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The efficacy of killed vaccine of H. paragallinarum with mineral oil adjuvant and aluminium 

hydroxide gel adjuvant had been tested on antibody titers and protective immune response. The vaccines 

at the concentration of 1010 cfu/mL were immunized to 5 weeks old male layers at 0.5 mL each by 

subcutaneously injection at neck for 2 times, 3 weeks interval. Each chicken was challenged with 108

cfu/mL for 400 L of homologous isolate of H. paragallinarum at 4 weeks after second vaccination by 

nasal route. Sera were collected and antibody titers were tested by hemagglutination inhibition test. The 

results revealed that the oil adjuvant vaccine provided the antibody significantly faster than the other 

groups (p<0.05). The average antibody titers of vaccinated group with oil adjuvant vaccine were higher 

than that of the vaccinated group with gel adjuvant vaccine. Protective ability of vaccines by infra-orbital 

sinus swab after 5 days post challenge was performed. The vaccines prepared by oil adjuvant and 

aluminium hydroxide gel adjuvant could protect all chicken after challenge. No chicken in both groups 

were found facial edema and serous nasal discharge. Moreover, no bacteria had been isolated from the 

infra-orbital sinuses of chicken in both groups either high or low antibody titers. In contrary to the 

positive control group, facial edema and serous nasal discharge had been found and bacteria could be 

isolated from all chickens in this group.
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  1 

1.1

 infectious coryza Haemophilus paragallinarum
 2005 Avibacterium paragallinarum (Blackall et al., 2005) 

 0.4-0.8  1-3 

 5%  V-factors (nicotinamide adenine dinucleotide)  (Blackall, 

1999)

5

 ( , 2536) 

 (10-40%) 

(Terzolo et al., 1993) 

 A  C (Jacobs et 

al., 1992)  Page scheme  (cross protection) 

 bivalent 

vaccine (  A+C)  trivalent vaccine (  A+B+C)  B 

 (Jacobs et al., 1992) 

 Page scheme  Kume scheme 

 A  C  4 

Sariano  (2004)  4  A  4      

 C 

 vaccine strain  field strain  



                                    

 (adjuvant)  aluminium 

hydroxide gel, mineral oil  saponin 

 aluminium hydroxide gel adjuvant vaccine 

 (Morein et al., 1996)  (local 

reaction)  oil adjuvant  (swelling) 

(granuloma)  (Reid and Blackall, 1986) oil adjuvant vaccine 

(boosting)  antigen 

presenting macrophage  aluminium hydroxide 

gel adjuvant vaccine (Deguchi et al., 1998; Fukanoki et al., 2000; Morien et al., 1996) 

 Blackall (1980)  Reid  Blackall (1986) 

 Reid  Blackall (1987) 

 Jacobs  (1992) 

 mineral oil 

H. paragallinarum  ( , 2528) 

1.2

1.2.1  autogenous killed vaccine H.  paragallinarum
 (commercial vaccine) 

1.2.2  mineral oil adjuvant  aluminium 

hydroxide gel adjuvant 

2



                                    

1.3

1

2

1.4

H. paragallinarum

 2  (mineral oil)  (aluminium hydroxide gel) 

- H. paragallinarum 
 hemagglutination inhibition test

-

3



                                    

  2 

2.1 H. paragallinarum

 infectious coryza 

Haemophilus paragallinarum Avibacterium
paragallinarum (Blackall et al., 2005) . . 1930 

Haemophilus gallinarum  X-(hemin)  V-

(nicotinamide adenine dinucleotide : NAD) factor  1962 Page 

 (Blackall, 1999)  isolate  V-

factor H. paragallinarum (Blackall, 1999) 

 X-factor  porphyrin -

aminolevulinic acid (ALA)  prophyrin test  X-factor 

ALA  porphyrin   (Muller and Hinz, 1978)  1992 Mouahid 

H. paragallinarum  V-factor  NAD-independent 

 V-factor  NAD-dependent  2005 Blackall 

 phenotype  genotype  H. paragallinarum 
Avibacterium  paragallinarum 

 (10-40%) 

(Blackall, 1999)  (  30-70%) 

 (2-6%) 

 5 

 4  ( , 2536) 



                                    

 (Blackall et al., 1997) 

2.2

H. paragallinarum
 (coccobacilli)  1-3 

 0.4-0.8  NAD 

anaerobe  5-7% 

 24-45  37  6 

 4  2 

 6-7  12-48 

 -20  -70 

(lyophilization)  H. paragallinarum  hemagglutinins 

(Yamaguchi et al., 1993),  (Sawata et al., 1985),  haemosin (Terry et al., 2003), 

