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Respiratory pathogens of chickens continue to 
cause heavy economic losses to the poultry industry 
worldwide. Respiratory infections are multifactorial, 
involving environmental factors and various viral 
and bacterial agents, either alone or in combination, 

leading to “respiratory disease complex” (5, 8, 9, 15, 
20, 22, 25). Rapid and accurate detection of respira-
tory pathogens has become a challenge because of the 
involvement of more than one agent with similar clini-
cal signs and lesions, which complicates diagnostic 
decisions, as well as treatment and control strategies 
(13). Respiratory disease complexes affect the health 
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Summary
Avibacterium paragallinarum is an important pathogen affecting the respiratory tract of chickens. There 

is a paucity of information on the molecular characteristics and pathology of A. paragallinarum in Turkish 
poultry flocks. In the present study, broiler and layer flocks (n = 2) suspected of viral infections with 
serious respiratory signs and significant mortality were visited. Chickens showed various disease signs and 
necropsy lesions, including purulent nasal discharge, respiratory distress, facial edema, sticky eyes, mucoid 
tracheitis, hemorrhagic inflammation of the infraorbital sinuses along with fibrinous mass and conjunctivitis. 
Histopathological lesions included loss of cilia along with necrosis and exfoliation of the superficial mucosal 
epithelium of the trachea, facial cellulitis, dermatitis, fibrinous plasmatic edema and infiltration of inflammatory 
cells, especially heterophils. A. paragallinarum was detected in tissue samples by species-specific polymerase 
chain reaction (PCR). The sequencing and phylogenetic analysis of the core region of the hemagglutinin (HA) 
gene revealed that Turkish strains detected here belonged to serotype A (serovar A1). They were related to 
strains reported from India (VRDC), the United States (0083), and Japan (0221), which are representatives of 
serovar A1. A homology of 88-90% was found between Indian strains and the Turkish strains detected in this 
study. Surprisingly, only vaccine strains of infectious bronchitis virus (IBV) were detected as a co-infecting agent 
in all samples positive for A. paragallinarum. Our findings suggest that A. paragallinarum may be an emerging 
pathogen in Turkish poultry flocks, and direct PCR may facilitate rapid diagnosis of infectious coryza. These 
results will also help to develop control strategies for A. paragallinarum.
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of birds and increase the overall cost of production in 
terms veterinary services and treatment. It is therefore 
important to counter respiratory pathogens in chickens 
to achieve efficient and profitable production.

Avibacterium paragallinarum, a  Gram-negative 
bacterium from the family Pasteurellaceae, is the 
causative agent of infectious coryza, an upper respi-
ratory disease of chickens. A. paragallinarum strains 
are classified into three serogroups (A, B, and C)  
having nine hemagglutinin (HA) serovars (A-1 to A-4, 
B-1, and C-1 to C-4) (6). The serogroups A, B, and 
C represent three distinct immunovars. Most of the 
commercial vaccines include A. paragallinarum in 
combination with serovars A-1, B-1, C-1, or C-2 (16). 
The HA protein plays a key role in the virulence and 
pathogenicity of A. paragallinarum and is considered 
as a potential vaccine candidate.

A. paragallinarum infection causes various signs, 
including poor growth performance in growing birds 
and a marked reduction (10-40%) in egg production 
of layers (6). The most prominent clinical signs of 
infectious coryza include acute inflammation of the 
upper respiratory tract, facial edema, nasal discharge, 
and conjunctivitis. Likewise, major histopathological 
lesions include inflammation of the respiratory mucosa 
with severe damage to the epithelium and infiltration 
of heterophils (10). Furthermore, severe hemorrhages 
in tissues of the nasal cavity as well as in sinus infraor-
bitalis have been reported (21). A. paragallinarum is of 
paramount importance in the poultry industry because 
of its worldwide distribution and may contribute to 
the formation of “respiratory disease complex” under 
field conditions, thus leading to more severe clinical 
signs. It has been reported that A. paragallinarum 
provokes acute inflammation of the upper respiratory 
tract and facilitates the growth of other bacterial and 
viral pathogens (16, 17).

