
�������(2004) �44� �3�
Korean J Vet Res(2004) 44(3) : 399~405

399

�����������������������������

� � �*

��������� �����
(����: 2004� 6� 23�)

Rapid identification of bacterial pathogens related with
bovine respiratory diseases by using PCR
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Abstract : Haemophilus somnus, Mycoplasma bovis and Pasteurella multocida were responsible for
respiratory diseases in bovine. Methods for identifying these bacteria had poor sensitivity and specificity.
In this paper, PCR assays were applied for rapid identification of H. somnus, M. bovis, P. multocida B:2
and P. multocida capsular types. The specific PCR products were amplified from H. somnus, but not from
other bacteria. Ten-fold diluted H. somnus were mixed with P. multocida and then the mixed cultures were
inoculated on agar plates. After incubation, PCR was performed with harvest from agar plates and could
detect as few as 3.4 CFU/ml of H. somnus. The primers MboF and MboR produced an amplification product
unique to M. bovis and sensitivity of PCR was as low as 100 pg of DNA. Only serotype B:2 of P. multocida,
the causal agent of haemorrhagic septicemia in bovine, was specifically amplified in PCR among the 16
reference serotypes. The multiplex capsular PCR typing for P. multocida was produced the P. multocida-
specific product as well as the capsular serogroup-specific product. The present PCR assays should be useful
for the rapid identification of bacterial pathogens from bovine respiratory diseases.
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� �

�� �� ������ �� infectious bovine

rhinotracheitis virus(IBRV), parainfluenza type-3 virus(PI-

3V), bovine respiratory syncytial virus(BRSV) �� ��

���� � Mycoplasma(M.) spp., Pasteurella(P.) spp.�

�� ��� �� �� ����� ��� �����,

���� � ����, ������, ������ �

�� �� ��� ��� ���� ���� ����.

�� � ����� ���� ����� ���� �

��� ��� � ���� � �� ��� �����

� [1, 3, 4, 5], ��� ���� ���� 	� ���

�� ��� ����� [2].

�� ������ ���� �� ������

P. multocida, M. bovis, M. dispar, M. bovirhinis,

Haemophilus(H.) somnus, Mannheimia(Man.) haemolytica,

Arcanobacterium(A.) pyogenes �� ��� 
� [19].

H. somnus� ����� ��� ��� ���� �

���� ��� ���� ����, ���, ��, �

�� �� 	��� ������� ����� ���

�� ���� [16, 23], ��	� ���� ��� �

�� ��	 ��� �� ��� �� �� ��� �

�� ����� �� ���� ��	�� [18].

Tegtmeier �� H. somnus ��� 
� ��� 	�
,

PCR, in situ hybridization, �� 
� ��
 �� ��

�� � � PCR� �� ���� ������ ���


�� [22], Appuhamy �� ���� ��
�� 
�

� PCR ��� 	��
� [7]. M. bovis� ��� ��
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�� �� mycoplasmas�� ����, ��, ���, �

��, ��� �� �� ���� [17]. ��� M. bovis

� 	�� � 
� ���� 	����, ����� �

�
� ���� �� mycoplasmas� ���� ���

��� ����� ���� ��. Ghadersohi �� PCR

�
� ���� M. bovis� 20 CFU�� ���
��

[12], Hu� Buck� ���� 	�	�� mycoplasmas

�� ��� ���� 
�� nested PCR� ���
�

[15]. �� ������ ����� 
� �� ���

���� P. multocida� 	� ���� �� ����

��������� �� ���� 
� [8]. �
, �

�, ����, ���� �� ���� ���� ��	

1	 ��� ���� ��� ����� ���� ��

���� ����� ��� � 
� PCR �� �� �

��� ��
� ���� 
� [25]. P. multocida�

capsule ��� �	�� serogroup A, B, D, E, F� �

��� [21], ���� lipopolysaccharide(LPS)� �� 1

�� 16�� 16��� ���� [13], �� capsule ��

� LPS ��� 
��� ���� ����. P. multocida

� 
 capsule ���� �� �� ��� �����

B, E� �� ��� ���� ����, A� ����

�, D� �� 
�� ��� �� ����. ��� P.

multocida� capsule ���� ���� 
� ����

�� ����� ��� capsule� 
� P. multocida�

� ���� 
� [20], PCR� ��� P. multocida

capsule ��� ��� 
��� 
� [24].