 (Mena-Rojas et al., 2004)  NAD-independent (Bragg, 2002; Taole et al., 

2002)

 1-6 

 (Blackall et 

al., 1997) 

 24-48  (Reid and Blackall, 

1984)  24-72 

5



                                    

 2-3 

 2  (Sato 

and Shifrine, 1964) 

2.3

H. paragallinarum
 2-3 

 1-7 

 (swab) 

 (blood agar) 

 37  5% 

Staphylococcus epidermidis (Page, 1962) S. aureus S.  hyicus (Blackall and 

Reid, 1982)  H. paragallinarum -

 H. paragallinarum
 satellite colonies 

H. paragallinarum  (Chen et al., 1996)  6 

 PCR  HPG-2PCR 

 (Chen et al., 

1996)  HPG-2PCR 

 HPG-2PCR 

 4  -20  180  (Chen et al., 

1998)

H. paragallinarum  avian hemophilus 

H. paragallinarum

6



                                    

 V-factor H. avium (Reid and Blackall, 1984) 

H. paragallinarum

H. paragallinarum  2  Page scheme  Kume scheme 

 Page scheme  3  A, B  C  (slide agglutination 

test) (Page, 1962)  Kume scheme  Hemagglutination inhibition (HI) test 

 hemagglutinin 

(Hobb et al., 2002)  7  3  I, II  III (Kume et 

al., 1983)  Blackall  (1990)  Kume scheme  Kume  I, II 

III  Page  A, C  B  Kume  A  

 A-1, A-2, A-3  A-4 Kume  B  B-1  Kume  C 

C-1, C-2, C-3  C-4  Hemagglutination 

inhibition test  monoclonal antibody 

H. paragallinarum

2.4

 A  C (Jacobs et al., 1992) 

bivalent vaccine (  A+C)  trivalent vaccine (  A+B+C) 

 B  (Jacobs et al., 1992)  Soriano 

(2004)  9  Kume scheme 

 (cross protection) 

 A 

 C (  A-4 

 A-2 )  C  (Sariano 

et al., 2004)  A-1 

 (adjuvant)  aluminium 

hydroxide gel, mineral oil  saponin (Jacobs and van der Werf, 2000) 

7



                                    

 aluminium hydroxide gel 

 (Morein et al., 1996) 

 (local reaction)  mineral oil 

 (granuloma)  (Reid and Blackall, 1987)  mineral oil 

 (boosting) 

 antigen presenting macrophage 

 (Deguchi et al., 1998; Fukanoki et al., 2000; Morien et al., 1996) 

 (inactivate)  thimerosal 

 formalin (Blackall and Reid, 1987)

8



                                    

  3 

 120  1  5 

 6  20  (sampling randomization)  (ad libitum)

 15  10  0.6 

3.1 Haemophilus paragallinarum

 1.1 

  1.1.1 

 (cotton swab)  (infraorbital sinus)  streak 

 (blood agar)  plate  Staphylococcus aureus 
 V-factor H. paragallinarum

  1.1.2  (candle jar) 

carbon dioxide  3-5%  37 

 24-48 

  1.1.3  H. paragallinarum  1 

S. aureus
satellite colonies ( , 2528) H. paragallinarum 

 streak S. aureus
 37  24-48 



                                    

 1.2 

  1.2.1 H. paragallinarum  2 

 (chocolate agar) -NAD 0.001% 

V-factor

  1.2.2  37 

 5%  24-48 

 Mist. Desiccans  -70 

  1.3 Haemophilus paragallinarum 

  1.3.1 Haemophilus paragallinarum 

  Colony hemolysis  - 

  Morphology   gram negative rod 

  Nitrate reduced   + 

  Indole    - 

  CO2 requirement   + 

  X-factor requirement  - 

  V-factor requirement  + 

  Delta-ALA utilization  + 

  Catalase    - 

   1.3.1.1  satellite colonies 

 Haemophilus  V-factor S. aureus 
 hemolysis  Gram’s stains 

10



                                    

   1.3.1.2  catalase test 

H. paragallinarum  hydrogen peroxide (catalase -) H. avium 
 catalase + 

   1.3.1.3  porphyrin test  ALA (gamma-

aminolevulinic acid hydrochloride) 0.5 .  microcentrifuge  1.5 .

