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ABSTRACT %3_ 5 ? ? ;CU)
Ornithobacterium rhinotracheale (ORT) infection is a worldwide disease in commercial poultry production. It is gﬁ 2 2 o)
caused by a gram-negative bacterium, inducing respiratory and articular infections. The present study investigated 3 & i g =
the seroprevalence of ORT in commercial laying chicken farms in the Sfax region of South-eastern Tunisia. ¢, >§ = jZ>
Diagnosis of ORT is based on the clinical signs such as respiratory distress, sneezing, cough, and limping, gross (tf, ui: N
pathology in post-mortem examination (fibrinous tracheitis, fibrinous pneumonia, caseous arthritis, and tendinitis), S 2 t N >
and laboratory investigations, including isolation and identification, molecular and serological analysis. In the & Ng g Py
current study, 470 serum samples were collected from 25 commercial layer flocks (18 to 20 blood samples/flock) W aR -
and tested using an indirect enzyme-linked immunosorbent assay (ELISA), which revealed that all 25 flocks (100%) . 13 0
demonstrated evidence of past or recent ORT infection. Seropositivity of the tested sera indicated the presence of 3 |-'_|-|
a1

antibodies against ORT, ranging widely from 7.69% to 100% within individual layer hens flocks. The average
antibody levels varied considerably among flocks, from 1425.67 to 15233 in different flocks. The current findings
indicated widespread ORT exposure in commercial layer farms in the Sfax region of South-eastern Tunisia,
signifying the potential for horizontal transmission of ORT, particularly in multi-age layer integrations where older
flocks can act as a source of infection for younger pullets.
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INTRODUCTION

Ornithobacterium rhinotracheale (ORT) is a gram-negative bacterium that causes a highly contagious respiratory
illness in poultry. This bacterium's shape can vary (pleomorphic), and it cannot move independently (nonmotile). The
organism has a rod shape and does not produce spores for survival (Van Empel and Hafez, 1999). The ORT belongs to
rRNA superfamily V and shares some genetic characteristics with other bacteria, such as Cytophaga, Riemerella, and
Flavobacterium (Van Empel and Hafez, 1999; Canal et al., 2005). The severity of ORT infection depends on different
factors, such as environmental conditions, including ambient temperature, humidity, and ammonia, the bacterium's
ability to form protective biofilms, and the presence of co-infections with other pathogens such as Avian
Metapneumoviruses and Avibacterium paragallinarum (Marien et al., 2005; De la Rosa-Ramos et al., 2015; Stepien-
Pysniak et al., 2024).

Over 18 serotypes of ORT, designated from A to R, have been identified through studies (Hafez and Sting, 1999;
De la Rosa-Ramos et al., 2018). Serotype A of ORT stands out for its high dominance, infecting 94% of chickens and
57% of turkeys (Siddique et al., 2008; Kursa et al., 2022). Furthermore, several studies revealed variations in virulence
and adherence properties among serotypes A, B, C, D, and E (Chansiripornchai et al., 2007; De Haro-Cruz et al., 2013).

While ORT is susceptible to common disinfectants such as chloride, phenols, and glutaraldehyde, it can become
endemic in poultry houses, persistently infecting new flocks even after poor cleaning and disinfection protocols of the
poultry houses. Persistence of ORT is particularly problematic in multi-age layer farms (Hafez and Schulze, 2003).

Ornithobacterium rhinotracheale primarily transmits horizontally among chickens, which means the infection
spreads through inhalation of respiratory droplets, direct contact with infected chickens, or indirectly through
contaminated feed, equipment, and drinking water. However, vertical transmission appears to be limited (Boulianne et
al., 2020). While ORT was isolated from ovary and oviduct, infertile eggs, hatching eggs, and even dead embryos, it is
unclear if this pathogen is viable or contributes significantly to chicken infection (Shahata et al., 2006; Boulianne et al.,
2020).
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The presence of ORT is confirmed in a wide range of domestic and wild birds suffering from respiratory issues,
including chickens, turkeys, ducks, chukar partridges, geese, quail, ostriches, guinea fowl, rooks, pheasants, and
pigeons (Boulianne et al., 2020).

Clinical signs of ORT infection are more readily apparent in meat birds (broilers and turkeys) compared to laying
hens (Van Veen et al., 2000). Turkey flocks can be exposed to ORT and seroconvert without exhibiting any outward
signs of illness (Back et al., 1998a). The age of susceptibility to infection differs among bird types. Broilers typically
experience infection between three and four weeks of age, while turkeys are more susceptible from 14 weeks until
slaughter age (Charlton et al., 1993; Back et al., 1998b; VVan Veen et al., 2000). The pathogenicity of ORT as a primary
pathogen in layer chickens is poorly understood. However, severe respiratory signs were described in layer hens’ flocks
in Japan aged from 26 to 30 weeks (Umali et al., 2018).

