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Abstract
Infectious Coryza (IC) is an infectious upper respiratory disease of chickens and birds, caused by Avibacterium
Paragallinarum (Av. Paragallinarum). It is characterized by facial swelling and nasal discharge. Here, the
study aimed to identify the causative agent of infectious coryza from diseased cases using conventional and
molecular methods, forty-one different samples (swollen heads and nasal discharges) from layers and broiler
chickens were examined bacteriologically for isolation of Av. Paragallinarum. The total isolation percentage
was 9.75%, and the percentage was 66.7% from total layer samples. The samples underwent examination by
polymerase chain reaction (PCR) using HPG-2. Three samples were confirmed by PCR with a percentage of
7.3% (3/41). Multiplex PCR was used for typing the tested strains using HMTp210 gene thus, all strains were
of type B. sequence analysis showed a maximum identity percentage (100%) between the tested strains of Av.
Paragallinarum. In conclusion, typical signs for IC disease were appeared and identified bacteriologically as
Av. Paragallinarum also three strains were only confirmed by PCR and identified type B strains. PCR technique is a reliable and sensitive test for confirmation.
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INTRODUCTION
Infectious Coryza (IC) is described as a disease of upper respiratory system, especially in chickens it caused by Av. Paragallinarum (Blackall et al., 2005), and infect different types of chickens
of different ages (Akter et al. 2013). The economic impact of IC is
correlated to egg reduction to a percentage about 10-40% leading to a high increase in the numbers of rejected chickens (Tabbu,
2000; Rajurkar et al., 2009; Ali et al., 2013). Coryza is recognized
as a disease with high morbidity and low mortality (Bragg, 2002;
Akter et al., 2013). The most obvious symptoms of IC are acute to
chronic inflammation of the respiratory tract especially the upper
part, including sinuses with serous to mucoid nasal discharge, infraorbital sinus swelling, facial edema, conjunctivitis, and lacrimation (Bragg, 2002; Han et al., 2016). As the fastidious nature of Av.
Paragallinarum and slow-growing microorganism that may have
difficulties in conventional isolation methods as it needs complex
media for growth (Anjaneya et al., 2014). However, the use of
conventional methods may be unsuccessful in the diagnosis of
infectious coryza (Fauziahi et al., 2021).
Avibacterium Paragallinarum isolates can be serotyped by
two different methods, the first one distinguishes between serovars A, B, and C, types and the second method, which distin-

guishes three serogroups (A, B, and C) and 9 hemagglutinin serovars (A-1, A-2, A-3, A-4, B-1 and C-1, C-2, C-3, C-4) (Sakamoto
et al., 2012). The two ways of serotyping schemes use hemagglutination-inhibition testing to type Av. Paragallinarum. sensitive
and rapid techniques are needed to confirm and diagnose Av.
Paragallinarum. Using the classical serotyping is laborious and
expensive but very essential to get information about the effectiveness of vaccine in the field (Morales-Erasto et al., 2014; Han
et al., 2016). Two different types of PCR techniques conventional
PCR (Chen et al., 1996) and real-time PCR. that have been used
for identification of Av. Paragallinarum, (Corney et al., 2008).
HPG-2 gene was inspected by conventional PCR to confirm
the infectious Coryza. Also, it may be used for direct sinuses
squeezing (Chen et al., 1996; Badouei et al., 2014). PCR used for
the identification and confirmation of the bacteria (Av. Paragallinarum) from nasal swabs (Anjaneya et al., 2014). Molecular typing rises the knowledge about the variation of the strains
and gives an overview about the epidemiological situations in
a geographical region (Feberwee et al., 2019). Molecular serotyping based on multiplex PCR is also being used for molecular
serotyping of pathogens (Sakamoto et al., 2012). In the present
research, we aimed to identify the causative agent for infectious
Coryza in Egyptian field samples that showed typical disease pic-
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ture by bacteriological method and identify HPG-2 gene by PCR
technique, in addition to typing of the strains by HMTp210, also
sequence analysis for HPG-2 gene.

