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ABSTRACT

Bovine colostrum contains immune factors, like akes and cytokines that are absorbed by thetimaés
mucosa of the neonate, however, not much is kndwutahe function of some of these components én th
active immune response of calves. The aim of thidyswas to determine the influence of colostrutake and
development of the innate immune response of cdhees birth to two months of age, by evaluating the
proportion of neutrophils CH138and monocytes CD14 using flow citometry and measurement of
proinflammatory cytokines IL-1 beta, IL-6, TNF-afphnd IFN-gamma, using comercial ELISA kits. Acaogd

to the obtained results we can determine that talnsintake had influenced the IFN-gamma conceatratnd
the monocytes CDT4nd neutrophils CH13%roportions in the circulation of calves and thase components
seem to play a key role in the development of imentesponse of these animals, providing protectgainst
pathogens, enhancing the phagocytic activity atigempresentation by monocytes.
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1. INTRODUCTION have immunosuppressive effects on the cellular
components that participate in the innate Immune
The innate immune system of fetus and newbornResponse (IR). At this time, despite a transiecrieimse in
calves is extremely important as it is independ&int number of polymorphonuclear leukocytes (PMN), them
prior antigenic exposure and immune maturation. decrease of their functional activity, considering rates of
Thus, this system represents the main defensephagocytosis and bactericidal capacity (Besesl., 2012;
mechanism, considering that the development ofChasestal., 2008; Moreiret al., 2002).
specific immunity requires time for maturation of In this period of immune maturation, maternal
lymphocytes after successive exposures to pathogengolostrum promotes temporary protection to newborn,
(Barrington and Parish, 2001; Chasgel., 2008). due to passive transfer of immune factors such as
High levels of serum estrogen and maternal-fetalimmunoglobulins, leukocytes, hormones and cytokines
cortisol produced at the end of pregnancy and iglvi (Silva et al., 2013), reducing the risk of outbreak of
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diseases, such as diarrhea (Razzaqueal., 2009).
However, the biological function of some of these
components and their interrelationship with theivact
immunity of calves is still poorly known.

in moments of provided ratings according to the
procedures described by Dirksetral. (1993).

Blood samples from newborn calves were collected
into tubes with the 10% anticoagulant Ethylene Diam

Innate immune system cells correspond to 82.8% ofTetraacetic Acid (EDTA) to determine the proportiaf

the cellular components of first milking colostrum,

13.3% of these are Neutrophils (NE) and 69.5% arewithout

Macrophages (MO)/epithelial cells (Gomest al.,
2011). Review about neonatal immunology from

neutrophils CH138and monocytes CDI4and in tubes
anticoagulant  for measurement
proinflammatory cytokines. Evaluations were perfedn
at the following times: Before colostrum intake JT8-4

of

Barrington and Parrish (2001) hypothesized that PMNdays (T1), 5-6 days (T2), 7-8 days (T3), 9-10 dd@y),

leukocytes are important for cytoplasmic transpafrt
immunoglobulins to the bloodstream of newborn
calves, protecting them from enzymatic digestion
during its passage through the gastrointestinat.tra
The high proportion of macrophages in colostrum of

15 days (T5), 30 days (T6) and 60 days after {iri).

The proportions of neutrophils CH138nd monocytes
CD14 was determined by flow cytometry. The volume
relative to 10QL of whole blood was lysed using the
comercial solution FACSLySe (Becton Dickinson

first milking has intrigued researchers and recentBijosciences, San Jose, CA, USA). To leukocytedifapi

research has shown that these cells may be theokag
activation of specific immune system of calves,thg
production of cytokines and presentation of antigem

was added the primary monoclonal antibodies antiAgo
CH138 (CH138A) and CD14 (MM61A) (VMRD, Pullman,
WA), incubated for 30 min at 4°C. After that, thells were

immature lymphocytes located in secondary lymphoid washed and labeled with secondary monoclonal atyibo

organs (Rebegt al., 2008).

