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Simple Summary: Corticosterone is the most important “stress” hormone in birds. Stress response
is influenced by different factors, such as phylogeny, feed supply, age, body condition, health status,
climate, predators. Pigeon races over long distances, 500 km or more, can lead to the “exploitation”
of animals if not strictly regulated and observed, jeopardizing their welfare status. Animals should
be in good health and body condition, and health monitoring must be implemented. In stressful
situations such as races, the possibility of infection increases. Clinically asymptomatic infections can
flare up later in the breeding season and can cause high offspring mortality. For example, infections
with circoviruses are particularly important because of their ability to weaken the immune system.
The purpose of this work is to identify the critical stress points during the active training season of
racing pigeons for the improvement of their condition and the preservation of their welfare during
races. The aim of our study was to determine the serum corticosterone levels in different categories
of racing pigeons exposed to severe stress factors. At the time of racing, some parameters of stress,
including environmental factors, or the presence of infectious diseases or parasites, were recorded.
It was found that participation in the race significantly increased serum corticosterone levels and
remained high even one month after the race. Therefore, training and races should be properly
managed and planned.

Abstract: The influence of different stress parameters in racing pigeon flocks, such as the presence of
diseases and environmental conditions at the time of the races, were described. A total of 96 racing
pigeons from 4 pigeon flocks were examined, and health monitoring was carried out. No helminth
eggs and coccidia were found. Trichomonas sp. was confirmed in subclinical form. Paramyxoviruses
and avian influenza viruses were not confirmed, but circovirus infections were confirmed in all flocks.
Chlamydia psittaci was confirmed in one flock. Blood samples were collected, and HI antibody titers
against paramyxoviruses before and 25 days after vaccination were determined. To improve the
conditions during racing and the welfare of the pigeons, critical points were studied with regard
to stress factors during the active training season. Serum corticosterone levels were measured in
the blood serum of four different categories of pigeons from each flock. Corticosterone levels were
almost twice as high in pigeons from the category that were active throughout the racing season,
including medium- and long-distance racing, compared to the other three categories that were not
racing actively. Within five hours of the finish of a race, the average serum corticosterone level was
59.4 nmol/L in the most physically active category. The average serum corticosterone level in this
category remained at 37.5 nmol/L one month after the last race.
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1. Introduction

Pigeons are naturally gifted with the ability to find “home” from distant places, relying
on abilities beyond memory. Humans discovered this capability by accident and then began
to breed them selectively [1]. The breeding of domestic pigeons is one of the most rapidly
developing areas of the animal world. The great races attract breeders from dozens of
countries every year [1,2].

Shows and races with pigeons often lead to exploitation, injury, and death if not
strictly regulated and observed [3]. Good body condition and stress resistance usually
depend on feed supply, but health status throughout the year is also of great importance.
Transport to the race and environmental factors during the race can be very stressful for
pigeons, and sometimes a high number of pigeons perish. Warzecha [4] indicated that
these problems can affect many animals, and government veterinarians should be actively
involved in these activities.

In many species, including birds, rodents, reptiles, and amphibians, corticosterone
(CORT) is the main glucocorticoid involved in the regulation of energy, immune, and
stress responses. Responses to chronic stressor exposure and chronically elevated gluco-
corticoids include reduced growth, immunocompetence, reproduction, and survival. The
effects of elevated glucocorticoids have an influence on survival, physiological, behavioral,
reproductive, and intergenerational responses in wild vertebrates [5,6].

CORT is the major “stress” hormone in birds, with short-term changes mediating
adaptive behavioral and metabolic responses to adverse environmental events (increased
effort, transport, predators, fasting, and climatic conditions) as well as health status [7-9].

Because of diurnal rhythms of plasma corticosterone levels, the time of sampling is
important [10,11]. However, in birds, the maximum level of CORT naturally occurs at day-
break [10]. Lumeij et al. [12] determined that baseline serum corticosterone concentrations
in racing pigeons varied from less than 0.2 to 1.24 ug/dL (5.77-35.77 nmol/L) after 24 h
of rest.

Various stressors can also occur during transport to and during the race, especially if
it is not strictly regulated. Inappropriate environmental factors during the race, such as air
temperature, relative humidity, air velocity, and magnetic radiation, can lead to additional
stress [13,14].

Stressful situations during races also increase the possibility of infections. Clinically
asymptomatic infections can flare up later in the breeding season and cause great losses of
offspring [15]. The major bacterial pathogens in a racing flock are Salmonella typhimurium
var. Copenhagen, Escherichia coli, and a group of bacteria that cause chronic respiratory
disease and lead to poor performance, mostly caused by Chlamydia psittaci (CP), Pasteurella,
and Mycoplasma species. In addition, some fungi and yeasts (e.g., Aspergillus, Candida,
Cryptococcus), endoparasites (e.g., Eimeria, Haemoproteus, Trichomonas), and ectoparasites
(e.g., Mallophaga, Hippoboscid pigeon flies) molested birds, stressing them and causing
various diseases [16,17]. Zigo [2] found an increased incidence of endoparasite infestation
and respiratory syndrome at the time of racing.

Diseases caused by viruses, whether clinical or subclinical, play an important role
in the occurrence of stress. The most often detected groups of viruses include paramyx-
oviruses (avian paramyxovirus 1) (APMV-1), circoviruses (pigeon circoviruses) (PiCV),
adenoviruses, herpesviruses, and poxviruses [18]. Avian influenza viruses (AIV) are less
often detected in pigeons. They play a minor role in the epidemiology of H5 influenza.
In pigeons, influenza A virus of subtype H7 can cause conjunctivitis, tremor, paresis of
wings and legs, and wet droppings. Nevertheless, free-flying domestic pigeons can act as
mechanical vectors and vehicles for long-distance transmission of any influenza A virus, if
plumage or feet are contaminated [19,20].
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Among viruses, PiCV is the most frequently detected among pigeons [21], which is
important due to its ability to weaken the immune system. The main consequences of
PiCV infection are atrophy and other pathophysiological changes to organs of the immune
system (e.g., bursa of Fabricius, thymus, spleen gut-associated lymphoid tissue, bronchus-
associated lymphoid tissue, bone marrow, liver, kidney, larynx, trachea, lung, small and
large intestine, pancreas). It has been established that infection with pigeon circovirus leads
to apoptosis of lymphocytes. For the reasons mentioned above, PiCV is considered as a
potential immunosuppressive agent [22]. PiCV infections are capable of predisposing birds
to concomitant infections with other pathogens [23].

