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Hematological responses to hyperimmune plasma
low dose administration in foals during weaning

Respostas hematoldgicas da administracdo de baixa dose de
plasma hiperimune em potros no periodo de desmame

Andrezza Caroline Aragdo da Silva! @, Joilson Ferreira Batista! ©©, Diogo Alexandre Tendrio Mata2 @,
Karina Pessoa Oliveira® @, Tatiana Figueiredo Paiva?, Marcia Kikuyo Notomi®©, Pierre Barnabé Escodro*

ABSTRACT: Weaning is a development stage that brings maternal independence, change of management and feeding,
leading to immune deficit. The objective of this study was to evaluate the hematological and biochemical parameters of foals
in weaning phase after intravenous administration of hyperimmune plasma (1 mL/Kg) in low dose. Ten foal weaned from
the Mangalarga Machador breed were used, being divided in control (GC; n=5) and treated group (GT; n=5). The results
obtained show that hematological and biochemical parameters of foals that received low doses of hyperimmune plasma were
within the reference range for the equine species.
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RESUMO: O desmame ¢ uma fase do desenvolvimento que traz independéncia materna, mudanca de manejo e alimentacio,
levando ao déficit imunoldgico. O objetivo deste estudo foi avaliar os pardmetros hematolégicos e bioquimicos de potros em fase
de desmame apds administracao intravenosa de plasma hiperimune (1 mL / Kg) em baixa dose. Foram utilizados dez potros des-
mamados da raca Mangalarga Machador, sendo divididos em grupo controle (GC; n = 5) e grupo tratado (GT; n = 5). Os resul-
tados obtidos mostram que os parimetros hematolégicos e bioquimicos de potros que receberam baixas doses de plasma hiperi-
mune estavam dentro da faixa de referéncia para a espécie equina.
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INTRODUCTION

Equine plasma is a natural colloid composed of immuno-
globulins (Ig): IgG, IgA, IgM, IgE, with a prevalence of 85%
plasmatic IgG (MCLURE et al., 2001, WAGNER 2004,
DAWSON et al.,2010). Hyperimmune plasma is obtained
by plasmapheresis technique. The donor animal must be sub-
jected previously to consecutive hyperimmunization vaccine
protocols which increases plasma concentration of specific
antibodies and multiple coagulation factors. (ESCODRO
et al., 2013; NETO et al., 2018). Hyperimmune plasma is
widely used in neonates and foals, being plasma valence cor-
related with dose, speed of administration, immunological
competence, as well as management conditions and indi-
vidual pathogenic virulence (DAWSON et al., 2010). It can

be combined or supplemented to colostrum in situations of
maternal and / or colostrum absence, colitis, immunodefi-
ciency, failure to transfer passive immunity, septicemia and
stress, such as weaning (ATHERTON; McKENZIE, 2011;
ESCODRO etal., 2013). In natural conditions, weaning occurs
before a new birth, ensuring greater maternal bond and foal’s
physiological and behavioral maintenance. However, this time
was reduced by human management, occurring around the
fourth month of age, when the stress caused by environmental
changes, nutritional management and maternal disengagement,
induces a suppression of the immune response mediated by
cells due to increase in cortisol and catecholamines, generating
greater susceptibility to illnesses and weight loss (SPINDOLA
et al.,, 2017; LANSADE et al., 2018; WULF et al., 2018).
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For decades, the usual dosage of plasma has been 10 to 20
mL / kg intravenously in a single dose, recommended due to
standard immunoglobulins inefficiency (IgG> 800 mg / dL).
Hyperimmune plasma bags usually contain IgG concentra-
tions between 1500 and 2500 mg / dL (FRECCERO et al.,
2017). However, the minimum dose of immune stimulation
in these animals is not determined, as in human medicine.
Therefore, the aim of this study was to evaluate hematologi-
cal and biochemical parameters of foals in the weaning phase
after hyperimmune plasma low dose administration.