���� ���� 
� �� ��� ������

Man. haemolytica ��� leukotoxin� 	�� �
��

�� Man. haemolytica� P. multocida� 	�� ���

� � 2��� 
�� �� ������, �� ���

��� �� � ��� ������ ��� ����

� �� ��� ���, ��� 	�� ��� � ��

��� �� ��� ��� ������ ���� H.

somnus� M. bovis � ��� ���� ���� P.

mutocida B:2� ��� ��� � 
� PCR�
� P.

multocida capsule ��� ��� 
� multiplex PCR�


� ���� ��� �� 
��� 
	 �� ���

����� ��� ����� ����� ��.

�� � ��

����

� ��� ��� ����� H. somnus(ATCC

43626), P. multocida serotype 1~16(provided by Dr. Frank,

National Veterinary Service Laboratory, USA), Man.

haemolytica(ATCC 29694), Streptococcus suis(provided

by Dr. Gottschalk, University of Montreal, Canada),

Bordetella bronchiseptica(ATCC 19395), Actinobacillus

pleuropneumoniae(isolate, NVRQS), Clostridium perfringens

(isolate, NVRQS), M. bovis(ATCC 25025), M. hyorhinis

(ATCC 25021), M. hyopneumoniae(ATCC 25934), M.

pulmonis(ATCC 19612), M. pullorum(ATCC 33553), M.

gallisepticum(ATCC 19610), M. iowae(ATCC 33552), M.

synoviae(ATCC 25204), M. anatis(ATCC 25524) �� �

��
�. Mycoplasmas� Freundt� �� 

 �� �

�	�� 	��
� [11], � � ��� brain heart

infusion broth(Difco)� ��	�� ���
�� ��

	�
��� ���� -70oC� ���
�. 

��� ������	

� ��� ������ �� ���� �� ���

�� PCR primers� ���
�. H. somnus� M. bovis

��� 
��� 

 16S rRNA� ���
�, � �

�� ���� ���� P. multocida B:2� ����

primers� ���
�. P. multocida� ���� primers

� 
 capsule ��� A, B, D, E, F� ����� ��

�� primers� ��� ���
��, 
 PCR primers�

����� Table 1� ��� �� ��. 

��� ��
����	� 
��������	


 ��� �� PCR mixtures� �� ���� 50 µl

� ��� Table 2� �� 
��
�� Promega(USA)

	�� ���
�. Template DNA �	� �����

�� ������ ���� 10�
 ����, ���

� 20�
 ��� 	 �� ��	� ���
�. DNA

thermal cycler(Perkin-Elmer 9600)� ���� PCR� �

��
�, ��
�� Table 3� ��� �� ���

PCR ���� 10 µl� 1.5% agarose gel�� ����

�� ����� �� ��� ���
�. 

��� � ��� ��


 ��
 PCR�
� ��� 
�� ��	�� �

���� ���
�. �, H. somnus PCR� ����

Man. haemolytica� ��� 8�� ��� ���� �

��
��, M. bovis PCR� ���� 9�� Mycoplasma

��� �	� � 15�� ��� ���� ���
�.

P. multocida B:2 ��� 
� PCR� ��� 1�� 16

�� 16�� P. multocida ����� ���
��, P.

multocida capsule ��� ��� 
� multiplex PCR�

capsule ���� A, B, D� ��� 3�� P. multocida

� ���
�.

M. bovis PCR�
� ���� ��� DNA� ���
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Table 1. Sequences of oligonucleotide primers

Bacteria Primers Sequences (5  to 3 ) Product size (bp) References

H. somnus
HS-F GAAGGCGATTAGTTTAAGAG

408 6
HS-R TTCGGGCACCAAGTR*TTCA

M. bovis
MboF CCTTTTAGATTGGGATAGCGGATG

361 9
MboR CCGTCAAGGTAGCATCATTTCCTA

P. multocida
B:2

PmHS-F AGGCTCGTTTGGATTATGAAG
618 25

PmHS-R ATCCGCTAACACACTCTC

P. multocida
(multiplex capsular

typing)

