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ABSTRACT

Swethasri, P., Reddy, T.N., Vijayalakshmi, S. and Kumar, A.A. 2024. Study of molecular variations in field isolates of Ornithobacterium
rhinotracheale from respiratory infections of poultry in Rayalaseema regions of Andhra Pradesh. Indian Journal of Poultry Science,
59(2): 161-170.

The respiratory diseases are the most frequent causes of death and morbidity in chicken, which leads to significant financial
lossesto poultry farmers and industry. In the present study was aimed to isolate, identify and study of molecular variationsin one of the
common respiratory bacteria, Ornithobacterium rhinotracheale(ORT), isdifficult bacterium to grow in lab and isthe emerging pathogen.
A total of 107 oral swabs,107 tracheal swabs, 107 nasal swabs, 18 tracheal tissues, 22 exudates from infraorbital sinuses, 6 larynx and
24 lung tissue samples were collected from 18 suspected poultry farms, located in Rayalaseema region of Andhra Pradesh and these
samples were cultured and then molecular detection was done by targeting 16S rRNA gene. Out of 18 farms screened 14(77.77%)
farms were found positive. Among the 14 positive farms, 52 oral swabs, 58 nasal swabs, 56 tracheal swabs, 6 infra orbital sinus
exudates, 4 tracheal tissues were positive with positivity of 48.6, 54.2, 52.3, 27.2, 22.2 % respectively and all 24 lung tissues and 6
larynx tissues were found to be negative. The ORT was isolated from the clinical samples by streaking on selective blood agar with
gentamicin. The organism was confirmed phenotypically by cultural, biochemical tests and genotypically by targeting 16S rRNA gene.
The gene products of representative samples were sent to sequencing. The obtained nucleotide sequences were verified by National
Center for Biotechnology |nformation- Basic Local Alignment Search Tool (NCBI-BLAST) showed homology of 97.96- 98.37%. The
clinical ORT isolates showed 11 nucleotide substitution at G6C, C7G, T22, T27C, A30T, A32T, G33C, A36G G95A, T352C and
A728T. OP919604 isolate showed 4 nucleotide substitution at G3T, T4G, G6A and G33A. OP919610 isolate showed single nucleotide
substitution at G33A. OP919613 showed 8 nucleotide substituitons at G74T, G80A, A81G T140C, A149G A199T, C507T and A723C.
Phylogenetic tree reveals, three present isolates (OP919513, OP919604, OP919610) segregated into close group with KY 809801
ESV-301 strain of Mexico and the sequences OP919513 and OP919604 clustered into adistinct clade. Theisolate OP919613 segregated
in distinct clade with HF548215 B293-2B strain of United Kingdom (UK)
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INTRODUCTION et al. 2013; Umali et al. 2017; Hassan et al. 2020).

Ornithobacteriosis, commonly known as Usualy,thesymptomsarealso accompanied by adecline
Ornithobacterium rhinotracheale(ORT) infection, isa ih €gg production, a reduction in egg size, and a
respiratory distress illness of avian species leading to  poorquality egg shell. The clinical signs are similar to
economic losses in poultry due to mortality, Other pathogenslike Mycoplasma and Avibacterium and
condemnation, decreased egg production, and impaired ~ mostly combination of theseinfections are common.The
growth. It is a gram-negative rod, non sporeformer and ~ confirmatory diagnosisis essential to implement control
non-motile bacterium, comes under family steps Themost of the timesthe disease causing isolates
Flavobacteriaceae; phylum Bacteroidetes and alsonoted ~ Were shows different mortality and morbidity rates, so
as Pasteurella-like, Kingella-like, Taxon28, the present  the present study is aimed to study the molecular
name O.rhinotracheale was suggested in 1994 (Van Vvariations in field isolates of Ornithobacterium
Empel and Hafez, 1999; Chinet al., 2008) isresponsible ~ rhinotracheale(ORT) from respiratory infections of
for respiratory tract infection. There are few reports in ~ poultry in Rayalaseema regions of Andhra Pradesh.
Indiaindicating that ORT has been implicated asamain
or secondary agent in the respiratory illness complex.

