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ABPC                  Ampicillin

AMPC                 Amoxicillin

AUC          Area Under the concentration-time Curve

AUMC                Area Under the first moment Curve 

BAL          Bronchoalveolar lavage

BALF         Bronchoalveolar lavage fluid

BRDC        Bovine Respiratory Disease Complex 

BUN          Blood Urea Nitrogen 

Cmax                   Peak concentration 

CTC                     Chlortetracycline 

ELF           Epithelial lining fluid 

ERFX Enrofloxacin

FF                        Florfenicol

Hct         Hematocrit 

Hgb           Hemoglobin

KM                      Kanamycin 

MIC        Minimum Inhibitory Concentration

MBFX                 Marbofloxacin

MRT Mean Residence Time 

OBFX                  Orbifloxacin

PK                       Pharmacokinetics

PD                       Pharmacodynamics 

RBC Red Blood Cell



7

SD          Standard Deviation

Swab                   Nasopharyngeal swab

t1/2                       elimination half-time

TIL                       Tilmicosin

TP                         Thiamphenicol

   TYL                      Tylosin 

Tmax       Time to Cmax

WBC   White blood Cell
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Bovine Respiratory Disease Complex BRDC

[48]

[41]

2017

153,188 5,716

3.7 [14]

[5]
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PK PD

PK pharmacokinetics PK

PK Cmax AUC Area Under the concentration-

time curve - t1/2

PD Pharmacodynamics PD

PD

MIC Minimum Inhibitory Concentration

2 PK PD

[54] PK PD

[19, 36, 43 45]

Nasopharyngeal swab Swab

[31, 32, 35, 46]

[12, 31-33, 35, 39, 46] Swab

Bronchoalveolar lavage BAL
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BAL [23, 28]

BAL [1, 2]

2

1 1

Swab Bronchoalveolar lavage fluid BALF

2 1

ERFX ERFX ERFX

(CPFX)
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1.

[20, 51]

Nasopharyngeal swab Swab

[31, 32, 35, 46]

[12,

31-33, 35, 39, 46] Swab

Bronchoalveolar lavage BAL

BAL [22, 28]

BAL [1, 2]

1

Swab Bronchoalveolar lavage fluid BALF
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2.

1

1 50

29 21 5.3 ± 2.2  ± 

3 13 Swab BALF

2

3

pocH®-100iV Diff, Sysmex, 

WBC RBC Hgb

Ht

4 BALF

1P3005, 

Swab BALF

[14] OLYMPUS VQ TYPE 5112B

2 %
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5.5 mm

37 30 m

2 BALF

4

Swab BALF Swab 300

5

5 % BA BBL Columbia Agar 

Base, MAC

MacConkey [15]

Swab BALF 1 50 0.5

BA 2 37 5 % CO2 37 

MAC 1 37 24

BA

MALDI-TOF/MS; autoflex speed TOF/TOF-KG,  Bruker 

Daltonics, U.S.A.

6

(NK)

(NK)

1
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MALDI-

TOF/MS

7

BALF  22  25 [3, 

6]

5 

8 4 2 1 0.5 0.25 g/m

16, 8, 4, 2, 1, 0.5, 0.25, 0.125 g/m

50 90 MIC50, 

MIC90 AMPC ABPC

TP FF TYL

TIL KM OTC

CTC ERFX

MRFX ORFX 12

BALF  14 No. 5, 10, 

16, 17, 18, 22, 24, 25 30, 35, 38, 45, 47 48 12

No.7, 11, 13, 14, 16, 17, 18, 20, 27, 32, 38 48

±
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3.

1

WBC 12,200 ± 4,804 / RBC

Hgb Ht 1

BALF

2 BALF

50 25 50.0 BALF 

50 22 44.0 50 1 2.0

2 50 16 32.0 

BALF 50 50 100 

BALF 2

BALF

42.4 33 14  0.0

1 0 32.0 50 16 2

BALF

2 MIC90

g/m

3
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Swab BALF

Swab

MIC

BALF 2

MIC90

g/m 4, 5



19

4.