MATERIALS AND METHODS
Samples collection
Forty-one total suspected cases showed (nasal discharges, lacrimation, and head swelling) were collected from layer and broiler
chickens as shown in Fig. 1. The numbers of individual samples
were clarified in Table 1. All samples were collected under aseptic
conditions and as fresh as possible after slaughtering of chickens.

The plates and inoculated swabs were incubated in a candle
jar at 37 °C for 18 h (Calderón et al., 2010). The bacterial colonies
showing satellite growth were taken as culture-positive (Dereja, 2017), or tiny dewdrop colonies were considered positive for
Av. Paragallinarum (Akter et al., 2013). The distinct colonies were
picked up for identification of Gram-negative, catalase-negative
culture. Fig. 2 showed the satellite shape colonies of the suspected strains.

Isolation and identification of Avibacterium Paragallinarum
Swabs from infraorbital sinus were streaked onto 10% sheep
blood agar with Staphylococcus aureus (reference culture ATCC
25922) as a feeder (V-factor/ nicotinamide adenine dinucleotide
(NAD) in addition to inoculation of swabs onto Buffer peptone
water.

Fig. 2. Suspected colonies on blood agar show satellite shape colonies.

Molecular assessment
Fig. 1. Typical symptoms of Av. Paragallinarum. A) Showed nasal discharge
of the case. B) Showed the swollen head and infraorbital sinuses.
Table 1. The examined samples for A. Paragallinarum
Poultry species
Layer chicken

Common signs

Examined number

Swollen head

6

Nasal discharge

1

Total number of layer samples
Broiler chicken

7

Swollen head

12

Nasal discharge

22

Total number of broiler samples

34

Total number

41

All the samples underwent confirmation by PCR with direct colony preparation and direct examination of enriched swabs samples.
Uniplex PCR
All 41 samples underwent confirmation by screening for a common gene using conventional PCR HPG-2 gene by using uniplex
PCR. DNA was purified from pre-enriched samples using QIAamp
DNA Mini kit (Qiagen, Gmbh, Germany) following manufacturer
instructions. Specific PCR primers were provided from Bio-search
technologies (Denmark) as listed in Table 2, For HPG2 screening.
PCR reactions were performed in a 25-μl master mix reactions of

Table 2. Oligonucleotide primers used in this study for PCR Technique
Target gene
HPG2

Oligonucleotide sequence

Annealing

Amplified

(5´- 3´)

temperature (˚C)

fragment (bp)

63

500

Forward: TGAGGGTAGTCTTGCACGCGAAT
Reverse: CAAGGTATCGATCGTCTCTCTACT
ABC: Forward GGCTCACAGCTTTATGCAACGAA
ABC Forward: GGCTCACAGCTTTATGCAACGAA
B reverse: GGTGAATTTCACCACACCAC
ABC Forward: GGCTCACAGCTTTATGCAACGAA
C reverse: AATTTTCTTATTCCCAGCATCAATACCAT

254

Zhao et al. (2010)

800

A reverse: CGCGGGATTGTTGATTTTGTT
HMTp210

Reference

56

1100
1600

Sakamoto et al. (2012)
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12.5 μl of Emerald Amp Max PCR Master Mix (Takara, Japan), 1 μl
primer forward and reverse (10 pmol conc.), 3 μl of purified DNA,
the reaction volume was completed to 25 μl by 7.5 μl PCR grade
water. Briefly the thermocycler condition was done by primary
denaturation at 94˚C for 5 min followed by 35 cycles at different
temperature denaturation, annealing and extension at 94 ˚C for
45 sec, at 63 ˚C for 45 sec and 72 ˚C for 45 sec respectively, and
final extension step at 72 ˚C for 10 min ( Zhao et al. (2010).
Multiplex PCR for typing of the strains
Reactions were performed in a 50-μl master mix reactions (25μl
of Emerald Amp Max PCR Master Mix (Takara, Japan), 1 μl primer
forward and reverse (10 pmol conc.), 5 μl of purified DNA, and
16 μl PCR grade water). for multiplex PCR for the typing gene
HMTp210. Briefly the thermocycler condition was done by primary denaturation at 94˚C for 5 min followed by 35 cycles at different temperature denaturation, annealing and extension at 94 ˚C
for 45 sec, at 56˚C for 45 sec and 72˚C for 45 sec respectively, and
final extension step at 72˚C for 10 min (Sakamoto et al. 2012).

