a wash solution
containing sodium hydroxide and distilled water (Capillarys, Lot: 22066/01, Sebia®) and prepared for the next
analysis. Each fraction was quantified by the area under
the electrophoretic curve as a percentage of total protein, and identification of each band was done manually.
Quality assurance and control

Before determining total protein, ADVIA 1800 was calibrated (Siemens chemistry calibrator, REF 09784096)
using canine serum as a laboratory control (Siemens
healthineers, Germany). Two liquid human serum-based
controls (BioRad 1, BioRad 3, Bio-Rad®) were also
assessed weekly (with lab assurance expressed as coefficient of variation: CV < 2%). For capillary electrophoresis, a set of eight controls (Human control serum, REF
4785, Sebia®) was assessed before running the whitetailed eagle samples. For all individuals, the protein fractions were interpreted by visual inspection of the graphs
(Fig. 1). To assure the optimal division of protein fractions the electrophoretic patterns from AGE of adult
bald eagles were used as a reference [41]. The divisions between prealbumin, albumin and α1-globulin were assessed
multiple times to assure consistency between samples as
these were the most challenging fractions to divide.
Statistics

Analyses were primarily performed in the statistical program R v 3.2.5 [37]. Normality of the protein fraction was
assessed by Shapiro-Wilk’s test and by visual inspection of
quantile-quantile plots. Non-normal distributions were
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found for prealbumin, α1-, β- and γ-globulin, and these
variables were loge-transformed to ensure normality before parametric tests were applied. Albumin:Globulin ratios (A:G ratio) were calculated both by the traditional
way by dividing the sum of albumin and prealbumin by
the sum of globulins (α1, α2, β and γ) [7, 8], and as proposed by Roman et al. [38] by dividing albumin by the
sum of prealbumin and the globulins (Table 1). Reference
intervals (RI) was obtained according to guidelines and
recommendations from the 2008 Clinical Laboratory and
Standards Institute [5] and the American Society for
Veterinary Clinical Pathology [16]. Individual reference intervals for Smøla and Steigen, on combined years as there
were no statistically significant differences between years
(Table 2), are given in Table 1. The calculation of RI was
performed using Reference Value Advisor v.2.1 [19] and
Microsoft® Excel® for Office 365 v.1905. In brief, the distributions were assessed by quantile-quantile plots and Anderson-Darling Test, and outliers were assessed with
histograms and Tukey test. The data was Box-Cox transformed and RI upper and lower limits were obtained
through a non-parametric bootstrap. Retention of data
was prioritized due to a low sample size (n = 35 for each
location) and histograms are provided in the supplementary information where median value, 95% RI and 90% CI
are shown for each plasma protein histogram (Additional
file 1: Figure S3 and S4). Linear mixed effect models and
analyses of variance (lme-ANOVA) were used to investigate differences in plasma protein concentrations between
years, locations, and sex, and to investigate if the time of
day and the nestling’s age at sampling could influence the
variation. Nest was included as a random factor to control
for the variation between nestlings within the same nest
for all statistical analyses [31]. Statistical significance level
was set to α = 0.05 for all tests. The percent of total protein content for each plasma protein can be found in
Additional file 1: Figure S5 and Additional file 1: Table S2
in the supplementary information.

