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Pigeons may be kept in captivity as pet and companion birds, or raised for laboratory specimens, sport or racing,
and meat production. Pigeons (Columba livia) belong to order Columbiformes and family Columbidae. Pigeons
are susceptible to many important bacterial, viral and parasitic threats. One of the most important bacterial
diseases that affect all breads of pigeons is salmonellosis or paratyphoid. Until now, the disease still constitutes
one of the most important serious diseases of economic and zoonotic significance for owners of pigeons. Dif-
ferent serotypes of Salmonella have been isolated from pigeons. However, Salmonella (S. Typhimurium) and S.
Enteritidis are the most common. Salmonellosis in young squab pigeons causes high mortalities, besides the
enteric and nervous manifestations. Chronic carrier diseased pigeons create a hazard to the other avian species
and humans. The close contact with pigeons and their droppings is a risk for people who frequently share the
same environment. Therefore, pigeon’s flocks should be regularly checked for the early detection of Salmonella
infection status, and the positive reactors should be eradicated with a strict biosecurity plan. Antibiotic sensi-
tivity test is very important before any treatment of Salmonella infection in pigeons as a result of continuous
development of resistance. Since the multiple needs for raising pigeons and the scientific literature discussing
the most important infections of pigeons are insufficient, this article spots-light on salmonellosis in pigeons

lae, Pigeons, Treatment

regarding the disease infection and transmission, signs and lesions, diagnosis, treatment, and vaccination.

Introduction

Pigeons (Columba livia) belongs to the order of Columbiformes and
Columbidae family (Harrison and Greensmith, 1994). Many breeds of pi-
geons such as Nose Divers, Rollers, Doneks, Archangel, Blondinette, Chi-
nese owl, Egyptian Swift, Fantail and messenger are raised for their aerial
abilities. Pigeons have been raised for meat (Husein et al., 2024), racing
sports (Israili and Igbal, 2017), exhibitions and shows (Abolnik, 2014), and
experimental research purposes (Uyttebroek et al., 1989, 1991; Abolnik et
al., 2018). People start pigeon farming to satisfy public demand (Tan and
Hackenberg, 2015). Currently, the pigeon breeding industry has become
the fourth mainstream poultry industry after chickens, ducks and geese (Ji
etal, 2020; Li et al,, 2021). Pigeon’s meat is characterized by high nutritive
contents due to high levels of protein, amino acids, vitamins, calcium,
iron, and zinc, but low fat, making it favored by consumers (Mahdy, 2021;
Wang et al., 2021). So, pigeon’s meat is gaining popularities among con-
sumers world-wide (Wang et al., 2022).

Different factors contribute to pigeon stress, such as changes in the
rearing environment and alterations in feeding methods and nutrition
(Wen et al,, 2022). Homing pigeons which are housed in lofts may fa-
cilitate long-term keeping of zoonotic bacterial pathogens (Teske et al.,
2013; Santos et al., 2020), particularly Salmonella spp. (Kaczorek-Lukow-
ska et al., 2021). Domestic and urban pigeons may come in close contact
with other avian species and humans and act as a reservoir of zoonotic
pathogens with public health significance (Lawson et al., 2014). Humans
get infected with Salmonella spp. via the food chain, while racing pigeons
can transmit the bacterium through the direct contact and droppings (de
Oliveira et al., 2018). Besides, there is a danger for transmitting Salmonel-
la spp. and their antimicrobial resistance among avian species that may
represent economic losses (Osman et al., 2014).

Salmonella spp. are members of the family Enterobacteriaceae, and
they are etiologic agents of food-borne poisoning-salmonellosis (Jahan-