MATERIAL AND METHODS

This study was approved by Animal Ethics and Experimentation
Committee - CEUA, of Alagoas Federal University (Protocol
No. 14/2014). The experiment was carried out in a farm,
located in Cajueiro, State of Alagoas, between June and July
2017, lasting 42 days. Ten Mangalarga Machador foals were
used, originated from embryo transfer, of both sexes, aged six
months, in the process of weaning, weighing 120 £ 40 kg. Foals
were divided into two groups with five animals each: control
group (CG), submitted to the administration of 1 mL / kg /
IV of 0.9% sodium chloride and treated group (GT), which
received 1mL / kg / IV of hyperimmune plasma obtained
by automated plasmapheresis as described by Escodro et al.
(2013). The foals were grouped in two or three in collective
pens, with water, food (Cynodon spp.) and mineral ad libitum
access, with daily notes on the animals. In the morning (time
0), blood samples were collected from all animals by jugular
vein venipuncture using 5 mL tubes containing EDTA antico-
agulant, 5 mL containing fluoride / EDTA and 10 mL without
anticoagulant using Vacutainer® system. Was also performed
foals physical examination: heart rate, respiratory rate, cap-
illary filling time and rectal temperature, and weighing the
animals using a weight tape for horses. Intravenous admin-
istration of 0.9% sodium chloride (GC) or hyperimmune
plasma (GT), at a dose of 1mL / kg, was performed through
the left jugular vein of each animal. After the administration
of plasma or sodium chloride 0.9% in foals, new samples
were taken after 12, 24, 48, 72 and 96 hours and in the 7%,
14", 28t and 35" day. Hematological and blood biochemis-
try parameters of all animals were evaluated. Hematological
evaluation included total red blood cell, leukocyte and platelet
counts; determination of globular volume (VG) and hemo-
globin concentration in automated equipment (BC 2800 Vet,
Mindray) with subsequent calculation of the mean corpuscular
volume (VCM) and mean corpuscular hemoglobin (CHCM)
values. Cells morphological evaluation and differential count
was performed by blood smear stained with Panoptic Rapid®.
For blood biochemistry evaluation, the tubes with fluoride /
EDTA and without EDTA were centrifuged for 10 minutes at
3000 rpm with subsequent separation of plasma and serum,
respectively. Plasma glucose (K082-2) and serum creatinine
(K067-1), urea (K056-1), total protein (K031-1) and albumin

(K040-1) measurements were performed using commercial kits
(Bioclin ®, Quibasa, MG, Brazil) according to the manufac-
turer’s instructions. Samples were analyzed in semi-automated
equipment Spectrum® (Celer). Fibrinogen measurement was
performed using the heat precipitation technique. Globulin
value was obtained by subtracting the values of total proteins
and albumin (globulins = total proteins - albumin). All pro-
cedures were performed at the Veterinary Clinical Pathology
Laboratory of Federal University of Alagoas. In order to verify
possible difference between groups and normal distribution,
data were first submitted to the Shapiro-Wilk test. Treatments
variance analysis was defined with significance of P <0.05 and
Student’s t test was used to verify possible difference between
groups. Variance analysis was performed, followed by the
Tukey test. All analyzes were performed using the GraphPad
Prism program, Version 5.0 (Trial) 2007 and assuming a prob-
ability of error of 5%.

RESULTS AND DISCUSSION

Along the 42 days experiment, foals were characterized as
healthy, without any clinical sign of illness. On weaning day,
the initial weight of these animals was 120 % 40 kg, with
body maintenance being observed in both groups evaluated
until 72 hours, even after the administration of hyperimmune
plasma in treated group (Fig. 1). Unlike what was described
by Wulf et al. (2018), who pointed out reduction of weight
on the first day of weaning with negative body maintenance
until the 6th day, reporting greater wear in females in this
period, but without significant difference between genders.
Throughout days of evaluation, animals in control group as
well as in treated group achieved significant weight gain from
the seventh day of evaluation, showing that administration of
plasma appears to have no influence on weight gain of ani-
mals in the administered dose (Fig. 1).

In dogs, oral administration of hyperimmune plasma
(1.5 mL / 100 g of body weight) promoted weight gain in
the first eight hours of life (Mila et al., 2016). In pigs, the
use of dehydrated plasma (2.5%) is already a reality, being
added during the weaning phase, promoting the stimulation
of appetite for 15 to 28 days after weaning (BUTOLO et al.,
1999), resulting in increased weight gain and growth rate of
these animals (KRUMRYCH et al., 2013). Heart rate and
respiratory rate over the evaluation days in both groups sig-
nificantly decreased, as shown in Fig. 2.

The increase in heart and respiratory rate was expected
until the foals adapted to handling and handlers. Elevation of
these two parameters observed in the first evaluation period
was probably due to interactions between physiological sys-
tems and the immune response linked to stress in domestic
animals (STALEY et al., 2018). Total protein and fibrinogen
concentration when correlated allowed the identification of
significant reduction in fibrinogen concentration in the treated
group (0.04 +£0.08 g/ dL) at 12* hour (Fig. 3), corroborating
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Graphical representation of foals weight gain (Kg) that received 1 mL / Kg of 09% sodium chloride (control group - GC; n = 5)
or hyperimmune plasma (treated group - GT; n = 5) intravenously, before administration (Oh), 12, 24, 48 and 72 hours and 7, 14, 28 and
35 days after administration. Means followed by the same letters do not differ by Tukey’s test (P> 0.05).
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Graphical representation of heart rate (bpm) and respiratory rate (mpm) of foals that received 1 mL / kg of 09% sodium chloride
(control group - GC; n = 5) (A and C) and hyperimmune plasma (treated group - GT; n = 5) (B and D) intravenously, before administration
(0Oh), 12, 24, 48 and 72 hours and 7, 14, 28 and 35 days after administration. Means followed by the same letters do not differ by Tukey’s
test (P> 0.05).
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Figure 3. Graphical representation of total protein (g / dL) and fibrinogen concentration (g / dL) of foals that received 1 mL / kg of 09%
sodium chloride (control group - GC; n = 5) (A and B) and hyperimmune plasma (treated group - GT; n = 5) (B and C) intravenously, before
administration (Oh), 12, 24, 48 and 72 hours and 7, 14, 28 and 35 days after administration. Means followed by the same letters do not

