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To study the similarity among Bordetella avium isolates in China, antigens and 
diagnostic antiserum of 22 B. avium isolates were prepared for serotyping, and a set 
of 20 commercially available primers was screened out to identify suitable primers 
for random amplified polymorphic DNA fingerprinting (RAPD) analysis in this 
study. Twenty-two B. avium isolates were divided into two serovars (A and B) 
based on their reaction in the plate-agglutination test. Four primers R1, R2, R4 and 
R10 resulted in informative fingerprints and were used to evaluate the B. avium 
isolates. Based on their RAPD patterns, a dendrogram allowed the separation of the 
B. avium isolates into six genetic similarity clusters. However, no direct correlation 
was observed between serotypes and RAPD typing among the isolates. 
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INTRODUCTION 

 
B. pertussis, B. parapertussis, B. bronchiseptica and 

B. avium are all members of the genus Bordetella, which 
can cause upper respiratory diseases with similar tracheal 
lesions and outward symptoms (Spears et al., 2003). They 
are close phenotypically, possess common antigens and 
share a high degree of DNA similarity. Among all the 
medically important species of Bordetella, B. avium has 
the least virulence factors. A phylogenetic analysis based 
on 16S rRNA genes proved that B. avium is most distantly 
related to all other Bordetella species (Sebaihia et al., 
2006).  

B. avium is the etiologic agent of coryza or 
rhinotracheitis in poultry, including turkeys, chickens, 
finches, budgerigars, noble macaws, Japanese quails and 
ostriches, etc. (Raffel et al., 2002; Odugbo et al., 2006). 
Human cases of respiratory disease associated with B. 
avium have only recently been reported in patients with 
chronic obstructive pulmonary disease (Spilker et al., 
2008; Harrington et al., 2009). 

Many aspects of the biology of B. avium have been 
studied, including colony morphology, biochemical 
characterization, hemagglutination, dermonecrotic toxin, 
and tracheal cytotoxin, etc. (Jackwood et al., 1991; 
Gentry-Weeks et al., 1992; Kirby et al., 2004; Temple et 
al., 2010; Loker et al., 2011). Serotyping based on antigen 
differences is a very useful epidemiologic tool in 

etiological research; however, it has not been used in B. 
avium isolates. Although a number of molecular methods, 
such as restriction enzyme analysis (REA), random 
amplified polymorphic DNA (RAPD) fingerprinting, 
ribotyping and macro-restriction analysis by pulsed-field 
gel electrophoresis (PFGE) have been used to study 
differences in epidemiology among different isolates of 
bacteria (Wulff et al., 2006; Morandi et al., 2010), only 
REA and ribotyping have been used to distinguish isolates 
of B. avium from B. hinzii (Sacco et al., 2000). Typing 
and differentiating inter- and intraspecies differences are 
of great importance for veterinary diagnostic laboratories. 
Compared to other important members of Bordetella 
(Shin et al., 2007), reports regarding serotyping and 
genetic typing of B. avium are scarce. 

Previous reports indicated that REA fingerprints 
depend on the enzyme used, and some fragments were too 
large to be resolved under the conditions used(Shin et al., 
2007). Similar conditions were related to PFGE where 
some isolates could not be typed by PFGE in spite of the 
formaldehyde step (Leclair et al., 2006). As a genotyping 
method, RAPD has been used to study the genetic 
relatedness of many other bacteria isolates, but its 
usefulness in genotyping of B. avium remains unknown. 
Based on the whole genome analysis, the main advantages 
of RAPD lay in its rapidity and applicability to any 
organism without prior information on the nucleotide 
sequence. 
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The purpose of this study was to evaluate the 
serological differences through plate agglutination test 
and genetic diversity among B. avium isolates by RAPD 
analysis, at the same time, to compare the differences 
between the two methods in classifying B. avium isolates 
in China.  

 
MATERIALS AND METHODS 

 
Bacterial isolates: Twenty-two B. avium isolates from 
different years were evaluated in this study. The origin, 
source, and date of isolation of them are presented in 
Table 1. All isolates were identified as B. avium using 
standard methods, including colony morphology, Gram 
staining, hemagglutination, plate-agglutination test and 
biochemical tests. They were stored at -70℃ until used. 
 