Outbreaks of ORT have been reported in breeder farms, causing similar clinical signs to those observed in broiler
chickens and turkeys, along with secondary economic consequences (Charlton et al., 1993). Economic losses include
decreased egg production, decreased eggshell quality, and reduced hatchability (Charlton et al., 1993). Breeder hens
seemed to be most susceptible before or during their peak laying period (Hafez, 1996). The ORT infection in
commercial laying hens has been associated with clinical illness, manifesting as increased mortality, respiratory signs,
and decreased egg production (Joubert et al., 1999; Lopes et al., 2002).

Diagnosing ORT infection requires a multi-pronged approach due to the challenges associated with culturing the
bacteria. While cultural methods are available for isolating and identifying the causative agent, ORT's slow growth
(more than 48 hours) in liquid media, such as blood agar or soybean casein agar, incubated at 37°C for 24 to 48 hours
under anaerobic or microaerophilic conditions, makes the process challenging (Mayahi et al., 2016). Serological tests
offered a more practical alternative for large-scale testing and surveillance programs (Back et al. 1998a). Serotyping of
ORT isolates has been carried out using specific antisera against 18 serotypes, employing an enzyme-linked
immunosorbent assay (ELISA) and an agar gel precipitation test (Hassan et al., 2020). Real-time polymerase chain
reaction (PCR) was also performed for the definitive diagnosis of ORT infections and/or bacterial and viral respiratory
co-infections, particularly in cases where cultural or serological methods were not available or were inconclusive
(Hashish et al., 2022; Nguyen et al., 2023; Krylova et al., 2024).

The scarcity of published data on ORT prevalence within Tunisia's commercial poultry sector, particularly laying
hens, highlighted the need for the present study. The present study aimed to investigate the seroprevalence of ORT
infections in commercial layer farms located in the Sfax region of south-eastern Tunisia.

MATERIALS AND METHODS

Ethical approval
The experiment was approved by the Institution of Agricultural Research and Higher Education, National School of
Veterinary Medicine of Sidi Thabet, University of Manouba, Tunisia.

Study region

The current study was carried out on twenty-five commercial layer flocks, from November 2020 to May 2021,
located in the governorate of Sfax, Tunisia. The governorate of Sfax is located in the Southeast of the country on the
eastern coast of Tunisia (Latitude: 34° 44' 26.02" N; Longitude:
10° 45' 37.01" E (Figure 1). Sfax is bounded by the
Mediterranean Sea to the east, the governorate of Mahdia to the
north, and the governorates of Kairouan, Sidi Bouzid, and Gafsa
to the west. The climate of Sfax, where the current study was |/ Yy~ 1 ,
conducted, is Mediterranean, characterized by mild, relatively [, """ | = | ‘ ~
rainy winters and hot, sunny summers. Although winter is mild, P
there can sometimes be cold periods, during which the (
temperature drops to around 0°C (32°F) and remains at around >
10°C (50°F). In summer, during invasions of hot air from the 1 { &
desert, which have become more frequent in recent years, the B
temperature can exceed 40°C (104°F). The present study \ -
focused on commercial layer farms in the Sfax governorate, \
Tunisia. According to the latest poultry establishment census
conducted by Tunisian veterinary authorities between 2015 and
2016, Sfax boasted a particularly high concentration of layer hen
flocks, accounting for 70% of Tunisia's total. Furthermore, Sfax
is home to an estimated 88 percent of the nation's pullet farms,
representing 295 flocks of pullets (ONAGRI, 2021).

Figure 1. Geographical situation of the governorate of
Sfax and distribution of sampled poultry houses. purple
points represent flocks’ locations.
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Flocks and blood samples

The current study involved twenty-five commercial layer flocks, numbered from 1 to 25, chosen randomly across
three age groups (20 to 30 weeks, 31 to 55 weeks, and over 55 weeks, Table 1). Data collection utilized a standardized
survey form administered at each farm which focused on biosecurity measures implemented, including vehicle
disinfection, footbath, distance between houses, pest control and results of bacteriological analysis of environmental
samples for controlling disinfection (the supervising veterinarian of the farm carried out swabs of surfaces and
equipment), medication history (date of treatment, molecules, method of administration, and duration of treatment), and
the overall health status of the flocks (history of pathologies and cumulative mortality).

To assess seroprevalence, blood samples were randomly collected from 18 to 20 chickens in each flock, yielding
470 serum samples. Blood samples were collected from the wing vein and centrifuged at 1500 rpm for ten minutes to
separate the serum. Aliquots of the whole sera were stored in clean tubes at -20°C until further analysis (Xue et al.,
2020). Serological testing (indirect ELISA) to detect antibodies against ORT was subsequently performed in the
Microbiology Laboratory of the National Veterinary Medicine School of Sidi Thabet, Tunisia.