PM-F ATCCGCTATTTACCCAGTGG
457

24

PM-R GCTGTAAACGAACTCGCCAC

CapA-F TGCCAAAATCGCAGTCAG
1,046

CapA-R TTGCCATCATTGTCAGTG

CapB-F CATTTATCCAAGCTCCACC
760

CapB-R GCCCGAGAGTTTCAATCC

CapD-F TTACAAAAGAAAGACTAGGAGCCC
648

CapD-R CATCTACCCACTCAACCATATCAG

CapE-F TCCGCAGAAAATTATTGACTC
514

CapE-R GCTTGCTGCTTGATTTTGTC

CapF-F AATCGGAGAACGCAGAAATCAG
852

CapF-R TTCCGCCGTCAATTACTCTG

*R denotes A or G

′ ′

Table 2. Composition of PCR mixtures used in this study

Reagents

Volume of reagents for the indicated bacteria (µl)

H. somnus M. bovis
P. multocida

B:2
P. multocida

(multiplex capsular typing)

10�PCR buffer
25 mM MgCl2

10 mM dNTPs
Each primer(100 pmole/µl)
Taq DNA polymerase(5 unit/µl)
DW
Template DNA solution

5
4
1
1
0.2

32.8
5

5
3
0.3
0.5
0.2

39.5
1

5
2
1
1
0.2

36.8
3

5
2
4
0.2 
0.2

30.4
6

Table 3. PCR conditions for DNA amplification of the indicated bacteria

Steps

PCR conditions

H. somnus M. bovis
P. multocida

B:2
P. multocida

(multiplex capsular typing)

Initial denaturation 94oC, 3 min 94oC, 3 min 95oC, 4 min 95oC, 5 min

Denaturation
Annealing
Extension
Cycles

94oC, 1 min
55oC, 1 min
72oC, 1 min

35

94oC, 45 sec
60oC, 1 min
72oC, 2 min

35

95oC, 1 min
55oC, 1 min
72oC, 1 min

30

95oC, 30 sec
55oC, 30 sec
72oC, 2 min

35

Final extension 72oC, 15 min 72oC, 15 min 72oC, 15 min 72oC, 15 min
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�. �, GeneQuant(Pharmacia Biotech, USA)� template

DNA �	� ��� ����, 10 ng/µl �� 100 ag/µl

�� 10� ���
�� 
 �
	�
� PCR� ��

�� M. bovis PCR� ���� 
��
�.

P. multocida� H. somnus� ��� 	 PCR�
��

H. somnus �� ���� 
��
�. �, H. somnus 	

��	� ������ 6.7�104 CFU/ml �� 6.7�

10−2 CFU/ml �� 10� ���
� 

� ���� 3.5

�108 CFU/ml� P. multocida� �� ���� ���

	 1 ml� ���	��	�� �	�� 1	 	� (37oC,

5% CO2)� ��, ������ 	��� H. somnus PCR

� ���
�. 

� �

H. somnus PCR� �� ���� 
��� 
�� 8

�� ��� ���� PCR� ���
	 ��(Fig. 1),

H. somnus��� 408 bp� ���� ����� ���

�� Man. haemolytica � �� ����� �����

���� �� � PCR�
�� H. somnus� ����

��� � 
��.

���� ����� M. bovis� ����� PCR�


� ��� ��, M. bovis��� 361 bp� ���

���� �����, M. hyorhinis � 8�� ��

Mycoplasma ��(Fig. 2A)� Man. haemolytica � 7�

� �� ��(Fig. 2B)��� ����� ���� ��

M. bovis PCR�
� ���� �����. ��, M. bovis

PCR�
� ���� ���� 
�� M. bovis� DNA

� ���� 10 ng/µl �� 100 ag/µl �� 10� ���


�� 

 PCR� ��� ��, � PCR�
�� M.

bovis DNA 100 pg �� ��� ���
�(Fig. 3).

