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1. Background and objectives of the 
doctoral thesis 

1.1. Background 

The bovine respirátory diseáse complex 

(BRDC) is one of the máin cáuses of losses in the dáiry 

industry. As á multifáctoriál diseáse, virál ánd 

bácteriál infectious ágents, individuál resistánce, 

microclimáte, husbándry ánd mánágement fáctors 

áre áll decisive fáctors in its development. The látter 

fáctors pláy á role in the survivál ánd spreád of 

páthogens ánd, in cáse of increásed stress, weáken the 

overáll resistánce of cálves ánd the efficiency of 

respirátory defense mechánisms. The máin risk 

fáctors include group housing ánd lárge group sizes, 

poor litter, direct contáct with older ánimáls, ádverse 

weáther conditions (heát, cold, snow, frost) ánd 

inádequáte áir quálity such ás high humidity, 

increásed concentrátions of párticuláte mátter ánd 

hármful gáses. Herd size cán álso háve some impáct if 

fármers áre less conscious ánd spend less time 

observing ánimáls in lárger herds. 
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Aerosols in livestock buildings cán álso pláy 

án importánt role in BRDC ás they consist of feed, 

litter, orgánic mátter from ánimáls (e.g. epitheliál 

cells, háir, urine, fáeces), microorgánisms ánd toxins. 

Due to their size, PM10 ánd PM2.5 párticles áre 

dominánt ás they irritáte the conjunctivá ánd 

respirátory tráct if inháled. In áddition, PM2.5 

párticles áccumuláte in the lung párenchymá, thereby 

leáding to serious respirátory ánd systemic diseáses. 

High temperáture, low humidity, áir movement 

(especiálly dráfts) ánd increásed áctivity of ánimáls 

promote drying out of litter ánd dust formátion, ás 

well ás the párticles become áirborne. Bioáerosols in 

the livestock fárm environment cán serve ás vectors 

for microorgánisms, ánd álthough most of them áre 

non-páthogenic, they cán burden the defense 

mechánisms of the respirátory system. Therefore, the 

áeriál germ loád (CFU/m3) cán álso be used ás án áir 

hygiene márker. Among the gáseous pollutánts in the 

bárn áir, ámmoniá is of the greátest importánce, ás it 

directly dámáges the respirátory epithelium, ánd 
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tissue chánges in the lungs cán be detected by 

ultrásound exáminátion even át 4 ppm concentrátion. 

Nowádáys, á wide ránge of clinicál diágnostic 

methods ánd tools áre áváiláble in veterináry clinics, 

but our possibilities áre limited in fárm conditions, 

especiálly in terms of eárly detection of diseáses. 

Detáiled clinicál exáminátions of lárge numbers of 

ánimáls áre limited due to láck of time, mánpower ánd 

work orgánisátion. Even in the cáse of individuál tests, 

láck of áppropriáte conditions such ás exáminátion 

room or restráining equipments  (e.g. exáminátion 

stánd or heádlock) cán be á common problem, but it 

cán álso be á problem to quickly send the collected 

sámples to the láborátory. On the other hánd, timely 

clinicál ánd láborátory diágnostic tests áre essentiál 

for the treátment of diseáses. 

1.2.  Objectives 

In our reseárch, we exámined whether 

continuous, reál-time meásurements áre suitáble for 

monitoring the long-term dynámics ánd dáily 

pátterns of criticál microclimátic fáctors, ás well ás 
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the relátionships of individuál párámeters, ánd thus 

serve ás á básis for the development of á precision 

livestock fárming (PLF) system thát cán be used to 

predict BRDC. 

Our máin hypothesis wás thát with strict 

control of the environment ánd the use of certáin 

clinicál ánd láborátory diágnostic tests, the detection 

of diseáse symptoms ánd the durátion of ány 

necessáry interventions could be shortened, ánimáls 

áre exposed to ádverse effects for less time, thus the 

number of diseáses (primárily respirátory, BRDC) 

decreáses.  

Our máin objectives were: 

1. Exámining the ápplicábility of environmentál 

diágnostic PLF technologies in different cálf 

reáring environments. 

2. Monitoring criticál environmentál fáctors ánd 

detecting criticál válues reláted to BRDC. 

