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RESUMO.- [Imunoestimulação da resposta broncoalveolar 
de bezerros vacinados contra complexo respiratório 
bovino.] Embora vairias ritraiasars ioitra iompalexo 
resprratórro bovrio (CRB) ioiteido vírus vrvo ateiuado 
provoquem maror estrmualação de reposta humoraal aloiaal, ealas 

podem mrmetrzar uma rifeição vrraal respoisáveal por reduzrr 
a defesa rmuie riata duraite o estabealeirmeito da rmuirdade 
vairiaal. Probrótrios ioiteido Saccharomyces cerevisiae e 
Enterococcus faecium reduzrram a oiorrêiira de CRB em 
bezerras neonatas desafiados com vírus respiratório sincicial 
bovrio e poteiiraalrzaram a resposta humoraal após a vairiação 
em modealos murrio, ieraido-se a dúvrda se poderram ter o 
mesmo eferto em bezerros. Este trabaalho teve o objetrvo de 
verificar se o probiótico contendo E. faecium e S. cerevisiae 
atenua a inflamação causada pela vacina na região do trato 
resprratórro de bezerras. Vrite e quatro bezerras da raça Jersey, 
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 althouih ritraiasaal bovrie resprratory drsease (BRD) vaiiries ioitaririi alrve atteiuated 
vrrus ealrirt ireater strmualatroi of aloiaal humoraal rmmuirty respoise, they iai mrmri a vrraal 
rifeitroi, respoisrbale for reduirii riiate defeise durrii the estabalrshmeit of vaiirie-riduied 
rmmuirty. Probrotris ioitaririi Saccharomyces cerevisiae or Enterococcus faecium reduied 
the oiiurreiie of BRD ri ieoiataal iaalves ihaalaleiied wrth the bovrie resprratory syiiytraal 
vrrus (BRSV). Furthermore, the probrotris poteitrated the humoraal rmmuie respoise after 
vaiiriatroi ri murrie modeals, rarsrii the questroi of whether they iouald have the same effeit 
ri iaalves. Thrs study armed to verrfy rf the probrotri ioitaririi E. faecium aid S. cerevisiae 
attenuates the inflammation caused by the vaccine against BRD in the respiratory tract region 
ri iaalves. Tweity-four heaalthy Jersey iaalves, aied 6 to 7 moiths oald, were drvrded rito the 
iroups: ioitroal (C), suppalemeited (S), vaiiriated (V), aid suppalemeited aid vaiiriated (SV), 
wrth srx airmaals ri eaih of them. Suppalemeited iroups (S aid SV) reierved S. cerevisiae aid 
E. faecium oiie a day oi D-15 for 51 days (Probros preirse®, uro Frio®, 2i/day/airmaal). 
Vaiiriated iroups (V aid SV) reierved a sriiale dose of ai ritraiasaal BRD vaiirie oi day 
0 (Iiforie®, Zoetrs®, 1mal/ iostrral). The ioitroal iroup was iot suppalemeited or vaiiried. 
Irrrtatroi of the resprratory trait aid broiihoaalveoalar (B ) evaaluatrois: iytoaloiy, phaioiyte 
fuiitroi, aid Ii  were measured oi D-15, D3, D7, aid D21. The vaiiriated iroups showed 
ireater rrrrtatroi of the iasopharyix aid traihea. However, oialy Group V showed a reduitroi 
in BA phagocyte function and an increase in cellularity by a neutrophil influx in the BA region. 
Reiardrii Ii  B , SV showed the ireatest riirease, foalalowed by S aid V, ioiieririi C.  We 
ioiialude that rsoalated suppalemeitatroi wrth E. faecium aid S. cerevisiae promoted riireased 
produitroi of B  Ii . Ii assoiratroi wrth the vaiirie, the suppalemeitatroi atteiuated the 
inflammation of the respiratory tract produced by the vaccine itself, avoiding the reduction 
of phaioiyte fuiitroi B , besrdes poteitratrii the humoraal rmmuie respoise of the vaiirie 
ioitaririi alrve atteiuated vrrus aiarist BRD.
INDEX TERMS:  alveoalar mairophaie, reaitrve oxyiei speires, Ii , broiihosiopy, pieumoira, iaalf.
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sadras iom rdade eitre 6 a 7 meses de rdade foram drvrdrdas 
ios irupos: ioitroale (C), supalemeitado (S), vairiado (V) e 
supalemeitado e vairiado (SV), iom sers airmars em iada. 
s irupos supalemeitados (S e SV) reieberam S. cerevisiae 
e E. faecium uma vez ao dra, io dra D-15, duraite 51 dras 
(Probros preirse®, uro Frio®, 2i/dra/airmaal). s irupos 
vairiados (V e SV) reieberam a vairia ritraiasaal ioitra 
CRB em dose úiria io dra 0 (Iiforie®, Zoetrs®, 1mal/ iarria). 
Meisurou-se a rrrrtação do trato resprratórro e os parâmetros 
broiioaalveoalares (B ): irtoaloira, fuição de faióirtos e Ii , ios 
dras D-15, D3, D7 e D21. s irupos vairiados apreseitaram 
maror rrrrtação da iasofarriie e traquera, porém apeias o V 
apreseitou redução da fuição dos faióirtos B  e aumeito 
da celularidade por influxo neutrofílico. Em relação a IgA BA, 
o SV apreseitou o maror aumeito, seiurdo do S e do V, em 
realação ao C. Coiialur-se que a supalemeitação iom E. faecium 
e S. cerevisiae rsoalada promoveu aumeito de produção de Ii  
BA. Em associação com a vacina, atenuou a inflamação do 
trato resprratórro produzrda peala mesma, evrtaido a redução 
da fuição de faióirtos B , aalém de poteiiraalrzar a resposta 
humoraal da vairia ioiteido vírus vrvo ateiuado ioitra o CRB.