Table 1: B. avium isolates included in this study 

Isolates Time of  
isolation Host Geographic origin 

Ba1 1991.07 Chicken Taian, China 
Ba2 1992.10 Chicken Taian, China 
Ba3 1993.09 Chicken Taian, China 
Ba4 1994.11 Chicken Taian, China 
Ba5 1994.11 Chicken Qufu, China 
Ba6 1994.11 Chicken Taian, China 
Ba7 2000.12 Chicken Feicheng, China 
Ba8 2002.07 Chicken Guanxian, China 
Ba9 1992.06 Pheasant Taian, China 
Ba10 1992.03 Duck Feicheng, China 
Ba11 2001.09 Chicken Feicheng, China 
Ba12 2001.05 Chicken Jining, China 
Ba13 2002.10 Chicken Zibo, China 
Ba14 2004.09 Chick Embryo Taian, China 
Ba15 2007.10 Chick Embryo Weifang, China 
Ba16 2008.09 Chicken Dongping, China 
Ba17 2009.06 Chick Embryo Laoling, China 
Ba18 2009.10 Chick Embryo Muping, China 
Ba19 2009.10 Chick Embryo Weifang, China 
Ba20 2009.11 Chicken Heze, China 
Ba21 2010.07 Chick Embryo Anqiu, China 
Ba22 2010.09 Chick Embryo Pingyuan, China 

 
Preparation of antigens: B. avium isolates (22) were 
grown on the Bordet-Gengou (BG) agar (Difco, USA) 
plate, containing 5% defibrinated sheep blood, incubated 
at 37°C for 24 h, then harvested with sterilized phosphate-
buffered saline (PBS) solution (pH 7.4) and adjusted to a 
concentration of 3.0×109 CFU/ml. Formalin was added to 
the suspensions to a final concentration of 0.3% and 
incubated at 37°C for 18 h again. Bacterial cells were 
pelleted by centrifugation at 6000 r/min for 15 min, and 
washed 3 times with PBS. After stained with crystal 
violet, the suspensions were diluted to the original 
concentration and stored at 4°C. 
 
Preparation of antiserum: The 22 B. avium isolates were 
cultured, harvested and inactivated as described above. 
Antisera against B. avium isolates were prepared as 
described previously (Guo et al., 2010). Briefly, 1 ml of 
formalinized-whole-cell (FWC) suspensions and an equal 
volume of Freund’s complete adjuvant were mixed and 
injected into rabbits subcutaneously at three sites of the 
neck and back. Two weeks later, rabbits were 
subcutaneously given 1 ml of FWC suspensions and an 
equal volume of Freund’s incomplete adjuvant, followed 
by two times the dose in two weeks. At last 1 ml of FWC 

suspensions were administered intravenously. Antisera 
were collected four days after the last injection and named 
S1, S2, S3…S21, and S22, respectively.  
 
Serotyping: Antiserum of each B. avium isolate was used 
to cross react with the 22 culture suspensions in a plate-
agglutination test. Based on the titers recorded, all of the 
antisera were absorbed with an equal volume of whole 
cells of isolate which had low titers with the antiserum. If 
the antiserum could still react with their immune isolates 
but not react with the absorbed culture any more after 
absorption, they would be named S’1, S’2, S’3…S’21, 
and S’22 as diagnostic antiserum. They were used to react 
with 22 isolates in a plate-agglutination test for 
serotyping. 
 
RAPD typing: Bacterial isolates were inoculated into 5 
ml of fresh brain heart infusion broth (Difco, USA) and 
incubated at 37°C for 24 h. Genomic DNA from each 
isolate was extracted using a commercially available kit 
(Tiangen, China) according to recommendations of the 
manufacturer as reported previously (Poorbaghi et al., 
2012). DNA concentrations were detected and the 
integrity was checked by electrophoresis in 0.8% agarose 
gel. 

A set of 20 commercially available primers (Oligo 
10-mer; Genscript, China) was screened out to identify 
suitable primers for RAPD analysis of B. avium isolates. 
Primers R1 (TGCCCGTCGT), R2 (CAGGCCCTTC), R4 
(ACGACCGACA), and R10 (CCTTGACGCA) resulted 
in informative fingerprints and were used to evaluate the 
isolates. 

PCR mixtures (25 µl) contained 2.5 µl of 10× enzyme 
assay buffer, 100 µM each of dATP, dCTP, dGTP, and 
dTTP, 2 nM of random primer (10bp), 1.5 mM MgCl2 and 
1.5 U of Taq DNA polymerases. Template concentrations 
were standardized. Reactions were carried out in a thermal 
cycler PCR system FTC-200 (FedBio, England) using the 
following conditions: an initial denaturation for 10 min at 
94°C; 35 cycles of 3 min at 34°C, 1 min at 72°C and 30s 
at 94°C; followed by a final extension of 10 min at 72°C. 
Following PCR, 10 µl of the reaction mixture was 
analyzed by electrophoresis in a 2% agarose gel 
containing 500 ng/ml ethidium bromide. Marker D2000 
was used to determine molecular size. At the same time, a 
negative control (RAPD assay without DNA) was 
performed to check for no spurious amplification.  