Proinflammatory cytokines IL-1 beta, IL-6, TNF-afph
and IFN-gamma are also present in maternal colostru
believing in the possibility of its absorption b¥yet
intestinal mucosa of calves like the immunoglobailin
form, reaching highest concentrations
bloodstream in the first 72 h of life (Madureirad1d).
The role of these substances in calves immune mesge
still not fully clear (Chaset al., 2008).

in  newborns

anti-mouse, using the FITC (Fluorescent Isothioaygn
and PECY-5 (Phycoerythrin-Cy5)  fluorochromes
(Invitrogen Corporation, USA). The samples were
incubated one more time for 30 min in the dark°& 4nd
again washed with phosphate buffered saline.

Fifty thousand cells per sample were analyzed in
FACSCalibur flow cytometer (Becton Dickinson
Biosciences, San Jose, CA, USA) using the CellQuest
Prd® software (Becton Dickinson Biosciences, San Jose,

Despite the importance of the components of innateCA, USA). The evaluation of the fluorescence erditte

immune response on the protection of calves duhieg
immune maturation, few longitudinal studies haverbe
done to evaluate the influence of colostrum intake
oscilations in the valuation parameters of nondjeci
immunity. Therefore, the aim of this study was to
determine the influence of colostrum intake and
development of the innate immune response of calve
from birth to two months of age by evaluating the
proportion of neutrophils CH13&nd monocytes CD14
and measurement of proinflammatory cytokines.

2. MATERIALSAND METHODS

Eleven healthy calves were followed from birth to
two months of age, who received fresh colostrunmfro
their mothers, for a total amount of four literssigned
into two feedings administered within the first Aafter
birth (a.b). The calves were kept in collectivef gans
until weaning at 60 days of life, where they reeéiv
fresh milk in amount equivalent to 10% of body
weight/day, concentrate, hay and water ad libitiiime
general clinical examination of animals was carmed
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by the secondary monoclonal antibodies were made
using the FlowJd program (Tree Star, Ashland, OR,
USA), version 7.2.5 as describedriy. 1.

The blood samples of calves were collected in tubes
without anticoagulant and were centrifuged at 708kg
4°C to obtain the serum, placed in cryovials andest at -
80°C until processing. This material was used fo t
measurement of Interleukin 1-beta (IL-1 beta),riatéin 6
(IL-6), Tumour Necrosis Factor alpha (TNF-alpha) an
Interferon gamma  (IFN-gamma) proinflammatory
cytokines through enzyme immunoassays using conmherc
kits for the human species (Human IL-1 beta ELISAIS
human IL-6 ELISA Set, human TNF-alpha ELISA SEt,
human IFN-gamma ELISA Set, BD Biosciendes San
Diego, CA, USA).

The proinflammatory cytokines IL1-beta, IL-6 and
TNF-alpha showed no detectable levels in some ef th
evaluated times, opting for the descriptive analgditheir
frequencies and presentation of the maximum values
reached (pg/mL).
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Fig. 1. The gate was added according to the size (FSC)gaaularity (SSC) of the cells (A). Polymorphoresd Position:
200-1000 FSC-H/0-350-1000 SSC-H (A); MononuclearsiBon: 250-1000 FSC-H/0-350 SSC-H (A), the limit

between negative and positive population for thekemaCH138+ (FL1) are shown in histograms (B) agd &nd for
the marker CD14+ (FL3) in the histograms (D) anyl (E
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Statistical analysis was performed using the SPSS Variations in the concentrations of TNF-alpha (P =
20.0 (IBM Corporation, Armonk, NY). The variables 0.035), IFN-gamma (P = 0.002), neutrophils (P =
were tested by the Kolmogorov-Smirnov test and some0.001) and monocytes (P = 0.004) were observed
had non-normal distribution, opting for non-pararitet ~ according to the Friedman test. The IL-1lbeta (P =
tests. Differences between the evaluation moment<?.261) and IL-6 (P = 0.271) cytokines showed no

were obtained by the Friedman test and multiple fluctuations during the studied period.
comparisons by Wilcoxon test. All tests were  1he comparison between the moments TO and T1

considered significant when p<0.05 showed a significant difference (P = 0.028) only ttee
o IFN-gamma. No significance between T0 and T1 for IL
3. RESULTS 1 beta (P = 0.068), IL-6 (P = 0.317), TNF-alpha=P
0.109), neutrophils CH138P = 0.953) and monocytes