PCR results
The results showed that the only three examined strains incorporated the HPG-2 gene, with a percentage of detection 7.3%
(3/41).
Fig. 3, showed the detection of positive strains of Avibacterium Paragallinarum.
The three strains were also examined by multiplex PCR technique for typing using HMTp210 gene, the three strains were of
type B and gave an amplification product at a specific weight for
the gene at 1100bp. As shown in Figure 4.

Analysis of amplified product
In Applied Biosystem 2720 thermal cyclers (Thermo-Fisher scientific, Germany) the PCR reactions were cycled. PCR products were
electrophoresed in 1% agarose gel (Abgene, Thermo-Fisher scientific, Germany), a Generuler 100 bp ladder (Fermentas, Thermo,
Germany), and 100 bp DNA ladder H3 RTU (Genedirex, Taiwan)
was used to check the PCR product. Gel images were captured
by a gel documentation system (Alpha Innotech, Biometra) using
electronic software (Automatic Image Capture, USA).
DNA sequence
The purification for PCR products was done by a QIAquick PCR
Product extraction kit (Qiagen, Gmbh, Germany).

Fig. 3. PCR amplification products with primers of HPG-2 gene-targeted three
Av. Paragallinarum isolates. Lane 1: represent DNA Generuler 100 bp ladder,
Lane 2 the positive control, Lane3: negative control, Lane 4-6 showed positive
amplification at 500 bp of Av. Paragallinarum.

The sequence reaction
The sequence reaction was accomplished by Bigdye Terminator
V3.1 cycle sequencing kit (Perkin-Elmer), the sequence identity
of A. Paragallinarum GenBank published accessions, a BLAST®
search (Basic Local Alignment Search Tool) was executed (Altschul et al., 1990). The sequence identities were obtained by
the MegAlign module of Lasergene DNAStar (Thompson et al.,
1994). The maximum likeli¬hood, neighbor-joining, and Mega6
were used to construct the phylogenic tree with 1000 bootstraps
(Tamura et al., 2013). Three strains were analyzed and submitted to GeneBank, then accessions (ON152717-ON152718 and
ON152719) for the HPG2 gene were assigned.

RESULTS
Isolation for the agent
After a trial for isolation, there were four suspected strains of
A. Paragallinarum with a total percentage of 9.75% from layer
chickens. It was obvious that the high number of positivity were
from the swollen head samples from layer flock with a percentage of 66.7%. And the percentage of isolation was 57.1 % when
calculated according to the symptom of swollen heads in layer
chickens. As shown in Table 3.

Fig. 4. Agarose gel electrophoresis for multiplex PCR for genetic serotyping of
A. Paragallinarum using HMTp210 gene. Lanes 1 to lane 3: the three strains
showed positive amplification for type B at a specific weight of 1100bp. Lane
4: represent the negative control. Lane 5,6, and 7: represent positive control for
each type (C, B, and A) respectively. Lane 8: represents 100 bp plus ladder H3
RTU (marker- 100 bp to 3000 bp).

255

Heba Badr et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 3, 253-258

Fig. 5. The Genetic Distance between the three A Paragallinarum strains carrying the HPG-2 gene and randomly selected strains from GenBank.

Fig. 6. The phylogenetic tree between the three Egyptian A. Paragallinarum strains carrying the HPG-2 gene and other randomly selected strains from GenBank.