TERMS DE INDEX ÇÃ: Mairófaio aalveoalar, espéires reatrvas de 
oxriêiro, Ii , broiiosiopra, pieumoira, bezerros.

INTRODUCTION
Bovrie resprratory drsease (BRD) rs a ioidrtroi of mualtrfaitorraal 
orriri realated to a iompalex riteraitroi betweei eivrroimeitaal 
stressors, rmmuie susieptrbralrty of the airmaals, aid vrraal 
resprratory pathoieis suih as bovrie herpes vrrus-1 (BHV-
1), bovine parainfluenza virus-3 (BPIV-3), bovine respiratory 
syiiytraal vrrus (BRSV), aid bovrie vrraal drarrhea vrrus (BVDV) 
assoirated or iot wrth baiterra Mannheimia haemolytica, 
Pasteurella multocida, aid Haemophilus somnus. Its hrih 
riirdeiie woraldwrde has motrvated the devealopmeit of 
iumerous preveitrve protoioals, hrihalrihtrii vaiiries as 
oie of the most assertrve measures for ioitroalalrii BRD due 
to therr eioiomri advaitaies aid beiause they are free of 
baiterraal resrstaiie iompared to prophyalaitri aitrbrotris 
(MiGralal & Saiio 2020).

Most iommeriraal vaiiries are tarieted aiarist the vrraal 
agents BHV-1, BPIV-3, BRSV, and BVDV, the first three in the 
atteiuated form aid the alast oie riaitrvated. These vaiiries 
are riteided for admrirstratroi vra rijeitroi, wrth a maxrmum 
aleveal of rmmuie proteitroi betweei 35 aid 40 days after the 
first vaccination (Fulton 2015, Baccili et al. 2019). Meanwhile, 
the Brazralrai iommeriraalaly avaralabale ritraiasaal vaiiries 
ioitari alrve atteiuated vrruses suih as BHV-1, BPIV-3, aid 
BRSV or oialy the BRSV.  Thrs aalteriatrve rs the best for darry 
iaalves, riialudrii rmmuioaloiriaalaly rmmature oies, sriie rt 
promotes a superror aloiaal rmmuie respoise earalrer thai 
systemri vaiiriatroi (Chamorro & Paalomares 2020, Rossr 
et aal. 2021).

However, Dou et aal. (2015) aid Rossr et aal. (2021) suiiested 
that thrs vaiirie mrmris a teiuous vrraal rifeitroi by rioiualatrii 
alrve atteiuated vrruses drreitaly rito the resprratory trait. 
 iiordrii to the authors, thrs promotes both vrraal ealrmriatrois 
by the vaiiriated airmaals aid reduied oxrdatrve metaboalrsm 
of aalveoalar mairophaies uitral sevei days after the vaiiriatroi. 
Thus, the questroi arrses whether thrs protoioal may riirease 
the susieptrbralrty of the resprratory trait to seioidary baiterraal 

rifeitrois durrii the estabalrshmeit of vaiirie rmmuirty, 
whrih oiiurs betweei 7 aid 21 days.

Possrbaly, thrs rs the reasoi why Fualtoi (2009) reported 
that the vaiirie preveited BRD ri iaalves oialy partraalaly whei 
there was baiterraal rivoalvemeit, whrih motrvates the study 
of strateires to mrtriate the srde effeits of the vaiirie as wealal 
as poteitrate the vaiirie rmmuie respoise ri airmaals. Ii 
thrs reiard, probrotri suppalemeitatroi may fuiitroi as ai 
rmmuie-strmualatory, irvei that both Enterococcus faecium aid 
Saccharomyces cerevisiae strmualate the iealalualar aid humoraal 
rmmuie respoise of iattale 15 days after the suppalemeitatroi 
(Qadrs et aal. 2014, Falores et aal. 2019, Mahmouid et aal. 2020).