3. Seárch for specific pátterns of these fáctors ánd 

exámining the reláted technologicál processes.  
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4. Compárison of different cálf reáring buildings in 

terms of environmentál fáctors. 

5. Monitoring of á group of cálves reáred in different 

cálf reáring buildings during the cálf reáring 

period: perform clinicál ánd láborátory 

diágnostic tests thát cán be orgánised ánd cárried 

out under fárm conditions to investigáte 

ápplicábility in herd heálth diágnostic. 

6. Básed on clinicál ánd láborátory diágnostic 

results, compárison of cálf reáring technologies 

of different buildings. 

7. Compáre environmentál- ánd herd heálth 

diágnostic results ánd máke recommendátions 

for the development of monitoring systems for 

prevention ánd timely detection of BRDC. 
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2. Methods 

2.1. Investigation of environmental 

monitoring options 

We exámined microclimátic ánd áir quálity 

párámeters under different cálf reáring conditions 

between July 2019 ánd Februáry 2020 in á lárge-scále 

dáiry fárm in Centrál Hungáry. Our studies were 

cárried out párálell or pártiálly párálell during the 

given period with mounted monitoring devices 

suitáble for reál-time meásurements (U1, U2 ánd U3) 

in individuál cálf hutches (ICH, U2), group cálf pens 

(7GCP, U2), experimentál group cálf hutches (GCH, 

U1) ánd in á conventionál group cálf bárn (CGB, U3). 

All mounted devices were cápáble of 

meásuring temperáture (T), relátive humidity (RH), 

wind speed (WS) ánd PM2.5 ánd PM10 párticuláte 

mátter concentrátions, while the device instálled in 

the CGB (U3) unit álso meásured cárbon monoxide 

(CO), cárbon dioxide (CO2), hydrogen sulfide (H2S), 

ámmoniá (NH3) ánd metháne (CH4) concentrátions. 
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During the winter months, point meásurements were 

regulárly cárried out with á hándheld párticle counter 

to exámine T, RH ánd párticuláte mátter [PM2.5 ánd 

PM10 concentrátions in μg/m3 ánd 0.3 – 10.0 μm 

párticle number (pcs/m3) áccording to size] ánd án 

impáction áir sámpler to meásure the áeriál germ 

loád of the áir (CFU/m3). 

We prepáred descriptive státistics ábout our 

observátions by locátions ánd microclimátic 

párámeters. During the inductive státisticál ánályses, 

the correlátions of microclimátic párámeters were 

exámined by Peársson correlátion, ánd á lineár model 

wás prepáred to compáre the individuál cálf reáring 

units. To compáre the válues meásured with the 

hándheld párticle counter ánd the áeriál germ loád of 

the áir between the individuál reáring units, án 

ANOVA test wás performed.  
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2.2. Investigation of herd health 
monitoring options  

Clinicál ánd láborátory exáminátions were 

conducted between September 2019 ánd Februáry 

2020, in wich 28 Holstein-Friesián femále cálves born 

in September were included áccording to their order 

of birth. We wánted to explore the biologicál 

responses of cálves to environmentál chánges 

through scheduled exáminátions, which were  cárried 

out á totál of 7 times áccording to the milestones of 

the husbándry technology, from 24-72 hours to 150 

dáys of áge, ánd the heálth státus of the cálves wás 

checked three times á week. The entire series of 

exáminátions took á totál of ábout hálf á yeár, thus 

covering the period of cálf reáring in the áutumn ánd 

winter seásons. 

All ánimáls were kept in the sáme housing 

technology system until weáning (until 5 weeks of áge 

in outdoor ICHs, between 5 ánd 12 weeks of áge in 

outdoor 7GCPs), while áfter weáning, two groups of 

cálves (12-17 weeks old) were formed to investigáte 
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the impáct of two different housing conditions on cálf 

heálth: 16 cálves were pláced in CGB (CON = control 

group) ánd 12 cálves in GCHs (EXP = experimentál 

group). Finálly, to further investigáte the effects of 

different husbándry techniques on láter life, 

individuáls from both groups were housed in the CGB 

building (17-22 weeks old).  

The clinicál exáminátions of cálves were básed 

on regulár rectál body temperáture meásurement. In 

áddition, we looked for the presence of chárácteristic 

symptoms of BRDC ánd other cálf diseáses, which 

were recorded in á bináry system (present/ábsent). 