Respiratory diseases are a grave concern for poultry 
farmers in Turkey as well. The incidence and severity 
of respiratory diseases in commercial broiler flocks 
have recently increased in Turkey because of the in-
tensification of the broiler industry. At present, no data 
are available regarding the molecular characteristics of 
A. paragallinarum in commercial poultry in Turkey. 
The aim of this study was to contribute to the knowl-
edge on molecular characteristics of A. paragallina-
rum, which is crucial for implementation of effective 
control measures.

Material and methods
Samples, necropsy, and histopathology. Commercial 

broiler and layer chicken flocks (n = 2) suspected of viral 
infections with serious respiratory signs and significant mor-
tality were visited in Marmara and Inner Anatolia regions 
of Turkey in the autumn of 2018 for the diagnosis of the 
possible causative agents. The chickens were vaccinated 
against major viral diseases. Sick chickens were evaluated 

for clinical signs and then euthanized by veterinarians in 
the farms. Following necropsy and macroscopic evaluation 
of the chickens, samples of the trachea as well as facial and 
head tissue were promptly transferred to laboratories for 
histopathological, virological and bacteriological analy-
ses. For histopathological analysis, samples were fixed in 
10% neutral buffered formalin immediately after necropsy. 
Tissues were embedded in paraffin, sectioned into 3-5 µm 
slices, and stained with hematoxylin and eosin (HE). His-
topathological analyses were carried out by two certified 
veterinary pathologists.

Nucleic acid extraction and reverse transcription. 
Tissue samples were ground, homogenized, and mixed 
with phosphate-buffered saline (PBS; 0.1 M, pH 7.2) by 
means of a homogenizer (Ribolyser, Hybaid). The samples 
were vortexed and centrifuged at 12,000 × g for 15 min at 
4°C. Bacterial DNA was extracted from the supernatant of 
tissue homogenates with a QIAampR DNA Mini Kit (Qiagen 
GmbH, D-40724, Hilden, Germany) according to the manu-
facturer’s instruction. The DNA was stored at –20°C until 
use as a template for PCR.

Viral RNA from the samples was extracted using Pure 
LinkTM RNA mini kits (Invitrogen®ThermoFisher Scientific, 
Carlsbad, CA, Cat no 12183018A) according to the manu-
facturer’s instructions. Reverse transcription and generation 
of complementary DNA (cDNA) for other viruses were 
performed using a High Capacity cDNA reverse transcrip-
tion kit (Applied Biosystems, ThermoFisher Scientific, 
Carlsbad, CA, Cat. no: 00599192) following the manufac-
turer’s protocol. Briefly, a total of 10 µL RNA was used in 
20 µL RT reaction mixture. The RT was performed at 25°C 
for 10 minutes, followed by 37°C for 2 hours and finally 
85°C for 5 minutes. The cDNA was used as the template 
for PCR amplification.

Detection of A. paragallinarum and viral pathogens 
by PCR. For detection of A. paragallinarum, HPG-2 PCR 
based on a unique randomly cloned fragment of A. paragal-
linarum (7) was used without modification to generate an 
amplicon of approximately 500 bp. HPG-2 PCR was devel-
oped by random cloning of the bacterial genome; the role 
and primer locations in the target gene is still unknown. An 
optimized PCR reaction, containing 10 µL 2X AmpMaster- 
Taq master mix (AmpMasterTMGeneAll Biotechnology, 
Cambiol, Cambridge, Cat No: 541-010), 2 µL of DNA, and 
1 µL of each specific primer (10 µM) in a final volume of 
20 µL, was performed in a thermal cycler (Techne, Staf-
fordshire, UK) to amplify a 500 bp of the genomic DNA of 
A. paragallinarum. PCR amplicons were analyzed in a 2% 
agarose gel (Ultrapure, Invitrogen, Merelbeke, Belgium) 
containing nucleic acid stain (SYBR® Safe DNA gel stain, 
ThermoFisher Scientific, Carlsbad, CA) using 1 × TBE as 
electrophoresis running buffer. Bands were compared with 
a  commercially available 100 bp DNA ladder (Thermo- 
Fisher Scientific, Carlsbad, CA) and a positive control.