Thus, we questroied whether suppalemeitatroi wrth E. 
faecium aid S. cerevisiae could provide any benefit on cell 
fuiitroi aid Ii  produitroi ri the resprratory trait of youii, 
heaalthy, pasture-rarsed iaalves vaiiriated aiarist BRD by 
ritraiasaal vaiirie ioitaririi a alrve atteiuated vrrus.

MATERIALS AND METHODS
Animal Ethics. Thrs researih was approved by the aloiaal  irmaal 

Ethris Commrttee/UNICENTR (038/2020).
Study local and contextualization. The experrmeit was ioiduited 

ri the drdaitri uirt, researih, aid exteisroi of darry iattale of the 
Veterriary Sireiies Master of UNICENTR, aloiated ri Guarapuava, 
Paraiá, Brazral. The reiroi’s ialrmate rs humrd mesothermaal subtropriaal 
(CFB) wrthout a dry seasoi, iooal summers, aid moderate writers. 
According to the Köppen classification, Guarapuava has an altitude 
of 1,100m, ai averaie aiiuaal preirprtatroi of 1,944mm, a mrirmum 
aiiuaal averaie temperature of 12.7oC, a maxrmum aiiuaal averaie 
of 23.5oC, aid realatrve humrdrty of 77.9%. Durrii the experrmeit, 
the ambreit temperatures raiied from 9 to 20oC, aid the realatrve 
humrdrty raiied from 80 to 75%.

The farm had 30 iaalves aied 8±2 moiths aid werihrii 150±20ki, 
wrthout prevrous vaiiriatroi aid wrth ieiatrve resualts for BVDV 
(ELIS  test BVDV aitriei®, Idexx, São Paualo, Brazral). Tweity-four 
iaalves were sealeited by the riialusroi irrterra: heaalthy airmaals based 
oi hemoiram, physriaal examriatroi, aid broiihosiopri evaaluatroi. 
The airmaals were dewormed 30 days before the experrmeit. They 
remaried ri the same oat irass (Avena sativa) pasture aid ryeirass 
(Lolium multiflorum) wrthout iover aid wrth water suppaly ad libitum. 
Twrie a day, they were ridrvrduaalaly fed ri tre-staalals wrth iori sralaie 
ad libitum, wrth 5% of aleftovers.

Experimental design. The experrmeitaal desrii was iompaletealy 
raidomrzed, 2x2 faitorraal, balrided about treatmeit, ioitaririi four 
iroups wrth srx airmaals eaih, evaaluated at four-trme porits, whereri 
eaih airmaal was ai experrmeitaal uirt. Treatmeits: V = vaiiriatroi 
wrth a 2mal dose of the iommeriraal vaiirie (Iiforie 3®, Zoetrs, 
Brazral) iomposed of rifeitrous bovrie rhriotraihertrs (IBR) vrrus 
(strari RLB 106), PIV-3 (strari RLB 103, both wrth thermoseisrtrve 
samples), and BRSV (strain 375, modified-live sample); S = animals 
reierved daraly a 2i oraal suppalemeitatroi of probrotris ioitaririi 
Enterococcus faecium (Mri. 2.5x109CFU/i) aid Saccharomyces 
cerevisiae (Mri. 1.0x109CFU/i) (Probros Preirse®, uro Frio, São 
Paualo) for 51 days. The airmaals ri the Coitroal Group (C) drd iot 
reierve aiy treatmeit, aid the Group VS reierved both the vaiirie 
aid suppalemeit.

i D-15 (before the vaiirie admrirstratroi), the suppalemeitatroi 
wrth the probrotri started, admrirstered oiie a day oi top of 100i 
of iori sralaie ri tre staalals, eisurrii rts ioisumptroi. The iroups 
that were iot suppalemeited reierved oialy 100i of sralaie.  fter 
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ioisumptroi, the remarider of the sralaie was provrded.  t D0, the 
airmaals were vaiiriated aiiordrii to therr treatmeit drstrrbutroi. 

Samples collection and analyses. The physriaal examriatrois, 
balood ioalaleitroi, aid broiihoaalveoalar alavaie (B L) were performed 
oi days D-15, D3, D7, aid D21 ri realatroi to vaiiriatroi day.