 37  24 

Kovac’s reagent 1-2 

porphyrin test H. paragallinarum ( H. paragallinarum 
porphyrin test )

  1.3.2  (Polymerase chain reaction; 

PCR)  Oligonucleotide primers  HPG-2 PCR (Chen et al., 1996)  N1 5’ TGA GGG 

TAG TCT TGC ACG CGA AT 3’ , R1 5’ CAA GGT ATC GAT CGT CTC TCT ACT 3’ 

product size  500 base pair

   1.3.2.1 H. paragallinarum
 sterile PBS (pH 7.2)  200 

AccuBlock  Digital Dry Bath (Labnet international, Inc., USA)  98 

5  centrifuge  13,000  5 

 -20 

1.3.2.2 PCR 1 reaction  25 L  PCR Master mix 

10 L (Eppendorf , USA) N1 primer 2 L, R1 primer 2 L, DNA  1 L  H2O 10 L

 negative control Haemophilus paragallinarum strain 221  positive control 

(  N1  R1 primer  10 pmoles/ L)

 1.3.2.3  PCR  cycle  (1)  98 

2  30  (2) 94  1  (3) 65  1  (4) 72  2 

(5)  2 – 4  25  (6)  72  10 

 -20 

 1.3.2.4  PCR product  electrophoresis  0.7% 

agarose gel  TBE  buffer (Chen et al., 1996)  PCR product 10 L

11



                                    

loading buffer (6x/ L) 2 L  100 base-pair ladder (Fermentas, Germany) 3.5 

L  Electrophoresis (Power Pac  Basic, BioRad, USA) 

TBE  buffer  80 volt  30  Ethidium bromide 

 20  band 

 1.4 

 Page scheme (Page, 1962)  3 

 A, B  C  hemagglutination test  hemagglutination inhibition test 

1.4.1 Hemagglutination test :  A 

 fresh chicken Erythrocyte  C  fresh 

chicken Erythrocyte  fixed chicken Erythrocyte 

 1.4.1.1  phosphate buffer saline (PBS; pH 7.2) + 0.1% bovine serum 

albumin (BSA)  microtiter plate 96  50 L H. paragallinarum
 50 L ( )  2-fold dilution 

 50 L

 1.4.1.2  chicken Erythrocyte 1%  50 L  plate 

45

1.4.2 Hemagglutination inhibition test :  antiserum 

 (The Kitasato Institute, Japan)

 1.4.2.1  PBS-BSA  50 L  2-12  antiserum 

 50 L  1, 2  12  12  serum control  2 fold-dilution 

serum  2-11  50 L

 1.4.2.2  4 HA unit/50 L

1-11  plate  30-45 

 1.4.2.3  1% fixed chicken Erythrocyte  50 L  plate 

 45     

12



                                    

 1.4.2.4  antiserum 

3.2

 2.1 

  2.1.1  Mist. Desiccans 

6-7  0.1-0.2 

 24  18 

microcentrifuge tube  S. aureus

2.1.2  isolate  (Jacobs et al., 1992) 

 CMI broth  shaking incubator  37 

 18 

 inactivate  0.01% (v/v) thimerosal  4 

 7  inactivate 

 10,000  4  20 

 PBS (pH 7.2) 3 

 PBS (pH 7.2)  optical density  0.47  wave length 

550 nm  spectrophotometer ( Thermo Spectronic, Genesys 20 ) (  4.2 x 108 CFU/mL) 

 2% aluminium hydroxide gel  25% (v/v) ( , 2538) 

  2.1.3  isolate  5  isolate 

2  1  4 

2.1.4 H. paragallinarum serotype A 

 2.2  monovalent vaccine  2 

  2.2.1  aluminium hydroxide gel ( , 2538) 

13



                                    

   2.2.1.1 

 CMI broth  shaking incubator 37  18 

S. aureus 

2.2.1.2  plate count 

 1  CMI broth  9  ten fold 

dilution  10-1-10-12  dilution  spread 

 5% CO2  37  24  (

, 2536 )  1010 CFU/mL 

 optical density  wave length 550 nm  1.1 

2.2.1.3 inactivate  0.01% (v/v) thimerosal  4 

 7  inactivate 

S. aureus  PBS  PBS+0.01% thimerosal  

 OD  1.1  wave length 550 nm 

   2.2.1.4  2% aluminium hydroxide gel  25% 

(v/v)  4 

  2.2.2  mineral oil (Stone et al., 1978) 