Page 7 of 9

Acknowledgements
The authors acknowledge Torgeir Nygård, Jan Ove Bustnes, Trond V.
Johnsen, Paula Marcinekova, Courtney Waugh, Espen L. Dahl, Nathalie Briels,
Igor Eulaers, Johannes Schrøder and Aasmund Gylseth for their assistance
during sample collection in the field.
Authors’ contributions
JF and MEL share equally as primary authors. Both JF and MEL performed
sample collection, statistical analyses, interpretation and were major
contributors in writing the manuscript. JF performed the lab analyses in
supervision of HBH. VLBJ was responsilble for the overall coordination of the
NewRaptor project and supervision of JF and MEL. CS, VLBJ and HBH aided
interpretation of the results and critical revision of the manuscript. All
authors read and approved the final manuscript.
Funding
Funding for the field work was received from the Norwegian Research
Council (NRC) and the Norwegian University of Science and Technology
(NTNU) through the NewRaptor project (NRC nbr. 230465) and in addition by
the Hazardous Substances Flagship (the Raptor project) at the Fram Centre
in Tromsø for fieldwork in Steigen. The lab analyses were funded by NTNU
through the PhD funds of MEL (NTNU nbr. 81761100). NRC and NTNU
provided funding for MEL and VLBJ to carry out analysis, interpretation of
data and writing the manuscript.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
The sampling was approved by the national ethics committee for animal
care and use which falls under the Norwegian Food Safety Authority
(Mattilsynet; 2015/6432 and 2016/8709) and the handling of the birds were
in accordance with the regulations of the Norwegian Animal Welfare Act.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Biology, Norwegian University of Science and Technology
(NTNU), Høgskoleringen 5, 7491 Trondheim, Norway. 2Department of
Bioscience, Arctic Research Center (ARC), Aarhus University, PO Box 358,
Frederiksborgvej 399, DK-4000 Roskilde, Denmark. 3Department of Basic
Sciences and Aquatic Medicine, Norwegian University of Life Sciences
(NMBU), 0454 Oslo, Norway.
Received: 27 February 2019 Accepted: 25 July 2019

Additional file
Additional file 1: Table S1. Body mass and age of white-tailed eagle
nestlings. Table S2. Plasma protein concentrations in white-tailed eagle
nestlings. Figure S1. Map of Norway displaying the two sampling locations.
Figure S2. Scatterplot between age and plasma protein levels. Figure S3.
Histograms of plasma protein levels and 95% RI (90% CI) in nestlings from
Smøla. Figure S4. Histograms of plasma protein levels and 95% RI (90% CI)
in nestlings from Steigen. Figure S5. Percentages of total protein content
for each plasma protein fraction. Figure S6. Scatterplot between time of
day at sampling and plasma protein levels. (DOCX 815 kb)

Abbreviations
A:G ratio: Albumin to globulin ratio; AGE: Agarose gel-electrophoresis;
CE: Capillary electrophoresis

References
1. Anderson NL, Anderson NG. The human plasma proteome: history,
character, and diagnostic prospects. Mol Cell Proteomics. 2002;1:845–67.
https://doi.org/10.1074/mcp.R200007-MCP200.
2. Andersson Å, Follestad A, Nilsson L, Persson H. Migration patterns of Nordic
Greylag geese Anser anser. Ornis Svecica. 2001;11:19–58.
3. Bossuyt X, Lissoir B, Mariën G, Maisin D, Vunckx J, Blanckaert N, Wallemacq
P. Automated serum protein electrophoresis by Capillarys®. Clin Chem Lab
Med. 2003;41:704–10. https://doi.org/10.1515/CCLM.2003.107.
4. Briscoe JA, Rosenthal KL, Shofer FS. Selected complete Blood cell count and
plasma protein electrophoresis parameters in pet Psittacine birds evaluated for
illness. J Avian Med Surg. 2010;24:131–7. https://doi.org/10.1647/2007-047.1.
5. CLSI, editor. Defining, establishing, and verifying reference intervals in the
clinical laboratory; Aprroved guideline, third Ed. CLSI document EP28-A3c.
Wayne: Clinical and Laboratory Standards Institute; 2008.
6. Cray C, King E, Rodriguez M, Decker LS, Arheart KL. Differences in Protein
Fractions of Avian Plasma Among Three Commercial Electrophoresis Systems.
J Avian Med Surg. 2011;25:102–10. https://doi.org/10.1647/2010-019.1.