The absolute and relative values of the positigelte CD14" cells (P = 0.260) was observed.

for the proinflammatory cytokines are expressetiable 1. Thle dcorlnparlsonl bet\évte(_en c}hej[ ;gnef] for IFN-gr;gnma
The most of the evaluated animals showed negasusts, revealed a Jower value oblained a when compa

. ) other periods evaluated in this study (p<0.05).epikdor
especially for IL-1beta and 1L-6 cytokines. TNFiadpand 15 Th% IFN-gamma concentration ogta(lg)ned in)TE alss
IFN-gamma were the most detected cytokines

; N lower than T2 to T4. Thus, it was observed an IRNwma
bloodstream of calves from the time T1. increase after colostrum intake with stability esluuntil

The median values of the ratios (%) of neutrophils T4, decrease at T5 and later increase at T7. Ragatik
CH138 and monocytes CD14n blood of calves from  cytokine TNF-alpha, a difference was observed onfi3,

birth to two months of age are showrFig. 2. which was higher than TO, T5 and T6.
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Fig. 2. Median and individual values of the relative petagaes of neutrophils CH138A) and monocytes CD14B) in the blood
of calves from birth to two months of life

Table 1. Absolute Value (AV), rate (%) of positive samplesaximum values (pg/mL) and median (pg/mL) for pf@immatory
cytokines in the blood of calves from birth (TOYwb months of life (T7)

IL-1 beta IL-6 TNF-alpha IFN-gamma
Moments AV % Maximum value AV % Maximum value AV % Maximumvalue AV % Maximum value Median
TO 0 0 0 0 0 0 0 0 0 1 9,09 75 0
Tl 4 36,36 12,3 0 0 0 3 27,27 23,4 6 54,54 33,3 0,7
T2 1 9,09 35 1 9,09 0,5 3 27,27 249 9 81,82 18,7 10
T3 1 9,09 54 2 18,18 60,9 5 4545 37,8 6 54,54 3 62, 3,3
T4 2 18,18 3,2 2 18,18 60,0 3 27,27 6,8 7 63,64 4 46, 11,7
T5 0 0 0 0 0 0 1 9,09 0,3 2 18,18 3,2 0
T6 2 18,18 6,5 0 0 0 0 0 0 5 4545 453 0
T7 0 0 0 0 0 0 1 9,09 25 7 63,64 26,6 8,4
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The neutrophils CH138 proportion was different gamma and TNF-alpha was obtained in TO in relation
between TO Vs T1 (P = 0.026) and T2 (P = 0.02®0ai¢ other moments which confirms no inflamation untié t
still observed a decrease in the values betweeantill  parturition time. In contrast, a calf had IFN-gamieeels
T2 (P = 0.028), then the values remained constatit u prior to colostrum intake, probably by antigen emtt
T5 (15 days). The ratios obtained in T6 were highan during pregnancy and despite the uterine envirohmen
T2 (P =0.028) and T3 (0.018jif. 2A). being sterile, some microorganisms can cross teeptal

The monocytes CDT4showed an increase in TO to T1, barrier and the innate immune system in these savine
despite the lack of statistical difference, whichsvhigher  main defense mechanism during the pregnancy period.
than T2 (P = 0.008), T3 (P =0.041) and T4 (P €8)0.en Furthermore, the production of IFN-gamma occursraft
the values increased again yielding peak at timewhéch three days of exposure to pathogens (Barrington and
were higher than those obtained in T2 (P = 0.0Z8), Parish, 2001; Chastal., 2008).

