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Abstract: The objective of the current study was to carry out a survey of the main
anatomopathological alterations in raising quails and evaluate possible interference
of these in the bone tissue. To obtain the data, 23 quails were collected from farm in
the central Serrana region of Espirito Santo. Necropsies with macroscopic descriptions,
microbiological, coproparasitological, radiographic and histomorphometric tests were
carried out. It was done data descriptive analysis and average comparision using
Student T test. It was found that they presented lesions predominantly in the digestive
system, followed by urinary and reproductive, and muscular system, were the altered
color of the liver (47%) was the most frequent lesion. In the parasitological exams, it
was found oocysts of Eimeira sp. (39.13%). In the microbiological exams, it was detected
predominantly Escherichia coli (83%). Moderate osteopenia in quails, but the percentage
of trabecular bone on bones was similar between healthy and diseased quails, without
bone changes in histology. Microscopically, it was observed lung congestion as
predominant lesion. It is concluded that there was predominance of alterations in the
digestive system and mild parasitic infection; and although there was moderate level of
osteopenia, there wasn't bone change as a result of the observed infections.
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Due to the intensive and semi-intensive
production systems of layers for greater egg

Domestic birds are among the animals targeted
by anatomopathological studies, considering
their great economic relevance (Nascimento et
al. 2021). Quails are among the most widely used
layers in Brazilian poultry farming, producing
315.6 million dozen eggs (IBGE 2019). In Brazil, the
state of Espirito Santo is currently considered
the biggest producer of quail eggs (ABPA 2021,
IBGE 2019). Therefore, it is important to carry out
surveys of the main diseases of laying birds in
Espirito Santo and their etiologies to improve
the development of poultry farming in the state,
since there are not yet so many studies in this
region (Souza 2012).

production, these birds are more susceptible
to various bacterial, fungal, viral and metabolic
diseases that affect one or more systems, such
as respiratory, reproductive, bone and digestive
(Melo et al. 2018). Although the occurrence of
these diseases is caused by the increase in the
amount of pathogens in the body, it can also be
facilitated by inadequate nutrition, management
and hygiene of birds, and generate consequences
from discomfort and suffering of the animal to
economic losses for the poultry farmer (Souza
et al. 2017). Taking into account that there are
few studies of this area in the state of Espirito
Santo, the objective of the present work was to
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survey the main anatomopathological changes
in domestic quail in intensive rearing systems
in farms of Espirito Santo, in addition to relating
the diseases, mainly bacterial, with possible
changes in bone tissue. It is important to point
out that this study brings unprecedented and
relevant results.

MATERIALS AND METHODS

The current study was developed in the Animal
Pathology Sector, in the Animal Parasitology
Laboratory, Animal Microbiology Laboratory
and Imaging Diagnosis Sector, all located in the
Veterinary Hospital of the Center for Agricultural
Sciences and Engineering of the Federal
University of Espirito Santo (CCAE/UFES), with
all experimental procedures approved by CEUA
Alegre with protocol No. 014/2020.

Obtaining the birds

The collection of the birds took place in
November 2021. Initially, 23 Japanese quail
(Coturnix coturnix japonica) previously
vaccinated with autogenous vaccines and with
clinical signs originating from an intensive
quail breeding farm located in Santa Maria de
Jetiba, Espirito Santo, were collected. Among
these, 10 were 42 weeks old, while the remaining
13 were on average 21 weeks old and were in
a non-air-conditioned environment. All quails
presented at least one of the following clinical
signs: apathy, white diarrhea, loss of appetite,
abnormal grouping, bristling feathers, cloaca
with intense accumulation of feces, large amount
of malformed eggs and reduction in feed intake.

Necropsy and histological evaluation of the
organs

The birds were transported to the Veterinary
Hospital of UFES Alegre, where they were
euthanized by cervical displacement.

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

Subsequently, necropsy of all animals was
performed according to the technique adopted
in the Animal Pathology Sector of UFES. During
the autopsy, external and internal examinations
were performed with descriptions of the
alterations found. In addition, tissue fragments
were collected fromvarious organs (trachea, lung,
heart, spleen, gizzard, liver, small [duodenum]
and large intestines, pancreas, ovary, oviduct,
bursa of Fabricius and brain) and also from long
bones (right femur and tibiotarsus).