Flo et al. BMC Veterinary Research

7.
8.
9.
10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

(2019) 15:290

Cray C, Rodriguez M, Zaias J. Protein electrophoresis of psittacine plasma. Vet
Clin Pathol. 2007;36:64–72. https://doi.org/10.1111/j.1939-165X.2007.tb00184.x.
Cray C, Tatum LM. Applications of protein electrophoresis in Avian
diagnostics. J Avian Med Surg. 1998;12(1):4–10.
Cray C, Zaias J, Altman N. Acute phase response in animals: a review. Comp
Med. 2009;59:517–26. 20034426.
Cray C, Zielezienski-Roberts K, Bonda M, Stevenson R, Ness R, Clubb S,
Marsh A. Serologic diagnosis of Sarcocystosis in Psittacine birds: 16 cases. J
Avian Med Surg. 2005;19:208–15. https://doi.org/10.1647/1082-6742(2005)01
9[0208:SDOSIP]2.0.CO;2.
Crivellente F, Bonato M, Cristofori P. Analysis of mouse, rat, dog, marmoset,
and human serum proteins by capillary electrophoresis: comparison with
agarose gel electrophoresis. Vet Clin Pathol. 2008;37:73–8. https://doi.org/1
0.1111/j.1939-165X.2008.00008.x.
Espín S, García-Fernández AJ, Herzke D, Shore RF, van Hattum B, MartínezLópez E, Coeurdassier M, Eulaers I, Fritsch C, Gómez-Ramírez P, Jaspers VLB,
Krone O, Duke G, Helander B, Mateo R, Movalli P, Sonne C, van den Brink
NW. Tracking pan-continental trends in environmental contamination using
sentinel raptors — what types of samples should we use? Ecotoxicology.
2016;25:777–801. https://doi.org/10.1007/s10646-016-1636-8.
Ferrer M, Amat JA, Viñuela J. Daily variations of blood chemistry values
in the chinstrap penguin (Pyoscelis antarctica) during the Antarctic
summer. Comp Biochem Physiol. 1994;107(1):81–4. https://doi.org/10.1
007/s00300-002-0439-y.
Fischer D, Van Waeyenberghe L, Cray C, Gross M, Usleber E, Pasmans F,
Martel A, Lierz M. Comparison of diagnostic tools for the detection of
aspergillosis in Blood samples of experimentally infected falcons. Avian Dis.
2014;58(4):587–98. https://doi.org/10.1637/10831-032714-reg.
Folkestad AO. Havørn Haliaeetus albicilla. In: Gjershaug JO, Thingstad PG,
Eldøy S, Byrkjeland S, editors. Norsk Fugleatlas. Klæbu: Norsk Ornitologisk
Forening; 1994. p. 110–1. ISBN: 9788299086820.
Friedrichs KR, Harr KE, Freeman KR, Szladovits B, Walton RM, Bernhart KF,
Blanco-Chavez J. ASCP reference interval guidelines: determination of de
novo reference intervals in veterinary species and other related topics. Vet
Clin Pathol. 2012;41(4):441–53. https://doi.org/10.1111/vcp.12006.
García-Rodríguez T, Ferrer M, Recio F, Castroviejo J. Circadian rhythms of
determined blood chemistry values in buzzards and eagle owl. Comp Biochem
Physiol. 1987;88(4):663–9. https://doi.org/10.1016/0300-9629(87)90680-3.
Gay-Bellile C, Bengoufa D, Houze P, Le Carrer D, Benlakehal M, Bousquet B,
Gourmel B, Le Bricon T. Automated multicapillary electrophoresis for
analysis of human serum proteins. Clin Chem. 2003;49:1909–15. https://doi.
org/10.1373/clinchem.2003.017756.
Geffré A, Concordet D, Braun J-P, Trumel C. Reference value advisor: a new
freeware set of macroinstructions to calculate reference intervals with
Microsoft excel. Vet Clin Pathol. 2011;40(1):107–12. https://doi.org/10.1111/
j.1939-165X.2011.00287.x.
Grasman KA. Assessing immunological function in toxicological studies of avian
wildlife. Integr Comp Biol. 2002;42:34–42. https://doi.org/10.1093/icb/42.1.34.
Grasman KA, Armstrong M, Hammersley DL, Scanlon PF, Fox GA.
Geographic variation in blood plasma protein concentrations of young
herring gulls (Larus argentatus) and Caspian terns (Sterna caspia) from the
Great Lakes and Lake Winnipeg. Comp Biochem Physiol C Pharmacol
Toxicol Endocrinol. 2000;125:365–75. https://doi.org/10.1016/S0742-8413
(99)00118-8.
Helander B, Hailer F, Vilà C. Morphological and genetic sex identification of
white-tailed eagle Haliaeetus albicilla nestlings. J Ornithol. 2007;148:435–42.
https://doi.org/10.1007/s10336-007-0156-y.
Ivey ES. Serologic and plasma protein electrophoretic findings in 7
psittacine birds with aspergillosis. J Avian Med Surg. 2000;14:103–6. https://
doi.org/10.1647/1082-6742(2000)014[0103:SAPPEF]2.0.CO;2.
Jones MP, Arheart KL, Cray C. Reference intervals, longitudinal analyses, and
index of individuality of commonly measured laboratory variables in captive
bald eagles (Haliaeetus leucocephalus). J Avian Med Surg. 2014;28:118–26.
https://doi.org/10.1647/2013-001.
Krone O, Globig A, Ulrich R, Harder T, Schinköthe J, Herrmann C, Gerst S,
Conraths FJ, Beer M. White-Tailed Sea eagle (Haliaeetus albicilla) die-off due
to infection with highly pathogenic Avian influenza virus, subtype H5N8, in
Germany. Viruses. 2018;10:478. https://doi.org/10.3390/v10090478.
Krone O, Langgemach T, Sömmer P, Kenntner N. Krankenheiten und
Todesursachen von Seeadlern (Haliaeetus albicilla) in Deutschland (causes of
mortality in white-Tailed Sea eagles from Germany). Corax. 2003;19:102–8.