Swab

[3-9]

BAL [2, 12]

BALF

BALF

[51, 40, 12, 39]

BALF

1

BALF 100 

44.0 

Swab

MIC BALF

2 MIC
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Swab

BALF

Swab BALF

BAL
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5.

50

Swab BALF

Swab BALF

BALF

Swab 2

Swab
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1

/ x103/ g/d %

82 ± 7 81 ± 8 39.5 ± 0.3 12,200 ± 4,804 1,221 ± 171 12.8 ± 2.1 42.7 ± 7.9

70 90 60 90 38.9 40.0 6,900 24,000 835 1,461 8.5 16.4 28.6 53.5

84 84 39.4 11,400 1,260 13.1 44.5
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50

BALF BALF BALF BALF

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Pasteurella multocida Mannheimia haemolytica Histophilus somni Mycoplasma bovis
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3 Pasteurella multocida Mycoplasma bovis

MIC50 MIC90 MIC50 MIC90

AMPC 0.25 ~ >8 8 8 16 16 16 16
ABPC 0.25 ~ >8 0.5 8 16 16 16 16

TP 0.25 ~ >8 2 8 1 >16 4 16
FF 0.25 ~ >8 0.5 8 0.25 >16 4 8

TYL 8 8 8 8 0.125 >16 8 16
TIL 0.25 ~ >8 4 8 4 16 16 16
KM 4 8 8 8 0.125 >16 4 16
OTC 4 8 8 8 0.5 16 16 16
CTC 1 8 8 8 0.25 16 8 16
ERFX 0.25 1 0.5 1 0.125 2 0.5 1
MRFX 0.25 1 0.5 1 0.125 2 0.5 1
OBFX 0.25 1 0.5 1 0.125 2 0.5 1

Pasteurella multocida (22 Mycoplasma bovis (25
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MIC50 MIC90 MIC50 MIC90

AMPC 1 ~ >8 8 8 0.25 ~ >8 8 8

ABPC 1 ~ >8 8 8 0.25 ~ >8 0.5 4

TP 2 ~ >8 8 8 0.5 ~ >8 2 8

FF 2 ~ >8 4 8 0.25 ~ >8 0.5 8

TYL 8 8 8 8 8 8 8 8

TIL 8 ~ >8 8 8 0.5 ~ >8 4 8

KM 8 8 8 8 8 8 8 8

OTC 2 8 8 8 4 8 8 8

CTC 4 8 8 8 2 8 8 8

ERFX 2 8 8 8 0.25 1 0.5 1

MRFX 2 8 8 8 0.25 1 0.5 1

OBFX 2 8 8 8 0.25 1 0.5 1

14 Pasteurella multocida (MIC)
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MIC50 MIC90 MIC50 MIC90

AMPC 16 ~ >16 16 16 16 ~ >16 16 16

ABPC 16 ~ >16 16 16 >16 16 16

TP 2 ~ >16 8 16 1 ~ 16 4 16

FF 2 ~ >16 4 16 0.5 ~ 8 2 8

TYL 8 ~ 16 16 16 1 ~ 8 8 8

TIL 8 ~ >16 16 16 4 ~ >16 16 16

KM 8 ~ >16 16 16 1 ~ >16 4 16

OTC 2 ~ >16 8 16 0.5 ~ >16 4 16

CTC 4 ~ 16 8 16 0.25 ~ 16 8 16

ERFX 4 ~ 16 8 8 0.125 1 0.25 0.5

MRFX 8 ~ 16 16 16 0.125 1 0.5 1

OBFX 8 ~ >16 16 16 0.125 1 0.5 1

12 Mycoplasma bovis (MIC)
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2
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1.

[5]

[5]

ERFX

[8, 27, 34, 47] MIC

ERFX [34, 47]

ERFX

[8, 27, 34, 47] ERFX

MIC  [34, 47]

ERFX

BALF ELF

Alveolar cells ERFX [42]

ERFX ERFX

 ERFX

BAL BALF

PK
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ERFX CPFX

ELF
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2.

