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HEMATOLOGY AND BIOCHEMISTRY REFERENCE VALUES IN
NESTLING RED KITES (MILVUS MILVUS) IN SHORT-TERM
HUMAN CARE IN ENGLAND

Sophie M. Common, BVetMed, MSc (WAH), MRCVS, Anthony W. Sainsbury, BVetMed,
MRCVS, CertZooMed, DVetMed, DiplECZM, PGCAP, FHEA, Yu-Mei Chang, PhD, CStat,
and Amanda Guthrie, DVM, DACZM, DECZM (ZHM), MRCVS

Abstract: Between the years 2022 and 2023, 62 red kite (Milvus milvus) nestlings were translocated from England
to Spain to bolster declining populations in mainland Europe as part of a wider conservation initiative. Health exami-
nations were undertaken by veterinarians ahead of translocation, including examination of hematology and biochem-
istry parameters from blood samples. This study aimed to establish reference values for these parameters in nestling
red kites for use in future translocations or for other clinical purposes. All individuals included in the analysis were
clinically healthy at the time of sampling. Biochemical reference intervals were comparable to published values for
other Accipitridae, although differences in hematology were noted: PCV was generally lower; and WBC counts
higher than (up to triple) those reported for related species of a similar age. It is hypothesized that these differ-
ences reflect species variations or the effects of the stress of recent capture on the immune system of the red kites.
A Leucocytozoon species was identified on blood smears of six of the red kites. The reference intervals presented
in this study are representative of free-living red kite nestlings in England that have recently been captured for
conservation translocation purposes.

INTRODUCTION

Red kite (Milvus milvus) populations have fluctu-
ated throughout Europe in recent years; a reintro-
duction project in England, established in the late
1980s, successfully enabled substantial population
growth and range expansion of the species that had
been persecuted to extinction in England.1,3,17 The
red kite is currently listed as least concern on the
International Union for the Conservation of
Nature’s Red List of Threatened Species, although
populations across other parts of Europe have suf-
fered drastic losses. Since 2011 in continental Spain,
the red kite has been considered to be at risk of
extinction due to anthropogenic threats.11,16 In
response, a translocation program of red kites from
England was developed, and in the years 2022 and
2023, 62 nestling red kites were successfully trans-
located and released.

Assessment of hematology and serum biochem-
istry, using validated reference ranges, is an essen-
tial tool to aid in determining the health status of
an individual animal. The aim of this study was to
establish hematologic and biochemical reference

values for nestling red kites and identify any unique,
species-specific findings. To the authors’ knowledge,
this is the first publication to evaluate these indices
in nestling red kites, and the information is likely
to be useful in future, given the ongoing conser-
vation interventions involving this species across
the world.

MATERIALS AND METHODS

The study was undertaken in accordance with
American Society for Veterinary Clinical, Pathology
Quality Assurance and Laboratory Guidelines.9

Study population

Whole blood samples were collected from 62
nestling red kites in June 2022 and June 2023. Red
kites between 4 and 6 wk of age were collected
from monitored wild nests in Northamptonshire,
United Kingdom. Between 1 to 4 d after capture,
they were examined, including assessment of the
cardiovascular, respiratory, and musculoskeletal
system, a full ophthalmic examination, and exami-
nation of the oral cavity and cloaca. A microchip
was placed in the left pectoral muscle, and veni-
puncture was performed. Whole blood samples
were collected by licensed veterinarians for routine
diagnostic purposes under the Veterinary Surgeons
Act (1966),20 as part of health examinations ahead
of a conservation translocation to Spain. Prior to
sampling, the nestling red kites had been housed in
pairs (and one group of three) in short-term pur-
pose-built pens. They had been fed frozen thawed,
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water-soaked rat or freshly trapped squirrel car-
casses once daily.

Birds were manually captured and restrained,
and approximately 1.2 ml of blood was collected
from either the jugular or brachial vein and immedi-
ately placed into a tube containing lithium heparin.
A fresh blood smear was made at the time of collec-
tion. On the same day as collection, blood samples
and smears were transported to the Royal Veteri-
nary College Diagnostic Laboratory (Hawkshead
Campus, North Mymms, Hertfordshire, AL9 7TA,
United Kingdom) for analysis. In June 2022, hema-
tologic analyses were performed on all 30 birds,
and biochemistry for 15 birds. Biochemistry
was undertaken within 24 h for three of the blood
samples. Twelve additional samples were stored
at �80°C for 9 mon, at which point they were
defrosted at approximately 5–7°C and transported
to the same laboratory for biochemical analyses.
In June 2023, all testing was performed within 24 h
of sample collection. Red kites were DNA sexed
through PCR on blood samples (AndDNA Lab-
oratorio de Analisis Molecular, 14300 Cordoba,
Spain) prior to release in Spain.

