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Background: This study was designed to investigate the frequency and tissue distribution 
of Ornithobacterium rhinotracheale (ORT) in turkeys with respiratory syndrome in Isfahan 
province.
Materials & Methods: Totally, samples were taken from the trachea, lung, air sac, infraorbital 
sinus, hock joint, blood of heart, brain, liver, spleen, intestine, and kidney of 30 turkey flocks. 
After DNA extraction, a 787 bp fragment of 16S rRNA gene of ORT was amplified.
Findings: The PCR results revealed that 53% of turkeys were infected by ORT. The results 
showed that although ORT was mainly found in the respiratory tract, it could be systemic 
and infect some other organs, including the joints, brain, liver, spleen, and blood of heart, but 
could not infect the intestines and kidneys.
Conclusion: Due to the lack of a clear pattern in tissue distribution of ORT among clinical 
samples, it seems that other factors play a role in ORT tissue distribution, such as dose, route, 
type of infection, and probably prevalent serotype.
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Introduction
Ornithobacterium rhinotracheale (ORT) is 
a Gram-negative, immobile, pleomorphic 
bacterium isolated from turkeys and 
chickens with respiratory problems. ORT 
could reduce growth and egg production 
and increase mortality in poultry farms. This 
bacterium was first named Ornithobacterium 
rhinotracheale by Vandamme et al. (1994) 
[1]. Due to the difficulty of ORT isolation 
and detection, this bacterium was not 
rightly described until 1994. Initially, it 
was called Pasteurella-like, Kingella-like, or 
polymorphic Gram-negative rod bacterium 
(PGNR), as well as TAXON 28 [2], until it was 
named ORT by Vandamme et al. (1994) [3]. In 
the genus Ornithobacterium, the species that 
causes respiratory symptoms in chickens 
and turkeys and joint infection in turkeys 
was called rhinotracheale.
The best ORT growth could be obtained 
on blood agar medium containing 5-10 % 
sheep blood and incubation for at least 48 
hours under micro-aerobic conditions (5 to 
10 % carbon dioxide) at 37 °C. Under these 
conditions, ORT produces small, round 
convex, gray to white-gray colonies [4-5] 
without hemolysis [6].
Due to the slow growth rate of this bacterium, 
ORT colonies may be hidden or covered by other 
bacteria, making it difficult to differentiate 
the bacterium from other infectious agents. 
To stop secondary infections, samples should 
be cultured on sheep blood agar containing 
gentamicin and polymyxin [5, 7] because about 
90 % of ORT strains are resistant to these two 
antibiotics [4].
Infections caused by ORT cause mild 
respiratory symptoms in turkeys and 
other birds. Clinical signs include sinusitis, 
purulent pneumonia, tracheitis, air sac 
infections, and pericarditis. This bacterium 
could cause sudden death in young birds 
due to meningitis [4]. The presence of ORT 
in poultry as well as wild birds has been 

reported worldwide, indicating a main 
source of this bacterium in the world. There 
are numerous reports of infection of various 
birds, especially poultry and turkeys, by 
this bacterium in Iran and the world. The 
bacterium was first isolated from turkeys, 
and it seems that the disease is more 
important in turkeys than in other birds. 
The seroprevalence of ORT is high and 
variable in turkey farms of many countries 
where the breeding of this bird is highly 
prevalent. For instance, 6.5% [8] of turkey 
farms in Belgium, 11.3% [9] in Turkey, 55% 
[4] in Germany, 83% [10] in Austria, 72.6% [11] 
in Poland, and 91% [21] in Slovenia have been 
reported to be infected by ORT. In terms 
of turkeys infection with this bacterium 
in Iran, Doosti et al. (2011) [12] studied the 
prevalence of ORT in turkey flocks in Isfahan 
province using the PCR method. The results 
indicated that 19.93% of swaps obtained 
from the orbital sinus of turkeys harbored 
the16srRNA gene of ORT. 
Objectives: Since ORT, as a disease known 
in turkeys, causes great economic losses 
to the turkey breeding industry, this study 
aimed to identify and estimate the rate 
of ORT infection in turkey flocks and also 
to examine the tissue distribution of the 
bacterium in different organs of infected 
turkeys in Isfahan province.