Table 1. Individual seroprevalence of Ornithobacterium rhinotracheale infection according to age group and flock size
in commercial layers in Tunisia from November 2020 to May 2021

Flock Tested sera Positive sera Seroprevalence

Factor Category (Number)  (Number) (Number) (%) P value
20-30 weeks 5 154 113 73.4%

Age group 31-55 weeks 10 112 76 67.9% 0.001*
Above 55 weeks 10 204 175 85.8%
Small: < 10 000 7 121 86 71%

Flock size Medium: 10 001-30 000 13 233 172 73.8% 0.001*
Big: Above 30,000 5 116 106 91.9%

*: Significant difference in each column (p < 0.05)

Enzyme-linked immunosorbent assay

An indirect ELISA was employed to detect antibodies against ORT in the collected sera, using commercially
available kits (ID-VET, ID Screen® ORT Indirect, France), and strictly adhered to the manufacturer's instructions.
Following incubation and washing steps, the plates were read at a wavelength of 450 nm using an ELISA reader
(Thermofisher®, USA). Samples were categorized as positive or negative based on a pre-determined sample-to-positive
ratio (S/P) cut-off value. An S/P ratio less than or equal to 0.4 (titer < 844) was considered negative, while values
exceeding 0.4 (titer > 844) were considered positive. Flock-level ORT prevalence was determined by designating a flock
as positive if at least one chicken within the flock tested positive for indirect ELISA. Notably, none of the sampled
chickens in the present study had been previously vaccinated against ORT.

Statistical data

Statistical analyses were performed using R software (version 4.3.3; R Core Team, 2024) to assess group
differences. Specifically, potential associations among age, flock size, and the mean ELISA titers were investigated
using the Pearson chi-square test to identify statistically significant variations (p < 0.05).

RESULTS

The current epidemiological investigation indicated that 23 of the 25 visited flocks (92%) belonged to multi-age farms.
Biosecurity measures varied across farms, with five flocks (aged from 20 weeks to 26 weeks) demonstrating satisfactory
practices, 17 with acceptable measures (aged from 32 weeks to 52 weeks), and the remaining three exhibiting low
biosecurity levels (aged above 55 weeks). Disinfection before pullet entry, a crucial control measure, was only
implemented by 12 flocks (aged from 20 weeks to 48 weeks). The efficacy of disinfection was evaluated by 18 farms
based on laboratory analyses of environmental samples (swabs of surfaces, soil, and equipment). The origin of the pullet
supply was considered a potential risk for contamination. Only four flocks were sourcing pullets from a single origin
(hatchery in Sfax). The remaining 21 flocks obtained pullets from multiple sources (hatcheries in Sfax and Tunis), which
could introduce new pathogens.

The present serological analysis revealed a high prevalence of ORT exposure in the studied flocks. A significant
majority (77.45%, n = 364) of the 470 collected serum samples tested positive for antibodies against ORT. Notably,
positive samples were detected in all 25 flocks investigated (Figure 2A). Seropositivity varied considerably among
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flocks, ranging from 7.69% (flock 25) to 100% (Flocks 14, 15, and 16). Furthermore, ELISA mean titers significantly
varied across all flocks (p < 0.05). The ELISA titers ranged from 1425.67 (flock 12) to a much higher level of 15233
(flock 19; Figure 2B; p < 0.05). The variation in antibody levels was further substantiated by the coefficient of variation
(CV) values, which ranged from 30.94% to 93.40% and indicated substantial variability in antibody responses among
chickens within each flock.

Seroprevalence of ORT infection varied across different age groups (Table 1). Young hens (20-30 weeks old)
illustrated a seroprevalence of 73.4%, while seroprevalence increased to 85.8% in older layers (above 55 weeks, p <
0.05). Additionally, flocks between 31 and 55 weeks had a slightly lower seroprevalence of 67.9%. The statistically
significant difference (p < 0.05) exhibited a potential association between age and exposure to ORT. However, the
correlation between layer age and ELISA mean titers was low positive (r = 0.351; Figure 3). Seroprevalence also
exhibited variation based on flock size (Table 1). Smaller flocks (under 10,000 chickens) had a seroprevalence of 71%,
while this seroprevalence increased to 91.4% in large flocks (over 30,000 chickens). Medium-sized flocks from 10,001
to 30,000 chickens illustrated an intermediate seroprevalence of 73.8%. The statistically significant difference (p < 0.05)
suggested a potential link between flock size and exposure to ORT. Furthermore, a positive correlation (r = 0.467) was
observed between ELISA mean titers and flock size (Figure 3), which indicated that larger flocks may tend to have
higher average antibody levels, potentially reflecting a greater possibility of exposure in the flock.