All tissue fragments of the organs and
bones were placed in 10% buffered formalin for
fixation and subsequent routine processing of
paraffin inclusion for histopathological analysis,
and the long bones were decalcified in EDTA
(described later) before routine processing.
After processing, the materials were cleaved in
sections of 4um thickness and the slides were
staining by Hematoxylin and Eosin (HE) and,
when necessary, special periodic Schiff Acid
Staining (PAS) was also performed, depending
on the diagnostic suspicion. After staining, the
slides were observed under an optical light
microscope for descriptive analysis of the
findings, with subsequent compilation of data
and photomicroscopy using an image capture
microscope (Opticam LOPT14003 0500R).

Parasitological and microbiological examina-
tions

During the autopsy, feces were collected directly
from the large intestine and placed in plastic
bags, identified and then refrigerated, for
posterior coproparasitologic evaluation through
optical microscopic (100x magnification). The
chosen technique was the Simple Fluctuation
Centrifugal — CFS (Sheather 1923). The positive
samples for oocysts were submitted to the
addition of 2.5% aqueous potassium dichromate
(K2Cr207) and kept in 20 mL test tubes for
sporulation. Every two days, by adding a drop
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of the sample between lamina and coverslip,
the number of sporocysts and sporozoites
was analyzed to determine the gender of the
involved protozoan.

Also during the necropsy, it was used swabs
to collect purulent exudates, when present, in
several regions such asthe ocularregion, oviduct,
intestine and air sacs of the birds. The swabs
were refrigerated for later microbial testing.
Then, inoculation was performed in blood agar
medium and McConkey, gram staining, oxidase
and catalase tests, inoculation in Indole Sulfide
Motility agar (SIM), Klinger Iron agar, Triple Iron
Sugar agar (TSI) and Phenylalanine agar.

Radiographic and morphometric evaluations
of the long bones
Fromthecollectionofthelongbones(rightfemurs
and tibiotarsi) during necropsy, they were fixed
in 10% buffered formalin, followed by dissection.
After this procedure, the bones were submitted
to radiographic examinations for subsequent
evaluation of the degree of osteopenia (mild,
moderate, and intense) according to the level of
radiopacity and the integrity of the periosteum.
The radiographic examinations were performed
in an x-ray machine (emitter) of the brand CDK,
model DIAFIX Microprocessed 500mA/125kV, with
digitizer system of images of the type computed
radiography (CR), brand Fujifilm, model FCR XLII
Capsule.

After radiographic examinations, femurs and
tibiotarsi were weighed using a precision scale
(Toledo brand). Length, perimeter of proximal
and distal epiphyses, as well as diaphysis were
also evaluated with the aid of a millimeter
measuring tape. After obtaining the weight and
length of the bones, the Seedor Index (SI) was
calculated, which corresponds to the weight of
the bone (mg), divided by its length (mm) to
evaluate bone density (Seedor et al. 1991).

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

Before the routine processing of paraffin
inclusion, the long bones were submitted to
the decalcification process, since the mineral
present in the bones prevents the processing
steps. Thus, for the decalcification, it was used
a descaling solution composed of monobasic
sodium phosphate (31.2 g in 1L of water -
solution 1), bibasic sodium phosphate (284 g
in 1L of water - solution 2), and EDTA disodium
salt (140 g). The final solution consisted of the
following mixture: 140 g of EDTA + 280 mL of
solution 1 + 720 mL of solution 2 + 1L of water.
The solution was replaced twice a week until
complete decalcification, which lasted 45 days,
and the degree of demineralization was followed
by periodic radiographs.

With the demineralized bones, cleavage
was performed and then the routine processing
of paraffin inclusion, cut into 4 pm, submitted
to HE staining and, subsequently, observed
under an optical microscope to perform the
descriptive analysis and morphometric analysis
of the percentage of trabecular bone. The
morphometric analysis was performed in the
epiphysis of all femurs and tibiotarsus, in the
objective of 20x, in seven fields each, with the aid
of a graticule with 99 points taken throughout
the length of the histological section.