As described previously (Kann et al., 2006; Ongor et 
al., 2011; Hryncewicz-Gwóźdź et al., 2011), the agarose 
gels were photographed under UV light using a Bio-
Imaging System MiniBis Pro (DNR, Israel). Then the 
band patterns produced by different primers were 
analyzed using software Cross Checker and NTSYSpc 
2.10e, which were also used to construct a dendrogram of 
the isolates (Najiah et al., 2011). 

 
RESULTS 

 
Serotyping: Extensive cross-reactions were observed 
among 22 B. avium isolates, and the titers varied from 
1:100 to 1:4800. Diagnostic antiserum of S´1, S´5, S´10, 
S´11, S´12, S´13 and S´15 were obtained after absorption. 
S´1, S´5, S´10 and S´15 reacted with isolates Ba1-Ba10 
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and Ba14-Ba22, but not reacted with Ba11, Ba12 and 
Ba13. The S´11, S´12 and S´13 only reacted with Ba11, 
Ba12 and Ba13, not with other isolates. Based on the 
results above, 22 B. avium isolates were divided into two 
serovars: A (Ba1-Ba10 and Ba14-Ba22) and B (Ba11, 
Ba12 and Ba13).  
 
RAPD typing: Both visual and computer analysis showed 
that all of the 22 B. avium isolates tested by RAPD 
generated clear DNA fragment patterns with primers R1, 
R2, R4 and R10 (Fig. 1). DNA fragments from different 
isolates varied from 150 bp to 4000 bp. Based on their 
RAPD patterns, the percentage of similarity among 
isolates was determined using the dice coefficient, and the 
clustering was performed by UPGMA (Fig. 2). The 
maximum similarity among banding patterns obtained 
from 22 B. avium isolates was 0.95, and the minimum 
similarity was 0.54. A dendrogram based on the RAPD 
patterns with primers R1, R2, R4 and R10 allowed the 
separation of the B. avium isolates into genetic similarity 
clusters. 22 B. avium isolates may be allocated into six 
main clusters (-Ⅵ) with the similarity index between the 
isolates within the cluster being 0.69 or higher (Fig. 2). 

 
DISCUSSION 

 
Antiserum used in serotyping was obtained after 

immunization with the whole cells of 22 B. avium isolates. 
Extensive cross-reactions were observed among 22  B. avium  

 

isolates. Except its own antiserum, the isolate also reacted 
with the antisera of the other 21 B. avium isolates. It 
indicated that there were common antigens among 22 B. 
avium isolates as described previously (Sebaihia et al., 
2006), however, the numbers of them were not the same. 
It was further resolved from the titers of the plate-
agglutination test that the antigen components among 
isolates Ba1 to Ba10 and Ba14 to Ba22 were similar, and 
the antigen components between Ba11 to Ba13 were 
homologous.  

After the antiserum was absorbed by the whole cells 
of the same B. avium isolates which have cross-reaction, 
the antibodies to common antigens were eliminated. 
Diagnostic antiserum of S´1, S´5, S´10, S´11, S´12, S´13 
and S´15 were obtained at last. These antisera could 
separate the 22 B. avium isolates from different areas into 
two serotypes, A and B. The plate-agglutination test is an 
accessible serological test. It is rapid, simple and useful 
for serotyping B. avium isolates. And it can also be 
conducted in any diagnostic laboratory as described 
previously (Guo et al., 2010). 

In order to select suitable candidate primers for 
genotyping B. avium isolates, 20 commercially available 
arbitrary primers were screened out. Only four primers 
(R1, R2, R4 and R10) showed informative fingerprints, 
and were further used to evaluate the isolates. These four 
different primers yielded 18, 20, 20, and 17 DNA patterns, 
respectively. The 18 distinct DNA patterns produced by 
R1 had 24 different DNA bands with an average of 6.5 

 
Fig. 1: RAPD patterns of 22 B. avium isolates generated with four primers: A, RAPD patterns generated with primer R1; B, RAPD patterns generated 
with primer R2; C, RAPD patterns generated with primer R4; D, RAPD patterns generated with primer R10. Lane M, DNA marker D2000; Lane N, 
negative control; Lanes 1 to 22, B. avium isolates Ba1 to Ba22. 



Pak Vet J, 2012, 32(4): 552-556. 
 