Laboratory analyses

Reported parameters can be found in Tables 1
and 2. ForWBC estimates, leukocytes were counted
manually using a Neubauer hemocytometer
(Hawksley & Sons Ltd, Lancing, Sussex BN15
8TN, United Kingdom) and using phase contrast
microscopy. Counts were performed in 10 fields
(403 objective, i.e., 4003 magnification), and the
mean was multiplied by 1.6 to calculate numbers
in 10e9/L. Heterophil, lymphocyte, eosinophil,
monocyte, and basophil values were obtained by
undertaking a 100-differential count and multi-
plying the percentages with the estimated WBC.
For PCV, capillary tubes were filled with the anti-
coagulated blood sample and sealed with clay. The
tubes were centrifuged at 13000 g for 5 min via a
microhematocrit centrifuge (Hawksley Haemato-
spin 1400, Hawksley & Sons Ltd). The results were
read manually with a Hawksley Micro Haema-
tocrit Reader. All biochemical parameters were
measured using an AU680 Clinical Chemistry
Analyzer (BeckmanCoulter, Brea, CA 92821, USA).

Blood smears were fixed and stained with amod-
ified Wright stain and manually examined using a
light microscope under 1003 magnification by a
clinical pathologist. The presence of hemoparasites
was judged as low, medium, or high by the clinical
pathologist on the basis of the subjective number
of macro- andmicrogametocytes visualized through
microscopic examination of blood cells. T
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Statistical analyses

All statistical analyses were undertaken in R
statistical software (version 4.2.2; R Core Team,
Vienna, Austria). Reference intervals were attained
using the package referenceIntervals (version 1.2.0).8

Histograms were visually assessed alongside
results of a Shapiro-Wilk test to determine the
normality of each parameter. Parameters were
studied, and outliers identified on the basis of
clinical reasoning alongside the Dixon range sta-
tistic;6 individual red kites for which more than
two outliers were obtained across parameters were
excluded from analyses. Any further outliers identi-
fied within each dataset were removed from indi-
vidual parameter analysis only.

For parameters that showed a Gaussian distribu-
tion, the parametric method was used to attain 95%
reference interval (RI). For parameters with a non-
Gaussian distribution, the nonparametric method
was used to attain a 95% RI. The 90% confidence
intervals of the lower and upper reference limits
were calculated using a bootstrap method.

RESULTS

Blood samples were collected from 37 female and
2 male nestling red kites. Sixty-one birds were
assessed as clinically healthy at the time of exami-
nation based on normal clinical examination. One
red kite was excluded from the study population
based on clinical suspicion of aspergillosis. The
mean body weight of the birds at the time of sam-
pling was 862.7 g (range 534 to 1,080 g). Three
additional red kites were excluded from analyses
due to each having more than two outlying results
across the dataset. On examination of blood smears,
six red kites were noted to have micro- and macro-
gametes present within red blood cells, consistent
withLeucocytozoon sp. infection. Despite infection, five
of these birds were included in analysis (the sixth red
kite had already been excluded due to outlying results).

After outlier removal, hematology parameters
from 58 nestling red kites were analyzed; one PCV
value was missing, so 57 samples were included in
this dataset. Biochemistry parameters from 43 red
kites were analyzed. Results of these analyses,
including distribution and statistical methods, are
presented in Tables 1 and 2.

DISCUSSION

This study presents the first published RIs for
hematologic and biochemical blood parameters
in nestling red kites. It is not possible to directly
extrapolate these RIs to red kites of other ages,
given the age-related differences reported in other
raptor species.7,10,13 However, they may provide aT
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useful basis for other age groups given the limited
literature available for this species.

Results of biochemical parameters in red kites
were generally comparable to other published work
involving free-living Accipitridae nestlings,12,14

although the mean bile acid concentration was
approximately half that reported for nestling golden
eagles (Aquila chrysaetos) and three times lower than
nestling red kites in Germany. Within the current
study, 15 blood samples used for biochemical anal-
yses were stored for 7 mon at �80°C. Results from
these 15 samples were comparable to the results from
those samples analyzed within 24 h of collection, and
studies indicate that biochemical parameters are stable
in samples frozen at �80°C for up to 13 mon.2,5,18

However, no avian-specific literature on the effects
of storage is available, and it is possible storage led
to falsely depleted or elevated levels of some param-
eters, reducing the reliability of these results.