The aim of this study was to assess CORT levels in different categories of racing
pigeons exposed to severe stress factors in order to determine critical stress points during
the active season, improve conditions during racing flights and improve pigeon welfare by
tracking certain stress parameters, such as the presence of infectious diseases or parasites,
and determining environmental factors during the racing season.

2. Materials and Methods

Four flocks of racing pigeons from different breeders were included in the study. Each
pigeon flock consisted of 100 to 150 parent racing pigeons. All flocks had similar husbandry
conditions and were fed with diets produced by the same manufacturer. Active pigeons,
which participated in training and races, always flight together. Transport to the trainings
and games was also similar.

2.1. Pigeons; Sampling

A total of 96 racing pigeons from 4 breeders (24 per breeder) were examined for
various stress parameters during the racing season. Four different categories (6 pigeons
from each group) were compared in each pigeon flock. The first category/group (G1)
consisted of sexually mature breeding pigeons not included in training or races. The
second group (G2) contained young pigeons (less than 1-year-old) that did not participate
in training. The third group (G3) contained pigeons that participated in training but not in
medium- or long-distance flights. In the fourth group (G4), racing pigeons used in training
and on the medium- and long-distance flights were included. These birds were active
throughout the racing season. The pigeons from G3 and G4 were 2 to 7 years old. All the
pigeons had identification rings.

A total of 24 pigeons from G4 group (6 from each flock) were tested for CORT levels
twice: within 3 to 5 h after returning from the last race (G4a) and 30 days after the last race
in the season (G4b). Pigeons from all categories were also tested for CORT concentration in
both samplings.

To cheque the health status before the last race, the pigeons were clinically examined,
and various samples were taken for further laboratory analyses. Common fecal samples
were collected for each group separately (N = 16, 4 from each flock, 1 for each group) for
intestinal parasites testing. Samples were transported to the laboratory in transport bags at
4 °C. Additionally, 6 oropharyngeal samples were collected for Trichomonas sp. testing per
group. Transport of samples to the laboratory was carried out in transport bags at room
temperature, and samples were examined within 6 h.

Cloacal and oropharyngeal samples (Copan swabs, Brescia, Italy) and blood samples
(blood collection tubes, BD Microtainer®, SST™, Monroe, LA, USA) were collected from
each bird individually before (G1, G2, G3) the last race and immediately after the race
was over (G4). In all categories/groups (G1, G2, G3, and G4), 6 cloacal and 6 oropharyn-
geal samples were collected for PiCV, APMYV, AlV, and CP determination. Additionally,
6 oropharyngeal samples (for each group) for Trichomonas sp. and 6 pools of feces (for
each group) for endoparasites were collected. Blood samples in a volume of 0.5 mL were
obtained by venipuncture of the ulnar cutaneous vein and collected in microtainer tubes
using a serum separator (Becton Dickinson, Heidelberg, Germany). Swabs, feces, and
blood samples were transported to the laboratory at 4 °C. Swabs were stored at —20 °C.



Animals 2021, 11, 2686

40f12

A hemagglutination inhibition assay (IHA) was performed within 48 h after collection.
Serum was used to determine HI antibody titers against paramyxoviruses and the immu-
nity status of the presumably vaccinated pigeons. The first sampling results did not show
satisfactory protection. Thus, all 4 flocks were revaccinated 5 days after the last race was
finished. The Chevivac-P200 vaccine (Chevita GmbH, Pfaffenhofen, Germany) was used
for vaccination. The vaccine was administered strictly subcutaneously dorsally in the neck
toward the tail but not immediately behind the head, according to the manufacturer’s
instructions. The effect and responsiveness of vaccination were assessed after 25 days (i.e.,
30 days after the last race) and is reported in the text as group G4b.

2.2. Laboratory Tests

Cloacal and oropharyngeal swabs were used for molecular detection of pathogenic
viruses and bacteria. Swabs were vortexed individually in 2 mL of PBS for 2 min, and
100 pL aliquots of each swab were pooled to produce 300 pL samples for DNA and RNA
extraction. Pools were prepared in sterile PBS from 3 samples of cloacal or oropharyngeal
swabs collected from each pigeon group (G1, G2, G3, and G4; 2 pools for each group) and
for each flock separately (N = 64: 32 cloacal and 32 oropharyngeal pools). Total DNA and
RNA were extracted from 140 uL of the pooled samples using the QIAamp Viral RNA Mini
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. Previously
published molecular methods were used to detect pathogens in the samples collected in
the study: PiCV [24], APMV-1 [25], AIV [26] and CP [27]. A species-specific real-time PCR
assay was used for further determination of CP [28].

Pooled fecal samples (for each group) were examined for the presence of endoparasites
using the flotation and sedimentation method [29].

Trichomonas sp. was detected microscopically in freshly prepared wet mounts. If no
trichomonas was present in the observed sample, a drop of iodine solution was added, and
the sample was re-examined.

IHA for HI antibody titers against APMV-1 was performed as described in a previous
study [30].

CORT was measured in serum using a commercial enzyme immunoassay Corticos-
terone ELISA (Demeditec Diagnostics GmbH, Kiel, Germany) according to the manufac-
turer’s instructions.

2.3. Last Race

The last race was from Timisoara, Romania, to Ljubljana and its surroundings, Slove-
nia, 155 pigeons participated. The average flight distance for pigeons from G4 was
504.91 km. The pigeons were released at 12:20 on 9 July 2017 (18°45'43" E, 45°49'03" N),
and the race was completed at 6:41 on 10 July 2017. Speed results were calculated based
on the speed of the first 5 pigeons. According to the data provided by breeders through
internet applications [31] the weather was clear, and the air temperature was very high
(34 °C at 2 m above the ground).

