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[18, 29, 70, 77]

BRDC: Bovine Respiratory Disease Complex

1
-3 RS
Mycoplasma bovis M. bovis  Pasteurella multocida P. multocida
Mannheimia haemolytica M. haemolytica
M. bovis
[1] BRDC
[9, 75, 82]
[8] [91]
G [8] Tsukano
[91]
BCAA: Branched Chain Amino Acid
BCAA - -BCAA [74]
BCAA
[8]
LPS: Lipopolysaccharide
[57, 59]
[10,



83] IL: Interleukin -1 IL-6 TNF: Tumor

Necrosis factor

[37]
NSAIDs: Non-Steroidal Anti-Inflammatory Drugs
[31, 60]
1
2 MRNA
3
1 1

TP: Total protein

Receiver Operating Characteristic ROC

Point of Care
POC
POC
On-farm

PBGM: Portable Blood



Glucose Meter 1
2 PBGM 2
PBGM 2

MRNA
2 1
BALF: bronchoalveolar lavage fluid

ROC Bieniek
[7]

MRNA

On-farm 2






[8]

[8]
[8]

[27, 88]

[90]
[8] TP

phase proteins
[41]
On-farm

[91] G
Trefz [88]
[88] [88, 89]
TP
APPs: acute
’Y_
TP
GPT
1 1
ROC
POC
PBGM
1 2 PBGM



PBGM
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BCAA
[91] BCAA
[27, 88, 89]

[8]

[90, 91]

TP

ROC
1.1.1

[69]

10
30%

[44, 64]

- -BCAA  [74]
BCAA

TP
[8]

GPT

Approval# VH16C1
13 148 48.6+33.4
23

16

16



17

BALF
M. bovis
10 ml
24 1,400x g 10
3000;
TP
GPT
16 S
rRNA M. bovis [33] 35-37 °C
17-20 M. bovis
polymerase chain reaction PCR M. bovis
PPLO 37°C 5% CO2 3
M. bovis PCR 20 pl
10 pul AmpdirectPlus 0.50 U Novataq
™ Hot start DNA Merck KGaA 5 pmol
MycoAce;
5 pl PCR iCycler PCR
Bio-Rad Laboratories
95°C 10 94°C 30 60°C 45
72°C 1 35 PCR 1.5
w/v
uv M. bovis ATCC 25523
1.1.2



v.23 IBM Co.

SD: standard deviation

TP

F
Student’s t
68] J ROC
[sensitivity + specificity — 1]
5
1.1.3
1.1.1
90.7+29.9 mg/dl
3.7 2.1-6.6 g/dl
g/dl  p<0.05
3.2+0.4 g/dl 15.0 6.0-65.0
9.0 5.0-20.0 U/
TP
ROC
<83.0 mg/dl

IBM SPSS Statistics

+

Mann-Whitney U
ROC
J [3,
J = maximum
J ROC
[3, 68]
p< 0.05

58.5+22.4 mg/dl

p<0.01
7.0£1.2
5.9+0.6 g/dl p<0.01 2.8 1.9-3.5
( 112 1.1.3)
GPT
U/l 3.2+0.3 g/dl

ROC

AUC: area under the curve 0.783

1.1.4
10



Se: sensitivity

TP
>6.5
Se
92.9%
1.1.4
TP
g/dl >3.3 g/dl

Sp: specificity

>3.3 g/dI

Sp

Se

ROC

PBGM

PBGM

11

92.3% 57.1%

AUC  0.832 0.797

1.15 1.1.6

TP

76.9% 85.7%

Sp 69.2%

TP
Blum [8]

<83.0 mg/dl >6.5

TP

On-farm
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PBGM



1.2 PBGM

Approval#

[48, 88]
[90]
ACA: automated chemistry analyzers
[43]
[52, 54, 94]
POC
PBGM
[26, 43] PBGM
PBGM
1 2 PBGM
PBGM
1.2.1
[69]

89 307 128.4+67.6

13

[46, 87, 90]