Samples were also screened to detect the presence of 
infectious bronchitis virus (IBV) (25), infectious bursal 
disease virus (IBDV) (24), avian metapneumovirus (aMPV) 
(5), and infectious laryngotracheitis (ILTV) (26) as part of 
routine diagnostic work, as described previously. For all 
PCR reactions to detect either DNA or viral RNA, posi-
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tive and negative controls were used. Positive RNA from 
vaccine or field samples were the positive control, whereas 
nuclease-free water was used as the negative control in place 
of the DNA template.

Amplification of the HA gene of A. paragallinarum. 
The HA gene was amplified for sequencing by means of 
previously reported primers (2, 14). For this purpose, an 
optimized PCR reaction was performed using 25 µl of reac-
tion mixture containing 1.25 µl (10 µM) of each forward and 
reverse primer, 12.5 µl of Maxima Hot Start PCR Master 
Mix (Thermo Scientific), 6.5 µl of nuclease-free water,  
0.5 µL MgCl (25 mM), and 3 µl of DNA.

Sequencing and phylogeny. Amplified PCR products 
were sent for sequencing to a commercial company (Med-
Santek, Istanbul, Turkey). Raw nucleotide sequences of the 
HA gene of A. paragallinarum were edited, aligned, and 
used for phylogeny. The nucleotide sequences of partial 
segment of the core region of the HA gene were compared 
with reference sequences of the same genes from the NCBI 
GenBank. Similarly, any product obtained from the viral 
RT-PCR was also sequenced, and phylogenetic analyses 
were performed when applicable.

Results and discussion
Clinical signs, gross lesions, and histopathology. 

According to the farmers, routine vaccination programs 
had been applied against avian viruses (IBV, IBDV, 
ILT, Newcastle disease and Marek disease), but not 
against A. paragallinarum. Chickens in the farms 

showed various signs of the disease, including ruffled 
feathers, respiratory distress, swollen head, subman-
dibular edema, sticky eyes (Fig. 1A), and purulent nasal 
discharge (Fig. 1B). At necropsy, hemorrhagic inflam-
mation of the infraorbital sinuses was observed along 
with fibrinous mass (Fig. 1C), conjunctivitis, marked 
facial tissue edema and hemorrhages as well as gelati-
nous and cheese-like material (Fig. 1D). There was 
congestion and marked thickening on the tracheal wall. 
Mortality rates in clinically affected flocks ranged from 
10% to 16%. Histopathological examination revealed 
severe facial cellulitis and dermatitis characterized by 
accumulation of exudate, hyperemia, widespread and 
diffuse plasmatic edema with fibrin filaments (Fig. 1E) 
and infiltration of inflammatory cells. Predominant 
presence of heterophils in comparison to mononuclear 
cells and macrophages was observed in the dermis 
and subcutaneous tissue (Fig. 1F). Histopathological 
findings in the trachea included tracheitis, loss of cilia 
along with necrosis and exfoliation of the superficial 
mucosal epithelium. Regenerative epithelial hyperpla-
sia with inflammatory cellular infiltrates in the lamina 
propria was also noted. Moreover, congested vessels 
and accumulation of fibrinoleucocytic exudate in the 
lumen were observed (Fig. 1G & 1H).