During the last race, an animal welfare expert followed the procedures during trans-
port, and he was present with the driver.

2.4. Data Analysis

After data collection, mean values of serum corticosterone levels in different cate-
gories of racing pigeons were calculated. Next, non-parametric tests were applied to find
possible statistically significant differences between individual groups (Mann—-Whitney
test, p <0.05), and in the case of G4a and G4b groups, the differences immediately and
30 days after the race for the same group of pigeons (Wilcoxon test, p < 0.05). For those
analyses, the Statistical Package for the Social Sciences, version 25 was utilized.
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3. Results
3.1. Health Status of the Pigeon Flocks

All the flocks were examined before the last race started. No helminth eggs were
found in the fecal samples. Examination of the beak cavity confirmed the presence of
Trichomonas sp. in all four flocks. However, none of them was found to have diarrhea or
debris in the beak cavity. In all categories, the pigeons were clinically healthy and showed
no presence of ectoparasites.

The presence of viruses (PiCV, APMV-1, AIV) and Chlamydia psittaci was checked by
molecular methods in cloacal and oropharyngeal samples.

PiCV was detected in cloacal and oropharyngeal samples in all breeders but not in all
categories. Among the adult breeding group (G1) and racing pigeons included in training
and in races (G4), the virus was detected in two flocks. Among young pigeons (from
G2 and G3), the virus was detected in three flocks. The results for PiCV are shown in
Table 1.

Table 1. The presence of PiCV in individual flocks and categories.

Flock Category Circovirus Circovirus
Inside the Flock ! Cloacal Sample Oropharyngeal Sample
Flock 1 Gl negative negative
G2 negative negative
G3 positive positive
G4 negative negative
Flock 2 Gl positive negative
G2 positive positive
G3 negative positive
G4 positive positive
Flock 3 Gl positive positive
G2 positive positive
G3 positive positive
G4 negative negative
Flock 4 Gl negative negative
G2 positive positive
G3 negative negative
G4 positive negative

1 G1: sexually mature breeding pigeons; G2: young pigeons, less than one year old, not participating in training;
G3 pigeons participating in training but not in medium- or long-distance flights; G4: racing pigeons participating
in training on medium- and long-distance flights.

APMV-1 and AIV were not detected. CP was confirmed in one cloacal sample in
flock 2.

To determine paramyxovirus immune status in the flocks, sera samples were examined
by the IHA for Hl-antibody titers against APMV-1 (Table 2).

3.2. Serum Corticosterone Levels in Different Categories of Racing Pigeons

Within five hours after the race was finished, the average CORT level in G4a was
59.4 nmol/L, almost two-fold higher compared to those in the other three categories (G1,
G2, and G3). In the same category, one month after the last race (G4b), CORT levels
remained higher in two flocks compared to levels before the final race (Tables 3 and 4).

Pairwise comparisons showed statistically significant differences for the following
groups: G1 vs. G3, G2 vs. G3, G1 vs. G4a, G2 vs. G4a, and G3 vs. G4a (Table 5). Although
there was no statistically significant difference found between G4a vs. G4b in the total
sample, some differences emerged after we made comparisons for the individual flock
separately (Table 5). Namely, significant differences in the measurements emerged for
flocks 2 and 4 (in both cases Z = —2.201, p = 0.028).
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Table 2. HI-antibody titers (log?) against APMV-1.

Flock Category Average
Inside the Flock ! of Antibody Titer (Range)

Flock 1 Gl 1.7 (0-4)
G2 0.0 (0)
G3 0.0 (0)

G4a 2.3 (0-4)

G4b 5.3 (4-7)

Flock 2 Gl 4.0 (1-7)
G2 0.0 (0)

G3 2.3 (0-7)

G4a 0.7 (0-4)

G4b 1.2 (0-4)

Flock 3 Gl 1.8 (0-6)
G2 0.0 (0)

G3 0.7 (0-4)
G4a 0.0 (0)
G4b 0.0 (0)

Flock 4 Gl 2.7 (0-5)
G2 0.0 (0)

G3 1.3 (0-2)

G4a 0.8 (0-4)

G4b 1.2 (0-3)

All flocks together G1 3.5 (0-7)
G2 0.0 (0)

G3 1.7 (0-7)

G4a 1.1 (0-4)

G4b 2.2 (0-7)

! G1: sexually mature breeding pigeons; G2: young pigeons, less than one-year-old, not participating in training;
G3 pigeons participating in training but not in medium- or long-distance flights; G4a: racing pigeons participating
in training on medium- and long-distance flights; G4b: racing pigeons participating in training on medium- and
long-distance flights 25 days after immunization (i.e., 30 days after the last race). Pigeons from G4a and G4b were
the same pigeons.

Table 3. Serum CORT levels in different groups of pigeons in all flocks together.

Category/Group ! Corticosterone Level nmol/L (SE) 2
Gl 33.8 (6.04)
G2 28.3 (3.92)
G3 16.9 (3.78)
G4a 59.4 (10.62)
G4b 37.5(7.89)

1 G1: sexually mature breeding pigeons; G2: young pigeons, less than one-year-old, they do not participate in
training; G3 pigeons participated in training but not in medium- or long-distance flights; G4a: racing pigeons
participated in training on the medium- and long-distance flights—tested within three to five hours after returning
from the last race; G4b: racing pigeons participated in training on the medium- and long-distance flights tested
25 days after immunization (i.e., 30 days after the last race). Pigeons from G4a and G4b were the same pigeons.
2 SE: Standard error of the mean.

3.3. Results Achieved in the Last Race

Transport from Ljubljana to Timisoara was controlled, and welfare was provided by
using specially adapted trailers for pigeons. Climatic conditions were appropriate, and
pigeons were observed every six hours, and the water supply was checked.