On-farm

VC15H21

11



7 125.8+10.8 kg I-STAT 1

7
40 ml/kg 120 ml/kg 5%
20 ml/kg/hr
05 1 2 3 4 6 24
I-STAT 1 I-STAT EC8+ Cartridge
4 101.2+61.3 kg Precision Xceed
1.2.1 I-STAT 1 Precision
Xceed 4 20 ml/kg  2.5%
10 ml/kg/hr
15 30 45 60 75 120 180 300
Precision Xceed
I-STAT 1 Precision Xceed
5 ml
15 1,400% g
AU 480; Beckman Coulter Inc.
1.2.2
IBM SPSS Statistics v.23 IBM Co.
+SD
- iI-STAT 1
Precision Xceed I-STAT 1

Precision Xceed

Pearson’s rank test

14



Bland-Altman Plot

Durbin-Watson

Wilcoxon
p<0.05
1.2.3
I-STAT 1 Precision Xceed 20-700
mg/dl 20-500 mg/dl >700 mg/dl iI-STAT1
11 I-STAT 1
Precision Xceed 85 44
I-STAT 1 Precision Xceed
1.2.2 iI-STAT 1
r’=0.99 p<0.0001
mg/dl i-STAT1 =1.02x mg/dl ACA +2.31
Durbin-Watson I-STAT 1
p>0.05 i-STAT 1
I-STAT 1
6.17 mg/dl 94%  Bland-Altman
95% 1.2.3 i-STAT 1
97 58-689 mg/dl 94 55-676 mg/dl
Wilcoxon
p>0.05
Precision Xceed
r’=0.96 p<0.0001 mg/dl  Precision
Xceed =1.32x mg/dl ACA +10.68 Durbin-Watson

Precision Xceed

15



p>0.05 Precision Xceed
Precision Xceed
31.59 mg/dl 93% Bland-Altman  95%

Precision Xceed

152 40-339 mg/dl 126 41-249 mg/dl
Wilcoxon
p>0.05
1.2.4
PBGM
pH [26] Suzuki [86]
2.5% pH
2.5% 5.0%
2 PBGM
i-STAT 1 ACA
ACA i-STAT 1
i-STAT 1
POC Precision Xceed
Precision Xceed
[13, 26, 87] Precision Xceed

16



Precision Xceed
[26]
PBGM
Precision Xceed

POC

17

Precision Xceed

PBGM

Gerber



1.3

1 1
GPT
<83.0 mg/dl >6.5 g/dI >3.3 g/dl
PBGM
PBGM
1 2
2 PBGM
i-STAT 1 Precision Xceed
POC
LPS
TNF-a IL-1 IL-6
[20, 95]

TP
ROC
TP

On-farm

PBGM

18



150 1 90.7+29.9
58.5+ 22.4
100 A
= []
>
£
50 A
0 T T
1.1.1
* p<0.01

19



10.0 -

8.0 -
5.9+ 0.6

(9/d)

6.0 -

(TP)

4.0 1

2.0 -

7.0x1.2

13
12

Ld

1.1.2

(n=17) (n=16)
25-75%  *: p<0.01

20

(TP)



3.7 (2.1-6.6)
D13
L=
6.0 -
>
=)
N
NS
2.8(1.9-3.5
4.0 - ( )
2.0 "
0 ) I
1.1.3
*: p<0.05

21



1.07

0.8t
2 061
2
£ 1 r© >
b7 + Glucose !
& 04+ | Cutoff<83.0 mg/dl |
? | p<0.01 |
+ AUC=0.783
1 Se:92.3%
i . 0
024  Sp:57. 1%
0. } } $ 4 {
0.0 0.2 04 0.6 0.8 1.0
1 - Specificity
1.1.4

22



1.017

0.8t
£ 067
£ e :
= \ Cutoff >6.5 g/dl !
8 04l | p<0.01 !
n + AUC=0.832
' Se:76.9%
Sp:85.7%
0.21
0.0 : : : :
0.0 0.2 04 0.6 0.8 1.0
1 - Specificity
1.1.5 (TP)

23



1.07

0.8t
L 06
£ TR —
. | Cutoff >3.3 g/dI |
& 044 ' p<0.05 |
n : AUC=0.797
' Se:69.2%
Sp:92.9%
0.2t
0.0 } } - {
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

1.1.6

24



1.2.1 i-STAT 1 Precision
Xceed

25



700
600 |-
% 500} -
>
e 400
: 300} Y=1.02x+2.31
<l r’=0.99
<l P<0.0001
% 100 20 300 40 50 600 700
400 B
o
2
©
L mr Y=1.32x+10.68
5 r’=0.96
(72]
s P<0.0001
T
% w0 e 0 4w