Detection of A. paragallinarum and viral patho-
gens by PCR. Routine diagnostic screening of viral 
pathogens revealed the presence of only IBV in all 

Fig. 1. Macroscopic and microscopic lesions: (A) Swollen head, submandibular edema and sticky eyes; (B) purulent nasal 
discharge; (C) hemorrhagic inflammation of the sinus infraorbitalis along with fibrinous mass; (D) conjunctivitis, facial tissue 
edema and hemorrhages along with gelatinous and cheese-like material; (E) hyperemia, widespread and diffuse plasmatic 
edema with fibrin filaments and infiltration of inflammatory cells (stars). HE. Bar: 100 µm; (F) Predominant presence of 
heterophils (arrows) as compared to mononuclear cells (triangle). HE. Bar: 20 µm; (G) Hyperplastic tracheitis, loss of cilia, 
papillary proliferation of the epithelium. HE. Bar: 200 µm; (H) Magnified view of the trachea showing hyperplastic tracheitis 
characterized by papillary proliferation of the epithelium, mononuclear cell infiltration in the lamina propria and congestive 
vessels. HE. Bar: 50 µm
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samples analysed. IBV-positive samples were se-
quenced and aligned with the other sequences of IBV 
strains previously published in the NCBI GenBank. 
The results of phylogenetic analyses showed the pres-
ence of IBV vaccine strain. The PCR examination of 
the DNA samples extracted from tissues of birds with 
respiratory signs produced amplification products with 
a molecular size of 500 bp, which were indicative of 
A. paragallinarum (Fig. 2).

Amplification and sequencing of the HA gene of 
A. paragallinarum. For sequencing, PCR was con-
ducted to amplify the HA gene of A. paragallinarum 
(900 bp) from DNA samples obtained from birds 
showing respiratory signs. Then, PCR amplicons were 
sequenced and aligned with sequences of A. paragal-
linarum previously published in the NCBI GenBank 
(Fig. 3). Phylogenetic analyses of strains obtained in 
this study revealed the presence of serotype A (serovar 
A1) (MK439955, MK439956). 
They were related to strains 
reported from India (KJ621079, 
KJ621080, KJ621076), USA 
(KU143735)  and  Japan 
(KU143734). Although two 
A.  paragallinarum strains de-
tected in the present study were 
similar, showing close clustering 
with each other in phylogenetic 
analysis, they were partially dif-
ferent from previously reported 
Indian strains. A homology of 
88-90% was found between the 
Indian strains and the Turkish 
strains detected in this study.

Many viral and bacterial 
diseases are of economic sig-
nificance in the broiler indus-
try worldwide (5, 6, 22, 24). 
Although the importance of 
infectious coryza caused by 
A. paragallinarum and its eco-
nomic consequences in broiler 
flocks have previously been 
discussed in a number of studies 
(10, 18), the available informa-
tion on many countries, includ-
ing Turkey, is limited. The only 
study carried out in Turkey so 
far reports the presence of anti-
bodies to serotypes A and C in 
poultry flocks (11). However, 
there are no published data on 
the genotyping of A. paragal-
linarum in Turkey. The present 
study, carried out to investigate 
for the first time the pathology 
and molecular characteristics 

Fig. 2. Molecular identification of A. paragallinarum by direct 
PCR
Explanations: M – 100 bp marker; 1, 2, 3, 4 – positive samples 
(1, 2 – conjunctiva samples, 3, 4 – trachea samples); NC – nega-
tive control; PC – positive control

Fig. 3. Phylogenetic tree generated from nucleotide sequences of the HA gene of A. 
paragallinarum field and vaccine strains. The analysis involved 49 nucleotide sequences. 
The maximum likelihood method based on the Tamura-Nei model with bootstrap 
analysis of 1,000 repetitions was used. Turkish strains obtained in the present study 
have been highlighted with black circles
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of A. paragallinarum in Turkish poultry flocks, has 
provided some valuable knowledge about the genetic 
nature of the pathogen.