Statistical analysis

For the data statistical analysis, the Student’s
T test was performed with 5% significance, to
compare the percentage of trabecular bone
of healthy birds (without bacterial infection)
with those diseased (with bacterial infection).
The other analyses performed were performed
descriptively.
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RESULTS

Microscopic findings

Regarding the macroscopic findings, 82.5% of
the quails had at least some type of lesion
on external examination, being that the most
frequent being was the extension of white
and softened feces of the large intestine
accumulating in the cloaca indicating diarrhea
(30%), followed by rarefaction of feathers on
the dorse (common alteration in layers) (21%),
eye lesion such as unilateral corneal opacity
(13%), calluses in phalanges (13%), increased
abdominal volume (9%), supracranial cutaneous
nodule (4%) and cloacal prolapse (4%). It is
important to emphasize that the total number
of lesions is not equivalent to the number of
birds, because some quails presented more
than one alteration.

In the internal examination, it was
evidenced that all quails presented at least one
macroscopic alteration in some organ/system/
site, and all quails (100%) presented at least one
lesion in the digestive system, 91% in the urinary
and reproductive systems, 78% in the muscular
system, 56% in the hematopoietic/lymphatic/
lymphoid system, 30% in the cardiorespiratory
system, and 8% in the bone system. The main
lesions are presented in Figure 1 and the others
are presented in detail in Table I. In this sense,
the most observed alterations were liver disease
characterizing the altered color (yellowish, white
or blackish) of the liver (47%) (Figure 2d and e)
and hypotrophy of the pectoral muscles, leaving
the keel of the sternum in evidence (47%).
Followed by the diffuse pallor of the spleen
(39%), fibrin deposition with an adjacent cyst in
the oviduct (39%), congestion of the serous of
small intestine (35%), ovarian hypotrophy (35%),
ascites (9%), and femur fracture associated with
hemorrhage (8%).

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

154
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104 39%  39%
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Figure 1. Main lesions found in the internal
examination during the necropsy of Japanese quail.

Parasitological findings

Parasitological examinations of quail revealed
oocysts of Eimeria sp. coccidia in 39.13% of quail,
which presented mild infection (1to 10 oocysts).

Microbiological findings

The microbiological analyses were performed
on 12 samples (caseous or fibrinous exudates)
from different sites, so the predominance of the
bacterium Escherichia coli (83%) was detected,
affecting several sites/organs such as small
intestine, coelomic cavity, ovary, pericardial sac,
lung and air sacs with the formation of caseous
and fibrinous contents and malformed eggs.
In addition, it was also recorded the growth
of the bacterium Klebsiella spp. collected
from a yellowish thickening in the wall of the
duodenum of a bird (8.3%), and Pseudomonas
aeruginosa together with Salmonella spp. in the
coelomic cavity with fibrin and in a supracranial
cutaneous nodule with a total frequency of 16.6%.
The microbiological findings are summarized in
Table Il
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Table I. Main affected organs and macroscopic changes observed in Japanese quail.

Organ/alteration Absolute value Relative value
Liver 18/23 78%
Altered coloration 11/23 47%
yellowish areas 5/23 21%
white areas 5/23 21%
Blackened organ 1/23 4%
Diffuse congestion 7/23 30%
Hepatomegaly 3/23 13%
Skeletal striated muscle 18/23 78%
Muscle hypotrophy (keel overt) 12/23 52%
Carcass pallor 6/23 26%
Bleeding areas 5/23 21/%
Spleen 16/23 70%
Diffuse pallor associated with white pulp hyperplasia 9/23 39%
Splenomegaly 4/23 17%
Blackened areas 1/23 4%
Bleeding areas 1/23 4%
Diffuse congestion 1/23 4%
Small intestine 11/23 52%
Serous congestion 8/23 35%
Wall thickening due to edema 6/23 26%
Fecaloma causing intestinal rupture 1/23 4%
Elevated plaques with mucoid contents 3/23 13%
Oviduct 10/23 43%
Serous cyst + diffuse fibrin deposition 9/23 39%
Mucosal congestion 2/23 9%
Kidney 9/23 39%
Congestion 6/23 26%
White areas 2/23 9%
Pallor 1/23 4%
Ovary 8/23 35%
Ovarian hypotrophy 8/23 35%
Malformed eggs in the uterus 3/23 13%
Heart 3/23 13%
White areas 2/23 9%
Fibrin in the pericardium 1/23 4%
Lung 2/23 9%
Congestion 1/23 4%
Fibrin adhesion 1/23 4%
Trachea 2/23 9%
Yellowish content 1/23 4%
Caseous exudate 1/23 4%
Others 3/23 13%
Tongue with yellowish focal area 1/23 4%
Brain with congestion 1/23 4%
Esophagus with intense pallor 1/23 4%
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Figure 2. Lesions found during the autopsy of Japanese quail. a) Deposition of diffuse fibrin in the serosa of the
oviduct (arrow). b) Fecaloma (white asterisk) focally extensive, severe and malformed egg (black asterisk). c)
Discrete focal caseous exudate (*) at the caudal edge of the liver. d) Liver with multifocal to coalescent areas
yellowish in moderate amount. e) Liver diffusely blackened in moderate amount.