tigh and Nili, 2010). Salmonellosis is a prevalent zoonotic bacterial disease
(WHO, 2017), as 91,857 cases of salmonellosis were reported in Europe
and 1.2 million infections in the United States every year (CDC, 2018).
Pigeons have an important role in spreading bacterial agents to free-
range poultry and have been considered as a fecal contaminator of drink-
ing water sources (Lillehaug et al., 2005). Salmonellosis or paratyphoid is
one of the most important diseases of pigeons as it is caused by different
spp. of Salmonellae particularly Salmonella enterica subsp. enterica sero-
var Typhimurium (S. Typhimurium), Salmonella enterica serovar Enteritidis
(S. Enteritidis), and Salmonella typhimurium var. Copenhagen (Pasmans et
al., 2004; Majer-Dziedzic et al, 2014; Haesendonck et al, 2016). Only S.
Typhimurium persistently causes this disease (Branchu et al., 2018), how-
ever, Salmonella typhimurium var. Copenhagen was detected in over 95
% of pigeons infected with Salmonellae (Pasmans et al., 2008; Ledwon et
al,, 2019). Osman et al. (2014) succeeded in isolation of new Salmonella
types from squabs, including S. Braenderup and S. Lomita which have a
significant cause of food poisoning and enteric fever in humans (WHO,
2017). The close contact of pigeons with humans should be considered
a potential risk to human health, especially for those most susceptible,
such as children and immunocompromised individuals (Hale et al., 2012).
Despite this bacterial infection was found to adhere to the intesti-
nal epithelium of pigeons causing enteritis, other clinical manifestations
may be shown including conjunctivitis, arthritis, oophoritis, meningitis,
and high mortality (Dutta et al, 2013). Salmonella spp. have been iso-
lated from the droppings, intestine, and organs of infected pigeon’s in
Spain (Casanovas et al,, 1995; Adesiyun et al., 1998), Belgium (Kimpe et al.,
2002), Chile (Toro et al., 1999; Gonzalez-Acufia et al., 2007), Croatia (Vuce-
milo et al.,, 2003), Slovenia (Dovc et al.,, 2004), Japan (Tanaka et al., 2005),
Norway (Lillehaug et al., 2005), Unites States (Pedersen et al., 2006), Brazil
(De Sousa et al,, 2010; Carvalho et al,, 2020), Czech Republic (Kriz et al.,
2011), Bangladesh (Hosain et al., 2012; Karim et al.,, 2020; Bupasha et al.,
2021), Germany (Methner and Lauterbach, 2003; Teske et al., 2013), Italy
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(Antonio et al,, 2014; Gargiulo et al,, 2014), Brazil (Santana et al,, 2023),
Egypt (Ibrahim, 2008; Ammar et al., 2014; Osman et al., 2014; Yousef and
Mamdouh, 2016; Abdeen et al.,, 2018; Gaber et al,, 2019; El Gresly et al,
2021; Eid et al., 2023; Hamed et al., 2023), Iran (Ranjbar et al., 2020), Cana-
da (Gabriele-Rivet et al., 2016), Poland (Piasecki, 2006; Stenzel et al., 2013;
Ledwon et al., 2019; Kaczorek-Lukowska et al, 2021), and China (Liang et
al,, 2016; Yang et al., 2023; Zhang et al., 2024). The incidence of Salmonel-
lae are presented in Table 1.

Therefore, this article summarizes salmonellosis in pigeons. The in-
fection and transmission, signs and lesions, diagnosis, treatment, and
vaccination were described in this review.

Infection and transmission

Any age of pigeons can be infected with Salmonella spp. causing
a high number of deaths (Rabsch et al, 2002). Salmonella spp. among
pigeon lofts may spread either horizontally or vertically. For example,
Salmonella spp. can infect breeding pigeons and then transmit to the
hatched eggs via vertical transmission resulting in decreasing the hatch-
ability rate (Jawale and Lee, 2014). Moreover, adult breeders can infect
squab pigeons via feeding on crop milk, leading to infection and con-
sequent high deaths and losses. Rodents and wildlife birds can spread
Salmonella into pigeon flocks, especially when biosecurity measures are
not adopted (Zebrowska et al., 2017). Feed chain is an important source
for the lateral spread of the bacterium (Djeffal et al., 2018).

Signs and lesions

The clinical signs of salmonellosis in pigeons vary depending on the
age, general health conditions, and immune status of birds (Figure 1).
Infection of squab pigeons with Salmonella spp. is characterized by high
mortality rate particularly during the first few days of life (Tanaka et al,
2005), however, Salmonella infections in adult pigeons are progressed
very slowly and associated with anorexia, greenish diarrhea (Gaber et al.,
2019), panophthalmitis, polydipsia, arthritis, weight loss, and neurologi-

Table 1. Salmonella isolates from pigeons in different countries.

cal manifestations (Vereecken et al., 2000; Dumitrache, 2013). Salmonella
spp. are capable to survive for a long-term in the hosts’ macrophages
causing chronical carriage. The sub-clinically infected pigeons become
chronic carriers and may shed Salmonella in droppings, which is the main
route of infection in pigeon flocks (Pasmans et al., 2008).

Figure 1. Pigeons show nervous manifestations (A &B) and greenish diarrhea (C) due to
Salmonella spp. infection.

Post-mortem lesions of Salmonella spp. infected pigeons are shown
in Figure 2. Septicemia, bronzy colored liver (Gaber et al., 2019), enlarged
liver and spleen with haemorrhages, enteritis, nodules on the internal or-
gans, and hemorrhages on the brain are the most common post-mortem
lesions (Farghaly and Badr, 2011). Severe necrosis and sloughing of the
intestinal mucosa, along with vascular congestion as well as heterophil
and mononuclear infiltrations were reported in Salmonella infected pi-
geons (Dutta et al., 2013).