Gold standard (hexokinase method, mg/dl)

1.2.2 i-STAT1 A
Precision Xceed B

95%

26



-10

Mean difference from i-STAT

25 p

-30

20 p
51
0r

(mg/dl)

-15 p
20 F

0

100f
8oF
60F
40F
20

(mg/dl)

201

100 200 300 400 500 600 700

B

40}
-60

-100

Mean difference from Precision Xceed

100

200

300 400

Gold standard glucose concentration (mg/dl)

1.2.3 Bland-Altoman

plot

i-STAT 1 (A)

27

Precision Xceed (B)
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MRNA



[57, 59]

[10,83] IL-1 IL-6

[37]

[7]

2 1 M. bovis
BALF

LPS LPS
MRNA

29

LPS

[34]

TNF

LPS

Bieniek

ROC



2.1

[6]
APPs [58] APPs
APPs
APPs Hp A SAA LPS
al [19 39 63 92]
Hp [30 45]
[35 66]
BALF
2
1 BALF
ROC BALF
2.1.1
National Research Council Guidelines for the Care and Use of Laboratory
Animals National Academy Press, 2011 [69]
13 148 48.6+33.4 20 10

3
16

30



30%

1
M. bovis
17
BALF [4, 80]
0.05 mg/kg
50 ml 37 °C
200 ml BALF 60%
5
21 11
051 1 5 ml
11 200 3
BALF PCR 16 S rRNA
M. bovis [33] 35-37 °C
17-20 M. bovis
PPLO 37°C 5% CO2 3
PCR 20 ul 10 ul AmpdirectPlus
0.50 U Novataq ™ Hot start DNA Merck KGaA 5 pmol

5 pl
Bio-Rad Laboratories
60°C 45

PCR 1.5 w/v

uv

M. bovis ATCC 25523

95°C

MycoAce;
PCR iCycler PCR

10 94°C 30

72°C 1 35

31



BALF
LAL-KTA: Limulus Amebocyte Lysate-Kinetic Turbidimetric assay

LAL-KCA: Limulus Amebocyte Lysate-Kinetic Chromogenic assay

BALF
20 100
10
80°C 10
CSE Control Std Endotoxin Charles River
10,000 EU /
B_
LAL Endosafe® KTA2 Charles River Endotoxin-Specific
Buffer Solution Charles River LAL-KTA 96

Endosafe® 96-well flat bottom microplate M9001 Charles River
Sunrise™ Tecan Group Ltd.
EndoScan-V™ Charles River
BALF 0.042 EU/ml
0.140 EU/ml CV: Coefficient of variation
50-200% CV 25%
[16 24 25 42]

2.1.2

IBM SPSS Statistics v.21 IBM Co

Mann-Whitney U

ROC
32



J [3,68] J
ROC J = maximum [sensitivity + specificity — 1]
J ROC
[3, 68] BALF
Pearson’s rank test
5 p< 0.05
2.1.3
P. multocida M. haemolytica
1 6 16S rRNA PCR PPLO
M. bovis BALF
M. bovis
BALF 2.43 EU/mlI
0.10-36.33 BALF 29.45
EU/ml 0.50 -156.46
p<0.001 2.1.1
17 14 82.4% 0.042 EU/ml
0.042-0.802 0.437
EU/ml 0.048-2.419
p<0.001 2.1.2
2.1.3 214 BALF
ROC BALF
ROC
BALF AUC
0.875 0.914

33



BALF

4.39 0.104 EU/ml BALF
Se
Sp 81.3 % 88.2%
Se Sp
81.3 % 82.4% BALF

r2=0.900 p<0.01

2.1.5
2.1.4
Radaelli [77] BRDC M. bovis
bovis
[2]
M. bovis  P. multocida M. haemolytica
[70]
M. bovis
[77] M.
bovis BALF
M. bovis BALF
ROC BALF 4.39
0.104 EU/mlI
BALF

Murphy [67]

BALF
34



BALF

AUC:0.914  Hp AUC:0.68 [66]

35



2.2 MRNA

[14] [7]
[15, 72]
Toll TLR
[49] K B NFxB TNFa
IL-6 MMP 9 [56]
STAT 3
IL-6 [21]
Bieniek [7]
2 2
mMRNA

