NOTE  Avian Pathology

Development of a Multiplex PCR and PCR-RFLP Method for Serotyping of

Avibacterium paragallinarum

Ryuichi SAKAMOTOV*, Yoichiro KINO" and Masashi SAKAGUCHIV

The Chemo-Sero-Therapeutic Research Institute, Kikuchi Research Center, 1314—1 Kawabe Kyokushi, Kikuchi, Kumamoto, 8691298,

Japan

(Received 7 July 2011/Accepted 26 September 201 1/Published online in J-STAGE 7 October 2011)

ABSTRACT. Avibacterium (Haemophilus) paragallinarum (A. paragallinarum) is a causative agent of infectious coryza in chickens and is
classified into three serovars by agglutination tests. In an effort to identify the serovars easily, PCR and PCR-RFLP were employed.
As the target gene for PCR, the hypervariable region of HM7p210, which encodes the HA antigen, was used. PCR using primer sets
around the hypervariable region amplified 0.8, 1.1 and 1.6 kbp fragments for serovars A, B and C, respectively. Alternatively, the 1.6
kbp fragments were amplified with another primer pair encompassing the hypervariable region and was subjected to digestion with Bg/
II, which resulted in the detection of serovar-specific digestion patterns. These results indicate that PCR and PCR-RFLP using the hyper-
variable region of HMTp210 are alternative methods to identify the serovar of 4. paragallinarum.
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Avian infectious coryza is an acute respiratory disease
caused by infection with Avibacterium (Haemophilus)
paragallinarum (A. paragallinarum) with clinical symp-
toms such as nasal discharge, swelling of the face and epi-
phora. Infectious coryza has a negative economic impact,
since it leads to a decrease in the breeding rate of poultry,
failure or retardation of egg laying and a decrease in egg
production [1, 2].

Page et al. classified A. paragallinarum into three sero-
vars, A, B and C [10], whereas Sawata et al. classified it into
two serovars, 1 and 2 [11]. Subsequently, Kume et al.
reported that serovar A of Page et al. corresponds to serovar
1 of Sawata et al., whereas serovar C of Page et al. corre-
sponds to serovar 2 of Sawata et al. [7, 12]. Moreover,
Blackall et al. reported that the Kume scheme consists of
serovars A, B and C, which correspond to the Page serovars
of A, B and C [4]. Currently, serovars A and C of 4.
paragallinarum are considered to be the main causative
agents of avian infectious coryza.

To identify the serovar of 4. paragallinarum using the
Page scheme, it is recommended to use hemagglutination-
inhibition (HI) tests [3], the procedures of which are compli-
cated and require the use of fresh chicken erythrocytes or
chicken erythrocytes fixed with glutaraldehyde. On the
other hand, the Kume scheme has not been widely applied,
since it is technically demanding to perform and 9 antisera
(A-1, A-2, A-3, A-4, B-1, C-1, C-2, C-3 and C-4) are
required [4].

Chen et al. reported a PCR test to detect A. paragalli-
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narum [5, 6]. However, the PCR could not identify serovars
A, B and C. Soriano et al. reported that an enterobacterial
repetitive intergenic consensus polymerase chain reaction
(ERIC-PCR) could identify each serovar [13], but it would
not be easy to analyze the results, since ERIC-PCR showed
many patterns even within each serovar. Therefore, we
examined more simplified methods using PCR. The 4.
paragallinarum strains used were as follows: 221, 083, W,
Georgia and Germany (serovar A); Spross and 0222 (sero-
var B); and 53—47, Modesto and HK-1 (serovar C).

HMTp210, an outer membrane protein, is a major protec-
tive antigen of A. paragallinarum [8, 9, 14]. The HMTp210
gene (GenBank accession number: AR303123.1 for serovar
A and AR698445.1 for serovar C) can be divided into three
regions based on the DNA sequence homology (Fig. 1). Wu
et al. reported that regions 1 and 3 are highly conserved
between A. paragallinarum serovars A and C, respectively
[15]. On the other hand, the homology of region 2 is around
50% between serovars A and C. Thus, region 2 seems to be
a serovar-specific region in HMTp210, which is the best
studied antigen for protection against serovars A and C. For
these reasons, we focused on region 2 as the target to iden-
tify the serovars of A. paragallinarum using PCR and PCR-
RFLP methods.

The homology of region 2 was more than 99.8% within
each serovar: 99.9% within serovar A, 100% within serovar
B and 99.8% within serovar C. On the other hand, the
homology of region 2 between the serovar A 221 strain and
serovar B 0222 strain or serovar C 53—47 strain was 50%,
respectively. In contrast to this, the homology between the
serovar B 0222 strain and serovar C 53—47 strain was 98%
(data not shown).