Clinical signs includes depression, reduced appetite, Samples _
weight gain losses, increased mortality rates, gasping, _Sample_s were collected from birds that were
severe dyspnoea, mucous discharge, presence of nasal showing respiratory symptoms and were pooled farm

exudates, wet eyes, swelling of infraorbital sinus(Zorman ~ Wiseand organ wise separately. A total of 107 oral swabs
—Rojset al. 2000; Rahimi and Banani 2007; Hablolvarid ~ +107 tracheal swabs, 107 nasal swabs, 18 tracheal tissues,

22 exudates from infra orbital sinuses, 6 larynx and 24
lung tissue samples were collected from 18 suspected
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poultry farms located in Rayalaseema region of Andhra
Pradesh.
Isolation

The collected samples were inoculated on to the
10% blood agar medium with gentamicin (10 ug/ml) and
incubated at 37°C for 48 hr in candle jar. Following
incubation, colony shape and growth parameters were
examined. Colonies that were taken straight from the
appropriate culture plates were used to make smears for
Gram staining. Conventional biochemical methodswere
used to confirm the presence of bacteria Chin et al.
(2008); Murthy et al. (2008); Zahraet al. (2013); Mayahi
et al. (2016) and Asadi et al. (2022).
Method used for DNA extraction

Genomic DNA was extracted from ORT pure
cultures using boiling method (Thopireddy et al., 2022).
Active culture (1mL) was taken in Eppendorf tube, by
centrifugation at 10000 rpm for one min was done for
pelleting of bacterial cells and the supernatant was
discarded. The pellet was washed with 1mL of PBS and
again centrifuged at 10000 rpm for 1min and the
supernatant solution was removed. The pellet was
resuspended in 0.5ml of distilled water by gentle mixing
and boiled at 100°C for 10 min. This was followed by
rapid chilling at -20°C for 6 min. The suspension was
centrifuged at 10000 rpm for 1 min and the resultant
supernatant containing DNA was transferred to a new
centrifuge tube and stored at -20p C for further
procedures.
PCR assay for molecular detection of ORT by targeting
16SrRNA gene

PCR for detection of 16SrRNA gene of
Ornithobacterium rhinotracheale was designed by Van
Empel and Hafez,1999. Details of the primers sequence
and PCR conditions are listed in Table 1 & 2

RESULTS AND DISCUSSION

Indian poultry industry has progressed during the
last few decades from backyard poultry to a organized
commercial industry. The organized commercial poultry
sector is contributing to 70 per cent output and the
remaining 30 per cent comes from unorganized sector.
At the same time the poultry industry is facing several
problemslike decreased production, mortality and disease
incidence and leads to economic losses to the poultry

Table 1: Primer details

industry. The production rates in poultry industry is
difficulty because of changes in pathogens due to
mutations and antimicrobial resistance. The respiratory
diseases are the major concern due to involvement of
multiple organisms leading to troublein implementation
of control strategies. Among the poultry diseases, the
mixed respiratory infections (Roussan et al. 2008) due
to Ornithobacterium rhinotracheale, Mycoplasma,
Avibacterium and E.coli are the common bacterial
pathogens and causing huge economic losses to the
industry. InAndhraPrades maintaining different agebirds
in poultry farms and stressful conditions are suitable for
growth of respiratory pathogens. The confirmatory
diagnosis of each pathogen, its differentiation from the
othersis essential to treat, control and for prevention of
respiratory diseases. Hence the present study isaimed to
isolate one of the important respiratory bacterial
pathogens of poultry with referenceto Ornithobacterium
rhinotracheale and to study molecular variations in
clinical ORT isolates. The birds affected with different
respiratory diseases showed signs of dullness, loss of
appetite, nasal discharge, sneezing, gasping, coughing,
open mouth breathing, respiratory rales, dyspnoea,
drooped wings, ruffled feathers, oedema of the face and
eyelids, conjunctivitiswith purulent exudate, soiled vent
and watery greenish and whitish diarrhoea, some birds
were showed paralysis(Fig.1,2,3). Dropin egg production
and egg quality was also observed from the flocks that
had respiratory infections similar findings were noticed
Ley et al. (2003); Roussan et al. (2008); Murthy et al.
(2008); Hassan et al. (2020); Gowthaman et al. (2017);
Chaudhary et al. (2018); Kaore et al. (2018) and
Thopireddy et al. (2022). The clinical signs given some
hint, the birds were suspected for O.rhinotracheale,
Mycoplasma and E.coli infections. Theclinical signsare
almost similar in different respiratory diseases of chicken
anditisdifficult to diagnose based on clinical signsalone.
Kaoreet al. (2018) stated that all the respiratory diseases
produce almost similar clinical signs and lesions which
often make the diagnosis challenging. The isolation and
conformation of these infections needed to reduce losses
Patel et al. (2018) and Ellakany et al. (2019). The ORT
has been neglected in poultry farms, mainly due to the
lack of appropriate early diagnostic method and
consequent treatment failure (Barbosa et al., 2019).