2.2.1
Approval# VH16C1
[69]
15 9 6
(n=5 191+21 188.8+42.35 kg) LPS older (n=5 162.4%£17.5
168.5+21.11 kg) LPSyoung  (n=5 22.4+8.2 38.149.26 kg) 3

2.5 pg/kg
36



O111:B4 LPS L4391 Sigma-Aldrich

10 ml LPS older LPS young
10 ml
pre
05 1 2 4 8 12 24 LPS
10 ml EDTA
1,400% g
15 RBC lysis buffer Roche Diagnostic

High pure RNA Kit Lysis/binding buffer Roche Diagnostic

MRNA -80 °C
10-11 25ml 2% 2%
pre LPS
2 4 24
14G C2

RNAIlater RNA stabilization reagent

Qiagen 24

bio-masher II

High pure RNA Tissue Kit Roche Diagnostic

MRNA -80 °C
LAL-KTA
20
10
80°C 10
CSE Control Std Endotoxin Charles River

10,000 (EU)/

B- LAL
37



Endosafe® KTA2 Charles River Endotoxin-Specific Buffer Solution Charles
River LAL-KTA 96 Endosafe®
96-well flat bottom microplate M9001 Charles River

Sunrise™  Tecan Group Ltd.

EndoScan-V™ Charles River LAL
0.003 EU/ml 3.0 EU/mlI
TLR4 NFxB1
NFkB2 TNFa IL-6 STAT3 mRNA PCR

Light-Cycler 480 system Il Roche Diagnostics
PCR Light-Cycler® Multiplex RNA Virus Master

version 3 Roche Diagnostics

PCR 96 20 pl
5 ul RNA
1pul 0.5uM 0.4 ul  RT-PCR reaction mix 4 pul
RT-Enzyme solution 0.1 pl 8.5 ul TLR4 NF«xB1
NFkB2 TNFa IL-6 STAT3
2.2.1 50°C 10
95°C 30 95°C 5 60°C 30 55

Glyceraldehyde
3-phosphate dehydrogenase (GAPDH)-mRNA

E-method Roche Diagnostics

2.2.2
IBM SPSS Statistics v.23 IBM Co.
+SD

Bonferroni

38



pre Dunnett
2.2.3
2.2.1
LPS older
p<0.05 LPS young p<0.001 pre 0.5
1.313 EU/ml 0.490-2.689
1.443 EU/ml 0.960-2.406 LPS older
LPS young
LPS 2 pre p<0.05
TLR4-mRNA 2.2.2
TLR4-mRNA LPS older LPS young pre
LPS 2 p<0.05
TLR4-mRNA LPS young pre LPS
2 4 p<0.05 LPS older
TLR4-mRNA
LPS
2.2.3 NFkB2-mRNA
NFkB2-mRNA LPS older LPS young
pre LPS 2 p<0.05
NFkB2-mRNA LPS young pre
LPS 2 4 p<0.05 LPS older
NFkB2-mRNA
LPS 2
STAT3-mRNA LPS older pre
LPS 2 4 p<0.05 2.2.4
LPS older STAT3-mRNA LPS young

39



LPS 1 4 p<0.05 LPS

young STAT3-mRNA
STAT3-mRNA LPS young pre
LPS 2 p<0.05 LPS older
STAT3-mRNA
LPS 2
NFkB1 IL-6 TNF-a-mRNA NFkB1 TNF-a-mRNA
2.2.4
MRNA
0.5 pre
pre
0.5 2
kupffer
[62]
[62]

40



NFxB
NF«kB2
STAT3

STAT3-mRNA

TLR4 NFxB2

[12]

41

STAT3-mRNA
TLR4
[51] TLR
STAT3
IL-10

pro-inflammatory



2.3

2 1 BALF
ROC BALF
ROC BALF
4.39 0.104 EU/ml
BALF
TLR
[49] NF«kB TNFo IL-6
MMP9 [56] 2 2
MRNA
1 6
TLR4 NFxB2
STAT3-mRNA 1
STAT3-mRNA
STAT3 pro-inflammatory
[12]
STAT3-mRNA 1 6
NSAIDs

[31, 60] Crofford [17]
COX 2

42
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p<0.001
.