Table L. List of sites and lesions where swabs were collected for microbiological tests, infectious agents found and
their frequencies in Japanese quail.

Collect/alteration site Infectious agent Frequence
Serosum of the duodenum Klebsiella spp. 8.3%
Interior of ovarian follicle
Serosum of the duodenum

Coelomatic cavity with fibrin

Escherichia coli 75%
Elevated plaque of the intestine wall
Air sac
Pericardial sac
Shapeless and flacid ovary
Coelomatic cavity with fibrin Escherichia coli, Salmonella spp.; Pseudomonas spp. 8.3%
Supracranial cutaneous nodule Salmonella spp.; Pseudomonas spp. 8.3%
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Bone morphometry and radiographic analysis

Regarding quail bone parameters (Table Il1), the
mean values of Seedor Index (SI) were 22.85
mg/mm in the femur and 23.56 mg/mm in the
tibiotarsus. Among the degrees of osteopenia
observed in the radiographic analysis (Figure 3),
the most frequent was moderate degree. The
mean percentage of trabecular bone (Figure 4)
in the femoral epiphyses was 221% in quails
without bacterial diseases (healthy), and 25.96%
in quails with bacterial diseases (diseased), with

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

no statistical difference between the means
(p=0.4142). While in the tibiotarsus of healthy
quails, the mean percentage of trabecular
bone was 27.64% and in diseased quails it was
24.77%, also not differing statistically (p=0.4275).
Regarding the histological evaluation of the
bone tissue of femurs and tibiotarsi of quails,
there was a predominance of trabeculae
discretely connected to each other, osteocytes
and osteoblasts were sometimes cuboid,
sometimes flattened, and osteoclasts were rare

Table lll. Seedor index, degree of osteopenia and percentage of trabecular bone of the epiphyses of femurs and
tibiotarsi of Japanese quail. *Diseased birds. Discrete: +; Moderate: ++; Intense: +++,

Femur
Quail Degree of % Trabecular
Seedor Index osteopenia bone
1* 2368 * 15.66
2% 225 4 27.02
3* 20 e+ 26.77
4* 24.32 ++ B
5¥ 18.75 TR, 3915
6 2245 e+ 32.58
18.42 4 15.66
g* 23.08 e+ 255
9 28.95 + B
10 2973 e+ 28.79
" 26.32 + 26.26
12* 20 i+ 28.79
13* 275 e+ 26.77
15 28.21 +++ -
16 1515 ++ B
17* 23.08 - 4293
18* 2292 . 31.31
19* 28.21 et 29.04
20 1515 ++ -
21 24.32 * 13.38
22 17.65 + B

Tibiotarsus
Slfufii?(r 0255;;2:{3 % Trabecular bone
22 + 20.88
16 ++ 25.25
18.75 ++ 14.65
25 ++ 32.58
4118 +t -
26 ++ 10.35
19.57 ++ 12.37
24 ++ 42.42
3191 + 27.27
25.53 ++ 37.37
29.17 + 24.75
20 + 30.55
21.57 ++ 26.01
23.40 + 18.43
297 +t 25.75
1915 ++ 25.50
17.02 +Ht 22.47
20.83 +H+ 31.06
20.83 +Ht 30.55
26.53 ++ 35.35
20.83 + 23.74
20 + 31.56
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in all tibiotarsi and in the most of femurs, being
found in moderate quantities in Howship’'s
lacunae in only one femur. No bone changes
were found in quails (Figure 5).