(0.008) and T4 (0.008). The moment T7 was simiar® The transfer of IFN-gamma to calves by colostrum
value but the value was higher than those obtahdd (P intake may be crucial for its cell-mediated resgoaad
=0.016), T1 (P =0.007), T2 (P = 0.021), T3 (PGOB), T4 protection against intracellular pathogens, sintés t

(P =0.003), T6 (P = 0.041¥ig. 2B). response is deficient at birth. This substanceetsesed
primarily by T cells and Natural Killer (NK) cellsnainly
4. DISCUSSION by CD8 cytotoxic T lymphocytes responsible for

production of quantities four times higher thangheduced

The transfer of the newborn calf from the wombi® t by T helper CD2 cells. Interestingly, the predominant T
environment is a challenge to his immune systemal®x cells in colostrum at birth are cytotoxic lymphags;t
sindesmocorial bovine placenta is impermeable ® th powever, the IFN-gamma cytokine decreases with the
passage of maternal-fetal macromolecules, whicliésip  progression of lactation, being undetectable onséhenth
hypogammaglobulinemia and immunological immaturity day postpartum (Chaseal., 2008; Hagiwarat al., 2001).
at birth. Thus, the maternal protection during pstcy Although no statistical difference was observed, it
postpones the full establishment of specific immyni  can be seen an increase in the monocytes CD14
since lymphocyte maturation requires successiveproportion after colostrum intake. Macrophages tee
contacts with pathogens (Barrington and Parish,1200 predominant cells in bovine colostrum and have mate
Chaseet al., 2008; Silvaet al., 2013). In this scene, the  for ahsorption by the intestinal mucosa of newhzzives
innate immune system is extremely important fouset \yhen this food is offered as the fresh way in tret 12 h
and newborn calves because of their a”tige”icpostpartum (Gomest al., 2011; Liebler-Tenoricet al.,
independence, however, hormones released duriag 'at2002)_ Besides enhancing the phagocytic response of
pregnancy and at calving are immunosuppressive ang,yyes, the colostral macrophages may be the kélyeto
negatively influence this response (Chasel., 2008, ,.ivation and maturation of their specific immune

Morlfin fet al.h20_02). Remains therefore tr:e C(r:lostru_lrln response by increasing the capacity of monocytes to

Intake ﬁr the _|m|mlfme| pl’OFECtAOf) ffsuPpynLn‘}[f wi present antigens (Rebetral., 2008).

elzslllJre ztogs_uév'va ofca ¥ef 'g (;O%” Irst montnsite The association between the obtained results fa4CD

( elny’this s’tu dazz\?vgu?:c?ulg "obser\zé the influence of cells and IFN-gamma allows us to declare that thesers
study, . may act in synergy in the development of immunebaew

colostrum intake in the concentration of IFN-gamma. response. since  IEN-gamma. is the main macrophage

Despite the lack of statistical difference, it denseen PONSE, : 9 . . . -rophag

activating cytokine, accentuating its microbicidandtion,

that the calves were negative for all proinflammgto by th S P o h o
cytokines before the ingestion of colostrum, buneo y the activation of genes franscription that eimm

animals reacted positively to TNF-alpha and IL-tbet €NZYmes phagocyte oxidase and synthase, inductbe of
after colostrum administration. The absorption Production of nitric oxide, increasing the bacteefat and
mechanism of these colostral cytokines by the Phagocytic cell activity, which appears reducedatves
intestinal mucosa of the neonate should behaveas a result of stress occurred at birth (Barringiod
similarly to what happened with the immunoglobulins Parish, 2001). Studies have shown that monocytes of
through the decrease of cells able to expressieg th calves evaluated within one hour after birth exaiti
receptors for these proteins with the advancing ofgreater bacterial uptake when compared to monocytes
post-birth time (Barrington and Parish, 2001). from calves with three to nine weeks of life, emgihing