Nucleotide sequencing results

DISCUSSION

DNA sequencing for the 500 bp of HPG-2 gene for the three
strains was generated. Sequences were assigned GenBank accessions (ON152717, ON152718 and ON152719). The sequence
distances tool of the Lasergen DNAStar software revealed a high
percentage of identity (100%) between the three strains (Eg1,
Eg2, and Eg 3) as shown in Fig. 5.
Although, the phylogenetic analysis showed clear clustering
of the 3 Egyptian strains as shown in Fig. 6.

Infectious Coryza could have a significant impact on broiler
chickens and economic losses have been addressed in many
studies (Droual et al., 1990; Sandoval et al. 1994). The disease is
reported as an important disease in poultry farming, especially in
a high-temperature environment (Feberwee et al. 2019). Avibacterium Paragallinarum is a fastidious and slow-growing bacteria
(Blackall 1999). The fastidious character of Av. Paragallinarum
makes its isolation very difficult as it needs multiple requirements
and a special technique for isolation (Badouki et al., 2014). The organism needs special media for its identification and biochemical
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Table 3. The numbers and percentage for isolation of A. Paragallinarum
Poultry species
Layer chicken

Common signs

Examined number

Number of positive (%)

Swollen head

6

4 (66.7%)

Nasal discharge

1

0

7

4 (57.1%)

Swollen head

12

0

Nasal discharge

22

0

Total number of layer samples
Broiler chicken
Total number of broiler samples

34

0

Total number

41

4 (9.75%)

Each percent was calculated to the total examined samples of each species.

tests, so it is considered an expensive technique (Morales-Erasto
et al. 2014).
In this study microbiological examinations of different samples were performed. The samples were obtained from diseased
layer and broiler chickens, with only four samples suspected to
be A. Paragallinarum. The positive four samples were from layer chickens having swollen heads. It was obvious that 4/6 layer
samples were positive with a percentage of 66.7%, while the total
percentage from the total examined samples were 4/41=9.75%
as shown in Table 3. The present study was contrary to that done
in Iran by Banani et al. (2006), who studied fourteen broiler flocks
by cultural method but A. Paragallinarum has not been isolated. While the results of the present research were compatible
with that reported by Xu et al. (2019) that was able to isolate and
define Av. Paragallinarum in many countries around the world.
Many factors may cause failure in culturing of the microorganism
as the quality and type of samples shipping, and poor quality media, the latter leads to a higher rate of culture failure, and makes
PCR a reliable diagnostic choice (Blackall and Soriano-Vargas
2013).
PCR has been extensively used for the detection of many
types of samples (Chen et al. 1996). The application of PCR tests
after trials for isolation instead of multiple biochemical identifications can reduce the problem of the isolation methods (Chen
et al., 1998). Using HPG gene-based PCR assay targeting of Av.
Paragallinarum was established in 2008 (Corney et al., 2008) and
this technique was approved in 2019 (Clothier et al., 2019). The
present study detected only three strains of Av. Paragallinarum
by using HPG-2 gene PCR technique which produced a 500 bp
amplicon of the HPG-2 gene of the expected size (Fig. 3). Similar findings were observed when direct PCR was compared to
PCR on isolates in China for identification of Av. Paragallinarum
(Chen et al.,1998). HPG2-PCR is proved to be a sensitive method
for species identification of Av. Paragallinarum (Muhammad and
Sreedevi 2015). The gained PCR results for Av. Paragallinarum are
consistent with the findings of a previous study (Chen et al. 1996;
Anjaneya et al. 2014; Patil et al. 2017). The present study showed
that all the three strains were of type B using multiplex PCR and
that finding was compatible with that of Zhang et al. (2003) who
found that the incidence of infection with serovar B has increased
significantly in China. Also, molecular typing increases information about the variations of the strains and the epidemiological
situation in a geographical area (Feberwee et al., 2019). Sequencing for HPG-2 gene for the tested strains was generated. Sequences were assigned GeneBank accessions ON152717, ON152718,
and ON152719). However, all the assigned strains showed 100%
identity between each other and showed 99.3% identity with different randomly selected strains isolated from the chicken farm in
Pennsylvania, USA. (CP051636 to CP051642). The current research
results were well-matched with that of Byukusenge et al. (2020)
who concluded that the percent of the identity between strains
from avian sources closer to 99.9%. Also, the current Egyptian
strains showed an identity percentage from 99.1 to 99.8 % with
strains isolated from commercial layer flocks in the Netherlands
during an outbreak with accession numbers from MK639406 to
MK639423. HPG-2 sequence analysis as a tool for the detection