� ��� ���� ���� ���� P. multocida

B:2� ����� ��� � 
��� ���� 
��

P. multocida ��� 1�� 16�� ���� 16�� �

��� PCR�
� ���� 
�� ��(Fig. 4), P.

multocida B:2��� 618 bp� �� ����� ���

� � PCR�
�� �� ��� ��� ���� ��

Fig. 1. Specificity of PCR for detection of Haemophilus
somnus. The PCR products were analysed by 1.5% agarose
gel electrophoresis followed by ethidium bromide staining.
Lane M, 100 bp DNA ladder (Bioneer, Korea); lane 1,
Haemophilus somnus; lane 2, Mannheimia haemolytica;
lane 3, Streptococcus suis; lane 4, Bordetella bronchiseptica;
lane 5, Actinobacillus pleuropneumoniae; lane 6, Clostridium
perfringens; lane 7, Mycoplasma bovis; lane 8, Mycoplasma
hyorhinis.

Fig. 2. Specificity of Mycoplasma bovis detection in PCR using species-specific primers. Lane M, 50 bp DNA ladder
(Promega). (A) Lane 1, M. bovis; lane 2, M. hyorhinis; lane 3, M. hyopneumoniae; lane 4, M. pulmonis; lane 5, M. pullorum;
lane 6, M. gallisepticum; lane 7, M. iowae; lane 8, M. synoviae; lane 9, M. anatis. (B). Lane 1, M. bovis; lane 2, Mannheimia
haemolytica; lane 3, Streptococcus suis; lane 4, Bordetella bronchiseptica; lane 5, Actinobacillus pleuropneumoniae; lane
6, Clostridium perfringens; lane 7, Pasteurella multocida; lane 8, Haemophilus somnus.

Fig. 3. Sensitivity of PCR for detection of Mycoplasma
bovis. Lane M, 50 bp DNA ladder (Promega); lane 1 to
6, serial 10-fold dilution of genomic DNA of M. bovis (10
ng/µl to 100 ag/µl).
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�� ��� � 
��.

P. multocida capsule ��� A, B, D �����

multiplex capsular PCR typing� ��� ��(Fig. 5), P.

multocida� 	���� ���� 457 bp� ��� ��

��� �� ��� � 
��, capsule ��� A, B, D

�� 

 1,046 bp, 760 bp, 648 bp� �� ��� �

���� ����, � multiplex PCR�
�� P.

multocida� capsule ���� ���� 
��� ��

� � 
��. 

�� ����� �� ���� P. multocida� H.

somnus� ��� ��, PCR� ���� H. somnus �

� ���� 
��
	 ��, 3.4 CFU/ml� H. somnus

�� ��� ����(Fig. 6), �� ���� P. multocida

� �� ����	���� ����� H. somnus �

�	�� ��� � 

�� PCR� H. somnus ���

�� ��� ��� � 
��. 

� �

�� ������ �� �� ����� �� ��

���� ������ ��� ���� ���
 ��

��� 
��� ��� ��� ��� ����
 �

�. ��� �� ������ �� ��� ��� ��

��, �� ��� ������ IBRV, PI-3V, BRSV �

����� ���� �� ��� �� �����. �

�� � ����� �� ��� ������ �� �

���� ���� H. somnus, M. bovis, P. multocida�

�� ����� 
�� PCR�
� ���� ���

� ��� �� 
��
�. 

������ ��� �� ��	��� �� ���

���, �� �� H. somnus ��� ��	 PCR�


� �� ����. � ����� H. somnus PCR�


� ���� Man. haemolytica � 8�� ��� ���

� ���� 
�� ��, H. somnus��� ����

408 bp� ����� ���� ���� H. somnus�

��� � 
��. ��, 3.5�108 CFU/ml� P. multocida

Fig. 4. Specificity of PCR for detection of Pasteurella
multocida B:2, the agent of haemorrhagic septicemia in
bovine. Lane M, 100 bp DNA ladder (Bioneer, Korea); lane
1 to 16, P. multocida somatic serotype 1 to 16. Lane 2 was
P. multocida somatic serotype 2 with capsular serogroup B.

Fig. 5. Pasteurella multocida multiplex capsular PCR
typing. Lane M, 100 bp DNA ladder (Bioneer, Korea); lane
1, P. multocida capsule type A; lane 2, P. multocida capsule
type B; lane 3, P. multocida capsule type D.