Laboratory diagnosis

For the conventional isolation of Salmonella spp., samples should be
subjected for pre-incubation in non-selective broth such as tetrathion-

Country  Salmonella spp. Reference
Spain Salmonella was detected as 1.4% from 18 farms (1110 squabs), 4.3% from 1 farm (250 squabs) and 4.1% from 23 farms (2900  Casanovas et al.
P squabs) (1995)
Chile Six Salmonella strains were detected in faecal samples of pigeons Toro et al. (1999)
Germany Salmonellae isolates belonged to serogroups D1 (84. 26%), B (8. 33%), and C1 (7. 41%) were isolated from 111 samples Met}ll)r;i;a(r;%(;a)uter—
The incidence of S. Typhimurium isolation was 20.8% Ahme((ile;%c;)E -Sisi
The incidence of Salmonella isolation was 12.4% El-Shater (1979)
S. Paratyphi A and S. Typhimurium var. Copenhagen (100%) followed by S. Typhimurium (83.33%) were detected Ibrahim (2008)
The incidence of Salmon?lla isolation was 9.52% and the isolated S. Typhimurium and S. Enteritidis were with frequencies of Mohamed (2008)
88.5% and 11.5% respectively
i i H : 0 ’, H : . 0 . 0,
Six 1§01ates .were :]dentlﬁed. fron} 45 (13.3%) squab’s samples. S. Typhimurium (4/6; 66.7%), S. Braenderup (1/6; 16.7%), and S. Osman et al. (2014)
Egypt Lomita (1/6; 16.7%) were identified
Out of 147 pigeons, S. Typhimurium (12 strains), S. Enteritidis (5 strains), and S. Muenster (one strain) in a percentage of 66.6%, Gaber et al. (2019)
27.7%, and 5.55% respectively were detected. The incidence of Sa/monella isolation was 12.24 % '
The prevalence rate of Salmonella spp. for squabs, pigeons, and environmental samples was 5%, 3. 5% and 4. 6% respectively.
The isolated serotypes recovered from squabs were 4 isolates of S. Typhimurium, and 2 isolates from each of S. Enteritidis, S. Ammar ef al. (2014)
Agona, and S. Montevideo. While in adults were S. Typhimurium and S. Enteritidis (3 isolates from each) and one isolates from '
S. agona. Serotyping results of environmental samples revealed 3 serotypes of S. Typhimurium, S. Agona, and S. Virginia
Out of 200 samples, S. Virchow was more frequently isolated (25%), followed by S. Typhimurium and S. Paratyphi (16.6% each). El Gresly ef al. (2021)
Meanwhile, S. Akay, S. Salamae, S. Anderlecht, S. Magherafelt, and S. Montevideo were 8.3%, each y ’
Out of 41 pigeons, 3 strains of S. Typhimurium were isolated Carvalho et al. (2020)
Brazil i AR =18 i : o : R :
Salmonella spp. werc‘:J found in 9 (19.1%) pigeons (n=18; isolation rate of 50%), while S. Typhimurium and S. Heidelberg were Santana ef al. (2023)
isolated from 6 (66.7%) and 3 pigeons, respectively
China Out of 215 samples, 32 Salmonella isolates belonged to S. Typhimurium var. Copenhagen were detected Zhang et al. (2024)
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ate broth, Selenite-F broth medium, buffered peptone water or Rappa-
port-Vassiliadis soy broth and incubated at 41.5°C for 24 h. Afterwards,
they were transferred into the selective media such as xylose lysine
desoxycholate agar, Brilliant Green agar, Salmonella-Shigella agar, Mac-
Conkey, and bismuth sulfite and then incubated at 41.5°C for 48 + 2 h
under aerobic conditions (Park et al., 2012). The morphological charac-
teristics of specific Salmonella colonies vary according to the media type.
A film from suspected colonies was stained with Gram stain and exam-
ined microscopically for morphological characters. The identification was
performed using commercial APl 20E and latex agglutination tests. The
biochemically identified Salmonella culture was subjected to serological
identification using polyvalent and monovalent “O” and "H" Salmonella
antisera.

Figure 2. Pigeons show liver hemorrhages and necrosis (A), lung nodules (B), and septicae-
mia (C) due to Salmonella spp. infection.

Different molecular techniques are used to replace the conventional
method for the diagnosis of Salmonella enterica serovars (Sukhnanand et
al,, 2005; Achtman et al,, 2012). The multilocus sequence typing showed
high discriminative ability for typing Salmonella serovars in pigeons
(Kaczorek-Lukowska et al., 2021). Besides, Enterobacterial repetitive inter-
genic consensus polymerase chain reaction (PCR) and PCR-melting pro-
file could be used to evaluate the genetic diversity of Salmonella strains
(Anjay et al, 2015; Zaczek et al, 2015). Partial-genome sequencing is a
high-quality sequence technique which can detect the clinical Salmonella
strains of antimicrobial resistance and their virulence genes (Ahrenfeldt
etal, 2017).