   2.2.2.1  emulsion vaccine  Aqueous phase  oil 

phase  1  4  oil phase  Mineral oil : Oil-phase emulsifier  15:1 

 aqueous phase  kill bacteria : aqueous-phase emulsifier 3.872:0.128 

   2.2.2.2  2.2.1.3  19.36 

Tween 80 (polysorbate 80)  0.64  magnetic stirrer

 aqueous phase  20 

   2.2.2.3  mineral oil (Sigma-Aldrich Corp., USA)  75 

 span 80 (sorbitan monooleate)  5  Erlenmeyer flask 

magnetic stirrer  oil phase  80 

14



                                    

   2.2.2.4  aqueous phase  20  oil phase 

 magnetic stirrer  5 

   2.2.2.5 

 2  5  (Sharp) 

   2.2.2.6  mineral oil  4 

 2.3 

  2.3.1 

            Stone  (1978) 

 1  (Costar  Stripette, CORNING) 

 0.4  0.5  0.9  3 

 (  25 )

 aluminium hydroxide gel 

mineral oil 

  2.3.2 

 Stone (1991)  mineral oil 

 4, 25  37 

 ( )

2.3.3

 Stone (1997) 

 4  10 

 7 

 granuloma 

15



                                    

3.3

 5  120  6  20 

 1  (monovalent serotype A) 

mineral oil  1010 CFU/mL  0.5 

 0.5  3  (  8 )

 2  (monovalent serotype A) 

aluminium hydroxide gel  1010 CFU/mL  0.5 

 0.5  3  (  8 )

 3  (trivalent)  mineral oil 

 0.5  0.5  3 

 (  8 )

 4  (trivalent)  aluminium hydroxide gel 

 0.5  0.5 

 3  (  8 )

 5  (positive control) 

 6  (negative control) 

3.4  (Haemophilus paragallinarum serotype A challenge) 

 4.1 H. paragallinarum serotype A 

 2  4  (  12 )

 Jacobs  (1992) 

 4.2  stock -70  egg yolk 

6-7  24  (Reid and 

Blackall, 1986)  microcentrifuge 1.5 

S. aureus 

16



 4.3  CMI broth  shaker incubator  37 

 18 

 broth  centrifuge  10,000  4 

 20  broth  pellet  CMI broth 

 108 CFU/mL  spectrophotometer (optical density 

0.47  wave length 550 )  CMI broth 

 4.4  1-5  2 

 200  6  negative control 

3.5

    vaccination 1st                   vaccination 2nd                         challenge HI 6th, BC 2nd

           5 w.                                  8 w.                                               12 w.         13 w. 3 d 

           5 w.                                    8 w.                    10 w.              12 w.  12 w. 5 d        14 w. 1d 

          HI 1st                           HI 2nd             HI 3rd       HI 4th HI 5th, BC 1th HI 7th, BC 3rd

* HI = hemagglutination inhibition test BC = bacterial culture 

 5.1  HI test 

  5.1.1 

 (  5 )  3  (  8 

)  2  (  10 )  10 

 (  12 )  label 

 5 (  12  5 ), 10 (  13 

 3 )  6  15 (  14  1 )

17



                                    

5.1.2  antigen Haemophilus paragallinarum serotype A

5.1.2.1 H. paragallinarum strain 221 (serotype A)  reference 

strain ( )  -70 

 6-7  CMI broth  shaker incubator  37 

 18 

5.1.2.2  centrifuge  10,000 

 4  15  PBS  0.01% (v/v) 

thimerosal  PBS  centrifuge  10,000 

 4  15 

5.1.2.3  PBS  0.01% (v/v) thimerosal  3 

 PBS  0.01% (v/v) thimerosal  optical density  1.6  wave length 650 

 spectrophotometer (Soriano et al., 2001) 

5.1.2.4  4  5 

serum  inactivate  (  inactivate 

 4 )

5.1.3  antigen Haemophilus paragallinarum serotype C

 5.1.3.1 H. paragallinarum strain Modesto (serotype C) 

reference strain ( )  -70 

 6-7  CMI broth  shaker incubator  37 

 18 

5.1.3.2  centrifuge  10,000 

 4  20  PBS (pH 7.2) 

 PBS  centrifuge  10,000  4 

 20  KSCN-Saline solution (0.5 M KSCN + 0.425 M 

NaCl ; pH 6.3)  optical density 1.6  650 

stirrer  2  4  centrifuge tube 15 

18



                                    

sonicate  4  40  ( Program : pulse on 40 off 10, Ampl 40% ) 2  (Vibra cell ,

Sonics ) 