differ by Tukey’s test (P> 0.05).

Hollis et al. (2016) who observed that addition of hyperim-
mune plasma provides an expansion of plasma volume, result-
ing in fibrinogen dilution in foals bloodstream.

The stress caused by handling animals for first blood
collection may have contributed to elevate glucose values, as
observed in the treated group before the administration of
hyperimmune plasma (114.2 = 19.4 mg / dL) (Table 1), as
well as a result of action of catecholamines, releasing glucose
into circulation. This, points out that animals that are not
conditioned to activities and management and are submitted
to a large stress, due to lack of well-being, presents a negative
energetic oscillation by catabolism of proteins losing their
potential energy (DURHAM, 2006; RAMALHO etal., 2012).

Regarding the erythrogram, no significant differences
were found between total red blood cell count, hemoglobin
concentration, globular volume value (VG), mean corpuscular
volume (CMV), mean corpuscular hemoglobin concentra-
tion (CHCM) in any of the treatments and times evaluated,
indicating that using hyperimmune plasma did not negatively
influence foals’ erythrogram. On the other hand, there was a
significant reduction in platelet count between groups at the

initial moment (CG: 199.5 £33.4x 103 / uL; GT: 160.4 £

Table 1. Mean values and standard deviations of the plasma
glucose concentration of foals that received 1 mL / Kg of 09%
sodium chloride (control group - GC; n = 5) and hyperimmune
plasma (treated group - GT; n = 5 ) intravenously, before
administration (Oh) and 12 hours after administration.

945+ | 1042+

10,82

98,3+
10,8°

110,8 +

Glicose (mg/dL) 1150

19,40

Different lower case letters on the same line differ from each other in
each evaluation period (Mann - Witney test and t test, P <0.05)

26.5x 103 / uL) and at 24® hour (CG: 175.9£55.5x 103 /
uL; GT: 156.6 £22.0 x 103 / uL) after intravenous admin-
istration. However, it was observed, after administration of
the hyperimmune plasma, a significant increase in leuko-
cytes number (14.96 £ 5.15 x 103 / uL) in treated group, in
contrast to control group (12.67 = 2.66 x 103 / uL), high-
lighting the occurrence of body’s immune response, since
erythrocyte and leukocyte concentration of plasma bags are
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Table 2. Mean values and standard deviations of foals leukogram that received 1 mL / kg of 09% sodium chloride (control group - GC;
n = 5) and hyperimmune plasma (treated group - GT; n = 5) intravenously, before administration (Oh), 12, 24, 48 and 72 hours and 7,

14, 28 and 35 days after administration..

Leu (x10%/uL) 1238+ | 1868+ | 1337+ | 1270+ | 1267+ | 1496+ | 11,70+ | 1347+ | 1245+ | 1122+
219: 2,600 2,82 2,88 2,66 515 2,87 3,41 3,52 2,40

Lymph(x103/uL) 655+ 1111+ 587+ 736+ 4,78+ 8,61+ 557+ 7,82+ 586+ 7,06+
ump 138 2,10° 174 130 2,31° 3,22° 1,662 2,020 1,94 113

Mono (x10%/uL) 083+ 048+ | 090+ 036+ 0,75+ 0,52+ 0,74 + 034+ 0,75+ 0,28+
0.22: 0,19° 0,33 0,23° 0,31 0,28 0,282 0,26° 0,242 0,340

Gran (x10%/uL) 4,49 + 7,09+ 6,67 + 498+ 6,94 + 583+ 541+ 531+ 587+ 3,88+
1,79: 1,72° 191 164 3,43 193 2,04 147 212 1,09

Neu. Seq. (x10*/uL) 320+ L2+ 381+ 2,71+ 4,10+ 3,68+ 3,63+ 372+ 3,94+ 337+
280 125 1,03 149 0,52 2,39 120 1,68 0,80 2,04 1,00

Neu. Bast. (x10°/uL) 0,58+ 052+ 0,68+ O4l+ 040+ 0,29+ 034+ 0,70+ 019+ 0,51+
' ' 0,58 0,32 0,83 0,27 0,52 0,22 0,35 0,19 0172 0,16°