1

4 5 63.8 

± 5.2 kg  ± 

AAALAC

SOP

2

ERFX 5 mg/kg B.W. 5 %

ERFX 0 1, 2, 3, 6 10 24

BALF ERFX 0 2, 6 10 24

3

VP-H100K

EDTA EDTA-2AK

3,000 g, 15 4 

80  EDTA

pocH-100iV WBC

RBC Hgb HCT

Quantichrom 

 [3, 38]
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4

BAL VQ TYPE 6112B

5.5 mm, 1.1 m

37 30 m

BALF 2

1 2 BAL BALF BAL

3 6 3 5

2 3 5

BALF

BALF 400 g 5 4 

BALF 30 m

BALF BALF

5

ERFX CPFX [9, 42] LC/MS/MS

10

BALF 0.5 m 1 mol

1.0 m 3 300 

BALF BALF 60 

1 / 300 

ng/m 4 1 60 350

Oasis HLB Waters
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250 10 High performance 

liquid chromatography HPLC; Prominence ERFX 

CPFX 0.001

ERFX ELF BALF [12, 13]

ELF ERFXELF ERFX

ERFXELF = ERFXBALF × ureaPLASMA / ureaBALF

ELF ERFX =BALF ERFX × / BALF

 ERFXBALF BALF ERFX ureaPLASMA

ureaBALF BALF

ERFXAC ERFX

  ERFXAC = ACPELLET / VAC

 ACPELLET ERFX VAC

CPFX ERFX CPFX

BALF ERFX 1.28 /106 BALF

[17, 18]

BALF Cytospin4 Thermo Fishaer 

scientific MA 200

6 PK

PK ERFX 5 mg/kg ELF

ERFX CPFX ERFX CPFX

0 24 -
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AUC0-24 0 24 AUMC0-24

0 24 MRT0-24 AUMC / AUC

t1/2 0.693 / 

7

Tukey-

Kramer 3 ERFX

CPFX PK PK/PD

IBM SPSS Statistics 24 IBM

5  ± 

SD
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3.

WBC

RBC Hb HCT

 BALF 2 6 10 24 43.3 ± 8.2 44.4 

± 8.3 47.9 ± 6.9 42.9 ± 4.8 41.7 ± 5.8 

BALF

2 6 10 24 38.7 ± 12.8 36.6 ± 0.3 37.1 ± 

12.9 38.2 ± 11.1 37.8 ± 13.2 ×105 /m

BALF 95

ELF ERFX PK 1

ERFX 2.3 ± 0.5 Cmax 1.6 ± 0.4

24 0.14 ± 0.03 1  ERFX

ELF

3.0 ± 2.0 Cmax 10.4 ± 2.0 4.0 ± 2.3 Cmax

5.9 ± 2.1 24 0.9

± 0.8 0.8 ± 0.5 1 ELF

Cmax < 0.05 ELF

< 0.05 ELF

Tmax 2.3 ± 0.5 3.0 ± 2.0 4.0 ± 2.3

1 2 ELF ERFX

< 0.05 ERFX ELF < 0.05

ELF 6 ERFX  < 0.05

24 < 0.05

ELF AUC0-24 14.2 ± 1.1 92.3 ± 34.0 70.0 

± 25.2 g hr/m 1 ELF  < 0.05
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ELF AUMC0-24 99.6 ± 21.1 646.9 ±

278.6 580.0 ± 212.3 2/m 1 ELF

AUMC0-24  < 0.05 ELF

MRT0-24 6.9 ± 1.0 6.9 ± 1.5 8.3 ± 0.9

ELF t1/2

6.5 ± 0.7 6.5 ± 3.6 7.4 ± 4.3

ELF CPFX PK 2

CPFX 5.3 ± 1.5 Cmax 0.4 ± 0.09 g/m

24 0.06 ± 0.02 g/m 2 CPFX

ELF CPFX

5.0 ± 3.8 Cmax 0.4 ± 0.06 4.0 ± 2.3 Cmax

1.1 ± 0.2 24 0.1 ± 

0.07 0.4 ± 0.3 2

Cmax ELF Tmax ELF

2 CPFX

ELF < 0.05 6

CPFX CPFX < 0.05

ELF AUC0-24 5.2 ± 0.6 5.1 ± 0.4 14.1 ± 3.1

hr/m 2 ELF  < 0.05

ELF AUMC0-24 43.9 ± 4.1 52.5 ± 

10.5 144.5 ± 49.8 2/m 2 ELF

MRT0-24 8.5 ± 1.0 10.2 ± 1.9 10.1 ± 1.9

ELF t1/2  6.1 ± 1.5

10.6 ± 1.5 16.9 ± 11.1 2 ELF 1/2 t1/2

<0.05
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4.