555

 
 
Fig. 2: Dendrogram of 22 B. avium isolates based on their RAPD patterns. The percentage of similarity among isolates was determined using the dice 
coefficient, and the clustering was performed by UPGMA. 
 
bands each isolate. The 20 distinct DNA patterns 
produced by R2 had 23 different DNA bands with an 
average of 5.96 bands in each isolate. The 20 distinct 
DNA patterns produced by R4 had 20 different DNA 
bands with an average of 8.77 bands each isolate, while 
the 17 distinct DNA patterns produced by R10 had 20 
different DNA bands with an average of 5.36 bands in 
each isolate. 

It has been argued that RAPD procedure had poor 
reproducibility with some primers (Leclair et al., 2006). 
The reason may be due to primers, the criteria for faint 
bands or different experimental conditions. To confirm 
the reproducibility of the method, experimental conditions 
were optimized and remained unchanged when different 
primers were used. Faint bands were considered present 
only when the same band was obtained at least three 
times. Few isolates of those related distantly may vary in 
different clusters when the analysis was performed with 
primers lack of polymorphism. Thus, only primers who 
yield good polymorphism were used for RAPD analysis in 
our study. Though analysis showed some differences, 
there was high similarity among them. B. avium isolates 
may be allocated into similar clusters with the index of 
about 0.7, and the isolates that had close genetic 
relationships were always in the same cluster. By using 
these criteria, the method produced highly reproducible 
results and B. avium isolates may be consistently 
classified into well-defined clusters.  

The results of the dendrogram analysis showed that 
the coefficient of similarity among 22 B. avium isolates 
varied from 0.54 to 0.95. In theory, the same isolate 
should have specific and stable DNA fingerprinting. 
Based on multiple random primers of different sequences, 
it may be possible to evaluate and analyze the whole 
genomic DNA of bacteria without knowing the exact 
sequences. The coefficient of similarity would always be 
1 even using different primers. In our study, single primer 
amplification resulted in a situation of similarity index 
being 1. However, the similarity indexes were all less than 
1 based on comprehensive analysis of the four primers 
used in the experiment. The results indicated that all the 
22 B. avium cultures were isolated from different sources. 
Thus, RAPD typing must be based on the combination of 
profiles produced by multiple primers, not rely on 
polymorphism analysis of a single primer when it was 
used to distinguish different bacterial isolates. 

We analyzed 22 B. avium cultures by RAPD and 
plate-agglutination test (serotyping), and compared the 
results from these two methods. In contrast, RAPD 
analysis reflected the genetic diversity and distance of 
bacterial culture especially when multiple primers were 
used. However, analysis based on serological method 
mainly reflected the changes in antigens. B. avium isolates 
Ba11, Ba12 and Ba13 belonged to serovar B when typed 
with plate-agglutination test. Though isolates of Ba12 and 
Ba13 were always in the same cluster when typed by 
RAPD, Ba11 was only found in another cluster separately. 
The results revealed that RAPD had no ability to 
distinguish all B. avium isolates existing within two 
serotypes. There was no direct correlation observed 
between the RAPD and serological method.  
 
Acknowledgement: This work was supported by grants 
from National Natural Science Foundation of PR China 
(Grant No. 30972183 and 30740077). 

 
REFERENCES 

 

Gentry-Weeks CR, AL Hultsch, SM Kelly, JM Keith and R Curtiss, 1992. 
Cloning and sequencing of a gene encoding a 21-kilodalton outer 
membrane protein from Bordetella avium and expression of the 
gene in Salmonella typhimurium. J Bacteriol, 174: 7729-7742.  

Guo DQ, C Tang, Q Hai, GQ Shao and H Yue, 2010. Development of a 
universal plate-agglutination test for detecting Haemophilus 
parasuis. J Vet Sci, 11: 355-357.  

Harrington AT, JA Castellanos, TM Ziedalski, JE Clarridge III and BT 
Cookson, 2009. Isolation of Bordetella avium and novel Bordetella 
strain from patients with respiratory disease. Emerg Infect Dis, 15: 
72-74. 

Hryncewicz-Gwóźdź A, T Jagielski, A Dobrowolska, JC Szepietowski 
and E Baran, 2011. Identification and differentiation of Trichophyton 
rubrum clinical isolates using PCR-RFLP and RAPD methods. Eur J 
Clin Microbiol Infect Dis, 30: 727-731. 

Jackwood MW, DA Hilt and PA Dunn, 1991. Observations on colonial 
phenotypic variation in Bordetella avium. Avian Dis, 31: 782-786.  

Kann RKC, MT Kyaw-Tanner, JM Seddon, PR Lehrbach, RJG 
Zwijnenberg and J Meers, 2006. Molecular subtyping of feline 
immunodeficiency virus from domestic cats in Australia. Aust Vet 
J, 84:112-116. 