Materials and Methods
Sampling and study design: Totally, 30 
traditional and industrial turkey flocks with 
respiratory signs and mortality were sampled 
in Isfahan province. After necropsying the 
turkeys, samples were taken from the trachea, 
air sacs, lungs, whole head (for sampling of 
orbital sinuses, nasal mucosa, and brain), 
liver, spleen, hock joint, jejunum, kidneys, 
and blood clot in the heart. The samples were 
transferred to the laboratory close to the ice. 
The bacterial genome was extracted using a 
commercial DNA extraction kit (CinnaGen, 
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Iran) and stored at -20 ° C.
The primary target organ for detecting and 
determining ORT infection was tracheal 
tissue, and if the trachea was negative, 
the lung tissue was used to evaluate ORT 
infection. The negative samples were 
excluded from the study. In ORT-positive 
turkeys (based on the trachea or lung 
harboring 16S rRNA gene of ORT), all tissue 
samples were examined for the presence of 
ORT by PCR.
Genome extraction: The bacterial DNA was 
extracted from tissues and blood using a 
commercial kit (CinnaGen, Iran) according 
to the manufacturer’s instructions.
PCR: The specific primers were synthesized 
based on the 16S rRNA gene of ORT according 
to the sequence published by Empel et al. 
(1999) as follows [5, 13]:
Ornitho-F:5’-GAGAATTAATTTACGGATTAAG-3’
Ornitho-R:5’-TTCGCTTGGTCTCCGAAGAT-3’
The PCR reaction was achieved in a final 
volume of 25 μL, including 1 μg of DNA 
sample, 1 μL of each primer, 2 μL of 
magnesium chloride, 200 μL of dNTPs, 2.5 
μL of buffer 10X, and 1 μL of Taq Polymerase 
(Fermentas, Germany) by a Mastercycler 
Gradient device (Eppendorf¸ Germany).
The temperature program included a cycle of 
94 °C for 5 min, 45 replicative cycles consisting 
of denaturation at 94 °C for 30 s, annealing at 
52 °C for 1 min, extension at 72 °C for 90 s, and 
a final extension at 72 °C for 7 min [13].
The PCR product was electrophoresed on 1% 

agarose gel at 80 volts for 30 min, and then 
the gel was stained with ethidium bromide 
and observed using a UV doc.
Statistical analysis: Finally, the infection in 
each turkey was reported as positive based 
on the detection of 16S rRNA in the trachea 
and lung. The difference in the levels of 
infectivity in tissue samples was analyzed at 
a confidence level of 95% using Sigma Plot 
statistical software and one away ANOVA 
method.

Findings
The results indicated that 16 out of 30 
flocks harbored 16S rRNA gene of ORT 
in the trachea or lungs (53%), which was 
demonstrated by amplification of 784 bp 
fragment of 16S rRNA gene (Figure 1). The 
detection rate of 16S rRNA gene of ORT in 
each sample is presented in Table 1.  In five 
out of 16 (31.25%), all respiratory tissues, 
including the trachea, lungs, orbital sinuses, 
and nasal mucosa were positive. In 68.75% 
of turkeys, at least one sample of these 5 
respiratory tissues was negative for 16srRNA 
gene of ORT. In most turkeys, the trachea was 
positive (87.5%), exception for two turkeys 
in which the trachea was negative, and the 
lung was positive. In one turkey, only the 
lung was positive, and the other organs were 
negative for 16S rRNA gene of ORT. The 16s 
rRNA gene of ORT was detected in the lungs 
and nasal mucosa of one turkey, but not in 
the trachea, air sacs, and sinuses.