o o o o o
o 0 o e
N — —

(Jw/n3) 47vg ul ANARdY uixolopul

Bronchopneumonia

Control

2.1.1

44



p<0.001
1

L0 o Lo S uw
(qV] (q\] — — o o
(Jw/N3) ewse|d ul ANANOY uIxolopul

Bronchopneumonia

Control

2.1.2

45



1.0 ¢

0.8 L
0.6 }

= :

Z 04} :

c AUC=0.875 ;

& Cut-off > 4.39 EU/mI |
0.2 F Se=81.3% !
' Sp=88.2% ;

___________________________

0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

2.1.3

Receiver Operating Characteristic (ROC)
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0.8 }
0.6 F
> v S
s |
% 0.4 L |
o AUC=0.914 !
« Cut-off 2 0.104 EU/m| !
0.2 b Se=81.3% |
Sp=82.4% !

1 - Specificity

2.1.4
Receiver Operating Characteristic (ROC)
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2.2.1 GAPDH TLR4 NF-xB1 NF-xB2 TNF-a IL-6 STAT3

Primers Length  Sequence Universal probe
Left 20 ggcctccaaggagtaaggtc

GAPDH #45
Right 21 aggaactcttcctctcgtgcet
Left 20 acgacacatttcagggccta

TLR4 #39
Right 20 ggatagggtttcccgtcagt
Left 21 cctaccctcaggtcaaactcc

NF-xB1 #29
Right 18 ttcacgccctcccaaata
Left 19 ccttctetetgeccctgaa

NF-xB2 #23
Right 20 gctccaggagacttgctgtc
Left 19 ccttctcatccccttcetgg

TNF-a #23
Right 22 ttgtttaaagttggatgcettgg
Left 20 gcctgagagctattcggatg

IL-6 #45
Right 20 tgcccaggaactaccacaat
Left 20 ggaaacaaccagtcggtgac

STAT3 #29
Right 20 gggcagtaagcatctgttcg

49



~ 2.6
£
D)
w 2.2 ~3-control
2
> 18+ —A—LPSelder
0
©
c 147 -@—-LPSyoung
<
o
o 1
©
o
g 06
=
0
< 0.2
[l
-0.2
o 1 2 4 8 12 24
Time after the endotoxin challenge (hr)
2.2.1

*: versus the pre value p<0.05
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12, A

%a TLR4 blood O—control
10 —A—older
8 -O-young
6 *a
4 *
2
(]
2 0
©
>
g 0O 1 2 4 8 12 24
E Times after the endotoxin challenge (hr)
x
B
35 TLR4 Liver
30 <0~ control
o5 —&—older
-O-young
20
15
10 ]
* *
0 2 4 24
Times after the endotoxin challenge (hr)
2.2.2 A
TLR4-mRNA
TLR4-mRNA 2-AACt
*: versus the pre value p<0.05 a: versus control p<0.05

51



A NFkB2 blood

25 *Q -~ control
20 =a—older
-G-young

]

>

©

>

[¢]

2

©

[)

® 50,B ) NFkB2 liver
-C~contral

40 —a—older
-O-young
Times after the endotoxin challenge (hr)
2.2.3 A
NFkB2-mRNA
NFkB2-mRNA 2-AACt

*: versus the pre value p<0.05 a: vs. control p<0.05
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STAT3 blood
10, A

% a,C

8 <CJ-control

—4—older

Relative value

STAT3 Liver

== control
40 ——older

30 =©=young

Times after the endotoxin challenge (hr)

2.2.4 A
STAT3-mRNA
STAT3-mRNA 2-AAcCt

*: versus the pre value p<0.05 a:versus control p<0.05 c: versus young p<0.05

53
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MRNA



BRDC

[9, 75, 82]
APPs
[12]
[11, 53]
[28, 47, 53] BRDC
13 15
[73] Patricia Fernandez-Robredo [22]
LPS
[84]
3
in vitro in vivo
TLR4 NFxkB2 IL-6
STAT3-mRNA

55



3.1
Approval# VH16C1

[69] 15
invitro  invivo in vitro
study 1 study 2
study 3
3 in vivo study 4
3 2
Study 1
Draxxin-C; Zoetis
Madison 1 0.1 0.01 0.001 pg/ml
0.03 EU/mlI 0111:B4-LPS

L4391; Sigma-Aldrich
LAL-KTA
CSE Control Std

Endotoxin Charles River 10,000 EU [/

B_
LAL Endosafe® KTA2 Charles River
Endotoxin-Specific Buffer Solution Charles River LAL-KTA
96 Endosafe® 96-well flat bottom microplate M9001
Charles River Sunrise™ Tecan Group Ltd.