Microscopic findings

Regarding the histopathological analysis, it was
found that, as in the macroscopic evaluation, all
quails had at least one histological alteration.
All quails presented lesions in the digestive
system (100%), which is the most affected
system. In addition, 78% had lesions in the
hematopoietic/lymphatic/lymphoid system
and 74% of the quails had lesions in the urinary
and reproductive systems. In relation to the
frequency of histopathological lesions observed
(Figure 6), pulmonary congestion (91%) and
hemorrhage (78%) were the most frequent,
followed by multifocal renal congestion (70%),

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

random hepatic congestion (61%), hyperplasia
of the white pulp of the spleen (43%) and
inflammatory infiltrate (lymphocytes and
histiocytes) in the serosa of the small intestine
(26%). The details of the microscopic lesions in
the various organs and sites of the organism are
represented in Table IV. Some of the microscopic
findings in the small intestine, trachea and lung,
spleen and bursa of Fabricius of Japanese quail
are presented in Figures 7, 8 and 9, respectively.

DISCUSSION

In order to get to the possible diagnoses of the
present study, it was necessary to associate the
macroscopic findings with the histopathological
ones, along with the bacteriological and
parasitological exams, as performed by Lopes
(2021). The lesion most frequently observed on

Figure 3. Radiographic evaluation of the long bones (femurs and tibiotarsi) of Japanese quail. The degree of

moderate osteopenia was the most predominant. The numbers 3, 4, 6, 7, 8, 9, 10, 11, 12 and 13 represent the quails

evaluated.
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external examination was white and softened
stools from the large intestine accumulating in
the cloaca which is an indication of diarrhea. It
isimportant to emphasize that thisis a recurrent
symptom of several enteric diseases caused
by infectious agents such as Rotavirus and
Coronavirus, and bacteria such as Salmonella
enterica and Escherichia coli (Naranjo 2011). In
addition, the lesions most commonly found on
internal examination were liver disease causing
changes in liver color followed by muscle
hypotrophy.

In this way, associating the high-frequency
microbiological results of the E. coli bacterium
with the compatibility in the histopathological
findings, the predominant disease in quail
was suggestive of colibacillosis. According
to Almeida et al. (2020), birds affected by
colibacillosis present several lesions in several
systems, mainly in the digestive system, as
well as observed in the study in question.
Colibacillosis can be systemic or localized,
affecting poultry such as chickens, quail, turkeys
and ratites of all ages. Its localized form can

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

cause perihepatitis, aerosaculitis, omphalitis,
salpingitis, coligranuloma, oophoritis,
pericarditis, osteomyelitis, complicated chronic
respiratory disease, among others (Ferreira &
Knobl 2020, Lopes 2021, Nolan et al. 2020).

Most of the findings of this study are
compatible with the symptoms of colibacillosis,
being found localized forms of this disease, such
as salpingitis, coligranuloma and oophoritis, and
its systemic form (coliseptisemia) as cited by
Ferreiraand Knobl(2020). All quailsinthe present
study that were infected by E. coli presented
at least one of the following liver lesions:
cytoplasmic vacuolization (hepatocellular
degeneration) resulting in multifocal white
and yellowish areas, inflammatory infiltrate
(lymphocytes and histiocytes), areas of necrosis
associated with bacterial lumps, diffuse
congestion and hepatomegaly, being considered
common alterations resulting from colibacillosis
(Casagrande et al. 2017, Ledo et al. 2018, Lopes
2021, Martins et al. 2017). The liver was the organ
most affected by colibacillosis, similar to the
result observed by Casagrande et al. (2017).
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Figure 4. Average and
standard deviation of the
percentage of trabecular
bone of the epiphyses of
the femur and tibiotarsus of
diseased and healthy quail.
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Hypotrophy of the pectoral muscles was also very
evident in quails (resulting from weight loss),
along with opacity of the air sacs, hyperemia of
the intestinal mucosa, splenomegaly and pallor
of the spleen, among others.

According to Barnes et al. (2008), such
symptoms are the result of colisepticemia in
birds. The main histological findings in quail,
such as hemorrhage and pulmonary congestion
can be justified by the involvement of E. coli
in the respiratory tract, causing “complicated
chronic respiratory disease”, which may lead
to pneumonia, pleuropneumonia as well as
tracheitis and airsacculitis in fowls (Ferreira &
Knobl 2020). Specifically in the spleen, quails
with E. coli presented splenomegaly with white
pulp hyperplasia and eosinophilic inflammation,
as well as hemorrhagic areas, congestion and
hemosiderosis.