Table 1) Percentage of 16SrRNA detection in each tissue in ORT-infected turkeys
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Discussion
ORT infection could cause respiratory and 
musculoskeletal lesions and affect a large 
number of birds. Although the disease 
could be observed in 2-week-old and older 
turkeys, the severe disease appears usually 
after 14 weeks and more in breeders, 
especially males. The causative agent 
spreads horizontally and vertically, directly 
and indirectly. Although there are many 
doubts about the pathogenicity of this 
bacterium in birds, and some researchers 
have named this factor as a secondary factor, 
recent studies have found that ORT could 
be a primary pathogen. Symptoms of this 
disease are very diverse in turkeys, including 
unilateral or bilateral pneumonia along 
with fibrinous exudate and mild to severe 
tracheitis, fibrinous purulent inflammation 
of the air sacs, liver and spleen lesions, heart 
muscle degeneration, and vertebrae and 
joint infection.
This research results indicated that ORT 
was involved in complicating respiratory 
symptoms in about 53% of respiratory 
syndrome cases in turkeys in Isfahan. 
Even though the autopsy of birds indicates 
pneumonia, tracheitis, and sometimes 
fibrinous purulent inflammation of the air 
sacs, liver, and even heart, attributing the 

symptoms to ORT might be wrong; however, 
ORT-associated infections should not be 
overlooked. The existence of this bacterium 
and the infection of 20% of broiler flocks 
by this bacterium have been reported in 
slaughterhouses of Isfahan province using 
PCR, but the present study specifically 
focused on the prevalence of ORT infection in 
turkeys with respiratory symptoms. Despite 
the lack of similar reports on turkeys, 
Roepke et al. [14] reported the isolation rate 
of ORT from poultry flocks with respiratory 
symptoms as 57.5% using the culture 
method, indicating a high prevalence of 
ORT infection in flocks with respiratory 
symptoms.  A great number of studies have 
been conducted to identify ORT in poultry 
flocks in Iran, but they have been mainly 
conducted for epidemiological purposes of 
the disease in different provinces. According 
to the available data, there are some reports 
of the disease outbreaks in broiler chickens 
in Gilan, Babol, Qazvin, Tabriz, Ahvaz, 
Shahrekord, and Isfahan [15-16]. There are 
only two reports on the disease prevalence 
in turkeys in Isfahan and different regions 
of Iran, both cases have been conducted on 
slaughterhouses to detect ORT using PCR. In 
these two reports, the rate of ORT infection 
has been reported to be about 20%.  The 
difference between the infection rate in this 
study and the other studies mentioned is 
due to the fact that in this study, birds with 
respiratory symptoms were sampled. The 
present study showed for the first time in 
Iran that the rate of ORT infection in turkeys 
with respiratory symptoms, as the main 
host of ORT, is high.  Previous studies have 
revealed that there are common pathogenic 
serotypes between chicken and turkey. These 
serotypes could be easily transferred from 
one host to another. Thus, it is necessary 
to monitor the bacterium in each region in 
order to control this infection.
In this study, the identification of ORT 

Figure 1) Electrophoresis of PCR products of 16S rRNA 
gene of Ornithobacterium rhinotracheale in the samples
M: Marker with a size of 100 bp DNA (CinnaGen, 
Iran), 1: Positive control, 2: Positive liver sample, 3: 
Positive tracheal sample, 4: Positive blood sample, 5: 
Positive lung sample, 6: Positive air sac sample, and 7: 
Positive sinus tissue sample.

 [
 D

O
I:

 1
0.

52
54

7/
ie

m
.7

.1
.4

5 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

58
84

10
7.

20
21

.7
.1

.8
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

m
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

11
 ]

 

                               4 / 7

http://dx.doi.org/10.52547/iem.7.1.45
https://dorl.net/dor/20.1001.1.25884107.2021.7.1.8.3
https://iem.modares.ac.ir/article-4-48509-en.html


Karimi-Dehkordi M. et al.