A

1.004
30000+

e
o9

10000+

Seroprevalence
o
o
3
ELISA OD

2000+

o
b
[

10007

0.001 | I |II |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Sampled poultry houses

*ﬁ*ﬂ*“ o)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Sampled poultry houses

Figure 2. Seroprevalence frequency and enzyme-linked immunosorbent assay titer variation among sampled poultry houses with ages
varied from 20 weeks to 107 weeks in the governorate of Sfax, Tunisia. A: Seroprevalence frequency, B: ELISA titer; each bar corresponds to
a flock. Upper limit is the highest titer, lower limit is the lowest titer, horizontal line of the bar is the average antibody titer against Ornithobacterium
rhinotracheale.
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Figure 3. Correlation between layer age flocks (age varied from 20 weeks to 107 weeks) and Ornithobacterium rhinotracheale

enzyme-linked immunosorbent assay mean titer, in the governorate of Sfax, Tunisia.
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Figure 4. Correlation between flock size (age varied from 20 weeks to 107 weeks) and Ornithobacterium rhinotracheale enzyme-
linked immunosorbent assay mean titer, in the governorate of Sfax, Tunisia.

DISCUSSION

Ornithobacterium rhinotracheale is a bacterial pathogen responsible for contagious respiratory and articular infections
in poultry, particularly affecting turkeys, broilers, and laying hens (Boulianne et al., 2020). Susceptibility to ORT
infection can vary depending on several factors, including bird species, the age of the animal, and overall farming
conditions (Boulianne et al., 2020). The immune system typically responds to ORT exposure by producing specific
antibodies (immunoglobulins M, G, and A). These antibodies can be detected as early as 5 days post-exposure through
experimental aerosol inoculation (Erdksiz et al., 2006). The early detection capability of serological tests makes them
valuable tools for identifying and monitoring ORT infections in poultry flocks.

The current study investigated the seroprevalence of ORT infection in commercial layer flocks located in the Sfax
governorate, southeastern Tunisia. A total of 470 serum samples were collected from 25 randomly selected flocks, all of
which were in the laying period. Utilizing an indirect ELISA test, found that 364 samples (77.45%) were positive for
antibodies against ORT, indicating individual-level seroprevalence. Notably, positive samples were detected in all 25
flocks, resulting in a 100% flock-level prevalence. The high seroprevalence in the present study aligned with previous
findings, which reported a 61.5% seroprevalence (eight seropositive flocks out of 13 flocks) in meat turkey farms within
the governorate of Sfax (Ben Mbarek, 2009).

The current findings indicated a 100% flock-level seroprevalence for ORT in Tunisian layer flocks, consistent with
previous reports from other countries. Similarly, 100% was reported in commercial layers from the North Central
Region of the United States (Heeder et al., 2001) and South Korea (Jung, 2020). However, seroprevalence rates varied
across studies. For instance, a seroprevalence of 96% was reported in India (Sumitha et al., 2015), while a lower
prevalence of 17.4% in commercial layer flocks was found in different regions of Turkey (Aras et al., 2016).

These discrepancies might be attributed to several factors, including sample size and selection methods for
participating farms, geographic location and potential regional variations, seasonal variations in ORT circulation
patterns, management practices employed on the farms, such as biosecurity measures and vaccination protocols, the
nature of the poultry farming systems, such as free-range versus intensive housing, farm density within the study area,
potentially influencing transmission risks, antibiotic usage patterns on the farms, environmental factors that may
influence ORT persistence and transmission, and the specific serological tests utilized (Ali et al., 2022).

The present study indicated a trend of increasing seroprevalence with flock age. The highest prevalence (85.78%)
was observed in layers older than 56 weeks. Additionally, a moderate positive correlation (r = 0.351) was found between
age and antibody titers, indicating a potential link between longer lifespans and higher exposure to ORT. The results of
the current study aligned with the reports in Iran by Allymehr (2006) and in India by Baksi et al. (2017), where the
highest prevalence was detected in older broiler breeders. Similarly, older chickens had higher infection rates and
stronger antibody responses in China (Xue et al., 2020). However, no significant association was confirmed between age
and ORT antibodies in broiler breeders in southern Brazil (Canal et al., 2003). These contrasting findings suggested that
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the influence of age on ORT exposure may depend on different factors, warranting further investigation.

CONCLUSION

The high seroprevalence of Ornithobacterium rhinotracheale (ORT) antibodies (ranging from 1425.67 in flock 12 to
15233 in flock 19) detected in the current study, coupled with the absence of vaccination against ORT in Tunisia,
strongly suggested widespread exposure to ORT in the commercial layer flocks (aged from 20 weeks to 100 weeks) of
the Sfax governorate, Tunisia. The current findings highlighted the need for comprehensive prevention strategies to
mitigate the impact of ORT on poultry health and productivity in the study region. Future studies could explore the most
effective biosecurity measures, vaccination programs, and management practices to minimize ORT circulation and
associated economic losses in different locations.
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