56



EndoScan-V™ Charles River

Study 2:
5 137.8+ 121.2
121.2+ 36.3 kg 1,400x g 15
1 0.1 0.01 0.001 pg/ml
5 0.03 EU/ml O111:B4-LPS
L4391; Sigma-Aldrich
LAL-KTA
Study 3:
3 7
6
151.5£43.5 125.2+30.91 kg 2.5 mg/kg
3 4
11
1,400% g
15 0.03
EU/mlI O111:B4-LPS L4391; Sigma-Aldrich 10
0 5 10 20 30 LAL-KTA

57



Study 4:

MRNA

12 32.8+ 2.69

42.8+10.68 kg
6
2.5 mg/kg 3
1 4 6
2.5ug/kg  O111:B4 LPS L4391 Sigma-Aldrich 10 ml
05 1 2 4 8 12 24 10 ml
EDTA EDTA RBC

lysis buffer Roche Diagnostics

High pure RNA Kit Lysis/binding buffer Roche Diagnostic

MRNA -80 °C
1,400x g 10
-30°C LAL-KTA
14Gx 170 mm
C2; 10-11 LPS
2 4 24
RNAIlater RNA stabilization reagent Qiagen 24
bio-masher II; Total

RNA  High Pure RNA Tissue Kit Roche Diagnostics
-80°C
58



MRNA PCR Light-Cycler 480 system Il Roche
Diagnostics MRNA TLR4
NFxB2 IL-6 STAT3 PCR

Light-Cycler® Multiplex RNA Virus Master version 3 Roche Diagnostics
PCR 96
20 pl 5 pl RNA
lpul 0.5uM
0.4 pl  RT-PCR reaction mix 4 ul  RT-Enzyme solution 0.1 pl
8.5 pl MRNA
2.2.1

50°C 10 95°C 30 95°C

5 60°C 30 45
GAPDH-mRNA

E-method Roche Diagnostics

3.2
IBM SPSS Statistics v.23 IBM Co.
+SD
in vitro
Bonferroni
Mann-Whitney
U in vivo
Bonferroni pre Dunnett t

59



p<0.05

3.3
Studyl:
3.1 O111:B4-LPS
FDA
50-200% 3.1
study 2:
3.2 0111:B4-LPS
FDA
50-200% 3.2
study 3:
O111:B4-LPS
305.38 EU/mI [272.5-375.96] 960.35 EU/mI
[607.6-1787.99] (p<0.001)
ACUo-30min 10976.08+£952.03 EU/mIx min
42588.22+11192.49 EU/mIx min p<0.05 3.1)
Study 4:
mMRNA

60



0111:B4 LPS
NFxB2 3.4
p<0.05
3.4
in vitro

2.5 pg/kg

MRNA

2.5 pg/kg

p>0.05

3.2 TLR4 3.3
STAT3-mRNA 3.5

in vivo
0111:B4 LPS
MRNA

[62]

[11,47,53] invitro

61



[65, 93]

[76] 0.5 pg/kg
15

TNF IL-1b
[76]

[38, 55, 65] [38]

62

[23, 55, 93] Plesseres

IL-6

[40]
0.5 pg/kg



3.5

[38]
[65, 93]

MRNA

63

[38, 55, 65]

[23, 55, 93]
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The objective of this study was to evaluate the inflammatory response induced
by endotoxin using endotoxin activity and messenger RNA (mRNA) expression of
pro-inflammatory cytokines as parameters. In addition, we examined whether the
macrolide tulathromycin attenuates the acute-phase response in calves.