Infection Epidemiology and Microbiology  Winter 2021, Volume 7, Issue 1

49

infection was based on the detection of the 
16S rRNA gene in the trachea and lung. In 
the present study, only in two turkeys, the 
trachea was negative for ORT, and the lung 
was examined to detect ORT. The question 
is whether other respiratory organs are 
suitable samples for detecting ORT infection. 
The results of the present study showed that 
the lung or trachea was the best tissue sample 
for detecting ORT infection in turkeys, and 
ORT was less likely to be detected in other 
tissues. There is no significant difference 
in detection rate of ORT 16SrRNA gene 
between the tissues of the nasal mucosa, 
air sacs, and orbital sinus in turkeys, while 
there is a significant difference between 
ORT detection rate in respiratory tissues 
and other tissues such as liver, spleen, joints, 
blood, and brain.  There are various reports 
about the possibility of ORT detection 
in different organs [17]. Kilic et al. (2009) 
reported that despite lesions observed in 
50% of the sinuses, 40% of the larynxes, 
40% of the lungs, and 40% of the air sacs of 
broilers infected with ORT, the detection of 
ORT genome was possible only in the trachea 
and lungs in the first and second weeks 
after infection [17]. In the present study, ORT 
genome was detected in other respiratory 
tissues of more than 50% of chickens, such 
as nasal mucosa, orbital sinuses, and air sacs. 
A study by Tachil et al. (2009)[18] on poultry 
showed that ORT could not be isolated from 
the lungs, while less than 50% of ORT could 
be isolated from the trachea and air sacs, and 
ORT could be isolated from the sinuses up to 
28 days after infection. Ozbey et al. (2004) 
found that although ORT was isolated from 
the trachea of 5 chickens, simultaneous 
isolation of ORT from the trachea and lungs 
was observed only in one chicken [13]. Roepke 
et al. (1998) reported the possibility of 
isolating ORT from the trachea (40%), lungs 
(59%), air sacs (63%), and sinuses (37.5), 
while in their study, the ORT bacterium was 

not isolated from the blood of the heart, 
pericardium, liver, and eye [14]. This report is 
inconsistent with the results of the present 
study and another study by Thachil et al. 
(2009), as they showed that ORT could be 
isolated from the liver and spleen of infected 
birds [18]. In this study, the ORT genome 
was detected in 19% of liver and 12% of 
spleen samples. No regular pattern in ORT 
genome detection in organs indicated that 
the samples were not taken at a certain 
stage of the disease, and different samples 
were taken at different stages of the disease 
because the distribution of ORT bacterial 
genome in various organs varies from the 
involvement of the trachea and lungs to the 
involvement of all respiratory tissues; some 
visceral organs, such as the liver and spleen; 
and distant non-respiratory organs, such as 
the brain and joints.
According to the tissue distribution of ORT 
genome, it is a respiratory bacterium that 
tends to spread vertically or systematically 
so that its distribution is evident in other 
non-respiratory organs such as the brain and 
joints. Furthermore, lack of detection of ORT 
infection in the intestine and kidney indicates 
the impossibility of ORT pathogenicity in 
the gastrointestinal tract; thus, there is no 
the possibility of its transmission through 
the gastrointestinal tract. There is no report 
about the transmission of this bacterium 
through feces. Zbikowski et al. (2013) 
failed to detect ORT in these two organs 
by experimental studies  and continuous 
monitoring of the bacterium in the intestine 
and kidneys [19].

Conclussion
The present study indicated that the tissue 
distribution of ORT was not the same in all 
infected turkeys probably due to the method, 
dose, infection route, and the duration of 
infection.  The serotype diversity of the 
bacterium, the type of common serotypes, 

 [
 D

O
I:

 1
0.

52
54

7/
ie

m
.7

.1
.4

5 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

58
84

10
7.

20
21

.7
.1

.8
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

m
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

11
 ]

 

                               5 / 7

http://dx.doi.org/10.52547/iem.7.1.45
https://dorl.net/dor/20.1001.1.25884107.2021.7.1.8.3
https://iem.modares.ac.ir/article-4-48509-en.html


ORT in different organs

Infection Epidemiology and Microbiology  Winter 2021, Volume 7, Issue 1

50

immunological status of birds, and possibly 
individual differences might be involved in 
ORT tissue distribution.
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