of mutation and genotyping needs a large number of isolates to
be tested (Feberwee et al., 2019). In this study, we found that PCR
was a sensitive, rapid, and reliable technique for the identification of organisms especially with difficulty in isolation methods,
in addition to the finding of the phylogenesis similarity between
the different Egyptian strains that indicated the circulation of the
same strain in the country.

CONCLUSION
Av. Paragallinarum is considered fastidious growing organisms
that depend on the experience in isolation and laboratory resources are very important factors for confirmation of the presence of the microorganism. PCR can be used as a rapid and sensitive technique for the identification of the circulating strains of
Av. Paragallinarum. Also, sequence analysis gives an indication of
the type that may help for vaccine preparation for the bacteria.

ACKNOWLEDGMENTS
The authors are thankful to Dr. Ahmed Erfan (Reference Laboratory for Veterinary Quality Control on Poultry Production and
Animal Health Research Institute) for helping in the sequencing
and phylogenesis of the examined strains.

CONFLICT OF INTEREST
The authors declares that they have no conflicts of interest.

REFERENCES
Akter S., Ali, M., Das, P.M., Hossain, M.M., 2013. Isolation and identification of Avibacterium Paragallinarum, the causal agent of infectious coryza (IC) from layer chickens in Bangladesh. J Bangladesh
Agril. Univ. 11, 87-96. DOI: 10.3329/jbauv11i1.18218.
Ali, M., Hossain, S., Akter, S., Khan, M., Hossain, M.M., 2013. Pathogenesis
of infectious coryza in chickens (Gallus gallus) by Avibacterium
Paragallinarum isolates of Bangladesh. Agriculturists 11, 39-46.
DOI: 10.3329/agric. v11i1.15240.
Altschul, S.F., Gish, W., Miller, Myers, E.W. Lipmanl, D.J., 1990. Basic local
alignment search tool. J. Mol. Biol. 215, 403-410.
Anjaneya A., Singh, S.D., Dhama, K., Wani, M.Y., Gowthaman, V., 2014.
Isolation, antibiogram and PCR detection of Avibacterium Paragallinarum from poultry flocks of India. J. Pure Appl. Microbiol.
8, 4181-4188.
Badouei, M.A., Saadrzadeh, A., Azad, N., Blackall, P., Madadgar, O., Charkhkar, S., 2014. Isolation and molecular identification of Avibacterium Paragallinarum in suspected cases of infectious coryza. Turk.
J. Vet. Anim. Sci. 38, 46-49. DOI: 10.3906/vet-1301-62.
Badouki, M.A., Azad, N., Blackall, P., Madadgar, O., Charkhkar, S., 2014.
Isolation and molecular identification of Avibacterium Paragallinarum in suspected cases of infectious coryza, Turk. J. Vet. Anim.
Sci. 38, 46-49.
Banani, M. Pourbakhh, S.A., Kaki, P., Goodarzi, H., Moazeni-Jula G, Ghodsian, N., 2006. Isolation, identification and antibiotic sensitivity
of Haemophilus Paragallinarum isolates from commercial layer
flocks affected by infectious coryza. Pajouhesh and Sazandegi 73,
128–135.