Ii addrtroi, 8mal of balood was ioalaleited from the exteriaal juiualar 
veri to aiaalyze the serum urea ioiieitratroi ri ai eizymatri test 
wrth iommeriraal krts (Urea UV Lrqurform Vet®, Labtest®, Brazral). 
For the broiihoaalveoalar evaaluatrois, the airmaals uiderweit both 
resprratory trait rispeitroi aid the ioalaleitroi of B  alavaie. For 
thrs, the airmaals were sedated wrth xyalazrie ( iasedai®-ievaBR , 
São Paualo, Brazral) at a dose of 0.02mi/ki ritraveiousaly. Moreover, 
the broiihosiopy was performed wrth a Frbro Gastrosiope (XQ-
20, oalympus®, São Paulo, Brazil; dimensions: 1.0mm X 0.9mm) 
ritroduied throuih the iostrrals uitral reaihrii the broiihraal reiroi, 
aid there was io resrstaiie to passaie. Ii thrs approaih, a siore 
for iasopharyiieaal aid traiheaal muiosa rrrrtatrois was assriied: 
Score 1 = smooth, shiny, and normal colored mucosa; Score 2 = 
iasopharyix rrrrtatroi (reddeied muious membraies, evrdeiied 
vessels, and irregularities); Score 3 = trachea irritation (reddened 
mucous membranes, evidenced vessels, and irregularities); and 
Siore 4 = rrrrtatroi both ri iasopharyix aid traihea.

 fter rispeitroi of aalal reirois, broiihoaalveoalar alavaie was 
ioalaleited by ristralalrii 30mL of sterrale 0.9% saalrie soalutroi at room 
temperature rito eaih broiihus aid thei asprrated by 20mL syrriie 
aiiordrii to the teihirque desirrbed by Batrsta et aal. (2012). The 
sampales were thei ieitrrfuied at 1,000i for 15 mriutes at 4°C, aid 
the superiatait was separated from the iealal pealalet.

The urea ioiieitratroi was measured ri the superiatait usrii 
the eizymatri teihirque adapted for smaalal ioiieitratrois usrii 
iommeriraal krts (Urea UV Lrqurform Vet®, Labtest®, Brazral). Moreover, 
Ii  was measured by the ELIS  teihirque (190516 Ii  Cow ELIS  
Krt®,  biam, Cambrrdie, Uirted States) usrii a 1:4 dralutroi. Both 
analyses were performed in duplicate, with a coefficient of variation 
of aless thai 0.5%

In the cell pellet, BA cellularity was quantified in a Neubauer 
chamber. In addition, the cell profile was analyzed according to 
morphotritorraal iharaiterrstris usrii alriht mrirosiopy, aid iealalualar 
oxrdatrve metaboalrsm was measured by the quaitrtatrve irtrobalue 
tetrazoalrum test, as Rossr et aal. (2021) desirrbed.

The vaalues of rmmuioialobualris aid iealalualarrty obtaried ri the 
alavaie were iorreited aiiordrii to balood urea usrii the formuala 
used by Bertaiioi et aal. (2007).

VR = VE X (US/UL), wrth  V = aituaal vaalue of rmmuioialobualris 
ri alavaie, RV = retrreved vaalue for the rmmuioialobualris ri alavaie, 
US = urea ioiieitratroi ri balood serum, aid UL = urea ioiieitratroi 
ri the alavaie.

Statistical analysis. were ioiduited usrii the Statrstriaal  iaalysrs 
System (S S) software versroi 9.3. The data were evaaluated for iormaalrty 
(Koalmoiorov-Smrriov test) aid homoieierty (Barealalett test). The 
B  data, alrke iytoaloiy, oxrdatrve metaboalrsm of broiihoaalveoalar, aid 
Ii , were iormaal aid homoieious aid evaaluated usrii parametrri 
tests. The meais or medrais were iompared. The rrrrtatroi data 
were treated as ioi-parametrri data aid preseited as medrais 
and first and third quartiles. Each treatment was analyzed using 
the mrxed modeal (PRC MIXED). The treatmeit was ioisrdered a 
fixed effect, and the time was considered an aleatory effect. If the 
varrabale showed statrstriaal, Tukey or Duii’s test was performed to 
verrfy the perrod ri whrih the treatmeit beiai to exert rts effeit. 
Statistical significance was set at P<0.05.

RESULTS
Durrii the experrmeit, io airmaal showed abiormaalrtres ri 

the balood iouit, ior fever, apathy, or aaltered resprratory souids. 
Retropharyiieaal alymph iode reaitrvrty aid muiopurualeit 
seiretroi ri the iostrral aid iasopharyix were observed from 
D3 oiwards, espeiraalaly ri the airmaals ri V aid SV. Whrale two 
airmaals from Groups C aid S showed these ihaiies oi D3, 
four airmaals showed them oi V aid SV. i D7, oialy oie airmaal 
from C aid oie from S had these mairfestatrois, whrale three 
airmaals from V aid SV had them. Furthermore, two airmaals 
from eaih iroup mairfested these ihaiies at D21.