5.1.3.3  PBS  0.01% (v/v) thimerosal  3 

 PBS  0.01% (v/v) thimerosal  optical density  1.6  wave length 650 

 spectrophotometer  4 

5.1.4

 5.1.4.1  4,000  10 

 10% fixed chicken Erythrocyte  1:5 (  200 L  10% fixed 

chicken Erythrocyte 800 L)  2 

 4  18 

 1 

5.1.4.2  4,000  10 

 microcentrifuge 1.5  4  HI test 

 1:5

5.1.5  HI test 

 5.1.5.1  antigen reference  A  5.1.2 

hemagglutination test  microtiter plate 96  antigen 

4 HA unit  50 L  PBS + 0.1% BSA 

 5.1.5.2  PBS + 0.1% BSA  2  12  50 

L  non-specific hemagglutinin  10% fixed chicken Erythrocyte 

 1, 2  12  50 L  two-fold dilution  2 

 10  50 L  11  antigen control  12 

 serum control 

 5.1.5.3  antigen  4 HA unit/ 50 L  1 – 11 

 50 L  30 – 45  1% fixed chicken 

Erythrocyte  30 

19



                                    

5.2

  5.2.1  5, 10  15  5  10  6 

 15 

5.2.2  aseptic technique  cotton swab 

S. aureus  37 

 24 – 48 

5.2.3 H. paragallinarum
S. aureus

 satellite colonies 

3.6

 SPSS for windows version 12.0 

 6.1 :  Analysis of 

Variance (ANOVA)  Duncan’s multiple range test 

 95 

 6.2 H. paragallinarum:

 Chi-square  95 

 6.3 :  Analysis of 

Variance (ANOVA)  Duncan’s multiple range test 

 95 

3.7

20



                                    

 7.1 

 7.2 H. paragallinarum

 7.3 

 7.4 

21



                                    

  4 

4.1

Haemophilus paragallinarum  9 

 -70 

 satellite 

growth Staphylococcus aureus
S. aureus  hemolysis 

 catalase, urease, porphyrin test  indole test 

 H. paragallinarum  4  4 

 (polymerase chain reaction)  isolate  11 

 221 

 4

 1 H. paragallinarum 

Number

A12

CU17

CM2

IR1

 4 

 antiserum A  C (The kitasato Institute) 

 1  3 

H. paragallinarum serotype A  3  4 



                                    

 serotype A 

 1:80  challenge 

 3 

4.2

1.1

 mineral oil 

(p<0.05)  mineral oil 

 (  2) 

 2  (MEAN SE)  

 ( )

 1  2  3 
MEAN SE 

 mineral oil 

 mineral oil 

Mineral oil

Aluminium hydroxide gel 

2.37

0.67

0.69

0.65

1.60

0.71

2.27

0.69

0.64

0.60

1.63

0.76

2.30

0.61

0.67

0.68

1.53

0.64

2.313 0.029a

0.667 0.015b

0.657 0.024b

0.643 0.023b

1.587 0.029c

0.703 0.035b

*  25 

a-c  (p<0.05)  

23



                                    

1.2

 mineral oil  4, 25  37 

mineral oil  mineral oil  (  3) 

 3 

 ( )

4 C 25 C 37 C

 mineral oil

mineral oil 

 16 

 16 

 16 

 16 

 16 

 16 

1.3

 1, 3 

5

 granuloma 

 mineral oil 

 mineral oil  90% 

100%  3  40% 

 5  granuloma 

 (  4) 

24



                                    

 4 

( / )

1 3 5

 mineral oil 

 mineral oil 

9/10

10/10 

0/10

0/10

4/10

4/10

0/10

0/10

0/10

0/10

0/10

0/10

*  granuloma 

4.3 H. paragallinarum serotype A 

 HI titer  5  2  4  (

 7)  3  mineral 

oil  (p<0.05)  23.5 4.72

 3.0 1.53

 2  2 

 (p<0.05) 

 (p<0.05)  182 77.54

 <5.0 

 4  2 

 mineral oil  86.58 26.17

 2 

25



                                                      
                                    

 2  61 16.99

mineral oil 

(p<0.05)  28.5 5.67  23.5 15.75

 H. paragallinarum
 2  2 

26



27

 ( )

5w.

(1st vaccination) 

8 w.

(2nd vaccination) 

10 w. 12 w.

(challenge)

12 w. 5 d.

(5 DPI) 

13 w. 3 d.

(10 DPI) 

14 w. 1 d.