At time TO the major of proinflammatory cytokines the possible synergism between IFN-gamma and €CD14
was undetectable in addition; the lower value feN- cells (Mengeet al., 1998).
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The proportions of neutrophils CH138ere higher  pathogens, because the calves were submitted to a
on the first day of life and remained high untié thixth management system of dairy farm and kept in cdllect
day compared to subsequent moments until T5 (18)day calf pens. The phase and intensity of inflammaiion
Most studies involving polymorphonuclear leukocyites  agreement with the time of harvest may have infteein
calves used leucogram despite the different teclesiq the lack of detectable levels of IL-6 and TNF-alpdta
employed, these studies also found higher numbkrs othis time (T6). However, few studies that measured
neutrophils in the first days of life (Benetial., 2012; proinflammatory cytokines in the calves serum assgs
Menge et al., 1998). Changes in the population of animals over a period of fifteen (Go#bal., 1997) and
CH138 cells in the first days of life may be associated 28 days (Yamanaket al., 2003).
with the stress at delivery and birth, especiakbgduse Peak concentrations obtained for the cytokines were
some animals in this study were pulled at birth, lower than the valuesbtained by Gotat al. (1997), who
increasing the blood concentration of endogenousmeasured the cytokine IL-1 beta in serum of healthy
steroids and migration of these cells from the rimalg  Holstein calves, finding average values of 1.5 g'mand
pool to circulation (Benesit al., 2012). Therefore, the Yamanakeet al. (2003) who evaluated the IL-1beta, IL-6,
major proportion of circulating neutrophils recodde TNF-alpha, IFN-gamma cytokines, obtaining meanesiu
before the colostrum intake and in the first dafylife of of 46.9+31.4, 1.234#0.34, 0.69+0.22 and 0.192+0.@4 n
the calves may be a mechanism of immune hand, sincenL™, respectively. Both authors mentioned used bovine
many functions related to these cells are immature ELISA kits in their determinations. In this studihe
incomplete (Menget al., 1998). median values of cytokines were obtained through th

A higher proportion of neutrophils CH138n the  use of human ELISA kits because of difficulties in
first days of life are not associated with inflamoyg  obtaining kits for bovine. Thus, it was considertbe
processes, because the levels of proinflammatoryhomology between the amino acid sequence of human
cytokines were low or undetectable in most calves 0 g4 bovine cytokines (Scheerlinck, 1999), but evene
this research. The cytokine IL-1beta is a potentpomglogies between human cytokines, we found
mediator of |nflammat|_on and acts in synergism With gitterences between the results obtained by thhoasit
IL-6 and TNF-alpha (Richards, 1998). Itis possittiat ~ cjeq apove. Madureira (2011), measuring the same
some mothers had mastitis, a common disease i dair ;i g0 matory  cytokines in human kits obtained
cows N the peripartum perlod_ and transferred thevalues close to those obtained in the present work.
proinflammatory cytokines to their calves (Soetal., The fact of this longitudinal study has been demsin

2012). In this case, these cytokines have no inflae . i ) o A
on the immunity of calves, since most of the calires in the field resulted in a significant antigeniwelisity, as

this study had undetectable reactions at 15 dags¢t ~ Manifested by the observed fluctuations from bidh
life, similar indeed to that found by Goéb al. (1997) weaning. Thus, studies on the evaluation of specifi
and Yamanakaet al. (2003) and could direct us to Immune responses to pathogens that causes diseases
determine the duration of the maternal immune the neonatal period, through experimental infectierd

component in the bloodstream of calves. to be conducted.
The secretion of cytokines is characterized by dain
short event and is not being stored as a pre-formed 5. CONCLUSION
molecules and their synthesis is initiated by neamey
transcripts as a result of cellular activation. he The maternal colostrum intake influence blood

cytokines are rapidly secreted, with IL-6 havindnalf concentrations of IFN-gamma, monocyte CDldnd
life of 5 to 6 days, IFN-gamma from 2 to 4 days and neutrophils CH138 in calves evaluated until the first two
TNF-alpha of 20 min (Nguyee al., 2007), which could  months of life and that these components may be
justify the low permanence of these cytokines ie th responsible for the enhancement of the cellular tmen
circulation of neonates of this study. response and protection against pathogens, whieh ar
At 30 days of life (T6) inflammatory response was deficient at birth, beyond the specific immunityy b
observed for the largest proportion of neutrophils increasing the capacity of monocytes to preseigers.
CH138 and monocytes CDI4 associated with the

detection of IL-1 beta and IFN-gamma in the serdm o 6. ACKNOWLEDGEMENT
some calves. At this stage of the research, sofvesa
developed diarrhea episodes, so it is believedithttis The researchers are grateful to Fundacdo de Amparo
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