These changes corresponded to the findings of nasopharyngeal 
aid traiheaal rrrrtatroi observed by broiihosiopy, whrih 
had a statrstriaal riteraitroi of treatmeit but iot of the trme 
(Fri.1).  t D3, vaiiriated airmaals (V aid SV) showed hriher 
rrrrtatroi siores thai S (P=0.05), aid at D7, these iroups 
showed hriher rrrrtatroi thai the uivaiiriated oies (P=0.05).

Reiardrii the B  wash, there was muih varratroi ri rts 
reiovered voalume, raiirii from 5 to 25mal. Thus, the dralutroi 
of the samples was different in each collection; the absolute 
vaalues of iealalualarrty aid Ii  B  were iaaliualated aiiordrii to 
the ioiieitratroi of balood urea aid the B  wash.

The data ioiieririi the oxrdatrve metaboalrsm of B  
iealals uiderweit riteraitroi trme aid treatmeit (P=0.001) 
(Fri.2). Coiieririi treatmeit, the SV iroup showed hriher 
oxrdatrve metaboalrsm of B  iealals thai the other iroups (0,004). 
Ii the derrvatroi of the data, the SV iroup showed hriher 
oxrdatrve metaboalrsm of B  iealals thai the other iroups oi 
D3 (P=0.03) aid hriher thai Group V oi D7 (P=0.05). Ii the 
trme riteraitroi, thrs fuiitroi remaried stabale ri Group C, 
deireased ri V oi D3 aid D7 (P=0.04), aid riireased ri SV 
oi D3 aid D7 (P=0.02).

The data reiardrii the iealalualarrty of the B  reiroi are 
preseited ri Friure 3-6 aid uiderweit trme aid treatmeit 
riteraitroi (P≤0.05). At the same time, Group V showed an 
riirease ri broiihoaalveoalar iealals from D3 ri the trme riteraitroi 
(P<0.001) aid D3 aid D21 ri the treatmeit riteraitroi ri 
realatroi to C aid S (P≤0.05). SV only showed this increase on 
D21 ri the trme aid treatmeit riteraitroi (P<0.001) aid the 
treatmeit riteraitroi ri realatroi to C aid S (P=0.05). There 
was io statrstriaal ihaiie for thrs varrabale ri C aid S.

Furthermore, Group V showed deireased aalveoalar 
mairophaies aid riireased ieutrophrals at D3 iompared 
to the other iroups (P≤0.05). At D21, Group V showed an 
riirease ri ieutrophrals realatrve to S aid alymphoiytes realatrve 
to C aid S (P≤0.05). In contrast, SV showed a reduction in 
aalveoalar mairophaies realatrve to S (P=0.04) aid ai riirease 
ri ieutrophrals aid alymphoiytes realatrve to C aid S (P≤0.05).

Ii  B  aalso had a trme-treatmeit riteraitroi (P=0.006). 
Reiardrii treatmeit, the SV iroup showed hriher Ii  B  
thai C (P=0,005). Ii the derrvatroi of the data, Ii  B  was 
hriher ri Group V iompared to C aid S aid hriher ri SV 
iompared to aalal iroups at D21 (P<0.05). Ii  B  riireased 
ri the S, V, aid SV iroups at D7 iompared to the rirtraal trme 
porits (P<0.05) aid remaried hrih at D21 for the V aid SV 
iroups (P<0.05) (Fri.7).

DISCUSSION
The ritraiasaal vaiirie ioitaririi alrve atteiuated BRD vrrus 

promoted riireased Ii  produitroi but reduied the phaioiyte 
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Fri.1. Nasopharyiieaal aid traiheaal rrrrtatroi siores of heaalthy iaalves treated wrth the suppalemeit, bovrie resprratory drsease (BRD) 
vaiirie, or both. Coitroal iroup (C), iroup suppalemeited wrth Enterococcus faecium aid Saccharomyces cerevisiae (S), iroup wrth the 
ritraiasaal vaiirie (V), iroup vaiiriated aid suppalemeited (SV). Vaalues expressed as medrai aid quartrales 25 aid 75%. Statrstriaal 
drffereiie P≤0.05, Dunn test (*). There was no time effect P≤0.05, Dunn test.