The average speed of the first five pigeons was 1037.94 m/min in flock 1, 1042.43 m/min
in flock 2, 855.13 m/min in flock 3, and 1158.74 m/min in flock 4.
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Table 4. Serum CORT levels in different groups of pigeons are presented separately by individ-
ual flocks.

Flock Corticosterone Level nmol/L

(CORT Average nmol/L) Category Inside the Flock ! (SE) 3
Flock 1 (40.50/6.72) 2 Gl 36.5 (11.31)
G2 34.3 (4.86)
G3 9.1 (1.50)
Gda 65.5 (18.34)
G4b 57.1 (20.73)
Flock 2 (37.92/5.19) 2 Gl 423 (7.67)
G2 31.8 (8.10)
G3 25.4 (14.04)
Gda 69.0 (10.77)
G4b 21.1 (7.15)
Flock 3 (44.02/8.85) 2 Gl 43.1 (18.78)
G2 32.6 (10.90)
G3 13.0 (3.99)
Gda 66.0 (34.53)
Gb 65.4 (13.53)
Flock 4 (18.31/3.99) 2 Gl 13.2 (3.79)
G2 145 (4.84)
G3 20.1 (3.94)
Gda 37.3 (17.23)
Gb 6.5 (1.52)

! G1: sexually mature breeding pigeons; G2: young pigeons, less than one-year-old, they do not participate in
training; G3 pigeons participated in training but not in medium- or long-distance flights; G4a: racing pigeons
participated in training on the medium- and long-distance flights—tested within three to five hours after returning
from the last race; G4b: racing pigeons participated in training on the medium- and long-distance flights tested
25 days after immunization (i.e., 30 days after the last race was finished). Pigeons from G4a and G4b were the
same pigeons; ? In the average estimation of the CORT levels immediately after the last race, only G4b was not
included. 3 SE: Standard error of the mean.

Table 5. Pairwise comparisons of categories (groups).

Mann-Whitney Test Wilcoxon Test

Sig. Glvs.G2 Glvs. G3

G2vs.G3 Glvs.Gda G2vs.G4a G3vs.Gda Glvs.G4db G2vs.G4b G3vs. G4b G4avs. G4b

Z  -01%
p 0.845

—2.784 —2.052 —2.567 —4.228 —0.454 -0.227 —1.588 —1.867

0.005 0.040 0.010 <0.001 0.650 0.821 0.112 0.062

4. Discussion
4.1. Health Status of Pigeon Flocks

Pigeons are exposed to various stressors during the racing season. Increased stress
during transport to the race and the race itself is an important factor that significantly
affects their health status [2]. In stressful situations, the possibility of infection increases [13].
Clinically asymptomatic infections may flare up later in the breeding season and lead to
major losses in the flock. Therefore, regular monitoring of flock health status is very
important and should be conducted before and after the active season. In our study,
antibodies against APMV-1 were assessed, and the presence of certain pathogens (PiCV,
APMV-1, A1V, CP) that could cause disease or act as a stress factor in its subclinical form was
investigated. It is also important to know the epidemiological situation of these pathogens
in rural areas and surrounding countries. Pathogens, such as PiCV [32], APMV-1 [33,34],
adenoviruses [34,35], ALV [34], CP [31,34], and Trichomonas sp. [36], were confirmed in
different categories of pigeons in Slovenia. Transmission of the above-mentioned pathogens
from feral pigeons to racing pigeons has been frequently noted in clinical practice.

The specificity of pigeon training and racing significantly impedes the principles of
biosecurity [37]. Breeders in Slovenia train and race together, and, therefore, the flocks have
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closer contact, which could lead to transmission of viral pathogens (e.g., PiCV, APMV-1),
bacterial pathogens (e.g., Chlamydia psittaci), or parasites (e.g., Trichomonas sp.). Another
critical biosecurity issue is contact between racing pigeons and feral pigeons. Contact
commonly occurs during long race flights, when pigeons have to rest, drink, and feed;
these situations could result in the transmission of infections from feral pigeons.

In a previous study, 74.3% of cloacal and 54.1% of oropharyngeal samples collected
from feral pigeons in Slovenia were positive for PiCV [32]. In another study of Slovenian
racing pigeons, results showed that 93.3% of cloacal and 96.7% of oropharyngeal samples
were positive for PiCV [34] and are comparable with results obtained in other countries [21].
The findings showed a high prevalence of infections with PiCV, a pathogen that could cause
immunosuppression, which may favor secondary infections [38]. In the present study,
PiCV was detected in all flocks but not in all categories in each flock. In the adult breeding
group (G1) and pigeons included in training and racing (G4), the virus was detected in two
flocks and in young pigeons (G2 and young pigeons from G3) in three flocks. Based on
our limited results, we can only speculate that there is no direct correlation between PiCV
infection and CORT levels.

The results for AIV were negative in our previous study and this study, which coin-
cides with the results of other authors [19,39,40].

Chlamydial infections in feral pigeons in Europe and the focus on public health
implications are described by Magnino et al. [41]. They found 19.4% to 95.6% seropositive
pigeons and 3.4-50% PCR positive pigeons, indicating high importance of transmission
to racing pigeons and also to humans. In our previous study of chlamydial infections in
racing pigeons, CP was confirmed in cloacal swabs in 16.7% of samples. The determination
of CP also indicates a high risk of infection to humans [39]. In this study, CP was confirmed
in only one cloacal sample (2.1%). All oropharyngeal samples were negative.

Endoparasites could cause subclinical or even clinical disease. To prevent serious
disease and consequently stress, pigeons must be treated regularly [9,16]. Zigo [2] found
an increased incidence of coccidiosis (40.4%), trichomoniasis (17.3%), and other endopara-
sitoses (11.5%) at the time of racing. The results of parasitological examinations, performed
just before the last race, showed that all samples were negative for helminths and coccidia,
though Trichomonas sp. was confirmed in all flocks.