The findings of this study suggest that A. paragal-
linarum may be an emerging pathogen in Turkish 
poultry flocks showing respiratory signs and swollen 
heads, since mortality reached up to 16% within two 
weeks. Outbreaks of infectious coryza produced by 
A. paragallinarum have been reported to cause higher 
mortality under field conditions than in experimental 
trials (15-17). The clinical signs observed in affected 
chickens, such as ruffled feathers, respiratory distress, 
a swollen head, submandibular edema, sticky eyes, and 
purulent nasal discharge, were similar to those reported 
previously (10, 21). In addition, macroscopic findings 
(fibrinous mass in infraorbital sinuses, facial tissue 
edema, gelatinous and cheese-like material under the 
facial skin) and microscopic findings (facial cellulitis 
and dermatitis with fibrin filaments and infiltration of 
inflammatory cells) obtained in the current study were 
similar to those of previous observational and experi-
mental studies (1, 2, 10, 12, 14, 17, 19, 21).

Molecular, serological and bacteriological methods 
have been used for the diagnosis and characterisation 
of A. paragallinarum in chickens (4, 11, 17). In the 
present study, molecular methods were employed for 
the detection and characterisation of A. paragallinarum 
in broiler flocks, and the results indicate that direct 
PCR from clinical specimens was very successful in 
rapidly diagnosing infectious coryza, as emphasised 
by others (4, 7), which makes it possible to employ 
effective antibiotic treatment.

Although serotype A has previously been reported in 
chickens in Turkey on the basis of serological analyses 
(11), the phylogeny of A. paragallinarum circulating 
in Turkish chicken flocks is largely unknown. In the 
present study, the core region of the HA gene was am-
plified, and the findings were consistent with reports 
from Hobb et al. (14) and Anjaneya et al. (2). Direct 
comparison of the results of phylogenetic analysis 
was not possible, because of the lack of sequence data 
on A. paragallinarum strains from different parts of 
the world. The sequencing and phylogenetic analysis 
of the core region of the HA gene confirmed that the 
strains detected here belonged to serotype A (serovar 
A1) (MK439955, MK439956). They were related to 
strains reported from India (KJ621079, KJ621080, 
KJ621076), USA (KU143735) and Japan (KU143734). 
Although, two A. paragallinarum strains detected in 
the present study were similar, showing close clustering 
with each other in phylogenetic analysis, they were par-
tially different from previously reported Indian strains. 
A homology of 88-90% was found between the Indian 
strains and the Turkish strains detected in this study. 
There might be geographic and temporal relationships 
between these serotypes. Sequences were not clustered 
according to Page’s serovar scheme of classification. 

This result was in agreement with findings reported by 
other researchers (2, 3, 23).

In this study, samples were also screened to investi-
gate the potential presence of mixed viral infections as 
part of routine diagnostic work by PCR. However, none 
of the samples were found to be positive for the field 
viruses tested with the exception of the IBV vaccine 
strain, which was detected in all samples positive for 
A. paragallinarum. Nevertheless, IBV and A. paragal-
linarum co-infections have previously been reported 
in many observational and experimental studies (10, 
15-17, 21, 22).

This study has provided novel data on the molecular 
and genetic characteristics of A. paragallinarum sero- 
type A in Turkish broiler flocks. A. paragallinarum 
infections provoke acute inflammations of the upper 
respiratory tract of broilers, and A. paragallinarum 
could therefore be considered important for “respira-
tory disease complex”. Bearing in mind that more 
than one pathogen may be involved in the etiology of 
respiratory infections, screening for more pathogens 
can be recommended during routine laboratory diag-
nosis. The frequency of A. paragallinarum infections 
could be higher in non-vaccinated chickens and in 
those reared under poor biosecurity conditions. Thus, 
the application of a  suitable vaccine and effective 
biosecurity measures are essential to prevent a wide-
spread transmission of A. paragallinarum and other 
pathogens. Large-scale molecular studies covering 
different geographical regions of Turkey will further 
enhance our knowledge on the distribution pattern and 
characteristics of A. paragallinarum, potentially com-
bined with respiratory co-infections, which is needed 
to design effective control strategies.
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