Fibrin deposition with adjacent cyst in
the oviduct and mucosal congestion can be
explained by the predisposition of adult birds
to inflammation of the oviduct (salpingitis) by
E. coli. The production is largely responsible for
this predisposition, since this enterobacterium

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

manages to colonize the oviduct when the level
of estrogen is high, in the laying phase of the
birds (Ferreira & Knobl 2020). The ovary is also
one of the main sites of development of E. coli,
causing oophoritis and characterizing ovarian
infection (Ferreira & Knobl 2020, Melo et al.
2018), which lead to malformed eggs, ovarian
hypotrophy and falling oviposition. Oophoritis
can be occurred from fecal contamination by
intestinal rupture (Melo et al. 2018), as observed
in one of the quails with E. coli.

In addition to intestinal rupture, there were
other macroscopic and histological changes in
the small intestine, such as mucosal thickening
with elevated plaques, hyperemiaand congestion
that were also associated with colibacillosis.
Importantly, although strains of E. coli naturally
existin the intestines of birds, pathogenic strains
cause rupture of the intestinal epithelium
inducing pseudomembranous or ulcerative
enteritis (Barnes et al. 2008). In the present
work it was not performed the identification
of pathogenic strains, via PCR, to identify
their genetic material, but the microbiologial
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Figure 5. Photomicroscopies of femur (a) and tibiotarsal (b) of Japanese quails showing a predominance of

trabeculae discreetly connected to each other (*), osteocytes (arrows) and osteoblasts (circles) sometimes
cuboids, sometimes flattened, and osteoclasts were rare in all tibiotarsals and in most femurs. Hematoxylin and

eosin, 40X increase.
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Figure 6. Main histopathological changes (percentage)
in the organs collected from Japanese quail.

identification was sufficient to associate with
the lesions found.

Another disease observed in quails was
Salmonellosis. As well as quails affected by
colibacillosis, those infected by Salmonella
spp., along with E. coli and Pseudomonas spp.
also presented liver lesions such as diffuse
congestion, hepatomegaly and hepatocyte
degeneration. These lesions result from the
activation of phagocytes defense against E.
coli and Salmonella spp. releasing specific
substance to cause vacuolar degeneration of
hepatocytes (Ito & Miyaji 2020, Martins et al.
2017). Lymphoid hyperplasia and hypertrophy
can be justified both by Salmonellosis and
by the application of autogenous vaccines
in quails, and according to Freitas Neto et al.
(2020) and Leao et al. (2018), this organ can also
present splenomegaly, white areas (BPH) and
hyperemia due to Salmonellosis. Both quails
infected with Salmonellosis had cysts with
material in the coelomic cavity, which is also
a commonly found alteration in this disease
(Freitas Neto et al. 2020). The clinical signs

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

found in quails such as bristling feathers, white
diarrhea, apathy, high initial mortality, decrease
in feed consumption and posture are symptoms
of both colibacillosis and Salmonellosis, being
differential diagnoses among themselves and
therefore requiring microbiological tests for
confirmation (Freitas Neto et al. 2020, Santos
et al. 2008). From the bacterial diseases
observed, it is important to emphasize that E.
coli, being secondary and opportunistic, is often
associated with other infectious agents, such as
the concomitant infection with Salmonella spp.
It can also be found along with Mycoplasma,
Pasteurella, Avibacterium, among others, and
can be aggravated by co-infections (Ferreira &
Knobl 2020, Taunde 2021).

In addition, colibacillosis is one of the
most important diseases in poultry farming,
considering that, like salmonellosis, it is a
zoonosis of great relevance to public health,
and can be triggered by any environmental,
nutritional or infectious factor and can cause
high mortality in the grange (Lopes 2021, Ferreira
& Knobl 2020, Taunde 2021), as was the case with
quails in this study. The means of prevention
of colibacillosis and salmonellosis are related
to the use of adequate vaccines and proper
management such as: efficient ventilation to
avoid the accumulation of ammonia and dust
in the grange, hygiene for the supply of water
and feed, temperature control, increase in the
frequency of egg collection (Barnes et al. 2008,
Casagrande et al. 2017, Ferreira & Knobl 2020), all
these measures must be adopted appropriately
by the poultry farm of the evaluated quail, mainly
because it is an intensive breeding system. In
addition, it is important to point out about the
care with the spread of salmonellosis avoiding
contact with transmitters such as birds, rodents
and insects (Freitas Neto et al. 2020).

The occurrence of Eimeria spp. was also
recorded in birds, however, besides the degree
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Table IV. Histopathological changes of organs collected from Japanese quail.