Due to the fact that APMV-1is a serious viral pathogen that is endemic and is common
in feral pigeons [17,37], breeders should regularly vaccinate pigeons to prevent infection
and transmission. Vaccination is usually performed before and after the active flying
season. Inactivated vaccines are used for the prophylaxis of APMV-1 in pigeons. Vaccines
are based on different strains of paramyxoviruses, with the LaSota strain being one of the
most commonly used [37]. Inactivated vaccines are administered by subcutaneous injection
in various prevention programs. After the vaccination of 4- to 6-week-old seronegative
pigeons with the inactivated LaSota vaccine in aqueous suspension, mean antibody titers
were between 3 (logy) and 5 (logy) after 1 to 2 months. Titers between 2 (logy) and 3 (logp)
were detected for 6 months, and thereafter, a decrease in titers was observed [42].

In our study, APMV-1 was not detected, but we did find that pigeons in all flocks,
especially young pigeons less than one-year-old (G2), were rather poorly protected against
this virus based on antibody titers detected by the IHA test (Table 1). The first IHA test
found a titer of 3.5 (logy) in one flock, below 2.0 in two flocks, and as low as 0.0 in another
flock. The flocks were vaccinated again 5 days after the last race, but only the active fliers
(G4) were checked 25 days after immunization (i.e., 30 days after the last race). Titers
were slightly elevated in flocks 1, 2, and 4 but still remained below 2.0 in flock 2 and 4. In
flock 3, the titer remained 0.0. In this flock, the CORT level remained high after 30 days
(65.4 nmol/L). A high CORT level (57.1 nmol/L) after 30 days was also found in flock 1,
but the titer, in this case, increased from 2.3 to 5.3, and the minimum titer was 4. We can
assume that there was no direct relationship between the vaccination response and stress.
The reason for the low titer increase was probably due to the short testing interval after
revaccination, which should be 1 to 2 months [42], or due to some other unknown stressors.
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4.2. Serum Corticosterone Levels in Different Categories of Racing Pigeons

In all bird species studied, CORT is considered the most important glucocorticoid [12].
CORT measurements have been proven to be useful in measuring the welfare status of
racing pigeons [43]. Romero and Wingfield [44] determined 2-9 ng/mL (5.77-25.96 nmol /L)
for baseline serum CORT levels and 14-15 ng/mL (40.38-43.26 nmol/L) for stress-induced
levels in free-living pigeons. Lumeij et al. [12] measured baseline concentrations of CORT
in the serum of 30 racing pigeons after they had been kept quiet for 24 h. The average level
was 0.34 pg/dL (9.81 nmol/L), and maximum level was 1.24 ug/dL (35.77 nmol/L).

Our results of CORT in serum were within the range of results obtained by other
authors [12,44]. In three out of four flocks, the lowest level of CORT was found in the
serum of pigeons that were only trained (G3). The average CORT level was 16.9 nmol/L
(range from 9.1 to 25.4 nmol/L). In the fourth flock, the lowest level of CORT was found in
the adult breeding group (G1) (13.2 nmol/L) and slightly higher in pigeons that were only
trained (G3) (14.5 nmol/L). Active racing pigeons (G4) were the most stressed group. The
average measured CORT level was 59.4 nmol/L (range from 37.3 to 69.0 nmol/L), and it
seems that exhaustion during the race significantly increased the CORT level in serum.

Comparing active racing pigeons (G4) one month after the end of the last race, we
found that in two flocks (flock 2 and flock 4), the levels of CORT dropped to levels lower
than the levels of the whole flock during the active season, and in two flocks (flock 1 and
flock 3), the levels were still higher than the levels before the last race. The levels remained
high at 57.1 nmol/L in flock 1 and 56.4 nmol/L in flock 2. The reason could be further
stress in the flock during this period or the values remaining high all the time. However,
measurements need to be recorded more often to obtain the right answer.

The average values obtained from CORT in serum were the highest in flock 3 (44.02 nmol/L)
and the lowest in flock 4 (18.31 nmol/L). When comparing the speed results of the last
race, the pigeons from flock 3 had the worst race results, and the best results were obtained
in flock 4. The average speed of the first five pigeons from flock 4 was 1037.94 m/min
and 855.13 m/min from flock 3. We know that flock 4 (G3 and G4) had the most intensive
training during the whole active season, which reflected in slightly higher CORT values
compared to those in G1 and G2. The CORT level in the flock dropped below the pre-race
level one month after the race. The breeder maintained a high level of health care after the
race and used pills, electrolytes, and herbal teas at the time of the active season. This was
also described in the literature [1] as a method to maximize the performance of pigeons
and protect breeders’ investment.

4.3. Stress Factors during Transport to the Race and during the Race

Fast and appropriate transport to the race is very important. The number of pigeons
in a box, supply of food and water during transport and at the launching place, as well as
the supply of fresh air, should be strictly controlled and implemented [14]. The transport
our pigeons received reached a high level of maximum support in terms of pigeon welfare.
The only negative potential is that the common transport of several different flocks could
lead to a possible transmission of diseases.

In addition, the duration and direction of the race should be included in the planning
of each race, and environmental factors should be followed to ensure that the race occurs
under suitable conditions that do not impact the welfare of pigeons. For these purposes,
our breeders used the internet application called Ventusky by Mojzik and Prantl [24]. The
chosen location for the last race was Timisoara, Romania, with an average flight distance of
504.91 km. During the race, the weather was clear, but the air temperature was very high,
34 °C at 2 m above the ground. Most, but not all of the pigeons that participated in the race
returned to the pigeon houses within six days. Consequently, pigeon breeders prepared
an internal protocol that allows racing only at temperatures up to 30 °C. The protocol was
also adopted at the conclusion of a joint meeting of the Slovenian Pigeon Federation. The
intention of this decisions is to improve the welfare of racing pigeons.
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5. Conclusions

Race flights commonly result in elevated stress as measured by CORT levels and
influence the welfare of pigeons that participate in or train for such events. Therefore, races
and training should be properly managed and planned with pigeons thoroughly prepared
for such challenges.

Only pigeons in good condition and those that are clinically healthy should be allowed
to participate in the race. The presence of infectious diseases or parasites should be assessed
before the start of each racing season. At the end of the racing season, pigeons may have
elevated levels of stress hormones, such as CORT.