Organism  Gene Primers

Product size (bp)

ORT
R-TTCGCTTGGTCTCCGAGAT

16SrRNA F-GAGAATTAATTTACGGATTAAG

784 (Van Empel
and Hafez,1999)

Table 2: PCR conditions

Primers Cycling conditions
Initial denaturation  Denaturation Annealing Extension Final extension
ORT 94°C5min 94°C 30 sec 52°C 1 min 72°C1min30sec  72°C7min
Repeated for 44 cycles
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Several scientists described initial isolation, typical
morphology of organism, biochemical investigations of
ORT (Mayahi et al., 2016; Ellakany et al., 2019; Al-Hasan
et al., 2022) but only limited studies on molecular
diagnosis as have been described. In focused more on
molecular diagnosis of ORT. The clinical signs noticed
intheO. rhinotracheale infected birdsin the present study
includes weakness, gasping, dyspnoea and mucous
discharge (Fig.1,2,3). Similar signs were aso reported
by several researchers (Van Empel and Hafez 1999;
Rahimi and Banani 2007; Umali et al., 2017; Hassan et
al., 2020). Observed presence of mucous exudate in
trachea in the present study in accordance with the
findings of with Hauck et al. (2015) and Umali et al.
(2017).

All the suspected samples were initially tested for
the presence of O. rhinotracheale by isolation and
identification of bacteria were done on the basis of
cultural, morphological and biochemical characteristics.
A total of 40 (37.3%) from oral swabs, 50 (46.7%) from
tracheal swabsand 45 (42%) from nasal swabs, 4 (18.1%)
from exudates of infraorbital sinuses, samples from
tracheal tissues, Lung tissues and larynx tissue are
negative by isolation these results were in accordance to
Murthy et al. (2008) in their study reported 34.6%
positive and higher compared to Nayak et al. (2017) in
hisstudy found only 0.56 % positive. In this study, 46.7%
prevalence of ORT infections was observed might be
attributed to heavy rains, stressful and suitable
environment, dueto increased ammonialevels, improper
ventilation, high temperature and humidity, and
concentration birds and similar causes were reported by
other workers (Espinosa et al.,2011; Ellakany et al.,
2018).

In this study, ORT isolated from tracheal swabs,
oral swabs, infraorbital sinus exudates and nasal swabs
but not from tracheal tissues, larynx and lungs, it might
be due to the organisms mostly present in the discharges
and localised on surface mucus membranes of respiratory
tract, in accordance with Espinosa et al. (2011) where
they isolated only from the infraorbital sinus exudates
from four layer hensbut not from tracheaand lung tissues.

ORT requires specialised growth conditions with
long incubation for cultivation. Thus, attempts of isolation
of ORT, often unsuccessful and plates were mostly
overgrown by other bacteria during incubation periods
(Traverset al., 1996; Amal, 2002). To avoid difficulties
inisolation, in this study, the successful isolation of ORT
might be due to addition of gentamicin. Sinceit hasbeen
shown that most of ORT isolates are resistant to
gentamicin (Back et al., 1997).In the present study, the
small, non-haemolytic, grey to greyish white, opaque,
convex with entire edge, circular and with butyrous odour
colonies were observed after 48hrs of incubation at 37p
C under anaerobic conditions on 5-10% sheep blood agar