Eosinophils (x10%/uL) 035+ 036+ 0,23+ 035+ 0,22+ 0,57+ 0,25+ 040+ 0,37+ O4h +
P 0,31 0,32 0,32 0,32 0,32: 0,33° 0,33 0,34 0,34 0,35

Basophils(x10°/uL) 0,00+ | 0,00+ 0,01+ 0,02+ | 000+ | 000+ | 0,00+ | 005+ 0,01+ 0,00+
P 0,00 0,00 0,05 0,04 0,00 0,00 0,00 0,09 0,03 0,00

Leu (A0%/L) 1293+ | 1232+ | 13,62+ | 1638+ | 1342+ | W17+ 1287+ 1362+ 137+ | 1262+
355 | 409 | 262 | 297 | 38 | 220 | 302 | 2w | 224 | 251

Lymph (L0%uL) 587+ | 655+ | 78l+ | 940+ 787+ | 766+ | 739+ | 824+ 634t | 7,04t
ump 220 | 125 | 15 | 277 | 195 | 157 | 183 | 117 | 14 | 130

Mano (<L0*/uL) 087+ 026+ | 074+ | 054+ | 071+ | 060+ 072+ 070+ 069+ | 026+
o40° | 018 | 020 | 023 & 030 | 0 | 02 | O0W | 022 | 02

Gran (x10°/uL) 617+ | 551+ | 515+ | buh+ | 482+ | 591+ | 477+ | 518+ | 435+ | 532+
331 | 34 | 129 | 090 | 294 | 06l | 135 | 02 | 097 | 145

Neu Seq (a0l | 44t | 332 38hx | 36k | 323+ 367+ | 348: 405+ | 325+ 29
e 202 | 127 | 140 | 064 | 095 | 08 | 157 | 179 | 119 | 066
NewBast(aoyy | 0% | 037:  045: 012+ 029+ 020 022 037: 02+ Ole:
o 020 | 030 | O | 020 | 02+ | Ol | 028 & 024 | 020 | 012

cosinophils (a0vuLy| 034% | 051t | Ol | 027 | 0S0% OA7: | 047 | 086: | Okh:  030:
P 035 03 | 037 | 038 039 032 032 | 029 02 | 01

Basophils (x10*/uL) 0,03+ 0,00+ 0,01+ 0,00 + 0,00+ 0,00+ 0,00 + 0,00 + 0,00+ 0,00 +
P 0,10 0,00 0,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Different letters on the same line differ from each other in each evaluation period (Mann - Witney test and t test, P <0.05).
Leu: leukocytes, Lymph: lymphocytes, Mono: monocytes, Neu. Mon .: segmented neutrophils, Neu. Bast .: bastonet neutrophils.

Reference limits for horses according to WEISS & WARDROP (2010).

low (FRECCERO et al., 2017), with subsequent decrease
during the experiment (Tab. 2). An increase in lymphocyte
count was also observed in treated group when compared to
control group, with an increase in lymphocytes between 24™*
and 48" hour (GT: 8.61£3.22x 103 /L and 7.82 £ 2.02;
CG:4.78+2.31x 103 / uL and 5.57 £ 1.66, respectively),
with a higher count of the number of lymphocytes on 14"

day (GT: 9.40 £ 2.77 x 103 / uL) ), when compared to the
evaluation at 24 hours after treatment (GT: 8.61 + 3.22 x
103 / pL), indicating the release of mature cells into blood-
stream (ATHERTON; McKENZIE, 2011; KRUMRYCH
etal., 2013). Absence of eosinophilia indicates lack of hyper-
sensitivity stimuli or any reaction to the administration of
hyperimmune plasma in animals. In foals, the potential of
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immune cells, such as neutrophils and macrophages, to con-
trol primary infections, when compared to adults, is lower,
since the phagocytic capacity of neutrophils in foals is limited
until the age of three to four weeks, noting that phagocytic
opsonic activity of foals’ neutrophils improves when mixed
with adult serum or plasma (GRONDAHL et al., 1999;
DAWSON et al., 2010). Monocyte count showed a signifi-
cant reduction at 12", 48" and 72 hour until 35 days of
study in treated group. On the other hand, the neutrophil
count showed a significant increase at 72" hour. No sig-
nificant changes were observed in basophils and segmented
neutrophils count (Table 2). Assessing gradual and abrupt
weaning in foals, Tunner et al. (2003) showed that total white
blood cells (P <0.01) and total neutrophil count (P <0.05)
increased substantially in foals submitted to abrupt weaning.
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Serum biochemistry is useful to identify high-risk foals.
In the present study, renal metabolites (creatinine and urea)
remained within the reference limits and without differences
between groups, demonstrating that there was no oscillation of
these metabolites in foals treated with hyperimmune plasma.
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