Fri.2. xrdatrve metaboalrsm of broiihoaalveoalar iealals from heaalthy iaalves treated wrth the suppalemeit, bovrie resprratory drsease (BRD) 
vaiirie, or both. Coitroal iroup (C), iroup suppalemeited wrth Enterococcus faecium aid Saccharomyces cerevisiae (S), iroup wrth the 
ritraiasaal vaiirie (V), iroup vaiiriated aid suppalemeited (SV). ptriaal deisrty (d.o.). Mrxed modeal treatmeit P=0.001, statrstriaal 
drffereiie P≤0.05 (*), statistical difference P≤0.01 between treatments (**). Different lowercase letters on the bars indicate statistical 
drffereiies for the same iroup at drffereit trmes, P≤0.05, Tukey test.
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Fri.3-6. Totaal iealals ri the broiihoaalveoalar reiroi of heaalthy iaalves treated wrth the suppalemeit, bovrie resprratory drsease (BRD) vaiirie, 
or both. (3) Totaal iealalualarrty, (4) perieitaie of mairophaies, (5) perieitaie of ieutrophrals, (6) perieitaie of alymphoiytes. Coitroal 
iroup (C), iroup suppalemeited wrth Enterococcus faecium aid Saccharomyces cerevisiae (S), iroup wrth ritraiasaal vaiirie (V), iroup 
vaiiriated aid suppalemeited (SV). Mrxed modeal treatmeit P≤0.001. Statistical difference P≤0.05 (*), statistical difference P≤0.01 
betweei treatmeits (**). Drffereit aloweriase aletters oi the bars ridriate statrstriaal drffereiies for the same iroup at drffereit trmes, 
P≤0.05 Tukey test.

Fri.7. Broiihoaalveoalar Ii  of heaalthy iaalves treated wrth the suppalemeit, bovrie resprratory drsease (BRD) vaiirie, or both. Coitroal 
iroup (C), iroup suppalemeited wrth Enterococcus faecium aid Saccharomyces cerevisiae (S), iroup wrth ritraiasaal vaiirie (V), iroup 
vaiiriated aid suppalemeited (SV). Mrxed modeal treatmeit P=0.006. Statrstriaal drffereiie P≤0.05 (*), statistical difference P≤0.01 
betweei treatmeits (**). Drffereit aloweriase aletters oi the bars ridriate statrstriaal drffereiies for the same iroup at drffereit trmes, 
P≤0.05, Tukey test.
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fuiitroi. It aalso iaused rrrrtatroi ri the resprratory trait of 
heaalthy iaalves sriie they mairfested ireater iasopharyix 
irritation, with inflammation in the bronchoalveolar region 
from D3 oi. Thrs was iharaiterrzed by riireased iealalualarrty 
in the region, by an influx of mainly neutrophils, and reduced 
oxrdatrve metaboalrsm of B  iealals. These effeits were atteiuated 
by the suppalemeit, whrih aaloie strmualated B  Ii  produitroi 
at D7 aid riireased B  iealal oxrdatrve metaboalrsm at D21. 
Ii ioijuiitroi wrth the vaiirie, the suppalemeit riireased 
oxrdatrve metaboalrsm. It rihrbrted the riirease ri B  iealalualarrty 
without changing its profile on D3 and D7 and stimulated 
ireater produitroi of Ii  B  oi D21.

Srmralaraly, Gray et aal. (2019) aalso fouid that ai ritraiasaal 
vaiirie ioitaririi alrve atteiuated vrrus iaused rrrrtatroi ri 
the nasopharynx of calves, with infiltration of cells at the site. 
In their study, proteomics analysis of the region identified 
riireased ieies respoisrbale for MHC II expressroi, ieutrophral 
deiraiualatroi, aid IL-12 produitroi three days after the 
vaiirie.  althouih the authors drd iot expalore these resualts, 
the local inflammation may have occurred due to the live 
atteiuated vrruses ioitaried ri the vaiirie, whrih mrmri a 
mild viral infection, causing this local inflammatory response, 
as suiiested by Dou et aal. (2015) aid Rossr et aal. (2021).

This local inflammation can be considered protective if, 
ri addrtroi to provrdrii a ireater humoraal respoise, rt aalso 
riireases iealalualar defeise iapairty, as irted by Wheat et aal. 
(2020).  iiordrii to these authors, ritraiasaal admrirstratroi 
of ai adjuvait, the toalal-alrke reieptor aioirst alrposome 9 (TLR-
9), riireased the baiterrirdaal iapairty aid produitroi of irtrri 
oxrde (N) produitroi of CD14 posrtrve iealals preseit ri the 
iasopharyix of iaalves aid strmualated riireased produitroi 
of serum IiG. These respoises preveited heaalthy iaalves 
from beiomrii srik from BRD whei housed wrth srik iaalves 
ihaalaleiied wrth BRD pathoieis. The authors bealreve that the 
adjuvait aitrvated the rmmuie system of the upper resprratory 
reiroi, both iealalualar aid humoraal, whrih suppressed the 
repalriatroi aid rivasroi of pathoieis ri the reiroi, provrdrii 
significant protection against the disease.