Organ/alteration Absolute frequence Relative frequence
Lung 21/23 91%
Congestion 21/23 91%
Diffuse intense 1/23 48%
Multifocal intense 4/23 17%
Interstitial hemorrhage 18/23 78%
multifocal intense 10/23 43%
multifocal moderate 5/23 22%
Multifocal necrosis 2/23 8%
Spleen 18/23 78%
White pulp hyperplasia 10/23 43%
Multifocal discrete 4/23 17%
Multifocal moderate 6/23 26%
Moderate multifocal congestion 5/23 22%
Multifocal hemosiderosis 3/23 13%
Lymphoid sheath hypertrophy 1/23 4%
Necrosis of serosa fat 1/23 4%
Amorphous and eosinophilic material 1/23 4%
Liver 17/23 74%
Random congestion 14/23 61%
multifocal discrete 7/23 30%
multifocal moderate 5/23 22%
Random degeneration of hepatocytes 5/23 22%
Multifocal discrete 3/23 13%
Lymphohistiocytic/heterophilic inflammatory infiltrate 3/23 13%
Necrosis in serous 2/23 8%
Amorphous material between the hepatocyte cords 1/23 4%
Multifocal hemorrhage 1/23 4%
Kidney 17/23 74%
Congestion 16/23 70%
multifocal moderate 1/23 48%
multifocal discrete 5/23 22%
Multifocal hemorrhage 5/23 22%
moderate 3/23 13%
discrete 2/23 8%
Bacterial lumps in the pelvis 1/23 4%
Small intestine 14/23 61%
Lymphobhistiocytic/heterophilic inflammatory infiltrate 6/23 26%
Serous necrosis associated with bacterial lumps 5/23 22%
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Table IV. Continuation.

Discrete multifocal congestion 4/23 7%

Lymphoid tissue hyperplasia 1/23 4%

Structures compatible with Eimeria spp. meronts 1/23 4%

Large intestine 8/23 35%
Lymphobhistiocytic/heterophilic inflammatory infiltrate in serous 4123 7%
Moderate focally extensive mucosal necrosis 1/23 4%

Serous with intense multifocal necrosis 1/23 4%

Table IV. Histopathological changes of organs collected from Japanese quail (continuation).

Heart 8/23 35%

Discrete multifocal lymphohistiocytic inflammatory infiltrate in the 4/23 179%
pericardium

Discrete multifocal congestion 4/23 7%

Pancreas 7123 30%

Discrete multifocal congestion 3/23 13%

Lymphohistiocytic inflammatory infiltrate 2/23 9%

Traqueia 6/23 26%

Discrete multifocal hyperplasia of lymphoid tissue 3/23 13%

Mucosal squamous metaplasia 1/23 4%

Submucosal hemorrhage 1/23 4%

Cloaca 5/23 22%

Moderate multifocal lymphohistiocytic inflammatory infiltrate 4/23 7%

Lymphoid rarefaction associated with edema 1/23 4%

Ovary 3/23 13%

Severe multifocal hypotrophy 1/23 4%

Moderate multifocal lymphohistiocytic inflammatory infiltrate 1/23 4%

Granuloma 1/23 4%

Oviduct 2/23 8%

Moderate multifocal congestion 2/23 8%

Moderate multifocal lymphohistiocytic inflammatory infiltrate 1/23 4%

Others 3/23 13%

Pectoral skeletal striated muscle with mild multifocal hypotrophy 1/23 4%

Mucosa of the apical region of the tongue with moderate focal area 1/23 4%

of necrosis associated with bacterial lumps (glossitis)

Supracranial cutaneous nodule with severe focally extensive
eosinophilic and necrotic material associated with bacterial lumps 1/23 4%
(dermatitis)
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of infection being mild, those that presented
alterations in the small intestine were also
affected by other agents, such as E. coli,
Salmonella spp., Pseudomonas spp. or Klebsiella
spp. and this may have masked the effects of
coccidiosis. Those with exclusive infection by
Eimeiraspp.did not presentintestinalalterations,
except one, which presented blackened feces in
the intestine suggestive of melena, along with
thickening of the mucosal wall and fibrin in
intense quantity and pancreaswith inflammatory
infiltrate (lymphocytes and histiocytes). Martins
et al. (2017) reports granulomatous enteritis
and diffuse acute necro-hemorrhagic typhlitis
as one of the macroscopic changes that can be
caused by coccidiosis.