The distance, duration, and direction of the race should be planned according to
environmental factors in order to reduce stress. It is necessary to avoid temperatures above
30 °C and to predict adverse weather conditions (storms, strong winds), pigeon exposure
to predators, and unfavorable magnetic waves.

As training and racing can be very stressful for animals, strictly regulating the factors
and circumstances that could jeopardize of racing animal welfare of racing pigeons should
be a priority for those involved in the above-mentioned activities.

Author Contributions: Authors MK, I.P, G.G.G., RLK,, B.P, O.ZR., and A.D. collaboratively
discussed and prepared the concept, methodology, investigation, resources, curation of data, written
review and editing. Preparation of the original written draft was performed by R.L K., M.R., N.M.H.,
and A.D. Laboratory tests were performed by N.C.K. (corticosterone detection), U.K. and B.S. (serol-
ogy and molecular diagnostics), and A.V.R. (parasitology). The figures were prepared by LP. and B.P.
Please see the CRediT taxonomy for the explanation of terms. All authors have read and agreed to
the published version of the manuscript.

Funding: This work was financially supported by the Slovenian Ministry of Agriculture, Forestry
and Food and the Slovenian Research Agency (Project number V-4 2024 and Program Group number
P4-0092).

Institutional Review Board Statement: The national Animal Protection Act (Official Gazette of RS
38/2013; 21/18; 92/20) defines in 21 a. article that non-experimental clinical veterinary practices are
not considered as a procedure on animals for scientific purposes.

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the pigeon breeders from the Breeder Associa-
tion of Sport Carrier Pigeon “SEL Ljubljana” and the Breeder Association of Sport Carrier Pigeon
“LET Trzi¢” for their cooperation in this study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no influence on
the design of the study; the collection, analysis, or interpretation of the data; the writing of the
manuscript; or the decision to publish the results. None of the authors of this paper has a financial or
personal relationship with any other person or organization that could inappropriately influence or
bias the content of the paper.

1. Jerolmack, C. Animal archeology: Domestic pigeons and the nature-culture dialectic. Qual. Soc. Rev. 2007, 3, 74-95.
2. Zigo, F. Changes in Bacterial Microflora in Young Carrier Pigeons during the Race Season. Int. J. Avian Wildl. Biol. 2017, 2, 41-44.

[CrossRef]

Ll

Wells, D.L.; Hepper, P.G. Pet ownership and adults’ views on the use of animals. Soc. Anim. 1997, 5, 45-63.
Warzecha, M. Pigeon sport and animal rights. Dtsch. Tierarztl. Wochenschr. 2007, 114, 108-113.

5. Sopinka, N.M.; Patterson, L.D.; Redfern, ].C.; Pleizier, N.K.; Belanger, C.B.; Midwood, J.D.; Crossin, G.T.; Cooke, S.J]. Manipulating
glucocorticoids in wild animals: Basic and applied perspectives. Conserv. Physiol. 2015, 3, cov031. [CrossRef]

6.  Romero, L.M.; Dickens, M.].; Cyr, N.E. The Reactive Scope Model—A new model integrating homeostasis, allostasis, and stress.
Horm. Behav. 2009, 55, 375-389. [CrossRef] [PubMed]

7. Angelier, F; Parenteau, C.; Trouvé, C.; Angelier, N. Does the stress response predict the ability of wild birds to adjust to short-term
captivity? A study of the rock pigeon (Columbia livia). R. Soc. Open Sci. 2016, 3, 160840. [CrossRef] [PubMed]


http://doi.org/10.15406/ijawb.2017.02.00013
http://doi.org/10.1093/conphys/cov031
http://doi.org/10.1016/j.yhbeh.2008.12.009
http://www.ncbi.nlm.nih.gov/pubmed/19470371
http://doi.org/10.1098/rsos.160840
http://www.ncbi.nlm.nih.gov/pubmed/28083117

Animals 2021, 11, 2686 11 of 12

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Harvey, S.; Merry, B.J.; Phillips, J.G. Influence of stress on the secretion of corticosterone in the duck (Anas platyrhynchos).
J. Endocrinol. 1980, 87, 161-171. [CrossRef]

Humphreys, E.M.; Carrington-Cotton, A.; Wernham, C.V. A Review of an Exploratory Tial on Sparrowhawk Attack Rates at Pigeon
Racing Lofts in Relation to Some Management Practices; BTO Scotland, School of Biological and Environmental Sciences: Stirling,
Scotland, UK, 2010.

Beuving, G.; Vonder, G.M. Daily rhythm of corticosterone in laying hens and the influence of egg laying. | Reprod. Fertil. 1977, 51,
169-173. [CrossRef]

Westerhof, I.; Mol, J.A.; Van den Brom, W.E.; Lumeij, ].T.; Rijnberk, A. Diurnal rhythms of plasma corticosterone concentrations
in racing pigeons (Columba livia domestica) exposed to different light regimens, and the influence of frequent blood sampling.
Avian Dis. 1994, 38, 428-434. [CrossRef]

Lumeij, J.T.; Boschma, Y.; Mol, J.; De Kloet, E.R.; Van den Brom, W.E. Action of ACTH1-24 upon plasma corticosterone
concentrations in racing pigeons (Columba livia domestica). Avian Pathol. 1987, 16, 199-204. [CrossRef] [PubMed]

Scope, A.; Filip, T.; Gabler, C.; Resch, F. The influence of stress from transport and handling on hematologic and clinical chemistry
blood parameters of racing pigeons (Columba livia domestica). Avian Dis. 2002, 46, 224-229. [CrossRef]

Geraldy, K. Transport of racing pigeons and animal welfare. Dtsch. Tierarztl. Wochenschr. 2007, 114, 114-115. [PubMed]

Dov¢, A.; Krapez, U,; Slavec, B.; Pintaric, S.; Jereb, G.; Tomasi¢, A.; Dobeic, M. Diagnostics of Some Viral and Bacterial Diseases
in Pigeon Flocks Using Air Sampler. In Proceedings of the XXII Counseling Disinfection, Disinsection and Deratisation with
International Participation—One World One Health, Kosmaj, Serbia, 23-26 May 2013; Radenkovi¢-Damnjanovi¢, B., Ed.; Faculty
of Veterinary medicine Beograd: Beograd, Serbia, 2013; pp. 221-229.