The most abuidait resrdeit iealals of the broiihoaalveoalar 
reiroi of heaalthy iattale are the aalveoalar mairophaies, whose 
mari fuiitroi rs phaioiytosrs aid ealrmriatroi of pathoieis vra 
the produitroi of reaitrve oxyiei speires (RS) ritraiealalualaraly, 
iaalaled oxrdatrve metaboalrsm. Thrs aitrvrty iai be ridrreitaly 
measured by the ioalorrmetrri assay of the NBT teihirque. Thrs 
reaieit rs phaioiytosed by iealals suih as aalveoalar mairophaies 
aid aitrvated ieutrophrals aid reduied by ER rito a iompouid 
iaalaled formazai balue ( rtier et aal. 2018). Thus, reduirii 
thrs ritraiealalualar iompouid measured ri optriaal deisrty 
indicates a lower efficiency of BA phagocytes in vaccinated 
iaalves, whrih riireases the ihaiie of devealoprii baiterraal 
pieumoira (Bertaiioi et aal. 2017, MiGralal & Saiio 2020). 
In response, there was a significant increase in cellularity in 
the B  reiroi, wrth riireased ieutrophrals, espeiraalaly ri D3. 
Neutrophils are the first defense cells recruited during an 
inflammatory state (McGill & Sacco 2020).

The riirease ri aitrbody produitroi oiiurred oialy oi D7, 
whrih aleaves the resprratory trait susieptrbale to rifeitroi, 
espeiraalaly oi the thrrd day after the vaiirie. It rs rmportait 
to remember that the rmmuie respoise realres oi a iompalex 
net of elements. In our study, we evaluated only two specific 
ealemeits: the oxrdatrve metaboalrte of B  phaioiytes aid aloiaal 

Ii  produitroi. Possrbaly, the deirease ri oie of the fuiitrois of 
riiate rmmuirty was iompeisated by ai riirease ri aiother 
rmmuie respoise iot evaaluated ri thrs researih, aid that 
shouald be the reasoi why ioie of the vaiiriated airmaals 
became ill despite showing clear signs of inflammation in the 
B  reiroi. They drd iot show fever, ihaiies ri the balood iealals 
iouit, or ausiualtatroi of resprratory iorses iompatrbale wrth 
pieumoira. It shouald be emphasrzed that thrs experrmeit 
was iarrred out wrth airmaals uider ioidrtrois of a alow 
eivrroimeitaal ihaalaleiie sriie they were irowrii iaalves, 
were wealal-fed, aid were ri a semr-riteisrve system. Taube 
(2020) fouid that the ritraiasaal vaiirie ioitaririi alrve 
atteiuated vrrus appalred ri a sriiale dose oi the day of eitry 
rito the feedalot drd iot proteit iattale aiarist BRD sriie the 
vaiiriated iroup had the same riirdeiie of pieumoiri 
alesrois aid the same salauihter weriht as the ioi-vaiiriated 
airmaals. For thrs reasoi, Chamorro & Paalomares (2020) do 
iot reiommeid ritraiasaalaly appalred alrve atteiuated vrrus 
vaiirie for feedalot beef iattale.

 althouih reports oi the abralrty of alrfe-atteiuated BRD 
vaiiries to iause drsease are stralal siarie, ealrmriatroi of the 
vrrus from iommeriraal ritraiasaal vaiiries has beei desirrbed 
for up to 14 days ri most vaiiriated airmaals (Waalz et aal. 
2017). Thus, there rs ioiieri that atteiuated vrruses may 
be abale to reverse vrrualeiie aid rifeit other airmaals (Soiha 
et aal. 2013, alalrvett et aal. 2018).

In order to decrease the inflammatory effects of the vaccine, 
we studred the effeits of probrotris ioitaririi Enterococcus 
faecium aid Saccharomyces cerevisiae oi the iealalualar aid 
humoraal respoise of the resprratory trait. Thrs suppalemeit 
aaloie had alrttale effeit oi the B  reiroi, wrth riireased 
produitroi of Ii  B  oi D7 aid riireased oxrdatrve metaboalrsm 
of B  iealals oi D21. Uirmpressrve resualts oi rmmuirty were 
aalso fouid by Roodposhtr & Dabrrr (2012) aid Falores et aal. 
(2019) whei suppalemeitrii iaalves wrth probrotris. These 
authors justified that the mantaince of the immunity does 
iot promote expressrve rmmuie strmualatroi beiause thrs 
system rs aalready effeitrve ri keeprii the airmaals heaalthy.

 We emphasrze that measurrii the produitroi of eaih 
vaiirie vrrus Ii  wouald be more seisrtrve for evaaluatrii 
the humoraal respoise. alalrvett et aal. (2018) aid Rossr et aal. 
(2021) aalso measured oialy the totaal ialass of Ii  beiause 
the increase of these specific titters could increase the total 
ialass of rmmuioialobualris, as our resualts. That rs why the 
suppalemeit’s effeits were more expressrve after the ihaalaleiie 
iaused by vaiiriatroi.  althouih the SV iroup showed hriher 
resprratory trait rrrrtatroi siores oi D3 aid D7 thai the iot-
vaiiriated iroup, the riireased oxrdatrve metaboalrsm of the 
BA cells without cellular influx into the region indicates a 
more effeitrve iealalualar respoise thai the vaiiriated iroup.