PK De Lucas [11]

ERFX CPFX Cmax Tmax ERFX CPFX

AUC0-24 t1/2 MRT0-24 Shoaf [50]

P-450 5

De Lucas 2 3 ERFX

CPFX PK

ERFX ELF

ELF AUC0-24 Cmax

ERFX

ELF t1/2

ELF

CPFX

AUC0-24 Cmax ELF

ERFX CPFX

ELF t1/2

ELF

[10, 22, 44] ERFX

[25, 29] ERFX CPFX

PK



37

PD PK/PD

[6] MIC

MIC

MIC MIC

MIC

MPC [13]

[19, 36, 43 45]

 PK/PD Cmax/MIC

AUC/MIC Time above MIC %T>MIC [6, 43, 45]

Cmax/MIC AUC/MIC

- %T>MIC

[6] ERFX

[7, 40, 52] [15 26 53]

[49] Cmax/MIC AUC/MIC PK/PD

AUC/MIC 100

105 Cmax/MIC 8 10[7, 16, 40, 52] McKellar

Cmax/MIC 10 AUC/MIC 

125 [36]

PK AUC0-24 PD

[21] [55] MIC 3

MIC 0.125 0.5 1.0
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AUC0-24 MIC90 AUC0-24/MIC90

AUC0-24/MIC90 125

AUC0-24/MIC90 ELF

< 0.05 ELF

ERFX AUC0-24/MIC90 125 ELF

MPC ERFX

AUC0-24/MIC90 ELF

125 ERFX ELF

MPC 24 ELF

ERFX 0.9 ± 0.8 0.8 ± 0.5

24 MIC ( 1) ERFX post-

antibiotic effect (PAE) [30, 56] 1.0 

ERFX ELF

24 MIC ERFX

MIC

MIC MPC

MSW ) [19, 36, 43, 45]

PK/PD AUC/MIC

ELF 6.5 ± 3.6 7.4 ± 4.3

ERFX 5 mg/kg 1 1

MIC

MIC 1 
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ERFX 5 mg/kg ELF ERFX

CPFX ERFX

ERFX

ERFX ERFX
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5.

ERFX 5 mg/kg

BALF ERFX

CPFX ERFX

CPFX ERFX

Cmax 2.3 ± 0.5 1.6 ± 0.4 

24 0.14 ± 0.03 g/m 0 24

MRT0-24 6.9 ± 1.0 ELF ERFX

3.0 ± 2.0 4.0 ± 2.3

24 0.9 ± 0.8 0.8 ± 0.5 g/m

ELF ERFX t1/2 6.5 ± 0.7 6.5

± 3.6 7.4 ± 4.3 ERFX 0 24

AUC0-24 Cmax

< 0.05 ERFX 24

BALF ELF

ERFX
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1 5 5 mg / kg

Mycoplasma bovis MIC [15]
 ± p  < 0.05

0.0

2.0

4.0

6.0

8.0

10.0

12.0

0 3 6 9 12 15 18 21 24

MIC

/ml

b,d

a

b

b

a

b,c

a
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2 5 5 mg / kg

 ± a-b : p  < 0.05

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 3 6 9 12 15 18 21 24

l

a

a

b

a

b
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PK ELF

Cmax µ g / ml 1.6±0.4a) 10.4±2.0b,c) 5.9±2.1b,d)

Tmax hr 2.3±0.5 3.0±2.0 4.0±2.3

AUC0-24 µ g hr2 / ml 14.2±1.1a) 92.3±34.0b) 70.0±25.2b)