Fig. 3: Mucous exudate in trachea

with gentamicin (Fig. 4, 5). Similar findings were also
described by several scientists (Murthy et al., 2008;
Sivasedan et al., 2014; Mayahi et al., 2016; Hassan et
al., 2020; Mohamed et al.,2022; Asadi et al.,2022). The
ORT also isolated on BHI agar in the present study and
not on MacConkey agar, these characters were described
by previous studies (Hafez et al., 1993; Roepke et al.,
1998; Post et al., 1999; Amal, 2002; Asadpour et al.,
2008; Mayahi et al., 2016). Concerning cellular
morphology of ORT, it appeared as Gram negative,
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pleomorphic rods bacteria as described by several
workers (Van Empel and Hafez 1999; Amal,2002;
Bisshop,2003; Shahata et al.,2006 and Espinosa et al.,
2011). The ORT pathogen mostly known to cause
respiratory tract infections with reference to Mayahi et
al. (2016) and Hassan et al. (2020). In present study
pleomorphism observed more when smears prepared
from BHI broth culture than agar plate colonies are in
line with reports of Murthy et al. (2008) All the ORT
isolates in this study were further confirmed by
biochemical tests and were showed catal ase negative and
oxidase positive(Fig.6,7) agree with El-Gohary and
Awaad (1998), Chin and Charlton (2008) and Ellakany
etal. (2018). Theresult of the ORT isolateswere positive
for Arginine dihydrolase, Urease test and Voges-
Praskauer and negative for L-lysine decarboxylase,
Ornithine decarboxylase and H2S(Fig.8,9,10) and our
findings agrees with Chin et al. (2008), Murthy et al.
(2008), Zahra et al. (2013), Mayahi et al. (2016) and
Asadi et al. (2022).The isolation of ORT is time
consuming and required special incubation conditions
to overcome the difficulties the molecular based PCR
tests are alternative for the confirmatory, accurate and
rapid diagnosis of ORT directly from the field samples
(Doosti et al. 2011). Many investigators (Hung and
Alvarado 2001; Ozbey et al., 2004 and Hassanzadeh et
al., 2010) have applied the PCR method for verification
of ORT strains, as it is a sensitive, quick, and specific
approach.

In the present study, all the suspected sampleswere
initially tested for the presence of ORT by targeting the
16S rRNA gene. The Primers(Table.1) used in the study
were genus specific primers specified by Van Empel and
Hafez (1999). A 44 cycle PCR reaction with annealing
temperature of 52°C were found optimum(Table.2) for
amplification of 784 bp product of 16S rRNA gene in
positive DNA sample(Fig.11) and the similar PCR
conditions were also used for detection of O.
rhinotracheale by Asadpour et al. (2008) and Hassan et
al. (2020).

All the 18 farms were screened by PCR (Fig.12)
for thepresence of ORT and found 14 farmswere positive,
with percent positivity of 77.77% but the severity of its
effects depends on the strain and other predisposing
factorssuch asviral infections, improper ventilation, age
of the birds at infection. Several research workers also
reported incidence of 8.57% (Mayahi et al., 2016) ,100
% (Umali et al., 2017) and 28.57 % (Kursa et al., 2022)
in suspected poultry respiratory infections. Among the
14 positive farms, 52, 58, 56 and 6 oral, nasal swabs,
tracheal swabs and infraorbital sinus exudates were
positive with positivity of 48.6, 54.2, 52.3 and 27.2 %
respectively (Graph.1). A total of 4 tracheal tissues (22.2
%) were positive for O.rhinotracheale. Several
researchers were reported the positivity of ORT 1.03 %
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Fig. 4: ORT on Blood agar plate showing non- hemJytic, gres;ish
white colonies
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Fig. 5: On Gram stéining-ORT showing gram negative,
pleomorphic, rod shaped

Fig. 6: ORT showing catalase test -ve on left side

(Asadpour. et al. 2008), 21.00 % (Roussan et al. 2011),
8.57 % (Mayahi et al. 2016) from tracheal swabs, 1%
from tracheal tissues by Hassanzadeh et al. (2010) and 5
% from infraorbital sinus exudates by Espinosa et al.
(2011). More prevalencerecorded in thisstudy (77.77%)
might be due to heavy rains and climate cause stress and
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Fig. 9: ORT showing Arginine dihydrolyase test positive

more suitable conditions for pathogens.