Rupiper, D.J. Diseases that affect race performance of homing pigeons. Part II: Bacterial, fungal and parasitic diseases. J. Avian
Med. Surg. 1998, 12, 138-148.

Harlin, R.; Wade, L. Bacterial and parasitic diseases of Columbiformes. Vet. Clin. N. Am. Exot. Anim. Pract. 2009, 12, 453-473.
[CrossRef] [PubMed]

Rupiper, D.J. Diseases that affect race performance of homing pigeons. Part I: Husbandry, diagnostic strategies, and viral diseases.
J. Avian Med. Surg. 1998, 12, 70-77.

Kaleta, E.F.; Honicke, A. Review of the literature on avian influenza A viruses in pigeons and experimental studies on the
susceptibility of domestic pigeons to influenza A viruses of the haemagglutinin subtype H7. Dtsch. Tierarztl. Wochenschr. 2004,
111, 467-472.

Stenzel, T.A.; Pestka, D.; Tykalowski, B.; Smialek, M.; Koncicki, A. Epidemiological investigation of selected pigeon viral infections
in Poland. Vet. Rec. 2012, 171, 562. [CrossRef] [PubMed]

Stenzel, T.; Koncicki, A. The epidemiology, molecular characterization and clinical pathology of circovirus infections in pigeons—
Current knowledge. Vet. Q. 2017, 37, 166-174. [CrossRef]

Abadie, J.; Nguyen, E; Groizeleau, C.; Amenna, N.; Fernandez, B.; Guereaud, C.; Guigand, L.; Robart, P.; Lefebvre, B.; Wyers, M.
Pigeon circovirus infection: Pathological observations and suggested pathogenesis. Avian Pathol. 2001, 30, 149-158. [CrossRef]
Raue, R.; Schmidt, V,; Freick, M.; Reinhardt, B.; Johne, R.; Kamphausen, L.; Kaleta, E.F; Muller, H.; Krautwald-Junghanns, M.E. A
disease complex associated with pigeon circovirus infection, young pigeon disease syndrome. Avian Pathol. 2005, 34, 418—425.
[CrossRef] [PubMed]

Halami, M.Y.; Nieper, H.; Miiller, H.; Johne, R. Detection of a novel circovirus in mute swans (Cygnus olor) by using nested
broad-spectrum PCR. Virus Res. 2008, 132, 208-212. [CrossRef]

Wise, M.G.; Suarez, D.L.; Seal, B.S.; Pedersen, J.C.; Senne, D.A; King, D.J.; Kapczynski, D.R.; Spackman, E. Development of a
real-time reverse-transcription PCR for detection of Newcastle disease virus RNA in clinical samples. J. Clin. Microbiol. 2004, 42,
329-338. [CrossRef]

Spackman, E.; Senne, D.A.; Myers, T.].; Bulaga, L.L.; Garber, L.P.,; Perdue, M.L.; Lohman, K.; Daum, L.T.; Suarez, D.L. Development
of a real-time reverse transcriptase PCR assay for type A influenza virus and the avian H5 and H7 hemagglutinin subtypes.
J. Clin. Microbiol. 2002, 40, 3256-3260. [CrossRef] [PubMed]

Ehricht, R.; Slickers, P.; Goellner, S.; Hotzel, H.; Sachse, K. Optimized DNA microarray assay allows detection and genotyping of
single PCR-amplifiable target copies. Mol. Cell. Probes 2006, 20, 60-63. [CrossRef]

Pantchev, A ; Sting, R.; Bauerfeind, R.; Tyczka, J.; Sachse, K. New real-time PCR tests for species-specific detection of Chlamydophila
psittaci and Chlamydophila abortus from tissue samples. Vet. J. 2009, 181, 145-150. [CrossRef] [PubMed]

Thienpont, D.; Rochette, F.; Vanparijs, O.F]. Diagnosing Helminthiasis through Coprological Examination; Janssen Research Founda-
tion: Beerse, Belgium, 1979; pp. 31-34.

Dov¢, A.; Zorman-Rojs, O.; Vergles Rataj, A.; Bole-Hribovsek, V.; Krapez, U.; Dobeic, M. Health status of free-living pigeons
(Columba livia domestica) in the city of Ljubljana. Acta Vet. Hung. 2004, 52, 219-226. [CrossRef] [PubMed]

Mojzik, M.; Prantl, M. Ventusky. InMeteo: Meteorologické Informace. Plzen. 2013. Available online: https://www.ventusky.com
(accessed on 26 June 2021).

Krapez, U,; Slavec, B.; Steyer, A.E; Pintari¢, S.; Dobeic, M.; Rojs, O.Z.; Dov¢, A. Prevalence of pigeon circovirus infections in feral
pigeons in Ljubljana, Slovenia. Avian Dis. 2012, 56, 432—435. [CrossRef]


http://doi.org/10.1677/joe.0.0870161
http://doi.org/10.1530/jrf.0.0510169
http://doi.org/10.2307/1592062
http://doi.org/10.1080/03079458708436368
http://www.ncbi.nlm.nih.gov/pubmed/18766607
http://doi.org/10.1637/0005-2086(2002)046[0224:TIOSFT]2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/17419545
http://doi.org/10.1016/j.cvex.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19732704
http://doi.org/10.1136/vr.100932
http://www.ncbi.nlm.nih.gov/pubmed/23118041
http://doi.org/10.1080/01652176.2017.1325972
http://doi.org/10.1080/03079450124811
http://doi.org/10.1080/03079450500267825
http://www.ncbi.nlm.nih.gov/pubmed/16236576
http://doi.org/10.1016/j.virusres.2007.11.001
http://doi.org/10.1128/JCM.42.1.329-338.2004
http://doi.org/10.1128/JCM.40.9.3256-3260.2002
http://www.ncbi.nlm.nih.gov/pubmed/12202562
http://doi.org/10.1016/j.mcp.2005.09.003
http://doi.org/10.1016/j.tvjl.2008.02.025
http://www.ncbi.nlm.nih.gov/pubmed/18413292
http://doi.org/10.1556/avet.52.2004.2.10
http://www.ncbi.nlm.nih.gov/pubmed/15168753
https://www.ventusky.com
http://doi.org/10.1637/9929-091211-Case.1