(15 DPI) 

1

2

3

4

5

6

<5 0.0

<5 0.0

<5 0.0

<5 0.0

<5 0.0

<5 0.0

23.5  4.72a

<5 0.0b

<5 0.0b

3.0  1.53b

<5 0.0b

<5 0.0b

82  18.73a,b

34  15.72 a

115.5  65.99a,b

182  77.54b

<5 0.0 a

<5 0.0 a

28.5  5.67 a,c

23.5  15.75 a,c

86.58  26.17b

61  16.99 b,c

<5 0.0 a

<5 0.0 a

25.83  6.64

15  5.48

44.17  24.17

48.33  23.44

<5 0.0

<5 0.0

30  10.95 a

17.5  5.12 a

106.67  24.59 b

373.33  53.33 c

<5 0.0 a

<5 0.0 a

33.75  7.78 a,c

35.71  12.12 a,c

277.14  171.74 a,c

731.43  151.62 b

<5 0.0 a

<5 0.0 a

n 5 10 10 19D/20 6 6 7 E /8

A)  HI titer <5 0
B) a-d (p<0.05)
C)DPI = day post infection     D)  3  1      E)  2  4  1 

*  :  1  mineral oil  2  3  mineral oil  4  5 

 6 

 5  antibody titer  Haemophilus paragallinarum serotype A (HI antibody titer)  mean S.E.



                                    

4.4

 2  4  1-5 

 1  2  5, 10 

15  3  5 

 8  20 

 7 

 mineral oil 4 

6  1  6  (  5)

 100% 

 mineral oil  5 

 5  6  83.33%  4 

 5  2  6  33.33% 

 1 

 100% (  5) 

 10 

66.67% (4  6 )

 16.67% (1  6 )

 15 

 1  8  12.5% 

H. paragallinarum  2, 3  4 

 (  1 )
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 1  HI titer (mean)  1  HI titer (mean) 

 2  H. paragallinarum

* : 1 mineral oil 2 3  mineral oil

4 5 6

0
1
2
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4
5
6
7

5 DPI 10 15 DPI
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2nd vac. 
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5 6
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30

 6 H. paragallinarum  5, 10  15

/

5 DPI 10 DPI 15 DPI Clinical

sign

(3 DPI)
Mucus in 

sinuses

Haemophili

in sinuses 

Protection

rate (%) 

Mucus in

sinuses

li

 

Protection

rate (%) 

Mucus in 

sinuses

Haemophili

in sinuses 

Protection

rate (%) 

1

2

3

4

5

6

0/20

0/20

0/19

0/20

8/20

0/20

0/6

0/6

4/6

1/6

6/6

0/6

0/6

0/6

5/6

2/6

6/6

0/6

100%

100%

16.67%

66.67%

0%

100%

0/6

0/6

0/6

0/6

3/6

0/6

100%

100%

100%

83.33%

33.33%

100%

0/8

0/7

0/7

0/7

0/8

0/8

0/8

0/7

0/7

0/7

1/8

0/8

100%

100%

100%

100%

87.5%

100%

A) DPI = day post infection

B)  2, 3  4  1 

C)  :  1  mineral oil  2  3  mineral oil

 4  5  6 
 Haemophi

in sinuses

0/6

0/6

0/6

1/6

4/6

0/6



4.5
H. paragallinarum 

 5  mineral oil 

 challenge 

 5  100% 

 (

 8) 
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  5 

Haemophilus paragallinarum serotype A 

 Haemophilus paragallinarum  biochemical test  PCR 

 mineral oil 

 mineral oil  3.5 

 mineral oil 

 mineral oil  mineral oil 

 mineral oil 

mineral oil 

 mineral oil H. paragallinarum
 granuloma 

 (Blackall et al., 1991; Deguchi et al., 1998; Fukanoshi et al., 2000; Reid and Blackall, 



                                    

1986)  mineral oil 

 1  3 

 mineral oil 

 granuloma  1-2 

 Deguchi  (1998) 

 mineral oil H. paragallinarum
 mineral oil 

 mineral oil 

 3 

 3  mineral oil 

 Morein  (1996)  aluminium hydroxide 

gel  oil 

 mineral oil 

 2  2 

 mineral oil 

mineral oil 

Fukanoki  (2000) 

 aqueous phase 
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mineral oil 

Fukanoki  (2000)  Jacobs  (1992) 

 Blackall (1980)  Reid  Blackall (1986) 

 mineral oil 

 mineral oil 

H. paragallinarum serotype A  homologous 

 mineral oil 

 100% 

(Soriano et al., 2004) 

serovar (  Kume scheme) 

serovar  (Soriano et al., 2004; Terzolo et al., 

1992)  serovar  (Soriano et al., 

2004)  (

 2538; Bragg, 2002; Bragg, 2005; Mouahid et al., 1991) 

 mineral oil 

 mineral oil  16.67% 

 66.67%  Reid  Blackall (1987) 

 mineral oil  Coetzee  (1982) 