Page 8 of 9

27. Krone O, Stjernberg T, Kenntner N, Tataruch F, Koivusaari J, Nuuja I. Mortality
factors, helminth burden, and contaminant residues in White-Tailed Sea
eagles (Haliaeetus albicilla) from Finland. Ambio A J Hum Environ. 2006;
35(3):98–104. https://doi.org/10.1579/0044-7447(2006)35.
28. Krone O, Wille F, Kenntner N, Boertmann D, Tataruch F. Mortality
factors, environmental contaminants, and parasites of white-Tailed Sea
eagles from Greenland. Avian Dis. 2004;48:417–24. https://doi.org/1
0.1637/7095.
29. Lanzarot MP, Montesinos A, San Andrés MI, Rodríguez C, Barahona MV.
Hematological, protein electrophoresis and cholinesterase values of freeliving nestling peregrine falcons in Spain. J Wildl Dis. 2001;37:172–7. https://
doi.org/10.7589/0090-3558-37.1.172.
30. Leppert LL, Layman S, Bragin EA, Katzner T. Survey for hemoparasites in
imperial eagles (Aquila heliaca), steppe eagles (Aquila nipalensis), and whitetailed sea eagles (Haliaeetus albicilla) from Kazakhstan. J Wildl Dis. 2004;40:
316–9. https://doi.org/10.7589/0090-3558-40.2.316.
31. Løseth ME, Briels N, Eulaers I, Nygård T, Malarvannan G, Poma G, Covaci A,
Herzke D, Bustnes JO, Lepoint G, Jenssen BM, Jaspers VLB. Plasma
concentrations of organohalogenated contaminants in white-tailed eagle
nestlings – The role of age and diet. Environ Pol. 2019a;2046:527–43.
https://doi.org/10.1016/j.envpol.2018.12.028.
32. Løseth ME, Briels N, Flo J, Malarvannan G, Poma G, Covaci A, Herzke D,
Nygård T, Bustnes JO, Jenssen BM, Jaspers VLB. White-tailed eagle
(Haliaeetus albicilla) feathers from Norway are suitable for monitoring of
legacy, but not emerging contaminants. Sci Total Environ. 2019b;647:525–
33. https://doi.org/10.1016/j.scitotenv.2018.07.333.
33. Melillo A. Applications of serum protein electrophoresis in exotic pet
medicine. Vet Clin North Am Exot Anim Pract. 2013;16:211–25. https://doi.
org/10.1016/j.cvex.2012.11.002.
34. Petersen JR, Okorodudu AO, Mohammad A, Payne DA. Capillary
electrophoresis and its application in the clinical laboratory. Clin Chim Acta.
2003;330:1–30. https://doi.org/10.1016/S0009-8981(03)00006-8.
35. Polo FJ, Celdrán JF, Peinado VI, Viscor G, Palomeque J. Hematological values
for four species of birds of prey. Condor. 1992;94(4):1007–13. https://doi.
org/10.2307/1369300.
36. Power DM, Elias NP, Richadson SJ, Mendes J, Soares CM, Santos CRA.
Evolution of the thyroid hormone-binding protein. Transthyretin Gen
Comp Endocrinol. 2000;119:241–55. https://doi.org/10.1006/gcen.2000.