Hematology RIs are published for the closely
related black kite (Milvus migrans), as well as for
brahminy (Haliastur indus) and black-shouldered
(Elanus caeruleus) kites, and other members of the
Accipitridae family. Moreover, some hematologic
values are published for a group of 29 nestling red
kites in Germany, although RIs were not estab-
lished statistically.19 The median PCV was lower
in the nestling red kites in the current study (32%)
than reported for other free-living (or recently
captive) Accipitridae, including M. migrans (36%),
nestling osprey (Pandion haliaetus) (40%), and nest-
ling golden eagles (39.5%).12,14,15 However, a mean
PCV value of 26.2% was reported for captive Cali-
fornia condor (Gymnogyps californianus) below the
age of 30 d, with this value increasing to 33.3% in
birds between 1 and 6 mon of age, and again to
41.9% in birds between 6 mon and 5 yr of age.7 The
WBC values were generally higher in red kites in
the current study than previously reported for red
kites or other Accipitridae. For example, the median
WBC count reported forM.milvuswas nearly double
that of black-shouldered and brahminy kites and
nestling golden eagles, as well as being more than tri-
ple that reported for nestling osprey,12,14,15 although
the RI and mean were comparable to that reported
from 34 captive California condors of varying ages,
and onlymildly higher than themean values reported
for nestling red kites in Germany.19 Eosinophil and
lymphocyte counts were also higher than reported
for other nestling raptors, including red kites.12,14,15,19

Although species and geographic differences are
likely to exist, it is suspected that other factors
played a role in this case.

This study population of nestling red kites had
been in captivity for between 1 and 4 d at the time
of sampling, unlike other referenced studies in
which raptors were sampled from wild nests or

had been held in captivity for longer. It is possible
that the high WBC counts identified in these red
kites are reflective of the effects of the stress of
capture on the immune system, particularly because
the red kites were assessed as being clinically well
at the time of sampling.

It is likely that a proportion of free-living wild
animals are suffering from underlying subclinical
disease at any time, and it is important that RIs
reflect this paradigm. Clinical findings were care-
fully considered alongside the results of statistical
analysis to establish appropriate outliers to remove
from the study group. This ensured the production
of RIs applicable for use in future translocations of
wild-born nestling kites under recently captive con-
ditions. Five of six birds that were noted to be
infected with Leucocytozoon sp. on examination of
blood smear were not removed from the study
population. Leucocytozoon spp. are avian hemopar-
asites that are commonly detected in nestling rap-
tors, particularly those dwelling in forests, as they
are transmitted by blackfly vectors that are present
within these environments.4,19 In most cases, Leu-
cocytozoon spp. are of no clinical significance and do
not precipitate disease.19 Wiegmann et al (2021)
detected this parasite in the blood of 51.9% (274 of
528) of clinically well free-living nestling goshawks
(Accipiter gentilis), red kites, and common buzzards
(Buteo buteo) tested in Germany. The authors also
compared blood various blood parameters between
infected and uninfected individuals and found that
infected nestlings displayed significantly increased
levels of heterophils, aspartate aminotransferase,
and bile acids but decreased lymphocytes and
monocytes compared with uninfected individuals.
However, all differences reported were within the
considered physiologic range.19 In the present study,
five of the Leucocytozoon infected red kites were not
statistically noted to be outliers. For this reason,
they were considered representative of the “normal”
population and remained in the study group. One
bird (37) had a high burden of Leucocytozoon sp.
macro- and microgametes and was also identified
as an outlier statistically on at least five parame-
ters, justifying removal.

This study is not without limitations; mean cell
volume and hemoglobin concentration were not
examined and should be included as hematologic
measures in future studies. Moreover, the red kites
included in the study population were assessed as
healthy based on a combination of clinical exami-
nation in field conditions and assessment of blood
by a veterinary surgeon. More thorough diagnostic
measures, such as radiography, were not performed,
so individuals with subtle underlying disease may
have been included.
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The RIs presented in this study are representa-
tive of free-living red kite nestlings in England
that have recently been captured for conservation
translocation purposes. For this reason, they are
likely to be particularly useful for future conserva-
tion interventions involving this species that have
been undertaken in a similar manner for several
decades and are likely to continue in the future. It is
important that these values are considered along-
side results of a thorough clinical examination, as it
is possible that some clinically normal individuals
will fall outside these ranges.
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