AUMC0-24 µ g hr2 ml 99.6±21.1a) 646.9±278.6b) 580.0±212.3b)

MRT0-24 hr 6.9±1.0 6.9±1.5 8.3±0.9

t1/2 hr 6.5±0.7 6.5±3.6 7.4±4.3

 1. 5 5 mg / kg ELF
PK

 ± a - b  c - d p   <  0.05
Cmax Tmax AUC AUMC

MRT 1/2



44

PK ELF

Cmax µ g / ml 0.4±0.09a) 0.4±0.06a) 1.1±0.2b)

Tmax hr 5.3±1.5 5.0±3.8 4.0±2.3

AUC0-24 µ g hr2 / ml 5.2±0.6a) 5.1±0.4a) 14.1±3.1b)

AUMC µ g hr2 ml 43.9±4.1 52.5±10.5 144.5±49.8

MRT0-24 hr 8.5±1.0 10.2±1.9 10.1±1.3

t1/2 hr 6.1±1.5a) 10.6±1.5b) 16.9±11.1

 2. 5 5 mg / kg ELF
PK

a - b p  <  0.05
Cmax Tmax AUC AUMC
MRT 1/2
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ELF

P. multocida 117.1 ± 7.4a) 842.8 ± 273.3b) 603.6 ± 294.1b)

M. haemolytica 28.1 ± 1.8a) 202.3 ± 65.6b) 144.9 ± 70.6b)

M. bovis 14.1 ± 0.9a) 101.1 ± 32.8b) 72.4 ± 35.3b)

 3. 5 5 mg / kg 
AUC 0-24 / MIC 90

a - b : p  <  0.05
Pastuerella multocida P. multocida , Manheimia haemolytica M. haemolytica  and Mycoplasma bovis M.
bovis MIC90 0.125 0.5 1.0 g / ml 
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Bovine Respiratory Disease Complex BRDC

Nasopharyngeal swab : Swab
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Swab

Bronchoalveolar lavage BAL

BAL

BAL

2

1 50 Swab

(BALF)

Swab BALF

BALF

Swab 2

Swab

2 5 mg/kg

(BALF)

ERFX CPFX

ERFX CPFX

ERFX Cmax 2.3 ± 
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0.5 1.6 ± 0.4 g/m 24 0.14 ±

0.03 g/m 0 24 MRT0-24 6.9

± 1.0 ELF ERFX 3.0 ±

2.0 4.0 ± 2.3 24

0.9 ± 0.8 g/m 0.8 ± 0.5 g/m ELF

ERFX t1/2 6.5 ± 0.7 6.5 ± 3.6 7.4 ± 4.3

 ERFX 0 24 AUC0-24

Cmax < 

0.05 ERFX 24 BALF

ELF

ERFX

Swab BALF

BALF 2

Swab 2

24 BALF ELF

24
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Bovine Respiratory Disease Complex BRDC

Nasopharyngeal swab Swab

Swab

Bronchoalveolar lavage BAL

BAL

BAL

50 Swab

BALF

Swab BALF

BALF

Swab 2



52

Swab

ERFX ERFX 5 mg/kg

BALF ERFX

CPFX

ERFX CPFX

ERFX Cmax 2.3 ± 0.5 

1.6 ± 0.4 24 0.14 ± 0.03

g/m 0 24 MRT0-24 6.9 ± 1.0

ELF ERFX 3.0 ± 2.0

4.0 ± 2.3 24 0.9 ± 

0.8 0.8 ± 0.5 g/m ELF ERFX

t1/2 6.5 ± 0.7 6.5 ± 3.6 7.4 ± 4.3

ERFX 0 24 AUC0-24

Cmax < 0.05

ERFX 24 BALF ,ELF

ERFX

Swab BALF

BALF 2

Swab 2
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24 BALF ELF

24
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SUMMARY
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Bovine Respiratory Disease Complex (BRDC) emerges as viruses and bacteria resident in 

the nasopharynx invade and colonize the alveolar region after extrinsic factors reduce the 

animal’s capability to eliminate pathogens from the body and disrupt its immune system. Main 

changes in feed and feeding environment, weaning, dehorning, and herd round-up and dispersal 

are often among the first factors to be cited. 