 Jacobs (1992)  mineral oil 

 5 
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(  2538; Soriano et al., 2004) 

 mineral oil 

 serovar 

 DNA sequence 
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PBS (Phosphate Buffered Saline) pH 7.2     1

NaCl   8  

KCl   0.2   

Na2HPO4  1.44  

KH2PO4   0.25  

Distilled water add to 1,000  

 (autoclave)  121  15 

PBS-BSA (Phosphate Buffered Saline-Bovine Serum Albumin)  1 

Na2HPO4-2H2O   0.45  

NaH2PO4-12H2O  2.53  

NaCl    8  

Bovine serum albumin  1  

NaN3    4  

Distilled water add to  1,000  

 pH  6.9-7.1 

millipore 0.45  2-5 

*  1 

Mist. Desiccans 
A. horse serum   300 

(sterile  millipore 0.45 )

B. glucose   30 

     Soy peptone   1.3  

     Distilled water add to  100 

(sterile  (autoclave)  121  15 )

 A  B  A : B  30 : 10
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Alsever’s solution   1

Dextrose   20.5  

Sodium citrate   8  

Citric acid   0.55   

NaCl    4.2  

Distilled water add to  1,000  

 (autoclave)  121 

 10 

Blood agar   500

Blood agar base (OXOID , England)   40  

Distilled water add to     500  

Sheep blood      25  

 blood agar base 

(autoclave)  121  15 

 45  petri 

dish

Chocolate agar (contain 0.001% -NAD)   500

TSA (tryptic soya agar; OXOID , England)  40  

Distilled water add to     500  

Sheep blood      25  

0.1% -NAD      5  

 TSA  (autoclave) 

121  15  65 

 water bath  80 

 5  30  45 

 0.1% -NAD  petri dish 

***  0.1% -NAD (Merck)     100

-NAD(Nicotinamide adenine dinucleotide free acid) 100 
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 Distilled water add to     100 

-NAD  millipore 0.45 

 5  -20 

CMI broth (chicken meat infusion broth)   500

1.chicken meat infusionA    90%  450 

2. Vitamin assay casamino acid (difco,USA) 0.5%  2.5 

3. Bacto-soytone (difco,USA)   0.5%  2.5 

4. NaCl       0.5%  2.5 

5. chicken serumB    5%  25 

6. Fresh yeast extractC    5%  25 

7. -NADD    10  media 100

 1-4  pH  7.0  10% NaOH 

 (autoclave)  121  15 

 40 5-7  4 

A chicken meat infusion

 1  2 

 4  1 

 45 

 whatman (no.1) 2  millipore  0.45 

 –20 
B Chicken serum

 millipore  0.45 

 inactivate  water bath  56 

 30  –20 
C Fresh yeast extract

 500  1.5 

 water bath 100  30 

5,000  10  whatman (no. 1) 

millipore  0.45  –20 
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D -NAD

-NAD 100  10  millipore  0.45 

 5  –20 

Fresh chicken Erythrocyte 10%  100 

Alsever’s solution   30 

PBS     500 

Chicken blood    30  

 30 ( )  Alsever’s solution 30 

 1,800  7  4 

 buffy coat  PBS  1,800  7  3 

 2,000  10  PBS 

 10%  dilute  PBS  1% fresh Erythrocyte 

Fixed chicken Erythrocyte 10%     100 

Alsever’s solution   30 

PBS     500 

Chicken blood    30 

Glutaraldehyde    4 

1% thimerosal    1 

 30 ( )  Alsever’s solution 30 

 1,800  7  4 

 buffy coat  PBS  1,800  7  2 

 2,000  10  PBS 

 10%  4% glutaraldehyde  4  (glutaraldehyde 4 

+PBS 96 )  1:1  sterrier  4 

 18-24  1,000  10  4 

 PBS  2,000  10  2 
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 PBS  10%  1% thimerosal  1 

 thimerosal  0.01%  dilute 

 1% 
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Porphyrin test :  X-factor

:  x-factor  ALA  porphyrin precursor 

 porphyrin (  intermediate  haemin biosynthetic pathway) 

A. 2 mM  delta-aminolevulinic acid hydrochloride (ALA) (Sigma)   

B. 0.8 mM  MgSO4

C. 0.1 M phosphate buffer pH 6.9 

D. Kovac’s reagent      1-2 

 A-C  0.5  microcentrifuge tube 

 chocolate agar  37 

 Kovac’s reagent  1-2  (

 porphyrin  x-factor)   