From the analysis, PCR primers were designed as shown
in Table 1 and Fig. 1. Multiplex PCR using primer sets #1—
3 was performed in a total volume of 50 g/ containing 1 x
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Table 1.  Primer sets used for amplification of the DNA fragment
Primer set # Primer Fragmentlength ~ Primer sequence
1 ABC forward 0.8 kbp 5’-GGCTCACAGCTTTATGCAACGAA-3’
A reverse 5’-CGCGGGATTGTTGATTTTGTT-3’
2 ABC forward 1.1 kbp 5’-GGCTCACAGCTTTATGCAACGAA-3’
B reverse 5’-GGTGAATTTCACCACACCAC-3’
3 ABC forward 1.6 kbp 5’-GGCTCACAGCTTTATGCAACGAA-3’
C reverse 5’-TAATTTTCTTATTCCCAGCATCAATACCAT-3’
4 /15-1 forward 1.6 kbp 5’-GATGGCACAATTACATTTACA-3’

/15-1 reverse

5’-ACCTTGAGTGCTAGATGCTGTAGGTGC-3”

HMTp210 ORF (6.1 kb)

Region 1 Region 2 Region 3 |
ABC forward = «= A reverse
ABC forward wpp| | = B reverse
ABC forward = | 4 C reverse

/15-1 forward wp]
[

Fig. 1. Location of primers for PCR.
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Fig.2. Agarose gel electrophoresis of multiplex PCR products
from 10 strains of 4. paragallinarum. Marker (lanes 1 and 12);
221, 083, W, Georgia and Germany (serovar A, lanes 2, 3, 4, 5
and 6); Spross and 0222 (serovar B, lanes 7 and 8); and 5347,
Modesto and HK-1 (serovar C, lanes 9, 10 and 11).

PrimeSTAR buffer (Takara Bio Inc., Shiga, Japan), 0.2 mM
of each ANTP, 0.2 uM of each serovar-specific primer, 1.25
units of PrimeSTAR DNA Taq polymerase (Takara Bio
Inc.) and 100 ng of template DNA. The genomic DNA of A4.
paragallinarum was extracted using a Puregene Yeast/Bact.
Kit (QIAGEN Corp., Tokyo, Japan) according to the manu-
facturer’s instructions. The amplification steps were as fol-
lows: 98°C for 1 min; 30 cycles of 98°C for 10 sec, 56°C for
10 sec and 72°C for 2 min; and a final step at 72°C for 7 min.
The PCR products were analyzed by agarose gel electro-
phoresis.

The results of multiplex PCR are shown in Fig. 2. The

| = 5-1 reverse
I

Restriction fragment length polymorphism (RFLP) pat-
terns of PCR products from 10 strains of A. paragallinarum
after digestion with Bg/ II. Marker (lanes 1 and 12); 221, 083,
W, Georgia and Germany (serovar A, lanes 2, 3, 4, 5 and 6);
Spross and 0222 (serovar B, lanes 7 and 8); and 53—47, Modesto
and HK-1 (serovar C, lanes 9, 10 and 11).

Fig. 3.

sizes of the amplified fragments were 0.8, 1.1 and 1.6 kbp
for serovars A, B and C, respectively. Nonspecific amplifi-
cation was not detected.

In the case of PCR, mutation in the sequences corre-
sponding to the primers may lead to the failure of amplifica-
tion. To overcome this, PCR-RFLP using another primer
pair was developed. First, DNA fragments of approxi-
mately 1.6 kbp were amplified using the #4 primer pair in
Table 1. The amplification steps were as follows: 98°C for
1 min; 30 cycles of 98°C for 10 sec, 55°C for 10 sec and
72°C for 2 min; and a final step at 72°C for 7 min. Then, the
PCR products were digested with the restriction enzyme Bg/
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II, which resulted in three distinct profiles of restriction
fragment length polymorphism (RFLP) for each serovar
(Fig. 3). The PCR products were digested into two bands,
768 and 868 bp in the case of serovar A and 1,284 and 339
bp in the case of serovar C. On the other hand, the PCR
products from serovar B were not digested. These results
indicate that the PCR-RFLP method using the A45-1 primer
pair combined with Bg/ II digestion can identify A.
paragallinarum serovars A, B and C, respectively. How-
ever, the number of strains examined in this study was
small. More strains of 4. paragallinarum should be ana-
lyzed to further evaluate PCR and PCR-RFLP.

Serological diagnosis of the disease has not been per-
formed because the progress of this disease is rapid and anti-
bodies are not likely to be induced in chickens infected with
A. paragallinarum, particularly with serovar C, even after
the disease onset. HI tests are used for identification of A.
paragallinarum; however, the procedure is complicated,
and the sensitivity is insufficient. On the other hand, the
newly developed PCR and PCR-RFLP methods provide
high accuracy for rapid serotyping of A. paragallinarum.

In conclusion, this study shows that multiplex PCR and
PCR-RFLP using the hypervariable region of the HMTp210
gene are alternative methods to identify the serovar of 4.
paragallinarum.
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