Mycoplasma spp. and other bacterial pathogens can infect the respiratory system in calves, 

causing potentially severe, adverse effects to their development and life expectancy, thus, 

presenting a major challenge in veterinary medicine.  Numerous cases of calf respiratory 

diseases have been classified as alveolar pneumonia.  Accordingly, the treatment of alveolar 

pneumonia requires an antibacterial agent with adequate distribution to the intrapulmonary 

region, including alveolar or BALF fluid.  In addition, the effect may vary depending on the 

dose, duration of administration, and method of administration.

In the antimicrobial therapy of bovine pneumonia, antibacterial agents are often selected 

based on knowledge based on clinical experience and information obtained by bacterial 

separation test results using nasopharyngeal swab (Nasopharyngeal swab: Swab). However, it 

is generally known that various bacteria are constantly present in the nasal, pharyngeal, and 

trachea in the trachea of healthy calves. It is doubtable whether bacteria accurately reflect 

information about the area affected by pneumonia by bacterial separation tests using Swab in 

cattle suffering from pneumonia. 

On the other hand, bronchial alveolar lavage (Bronchoalveolar lavage: BAL) has been 

carried out in human medicine, horse medicine and small animal medicine as a method of 

obtaining various information directly in the bronchial alveolar region. Since there are very 

few reports on BAL of large animals other than horses, information on bacterial separation 

from the nasopharyngeal region and bronchial alveolar region of the same cow is hardly found. 

In Experiment-1, nasopharyngeal swabs (Swab) and bronchoalveolar lavage fluids (BALF) 

were collected from 50 Japanese black cattle clinically diagnosed as having severe chronic 

pneumonia, and the identification of the causative bacteria of pneumonia and its antibiotic 

susceptibilities were investigated.  Mycoplasma bovis (M. bovis) and Pasteurella Multocida (P.
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multocida) were mainly isolated from Swab and BALF.  However, the rates at which the same 

bacterial species were isolated from both specimens in the same cow were relatively low.  In 

addition, M. bovis and P. multocida isolated from BALF were mainly sensitive to 

fluoroquinolones, but the antibiotic susceptibilities of the same two species isolated from Swab 

were low.  From the above, M. bovis and P. multocida were mainly isolated from the 

nasopharyngeal area and bronchoalveolar area of cattle with severe chronic pneumonia, but the 

antibiotic susceptibility differs depending on the collection site even if the same bacterial 

species there is a possibility.  From this, it seems that it is necessary to be careful to estimate 

the pneumonia causing bacteria by Swab.

In Experiment-2, this study aimed to analyze the pharmacokinetics of enrofloxacin (ERFX) 

and its metabolite ciprofloxacin (CPFX) in plasma, as well as their migration to, and retention 

in, the epithelial lining fluid (ELF) and alveolar cells within the bronchoalveolar fluid (BALF).  

Four healthy calves were subcutaneously administered a single dose of ERFX (5 mg/kg).  

ERFX and CPFX dynamics post-administration were analyzed via a non-compartment model, 

including the absorption phase.  The Cmax of plasma l at 2.3 ± 0.5 

hr post- l at 24 hr following 

administration.  The mean residence time between 0 and 24 hr (MRT0-24) in plasma was 6.9 ± 

1.0 hr.  ERFX concentrations in ELF and alveolar cells peaked at 3.0 ± 2.0 hr and 4.0 ± 2.3 hr 

l and 0.8 ± 

l thereafter.  The plasma half-life (t1/2) of ERFX was 6.5 ± 0.7 hr, while that in ELF 

and alveolar cells was 6.5 ± 3.6 and 7.4 ± 4.3 hr, respectively.  The Cmax and the area under 

the concentration-time curve for 0–24 hr for ERFX were significantly higher in alveolar cells 

than in plasma (p<0.05).  These results suggest that ERFX is distributed at high concentrations 

in ELF and is retained at high concentrations in alveolar cells after 24 hr in the BALF region; 

hence, ERFX may be an effective therapeutic agent against pneumonia. 
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