257

Heba Badr et al. /Journal of Advanced Veterinary Research (2022) Volume 12, Issue 3, 253-258
Blackall, P.J., 1999. Infectious coryza: overview of the disease and new diagnostic option. Clin. Microbiol. Rev. 12, 627-632. DOI: 10.1128/
cmr.12.4.627.
Blackall, P.J., Soriano-Vargas, E., 2013. Diseases of Poultry. 13th Edition.
Blackwell Publishing, Iowa.
Blackall, P.J., Christensen, H., Beckenham, T., Blackall, L.L., Bisgaard, M.,
2005. Re-classification of Pasteurella gallinarum, [Haemophilus]
Paragallinarum, Pasteurella avium and Pasteurella volantium as
Avibacterium gallinarum gen. nov., Avibacterium avium comb.
nov and Avibacterium volantium comb. nov. Intl. J. Sys. Evol. Microbiol. 55, 353-362. DOI: 10.1099/ijs.0.63357-0.
Bragg, R.R., 2002. Virulence of South African isolates of Haemophilus
Paragallinarum Part 1: NAD-dependent field isolates. Onderstepaart J. Vet. Res. 69, 163-169.
Byukusenge, M., Nissly, R.H., Li, L., Pierre, T., Mathews, T., Wallner-Pendleton, E., Dunn, P., Barnhart, D., Loughrey, S., Davison, S., Kelly, D.J.,
Tewari, D., Jayarao, B.M., Kuchipudi, S.V., 2020. Complete genome
sequences of seven Avibacterium Paragallinarum isolates from
poultry farms in Pennsylvania, USA. Microbiol Resour Announc 9
00654-20. https://doi.org/ 10.1128/MRA.00654-20.
Calderón, E. N., Thomas, K., Morales-Erasto, V., Salgado-Miranda, C., and
Soriano-Vargas, E., 2010. Case Report - Identification of Avibacterium Paragallinarum Serovar B-l from Severe Infectious Coryza
Outbreaks in Panama Avian Diseases 54, 1095-1097,
Chen, X., Chen, Q., Zhang, P., Feng, W., Blackall, P.J., 1998. Evaluation of
a PCR test for the detection of Haemophilus Paragallinarum in
China. Avian Pathol. 27, 296–300.
Chen, X., Miflin, J.K., Zhang, P., Blackall, P.J., 1996. Development and application of DNA probes and PCR tests for Haemophilus Paragallinarum. Avian Dis. 40, 398-407. DOI: 10.2307/1592238.
Clothier, K.A., Stoute, S., Torain, A., Crossley, B., 2019. Validation of a real-time PCR assay for high-throughput detection of Avibacterium
Paragallinarum in chicken respiratory sites. J. Vet. Diagn. Invest.
31,714–8. doi: 10.1177/1040638719866484
Corney B.G., Diallo, I.S., Wright, L., Hewitson, G., de Jong, A., Tolosa, X.,
Burrell, P., Duffy, P., Rodwell, B., Boyle, D.B., Blackall, P.J., 2008.
Rapid and sensitive detection of Avibacterium Paragallinarum in
the presence of other bacteria using a 5’ Taq nuclease assay: a
new tool for diagnosing infectious coryza. Avian Pathol. 37, 599604. DOI: 10.1080/03079450802449139.
Dereja, I.A., 2017. Infectious Coryza in Jimma Backyard Chicken Farms:
Clinical and Bacteriological Investigation. J. Vet. Sci. Technol. 8,
412. doi: 10.4172/2157-7579.1000412.
Droual, R., Bickford, A.A., Charlton, B.R., Cooper, G.L., Channing, S.E., 1990.
Infectious coryza in meat chickens in the San Joaquin Valley of
California. Avian Dis. 34, 1009–1016.
Fauziahi, I., Asmara, W., Wahyni-Hastuti, A.E., Widayanti R., 2021. Short
Communication: PCR detection of Avibacterium Paragallinarum
from layers with infectious coryza symptoms in poultry farms of
Sleman District, Indonesia. Biodiversites 22, 4890-4894.
Feberwee A., Dijkman, R., Buter, R., Soriano-Vargas, E., Erasto V.M., Heuvelink, A., Fabri, T., Bouwstra, R and De Wit, S., 2019. Identification and characterization of Dutch Avibacterium Paragallinarum
isolates and the implications for diagnostics, Avian Pathology 48,
549–556.