As shown in chapter 2 section 1, we measured the blood glucose, total protein
(TP) and globulin concentrations in calves with bronchopneumonia, and constructed
receiver operating characteristic (ROC) curves to assess the prognosis of calves with
bronchopneumonia. As result, the blood glucose concentration in calves with
bronchopneumonia was significantly lower than that in controls (p<0.01). On the other
hand, the plasma concentrations of TP and globulin in calves with mycoplasmal
bronchopneumonia were significantly higher than those in controls (p<0.05). In
addition, the proposed diagnostic cut-offs for blood glucose, and plasma
concentrations of TP and globulin for a poor mycoplasmal bronchopneumonia
prognosis based on the receiver operating characteristic concentration were <83.0
mg/dl, >6.5 g/dl and >3.3 g/dl, respectively. These results suggested that the blood
glucose, TP and globulin concentrations are promising prognostic tools to assess the
outcome of calves with mycoplasmal bronchopneumonia. In particular, the blood
glucose concentration is useful as it can be measured on farms using a portable blood
glucose meter. In chapter 2 section 2, we describe the accuracy and precision of

portable blood glucose meters, such as i-STAT 1 and Precision Xceed, in calves. Whole
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blood and plasma samples were obtained from eleven calves that received 2.5 or 5.0%
dextrose-containing polyelectrolyte isotonic solutions. Measurements using the i-STAT
1 (r?=0.99, P<0.0001) and Precision Xceed (r?>=0.96, P<0.0001) correlated well with
those by the hexokinase method, which is the gold standard. Although the accuracy of
I-STAT 1 was equivalent to that of the hexokinase method, there was an autocorrelation
in the residuals between the results from the Precision Xceed and the hexokinase
method.

It is possible that severe bronchopneumonia in calves is associated with
endotoxemia. However, few reports have investigated the relationship between plasma
and bronchoalveolar lavage fluid (BALF) endotoxin activity. As described in chapter 3
section 1, we investigated the relationship between the endotoxin activity in plasma
and that in BALF in bronchopneumonia. Thirty-three calves were included in this
study (17 healthy calves and 16 calves with respiratory disease). In the calves with
bronchopneumonia, the median endotoxin activity in plasma (0.437 EU/ml, P<0.001)
and BALF (29.45 EU/mI, P<0.001) was significantly higher than that in the control
calves. Plasma endotoxin activity was significantly and positively correlated with that
in BALF (r?=0.900, P<0.001). Based on the receiver operating characteristics curves,
we propose a diagnostic cut-off for plasma endotoxin activity (0.104 EU/ml,
AUC=0.914, P<0.001, Se 81.3% and Sp 82.4%) to identify calves with
bronchopneumonia that may die within a week. In addition, our results suggested that
lipopolysaccharide (LPS) translocated from the bronchus to the circulation in severe
pneumonia because plasma endotoxin activity was correlated with that of BALF. It is
well known that LPS or endotoxin induces pro-inflammatory cytokines. In chapter 3
section 2, we describe the sequential changes in the expression of toll-like receptor-4
(TLR4), nuclear factor kappa B (NFxB)-1, -2, and signal transducer and activator of
transcription 3 (STAT3) mRNA in calves that received endotoxin. In addition, we

compared the expression level of mRNA in old and young calves. As a result,
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leukocytic TLR4 and NFkB2 mRNA levels in old and young calves were significantly
increased, peaking at 2 hours after LPS administration, compared with pre-values
(p<0.05). Hepatic TLR4 and NFkB2 mRNA levels in young calves were increased,
peaking at 4 and 2 hours after LPS administration, respectively. The leukocytic STAT3
MRNA level in old calves increased at 2-4 hours (p<0.05); however, that in young
calves did not significantly change. Therefore, TLR4 and NFkB2 mRNA levels may be
useful inflammatory markers for endotoxin-challenged calves. Moreover, we found
that LPS induced leukocytic STAT3 mRNA expression in old calves but not in young
calves.

Macrolide antibiotics have been demonstrated to inhibit cytokine release
independently of their antimicrobial actions. As described in chapter 4, we investigated
whether tulathromycin, a macrolide antibiotic, suppresses endotoxin activity. As a
result, endotoxin activity in tulathromycin-containing plasma was significantly lower
than that in plasma without tulathromycin. This suggests that it can inhibit endotoxin
activity in calves. Thus, prophylactic administration of tulathromycin may reduce the
severity of symptoms even if cattle develop endotoxin-associated inflammation.

The present study characterized marked changes in inflammatory mediators in
systemic inflammation induced by endotoxin based on scientific analysis. It is
important to continue to investigate inflammatory disease related to endotoxin in order
to elucidate the pathophysiology of endotoxin-related diseases in calves and the effects

of drugs.
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