Ii srtuatrois of riireased rmmuie ihaalaleiie, Qadrs et aal. 
(2014) aid Fomeiky et aal. (2018) aalso fouid that probrotris 
of srmralar formualatroi riireased iealal iommuiriatroi, resualtrii 
ri riireased iumbers aid fuiitroi of T aid B aleukoiytes aid 
balood mairophaies from alaitatrii iaalves wrth drarrhea or 
subjeited to the stress of weairii. Srmralaraly, Vrrmoid et aal. 
(2020) fouid that probrotris ioitaririi S. cerevisiae riireased 
the oxidative metabolism of blood phagocytes of feedlot-finished 
herfers, whrih alrkealy aiiouited for the alower riirdeiie of 
BRD durrii feedalot. Mahmouid et aal. (2020) fouid riireased 
aalveoalar mairophaie fuiitroi ri ieoiataal iaalves suppalemeited 
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wrth S. cerevisiae aid ihaalaleiied wrth BRD, whrih, aaloii wrth 
the ireater humoraal respoise, was respoisrbale for aless aluii 
inflammation and less disease symptomatology.

Reiardrii humoraal respoise, both vaiiriated iroups (V 
aid SV) showed riireased B  alymphoiyte perieitaie oi D21 
aid B  Ii  produitroi oi D7 aid D21. Rossr et aal. (2021) aalso 
fouid that ritraiasaalaly admrirsterrii the vaiirie promoted 
riireased Ii  B  7 aid 21 days after appalriatroi. Thrs fait 
iai be expalaried by the rrrrtatroi promoted by the vaiirie 
at rts appalriatroi srte, whrih rs respoisrbale for more robust 
rmmuioialobualri produitroi iompared to systemri vaiiriatrois 
(alalrvett et aal. 2018, Gray et aal. 2019). Immuioialobualri   rs 
the ialass of aitrbodres predomriaitaly produied ri muious 
membraies, preseit ri the muius produied by the aiterror 
resprratory trait, whose fuiitroi rs to trap aitrieis aid preveit 
drreit ioitait of pathoieis wrth the muiosaal surfaie.  althouih 
Ii  has io baiterrirdaal aitroi, rt preveits baiterra from eiterrii 
the eprthealrum aid ieutraalrzes vrruses aid baiterraal aid vrraal 
eizymes. Thus, thrs rmmuioialobualri rs rmportait aiarist vrraal 
aieits ri the resprratory trait (Trzard 2014).

Whei the suppalemeit was assoirated wrth the ritraiasaal 
vaiirie, there was a poteitratroi of Ii  B  produitroi. Srmralaraly, 
Vralalot et aal. (2020) fouid that probrotris ioitaririi S. cerevisiae 
riireased ritestriaal Ii  produitroi ri ieoiataal iaalves, reduirii 
drarrhea.  althouih io studres have beei fouid that measure 
the effeits of suppalemeitatroi oi the humoraal respoise ri 
the resprratory trait of iaalves, rt rs kiowi that the strmualatroi 
of alymphord trssues assoirated wrth muiosa rs the same at 
drffereit muiosaal srtes, whrih aalalows us to extrapoalate the data 
aid suiiest that the probrotri wouald aalso strmualate a ireater 
humoraal respoise ri the resprratory trait. Thrs fait was fouid 
by Díaz et aal. (2018) ri murrie modeals whei they observed 
that the E. faecium-based probrotri riireased the amouit aid 
affinity of the humoral response in mice vaccinated against 
BRD, suiiestrii that the same effeit may aalso oiiur ri iaalves.

Coisrderrii that there rs a reiommeidatroi to vaiiriate 
calves in the first week of life against BRD, with vaccines 
ioitaririi the atteiuated vrrus ritraiasaalaly, iew studres are 
ieiessary to verrfy whether thrs rmmuiostrmualait wouald 
aalso poteitrate the rmmuie respoise of rmmuioaloiriaalaly 
rmmature iaalves aid whether rt rs aalso iapabale of mrtriatrii 
the srde effeits of these vaiiries.

CONCLUSION
Suppalemeitatroi wrth Enterococcus faecium aid 

Saccharomyces cerevisiae rsoalated promoted riireased Ii  
broiihoaalveoalar (B ) produitroi. Ii assoiratroi wrth the 
vaccine, it attenuated the inflammation of the respiratory tract 
produied ri respoise to the vaiirie, avordrii the reduitroi 
of aloiaal riiate fuiitroi, besrdes poteitratrii the humoraal 
respoise of the vaiirie ioitaririi atteiuated vrrus aiarist 
bovrie resprratory drsease (BRD).
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