According to bone parameters, it was
possible to notice that the mean values of the
Seedor Index were relatively higher, compared to
those found in other studies, with values ranging
from 10.5 to 19 mg/mm in the femur, and from
9.5 to 18.5 mg/mm in the tibiotarsus (Benites et
al. 2020, Freitas et al. 2013, Gouveia et al. 2020).

ANATOMOPATHOLOGICAL CHANGES IN QUAILS

In previous studies, it was confirmed that as
the level of sodium and vitamin A is increased
in the diet, the Seedor Index (representing
bone density) and bone strength increases
consequently, proving the direct interference of
adequate feeding of these nutrients on the bone
quality of quails (Benites et al. 2020, Freitas et al.
2013). Benites et al. (2020) point out that quails
with low SI have the least dense bone, which
can generate a tibiotarsal dyschondroplasia if
their weight increases.

It can be noted that there was no significant
difference between the amount of trabeculae in
the bones of diseased and healthy birds. As well
as the degree of osteopenia and the histological
descriptions of the tissues, being very similar
between the bones. Itis important to realize that
the poorly connected and more distant bone
trabeculae are characteristic of the pneumatic
bone of birds (Konell et al. 2018). In addition,
there was a decrease in posture, justified by
the fact that the sick organism going through
stress, prioritizes the nutrients absorbed, such

Figure 7. Microscopic findings
in the small intestine of
Japanese quail. a and b)
Celomite causing severe

o4 | focally extensive necrosis

(*) associated with bacterial
lumps. Hematoxylin and
Eosin, (a) 40x increase

| and (b) 100x increase.

| ¢) Thickened mucosa
containing intense multifocal
fibrin (arrow). Hematoxylin
and Eosin, increase of 40x.
d) Severe focally extensive
necrotic enteritis (*) in the

{ apical portion of the villi.

1{ Hematoxylin and Eosin, 40x
2 increase.
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Figure 8. Microscopic findings in trachea and lung of Japanese quail. a) Tracheal mucosa with squamous
metaplasia (*) associated with moderate focally extensive necrosis (arrow). Hematoxylin and Eosin, 40x increase.
b) Lung with mild multifocal hemorrhage (+), intense multifocal congestion (x), and moderate focally extensive
caseous necrosis (arrow). Hematoxylin and Eosin, 40x increase.

as calcium, to maintain the homeostasis of the
organism, leaving oviposition in the background
(Sobreira et al. 2011), as observed in the present
study.

However, the findings observed in the
bones of the birds of the present study reveal
little or no interference of bacterial diseases on

Figure 9. Microscopic findings
in the hematopoietic system
of Japanese quail. a and

b) bursa of Fabricius with
moderate multifocal lymphoid
rarefaction associated with
mild multifocal interstitial
edema (*). Hematoxylin and
Eosin, (a) 40x increase and (b)
100x increase. ¢ and d) Spleen
with intense multifocal white
pulp hyperplasia (arrow).
Hematoxylin and Eosin, (c) 40x
increase. (d) 100x increase.

the bone tissue of these birds, as well as the
survival mechanism generated by these diseases
did not significantly interfere in the bone tissue
to the level of causing osteopenic diseases,
such as osteoporosis, rickets and tibiotarsal
dyschondroplasia. This can be justified by the
degree of disease manifestation in the body of
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these birds, not being enough to reach the bone
significantly, considering that the bone tissue
of laying birds naturally has more porous bone
than compact and the calcium of the compact
bone, in cases of malnutrition, is reabsorbed for
oviposition (Silva 2020, Konell et al. 2018).

It can also be explained by the fact that the
bone is in constant remodeling, being absorbed
and formed according to the nutritional needs
of layers (Souza et al. 2017). In general, it is
important to emphasize that the results of
the present study are relevant and considered
unprecedented, being of great importance for
poultry farming in the State of Espirito Santo as
well as for Brazil.

CONCLUSION

It is concluded, therefore, that there was a
predominance of alterations in the digestive
system and mild parasitic infection. Most of the
macroscopic and histopathological lesions were
compatible with those caused by the infection
of the bacteria found in the microbiological
tests, then, the occurrence of colibacillosis and
salmonellosis was suggested. However, there was
no interference of these anatomopathological
changes in the bone tissue in quail.
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