Kirby AE, ND King and TD Connell, 2004. RhuR, an extracytoplasmic 
function sigma factor activator, is essential for heme-dependent 
expression of the outer membrane heme and hemoprotein 
receptor of Bordetella avium. Infect Immun, 72: 896-907.  

Leclair D, F Pagotto, JM Farber, B Cadieux and JW Austin, 2006. 
Comparison of DNA fingerprinting methods for use in 
investigation of type E Botulism outbreaks in the Canadian arctic. J 
Clin Microbiol, 44: 1635-1644. 

Loker SB, LM Temple and A Preston, 2011. The Bordetella avium 
BAV1965-1962 fimbrial locus is regulated by temperature and 



Pak Vet J, 2012, 32(4): 552-556. 
 

556

produces fimbriae involved in adherence to turkey tracheal tissue. 
Infect Immun, 79: 2423-2429. 

Morandi S, M Brasca, R Lodi, L Brusetti, C Andrighetto and A 
Lombardi, 2010. Biochemical profiles, restriction fragment length 
polymorphism (RFLP), random amplified polymorphic DNA 
(RAPD) and multilocus variable number tandem repeat analysis 
(MLVA) for typing Staphylococcus aureus isolated from dairy 
products. Res Vet Sci, 88: 427-435. 

Najiah M, KL Lee, H Noorasikin, M Nadirah and SW Lee, 2011. 
Phenotypic and genotypic characteristics of Mycobacterium 
isolates from fighting fish Betta spp. in Malaysia. Res Vet Sci, 91: 
342-345. 

Odugbo MO, U Musa, SO Ekundayo, PA Okewole and J Esilonu, 2006. 
Bordetella avium infection in chickens and quail in Nigeria: 
preliminary investigations. Vet Res Commun, 30: 1-5.  

Ongor H, R Kalin and MN Acik, 2011. Detection of Mycoplasma 
ovipneumoniae from goats with nasal discharge by culture and 
polymerase chain reaction. Pak Vet J, 31: 244-248. 

Poorbaghi SL, A Mohammadi and K Asasi, 2012. Molecular detection of 
avian infectious bronchitis virus serotypes from clinically suspected 
broiler chicken flocks in Fars province of Iran. Pak Vet J, 32: 93-96. 

Raffel TR, KB Register, SA Marks and L Temple, 2002. Prevalence of 
Bordetella avium infection in selected wild and domesticated birds 
in the eastern USA. J Wildlife Dis, 38: 40-46.  

Sacco RE, KB Register and GE Nordholm, 2000. Restriction enzyme 
analysis and ribotyping distinguish Bordetella avium and Bordetella 
hinzii isolates. Epidemiol Infect, 124: 83-90. 

Sebaihia M, A Preston, DJ Maskell, H Kuzmiak, TD Connell,  ND King, 
PE Orndorff,  DM Miyamoto, NR Thomson, D Harris, A Goble, A 
Lord, L Murphy, MA Quail, S Rutter, R Squares, S Squares, J 
Woodward, J Parkhill and LM Temple, 2006. Comparison of the 
genome sequence of the poultry pathogen Bordetella avium with 
those of B. bronchiseptica, B. pertussis, and B. parapertussis reveals 
extensive diversity in surface structures associated with host 
interaction. J Bacteriol, 188: 6002-6015. 

Shin EK, YS Seo, JH Han and TW Hahn, 2007. Diversity of swine 
Bordetella bronchiseptica isolates evaluated by RAPD analysis and 
PFGE. J Vet Sci, 8: 65-73.  

Spears PA, LM Temple, DM Miyamoto, DJ Maskell and PE Orndorff, 
2003. Unexpected similarities between Bordetella avium and other 
pathogenic bordetellae. Infect Immun, 71: 2591-2597. 

Spilker T, AA Liwienski and JJ Lipuma, 2008. Identification of Bordetella 
spp. in respiratory specimens from individuals with cystic fibrosis. 
Clin Microbiol Infect, 14: 504-506.  

Temple LM, DM Miyamoto, M Mehta, CM Capitini, VS Stetina, HJ 
Barnes,  VL Christensen, JH Horton, PA Spears and PE Orndorff, 
2010. Identification and characterization of two Bordetella avium 
gene products required for hemagglutination. Infect Immun, 78: 
2370-2376.  

Wulff G, L Gram, P Ahrens and BF Vogel, 2006. One group of 
genetically similar Listeria monocytogenes strains frequently 
dominates and persists in several fish slaughter- and smokehouses. 
Appl Environ Microbiol, 72: 4313-4322. 

 