Prevention and control

Strict sanitary compliance can greatly help in inhibiting the spread
of infections in the flocks of pigeons. Continuous and regular flock mon-
itoring, biosecurity measures, feed additives, and vaccines are the tools
for reducing the incidence of salmonellosis, the possibility of human'’s
food poisoning, and the use of antibiotics during production. However,
the pigeon industry has not yet established a strict biosecurity measure
system, besides the defects in the treatment and immunization measures.
Thus, once pigeon's Salmonella infections occur, serious damage occurs
(EFSA, 2018).

Treatment

Different antibiotics including amoxicillin/clavulanic acid, ampicillin,
ceftriaxone, doxycycline, rifampicin, erythromycin, nalidixic acid, gentami-
cin, enrofloxacin, flumequine, norfloxacin, chloramphenicol, ciprofloxacin,
Amikacin, levofloxacin and oxytetracycline were used for the treatment
pigeon’s diseases (Jahantigh and Nili, 2010; Abulreesh, 2011; Stenzel et
al.,, 2014; Gaber et al., 2019).

Despite antibiotic treatment of Salmonella-infected pigeons is the
most popular way, the treatment fails to give satisfactory results. This dif-

ficulty in the treatment may be due to improper selection of active antibi-
otics ingredients, too short period of administration or incorrect dose of
drugs, and presence of Salmonella intracellularly with a high resistance to
environmental factors. The ability of some Salmonella serotypes to form
a biofilm may indicate a difficult future course of veterinary treatment
(Olson et al., 2002; Marin et al, 2009; Merino et al,, 2019). In addition,
presence of sub-clinical chronic carriers to such infection even after long
term treatment can shed the bacterium to other birds in the flock (Ma-
jer-Dziedzic et al.,, 2014). New generations of Salmonella containing mul-
tidrug-resistant genes for different antibiotics have been recently merged
as a result of misusing of these antibiotics in the treatment protocols (Tor-
res-Mejia et al., 2018). Cautious regarding the development of resistant
strains against different antibiotics necessitated frequent updated studies
on antimicrobial susceptibility test.

Early, field Salmonella strains of pigeon’s origin were frequently sus-
ceptible to all the tested antibiotics (Kimpe et al, 2002). Later, the anti-
microbial resistance to such strains was seriously increased due to the
overuse of antibiotics by pigeon breeders. It is important to mention that
domestic pigeons are used as racing birds (carrier pigeons) or as orna-
mental birds (fancy pigeons), so their treatment is not subject to veteri-
nary control. The previous results of phenotypic and genotypic studies of
Salmonella s antibiotic resistance were not always constant, likely due to
the presence of silent genes (Kime et al., 2019).

One of the promising antibiotic alternatives is a bacteriophage. The
use of host-specific bacteriophages is increasingly considered in con-
trolling salmonellosis (Atterbury et al, 2020). Some studies revealed ef-
fectiveness of bacteriophages in eradicating Salmonella spp. on chicken’s
surfaces (Abhisingha et al., 2020; Atterbury et al., 2020).

Some phytogenic substances are used for the treatment of Salmo-
nella infected pigeons with successful results. For instance, oral supple-
mentation of Salmonella infected 28-days-old pigeon with 10mg Yucca
schidigera enhanced humoral immunity, improved intestinal health by
promoting intestinal morphology and altering the beta diversity and
composition of ileal microbiota, and ameliorated serum biochemical in-
dexes (Sun et al.,, 2023).

Vaccination

Vaccination is a valuable option to control Salmonella infection in pi-
geons. Despite, vaccination mainly reduces the clinical signs and mortal-
ity rates, it does not eliminate the possibility of a clinical infection (Proux
et al, 1998). Moreover, a significant reduction in the faecal excretion of
Salmonella was observed in pigeons following infection and vaccination
with a bacterin (Uyttebroek et al., 1991).

A clear reduction in morbidity and mortality rates has been demon-
strated in Salmonella challenged and vaccinated pigeons (Duchatel et al.,
1998). Khedr et al. (2016) evaluated the efficacy of a combined oil-adju-
vant inactivated vaccine of pigeon paramyxo-virus 1 and S. Typhimurium
and found that it was safe, potent, and protective.

Conclusion

This review provides insights for pigeon’s handlers to develop effec-
tive and efficient way to detect and control salmonellosis as one of the
important bacterial diseases affecting pigeons world-wide. It is important

to reinforce the significance of pigeon population control due to their
potential role in the transmission of zoonotic paratyphoid salmonellosis.
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