258

Han, M.S, Kim, J.N., Jeon, E.O., Lee, H.R., Koo, B.S., Min, K.C., Lee, S.B., Bae,
Y.J., JS, C.H.o., Jang, H.S., Mo, I.P., 2016. The current epidemiological status of infectious coryza and efficacy of Poul Shot Coryza
in specific-pathogen-free chickens. J. Vet. Sci. 17, 323-330. DOI:
10.4142/jvs.2016.17.3.323.
Muhammad, T.M.N. Sreedevi, B., 2015. Detection of Avibacterium Paragallinarum by polymerase chain reaction from outbreaks of infectious coryza of poultry in Andhra Pradesh. Vet. World 8, 103108.
Morales-Erasto V., Posadas-Quintana, J.D., Fernández-Díaz M., Saravia,
L.E., Martínez-Castañeda, J.S., Blackall, P.J, Soriano-Vargas, E.,
2014. An evaluation of serotyping of Avibacterium Paragallinarum by use of a multiplex polymerase chain reaction. Vet. Diagn. Invest. 26, 272-276. DOI: 10.1177/1040638714523612.
Patil, V.V., Mishra, D.N., Mane, D.V., 2017. Isolation, characterization and
serological study of Avibacterium Paragallinarum field isolates
from Indian poultry. J. Anim. Poult. Sci. 5, 13-20. DOI: 10.5455/
ijlr.20170209071608.
Rajurkar, G., Roy, A., Yadav, M.M., 2009. An overview on epidemiologic
investigations of infectious coryza. Vet. World 2, 401-403.
Sakamoto, R., Kino, Y. Sakaguchi, M., 2012, Development of a Multiplex
PCR and PCR-RFLP Method for Serotyping of Avibacterium Paragallinarum. J. Vet. Med. Sci. 74, 271-273.
Sandoval, V.E., Terzolo, H.R., Blackall, P.J., 1994. Complicated infectious
coryza cases in Argentina. Avian Dis. 38, 672–678.
Tabbu C.R., 2000. Penyakit Ayam dan Penanggulangannya: Volume 1. Penerbit Kanisius, Yogyakarta. [Indonesian].
Tamura, K., Stecher, G., Peterson, D., Filipski, A. Kumar, S., 2013. MEGA6:
molecular evolutionary genetics analysis version 6.0. Mol. Biol.
Evol. 30, 2725–2729.
Thompson, J.D., Higgins, D.G. Gibson, T.J., 1994. CLUSTAL W: Improving the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties and
weight matrix choice. Nucleic Acids Res. 22, 4673-4680.
Xu, Y., Cheng, J. Huang, X., Xu, M., Jinling Feng, J. Liu, C. Zhang, G., 2019.
Characterization of emergent Avibacterium Paragallinarum
strains and the protection conferred by infectious coryza vaccines
against them in China. Poultry Science 98, 6463–6471. http://dx.
doi.org/10.3382/ps/pez531.
Zhang, P.J, Miao, M., Sun, H., Gong, Y. and Blackall. P., 2003. Infectious
coryza due to Haemophilus Paragallinarum serovar B. in China.
Aust. Vet. J. 81, 96–97.
Zhao, Q., Sun, Y., Zhang, X., Kong, Y., Xie, Z., Zhu, Y., Zhou, E. and Jiang,
S., 2010. Evaluation of two experimen¬tal infection models for
Avibacterium Paragallinarum. Vet. Microbiol. 141, 68-72.