Fig. 6. Sensitivity of PCR assay for detection of Haemophilus somnus in mixed cultures. A 10-fold dilution of the H.
somnus culture (6.7×104 to 6.7×10−2 CFU/ml) was mixed with Pasteurella multocida (3.5×108 CFU/ml). Each mixed culture
was inoculated on sheep blood agar plates. The bacteria were harvested after 1 day incubation, and then PCR was performed
with the extracted DNA. Lane M, 100 bp DNA ladder (Bioneer, Korea); lane 1 to 7, 10-fold diluted H. somnus mixed
with P. multocida; lane 8, negative control; lane 9, P. multocida only; lane 10, H. somnus only.
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� 6.7�104 CFU/ml �� 6.7�10−2 CFU/ml �� 10�

���
� H. somnus� ��� 	 H. somnus PCR�

���� 
�� ��, ���� P. multocida� �� �

����� H. somnus 	�� ��� � 

�� PCR

� 3.4 CFU/ml� H. somnus� ��� ��� ���

� 
� ���� �����. �	� 	���� ��

�� � ����� ���� ��� ����	��

	��� H. somnus PCR�
� ��� ��, �� �

�� ���� ���
�� PCR� H. somnus �� �

�� ��� ��� � 
� ��� 	�
�� PCR�


� �� ����� � � 
��. 

M. bovis� ���� 
� ����� �
�� ��

� 	�
 �� �
� �� ��� �� ��� ��

�� ��� �� �	� ��� DNA probe� PCR�


� �� ���� 
�. � ����� M. bovis PCR

� �� ���� 
�� ��, 8�� Mycoplasma ��

� 7�� �� ��� ���� �
 ����� ��

�� �� M. bovis��� ���� ����� ���

��. �� ��� M. bovis DNA� 10� ���
��

PCR�
� ���� 
��
	 ��, template DNA

100 pg �� ��� ���� M. bovis ����� ��

�� ��� � 
� ��� �
��. 

�� ��� ���� P. multocida� �� ����

������ �� B:2, ������� E:2 ����

���� ��� ��� � ��� ����� 
��

�� ����. ���� ��
� � �
� 
� ��

� ��� ���� �� ���� ���� ���

endotoxaemia� ���� [14]. Brickell �� P. multocida

B:2� ��� ���� ��� PCR� ���� ���

� ��� ���� ���
� [8], Townsend �� �

�� ��� ���� ���� P. multocida B:2, B:5

��� B2,5�� ���� ��� ����� ���


� [25]. � ���� ��� PCR�
� P. multocida

B:2 ����� ���� ����� ��� � 
��

�, 
	 � ��� ��� ��� ���� ����

��� � 
� ��� ����� ��.

P. multocida capsule ��� ��� �� ���� �


� ���� 
�� ��� ����� �� ���

� 
�. Davies �� ����� ���� ��� P.

multocida� capsule ���� ��� ��, A�� 68%

� �� ���
� F�, D�, B�� 

 14%, 5%,

4%���� ��� 9%� ���
� [10]. � ���

�� P. multocida� capsule ��� ��� 
� multiplex

PCR�
� ���� ����� ��� ��, 
 capsule

���
� �� ����� ���� ����� P.

multocida�� ���� ��� ��� capsule ���

� ����� ��� ��� � 
��. 

� �

�� ��� ������ ���� ���� ���

���� 
�� H. somnus, M. bovis, P. multocida �

� PCR�
� ���� ���� ��� �� 
��


�. H. somnus� M. bovis� �� PCR��� 



408 bp� 361 bp� �� ����� ����� ��

�� ����� ����� ���� �� PCR�
�

���� �����. M. bovis� DNA� ���� �

��
� 	 PCR� ��� ��, M. bovis PCR�
�

� 100 pg� DNA�� ��� ���
�. H. somnus

� P. multocida� ���� ����	�� ���� H.

somnus PCR� ��� ��, 3.4 CFU/ml� H. somnus

�� ��� ���
�. �� �� ��� ���� �

��� P. multocida B:2��� 618 bp� �� ����

� ��� � 
���, P. multocida multiplex capsular

PCR typing��� ���� ��
� 457 bp� 	� �

���� capsule ��� A, B, D�� 

 1,046 bp,

760 bp, 648 bp� �� ����� ��� � 
��. 
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