In the present study, the positive PCR 16S r RNA
gene products from four representative farms located at
Tirupati, Kadapa, Annamayya and Chittoor region of
Rayal aseema samples of DNA were sequenced and found

Fig. 11: Standardization of PCR for detection of O.rhinotracheale
targeting 16S rRNA gene

Lane M: Ladder (100bp)

Lane 1: Positive control

Lane 2: Negative control

Fig. 12: Screening of field samplesfor O. rhinotracheale
Lane M: Ladder (100bp)

Lane P: Positive control

Lane N: Negative control

Lane 1,2,3,4&5: Field samples positive for 16S rRNA genus
O.rhinotracheale
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KYB09801;
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97.96- 98.37 % homology with O. rhinotracheale strains
of NCBI. These nucleotide sequences were then
submitted to Gen Bank and accession numbers were
allotted for sequences i.e, OP919513, OP919604,
0OP919610 and OP919613. Our four strain sequences

were published in NCBI and noticed that our publications
arethefirst asalocal Indian strain.

The multiple sequence nucl ectide analysis of partial
16S rRNA gene of the present O. rhinotracheale isolates
revealed nucleotide substitutions. The ORT isolates
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Fig. 13: Multiple sequence alignment of Ornithobacterium rhinotracheale field isolates with published NCBI GenBank sequences

(Bio Edit 7.2.5, Hall, 1999)

showed 11 nucleotide substitution at G6C, C7G, T22,
T27C, A30T, A32T, G33C, A36G, G95A, T352C and
A728T. The OP919604 ORT isolate showed 4 nuclectide
substitution at G3T, T4G, G6A and G33A whereas the
OP919610 ORT isolate showed single nucleotide
substitution at G33A and OP919613 showed 8 nuclectide

substitutions at G74T, G80A, A81G, T140C, A149G,
A199T, C507T, A723C(Fig.13). Similarly, Canal et al.
(2005) observed no variationsin poultry isolatesand one
base pair variationsamong 4 isol ates of turkey Minnesota
in 1995.

The multiple alignment of amino acid sequences
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Fig. 14: Comparison of Ornithobacterium rhinotracheale amino acid sequences with Published GenBank sequences
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Fig. 15: Phylogenetic analysis of Ornithobacterium
rhinotracheale sequenceswith other reference sequencesavailable
in NCBI database

The phylogenetic tree was constructed using the MEGA
version 11 by Maximum Parsimony method with 1000
bootstrap replicates using Kimura 2-parameter model
(Tamuraet al. 2021).
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of partial 16S rRNA gene revealed that amino acid
changesand insertion were observed at different positions
between 1% to 32@ and 43 The isolates showed 6
changes at W2C, F8L, K11l, G12R, R32K and E243V
i.e, change of amino acids at 2" position tryptophan to
cysteine, 8" position phenylalanine to leucine, 11t
position lysine to isoleucine, 12" position glycine to
arginine, 32" position arginineto lysine and 243 position
glutamic acid to valine, OP919604 showed single change
at W2G i.e, at 2" tryptophan to glycine OP919610
showed single change at W2C i.e, at 2™ tryptophan to
cysteine and OP919613 showed 7 amino acid changes at
G1E, W2S, R251, VA47A, T67S and E243A i.e, at 1%
position glycineto glutamic acid, 2" position tryptophan
to serine, 25" position arginineto isoleucine, 47" position
valine to alanine, 67" position threonine to serine and
243 position glutamic acid to alanine insertion at -
50W(Fig.14). The variations in the sequences might be
due to mutations from generation to another generation
(Thopireddy et al., 2023).

The phylogenetic tree was constructed with the
present O. rhinotracheale isolate OP919513, OP919604,
0P919610, OP919613 and sel ected published sequences
of partial 16S rRNA gene. Threeisolates of present study
(OP919513, OP919604, OP919610) segregated into
close group with KY 809801 ESV-301 strain of Mexico
and the sequences OP919513 and OP919604 clustered
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into a distinct clade (Fig.15). The sequence OP919613
segregated in distinct clade with HF548215 B293-2B
strain of United Kingdom (UK). Similarly De oca-
jimenez et al. (2018) observed 99.1-100 % homology in
his8 Mexican ORT isolatesfrom poultry and also noticed
10SNPs.

CONCLUSION

This study concluded that ornithobacterial
infections are more common in poultry causing economic
losses along with other pathogens like Mycoplasma,
Avibacterium and E.coli .Isolation and molecular
detection methods are confirmatory and implementation
of the control strategiesisessential. Thisstudy also helps
to know the variationsin field isolates due to mutations.
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