Indole test 
A. 0.1% L-tryptophan 

B. 0.05M phosphate buffer pH 6.8 

C. Kovac’s reagent      1-2 

 A  B  chocolate agar 

 37  4  Kovac’s reagent  1-2 

Urease test 
KH2PO4     0.1 

K2HPO4     0.1 

NaCl     0.5 

0.2% phenol red    0.5 

 (  phenol red crystal 0.2  1 N NaOH  distilled water 92 

)

Distilled water add to   100 
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 pH  7.0  5 N NaOH 

 (autoclave)  121  15 

 20% urea solution (  millipore  0.45 

 chocolate agar 

37  4 

Catalase test 

3% H2O2

 chocolate agar  3% H2O2  1 

Gram’s stain 
Glass slide    Distilled water 

Gentian violet    Gram Iodine 

Decolorized alcohol   Safranin 

 slide  1  sterile loop  1 colony 

 slide  slide  gram’s stain 

 gentian violet 1  gram iodine 1 

 decolorized alcohol 15  safranin 1 

 slide 
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 3 H. paragallinarum  11 

 4 H. paragallinarum 
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 5  satellite colonies H. paragallinarum

 6  HI antibody titer

50



500 base pair 

 7  Hemagglutinin gene  PCR 

 8 ( )
( )

51



 9  1  mineral oil 
 aluminium hydroxide gel 
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 7 H. paragallinarum 
 1  2  3  4  5  6 

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00

5 w

0.00 0.00 0.00 0.00 0.00 0.00

40 0.00 0.00 0.00 0.00 0.00

40 0.00 0.00 10 0.00 0.00

20 0.00 0.00 0.00 0.00 0.00

10 0.00 0.00 0.00 0.00 0.00

10 0.00 0.00 0.00 0.00 0.00

20 0.00 0.00 0.00 0.00 0.00

40 0.00 0.00 0.00 0.00 0.00

40 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 10 0.00 0.00

8 w 

10 0.00 0.00 10 0.00 0.00

20 20 0.00 40 0.00 0.00

160 10 80 640 0.00 0.00

20 20 10 640 0.00 0.00

160 160 5 0.00 0.00 0.00

80 10 0.00 80 0.00 0.00

20 20 0.00 20 0.00 0.00

80 0.00 80 160 0.00 0.00

80 20 320 80 0.00 0.00

40 80 20 80 0.00 0.00

10 w 

160 0.00 640 80 0.00 0.00

 :  1  mineral oil   2  3  mineral oil 

 4  5  6 
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 7 H. paragallinarum ( )
 1  2  3  4  5  6 

5 10 20 40 0.00 0.00

40 0.00 80 20 0.00 0.00

80 40 80 0.00 0.00 0.00

80 5 10 160 0.00 0.00

10 5 40 80 0.00 0.00

20 20 20 40 0.00 0.00

10 0.00 320 160 0.00 0.00

20 0.00 5 20 0.00 0.00

0.00 5 40 5 0.00 0.00

40 20 0.00 5 0.00 0.00

20 0.00 320 40 0.00 0.00

5 5 20 40 0.00 0.00

10 320 10 10 0.00 0.00

20 10 160 80 0.00 0.00

40 5 320 80 0.00 0.00

20 0.00 20 320 0.00 0.00

40 10 160 20 0.00 0.00

10 0.00 20 40 0.00 0.00

80 5 0.00 20 0.00 0.00

12 w 

20 10 40 0.00 0.00

40 5 40 0.00 0.00 0.00

20 40 5 40 0.00 0.00

5 20 40 10 0.00 0.00

40 10 0.00 40 0.00 0.00

40 10 20 40 0.00 0.00

12 w 5 d 

10 5 160 160 0.00 0.00
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 7 H. paragallinarum ( )
 1  2  3  4  5  6 

80 10 160 320 0.00 0.00

40 5 40 320 0.00 0.00

10 10 160 320 0.00 0.00

20 20 40 320 0.00 0.00

10 40 160 640 0.00 0.00

13 w 3 d 

20 20 80 320 0.00 0.00

20 40 320 640 0.00 0.00

20 80 40 1280 0.00 0.00

40 20 40 1280 0.00 0.00

40 10 160 640 0.00 0.00

10 10 1280 320 0.00 0.00

20 80 80 640 0.00 0.00

40 10 20 320 0.00 0.00

14 w 1 d 

80 0.00 0.00
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