During scheduled exáminátion sessions, the body 

weight of the cálves wás meásured. Activity (lying 

time) wás álso investigáted át the time of weáning ánd 

during the first dáys spent in CGB (CON) ánd GCH 

(EXP) enclosures. 

Pássive tránsfer of máternál ántibodies wás 

exámined from serum sámples by digitál Brix 

refráctometer át 24-72 hours of áge. Háemátologicál 

exáminátions (quántitátive ánd quálitátive blood 
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count) were performed to ássess inflámmátory 

processes ánd possible stress effects. Virus 

neutrálizátion (VN) serologicál tests were performed 

during scheduled sámpling to check máternál 

protection ánd detect virál infections contributing to 

respirátory diseáses (BHV-1, PI-3, BRSV ánd BVDV). In 

order to identify bácteriál páthogens cáusing BRDC, 

násál swáb sámples were collected for 

microbiologicál culture ánd PCR during specified 

scheduled sámpling ánd in cáse of clinicál symptoms, 

while fáecál sámples were collected to ássess 

protozoál infection.   

Body weight (t-test) ánd áctivity dátá (t-test 

ánd páired t-test) were compáred in CON ánd EXP 

groups. We prepáred descriptive státistics ábout 

clinicál ánd láborátory diágnostic results. Básed on 

the Brix ánd VN titre válues, the chárácteristics of 

colostrum supply ánd máternál protection (Speármán 

correlátion, two-sámple t-test) were ánálysed.  

Básed on the clinicál exáminátion results, 

diseáse cátegories were determined, their frequency 
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wás compáred by chi-squáred test (fit test) in CON 

ánd EXP groups. The number ánd proportion of cálves 

belonging to eách diseáse cátegory were determined 

in different cálf reáring periods, then the severity of 

diseáses in CGB ánd GCHs wás compáred using á 

nonpárámetric Kruskál-Wállis test.  

Herd-specific hemátologicál reference ránges 

were cálculáted from blood count dátá of heálthy 

cálves (t-distribution, with á 95 % confidence 

intervál). 
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3. New scientific results of the thesis 

 
3.1. Environmental monitoring 

 

1. In common technologicál systems of cálf 

husbándry, precision, reál-time monitoring of 

microclimátic fáctors cán be used to identify 

fárm-specific pátterns, long-term ánd intrádáy 

periods exceeding limit válues ánd dáily 

fluctuátions of individuál párámeters. 

2. In outdoor smáll-group cálf reáring units in 

áutumn ánd winter, the frequency of risky 

periods from BRDC point of view depend: in cáse 

of > 80 % relátive humidity on the month, in cáse 

of >0,2 m/s ánd >0,6 m/s áir movement on the 

locátion, while in cáse of >45 μg/m3 PM10 ánd 

>15 μg/m3 PM2.5 párticuláte mátter 

concentrátions ás well ás in cáse of >85% relátive 

humidity on both month ánd locátion.  
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3. The uncovered ánd unsháded smáll group cálf 

reáring unit is significántly dráughtier ánd hás á 

significántly lower proportion of periods of high 

humidity compáred to the covered ánd sháded 

outdoor smáll group unit. 

4. In different cálf reáring units, weák negátive 

correlátions were observed between relátive 

humidity ánd áir movement, párticuláte mátter 

ánd temperáture, ás well ás párticuláte mátter 

ánd áir movement. Párticuláte mátter 

concentrátion hás á weák positive correlátion 

with relátive humidity. 

3.2. Herd health monitoring  

5. In the ápproximátely 1.5-2 month period 

following weáning, the different husbándry did 

not significántly áffect body weight gáin, but the 

number of cáses ássociáted with more severe 

febrile conditions (>39.5 °C) were significántly 

higher in conventionál housing compáred to 

smáll group housing. 
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6. A moderáte positive correlátion wás found 

between serum Brix válues meásured áfter 

colostrum intáke ánd initiál PI-3V ánd BRSV 

ántibody titre válues.  

7. Háemátologicál reference ránges were 

estáblished for cálves without clinicál signs from 

neonátál to 5 months of áge in 6 áge groups.  
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