7520.
37. R Development Core Team, R. R: a language and environment for
statistical computing. R Found Stat Comput. 2011. http://www.Rproject.org/.
38. Roman Y, Bomsel-Demontoy M-C, Levrier J, Chaste-Duvernoy D, Jalme MS.
Plasma protein electrophoresis in birds: comparison of a Semiautomated
agarose gel system with an automated capillary system. J Avian Med Surg.
2013;27:99–108. https://doi.org/10.1647/2011-040.
39. Scanes CG. Blood. In: Scanes CG, editor. Sturkie's Avian Physiology. 6th ed.
Oxford: Elsevier Inc; 2015. p. 167–91. ISBN: 9780124071605.
40. Smits J, Fernie K. Avian wildlife as sentinels of ecosystem health. Comp
Immunol Microbiol Infect Dis. 2013;36(3):333–42. https://doi.org/10.1016/j.
cimid.2012.11.007.
41. Tatum LM, Zaias J, Mealey BK, Cray C, Bossart GD. Protein electrophoresis as a
diagnostic and prognostic tool in raptor medicine. J Zoo Wildl Med. 2000;31:
497–502. https://doi.org/10.1638/1042-7260(2000)031[0497:PEAADA]2.0.CO;2.
42. Tothova C, Nagy O, Kovac G. Serum proteins and their diagnostic utility in
veterinary medicine: a review. Vet Med (Praha). 2016;61:475–96. https://doi.
org/10.17221/19/2016-VETMED.
43. Weichselbaum TE. An accurate and rapid method for the determination of
proteins in small amounts of blood serum and plasma. Am J Clin Pathol.
1946;10:40–9. https://doi.org/10.1093/ajcp/16.3_ts.40.
44. Werner LL, Reavill DR. The diagnostic utility of serum protein
electrophoresis. Vet Clin North Am Exot Anim Pract. 1999;2:651–62.
https://doi.org/10.1016/S1094-9194(17)30114-7.
45. Zaias J, Cray C. Protein electrophoresis: a tool for the reptilian and
amphibian practitioner. J Herpetol Med Surg. 2002;12:30–2. https://doi.org/1
0.5818/1529-9651.12.1.30.
46. Hanssen SA, Bustnes JO, Schnug L, Bourgeon S, Johnsen TV, Ballesteros M,
Sonne C, Herzke D, Eulaers I, Jaspers VLB, Covaci A, Eens M, Halley DJ,
Moum T, Ims RA, Erikstad KE. Antiparasite treatments reduce humoral
immunity and impact oxidative status in raptor nestlings. Ecol Evol. 2013;
3(16):5157-66.

Flo et al. BMC Veterinary Research

(2019) 15:290

47. Løseth ME, Flo J, Sonne C, Krogh AKH, Nygård T, Bustnes JO, Jenssen
BM, Jaspers VLB. The influence of natural variation and
organohalogenated contaminants on physiological parameters in whitetailed eagle (Haliaeetus albicilla) nestlings from Norway. Environ Res.
2019:108586. https://doi.org/10.1016/j.envres.2019.108586

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