Animals 2021, 11, 2686 12 of 12

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Krapez, U.; Steyer, A.F; Slavec, B.; Barli¢-Maganja, D.; Dov¢, A.; Ra¢nik, J.; Rojs, O.Z. Molecular characterization of avian
paramyxovirus type 1 (Newcastle disease) viruses isolated from pigeons between 2000 and 2008 in Slovenia. Avian Dis. 2010, 54,
1075-1080. [CrossRef]

Dov¢, A.; Jereb, G.; Krapez, U.; Greguri¢-Graéner, G.; Pintari¢, S.; Slavec, B.; Knific, R.L.; Kastelic, M.; Kvapil, P.; Mi¢unovi¢, J.;
et al. Occurrence of bacterial and viral pathogens in common and noninvasive diagnostic sampling from parrots and racing
pigeons in Slovenia. Avian Dis. 2016, 60, 487-492. [CrossRef]

Zadravec, M. Adenoviruses in Birds in Slovenia. Ph.D. Thesis, University of Ljubljana, Veterinary Faculty, Ljubljana, Slovenia, 2012.
Zadravec, M.; Zorman Rojs, O.; Ra¢nik, J.; Vergles Rataj, A.; Vlahovi¢, K.; Dov¢, A. The prevalence of trichomoniasis in ornamental
and free-living pigeons (Columbia livia) in Slovenia. Vet. Nov. 2006, 32, 5-10.

Pestka, D.; Stenzel, T.; Koncicki, A. Occurrence, characteristics and control of pigeon paramyxovirus type 1 in pigeons. Pol. J. Vet.
Sci. 2014, 17, 379-384. [CrossRef] [PubMed]

Harzer, M.; Heenemann, K.; Sieg, M.; Vahlenkamp, T.; Freick, M.; Ruckner, A. Prevalence of pigeon rotavirus infections: Animal
exhibitions as a risk factor for pigeon flocks. Arch. Virol. 2021, 166, 65-72. [CrossRef] [PubMed]

Panigrahy, B.; Senne, D.A_; Pedersen, ].C.; Shafer, A.L.; Pearson, J.E. Susceptibility of pigeons to avian influenza. Avian Dis. 1996,
40, 600-604. [CrossRef] [PubMed]

Yamamoto, Y.; Nakamura, K.; Yamada, M.; Mase, M. Limited susceptibility of pigeons experimentally inoculated with H5N1
highly pathogenic avian influenza viruses. J. Vet. Med. Sci. 2012, 74, 205-208. [CrossRef]

Magnino, S.; Haag-Wackernagel, D.; Geigenfeind, I.; Helmecke, S.; Dovc, A.; Prukner-Radov¢ié, E.; Residbegovi¢, E.; Ilieski, V.;
Laroucau, K.; Donati, M.; et al. Chlamydial infections in feral pigeons in Europe: Review of data and focus on public health
implications. Vet. Microbiol. 2009, 135, 54-67. [CrossRef]

Duchatel, ].P,; Flore, PH.; Hermann, W.; Vindevogel, H. Efficacy of an inactivated aqueous-suspension Newcastle disease virus
vaccine against paramyxovirus type 1 infection in young pigeons with varying amounts of maternal antibody. Avian Pathol. 1992,
21, 321-325. [CrossRef]

Dov¢, A.; Pulko, B.; PSeni¢nik, I.; Kalin, A.; Raduha, D.; Cebulj-KadunC, N.; Slavec, B.; Krapez, U.; Lindtner Knific, R.; Kastelic,
M.; et al. Exposure to stress in different categories of racing pigeons at the time of racing. In Proceedings of the First Annual
Meeting of the European Congress of Veterinary Behavioural Medicine and Animal Welfare (ECVBMAW) in Association with
24th Annual Meeting of the European Society of Veterinary Clinical Ethology (ESVCE), Berlin, Germany, 27-29 September 2018;
Mastorakis, N., Ed.; DVG Service: Geisen, Germany, 2018; pp. 188-190.

Romero, L.M.; Wingfield, ].C. Regulation of the hypothalamic-pituitary-adrenal axis in free-living pigeons. J. Comp. Physiol. B
2001, 171, 231-235. [CrossRef]


http://doi.org/10.1637/9161-111709-ResNote.1
http://doi.org/10.1637/11373-011116-Reg
http://doi.org/10.2478/pjvs-2014-0056
http://www.ncbi.nlm.nih.gov/pubmed/24988870
http://doi.org/10.1007/s00705-020-04834-w
http://www.ncbi.nlm.nih.gov/pubmed/33067650
http://doi.org/10.2307/1592270
http://www.ncbi.nlm.nih.gov/pubmed/8883790
http://doi.org/10.1292/jvms.11-0312
http://doi.org/10.1016/j.vetmic.2008.09.045
http://doi.org/10.1080/03079459208418847
http://doi.org/10.1007/s003600000167

	Introduction 
	Materials and Methods 
	Pigeons; Sampling 
	Laboratory Tests 
	Last Race 
	Data Analysis 

	Results 
	Health Status of the Pigeon Flocks 
	Serum Corticosterone Levels in Different Categories of Racing Pigeons 
	Results Achieved in the Last Race 

	Discussion 
	Health Status of Pigeon Flocks 
	Serum Corticosterone Levels in Different Categories of Racing Pigeons 
	Stress Factors during Transport to the Race and during the Race 

	Conclusions 
	References

