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Chapter

Use of Computed Tomography and
Thermography for the Diagnosis
of Respiratory Disorders in Adult
Sheep

Luis Miguel Ferrer, Juan José Ramos, Enrique Castells,
Heéctor Ruiz, Marvia Climent and Delia Lacasta

Abstract

Respiratory diseases are one of the main causes of death and economic losses in
sheep farming. The prevention and treatment of these diseases must be based on
a correct diagnosis, which improves the results of health plans and optimizes the
responsible use of medicines. Diagnostic imaging techniques are important working
tools to diagnose this kind of disorders but have not always been sufficiently used
in sheep. X-ray, although widely used in small animals, is not a valuable tool in field
conditions. Ultrasonography is a noninvasive technique easily applied in sheep
farms and very useful for the diagnosis of respiratory diseases; however, many
articles have been already published on this topic. The present paper proposes and
illustrates the use of thermography and computed tomography (CT) to support and
improve the aforementioned techniques, taking into consideration that thermogra-
phy is only useful for upper respiratory tract disorders and CT scan is an expensive
technique for routine use but very illustrative to understand the pathogenesis of the
different disorders and to improve the in vivo diagnosis.

Keywords: thermography, computed tomography, sheep, respiratory diseases

1. Introduction

The respiratory system consists of a series of organs responsible for performing
a set of physical and chemical processes that aim to absorb the air oxygen (O,),
essential for the oxidative phenomena that occur in the tissues, and the elimination
of products resulting from these same oxidative phenomena, especially carbon
dioxide (CO,) [1]. The airways begin in the nares or external nasal openings and
end at the level of the terminal bronchi, already within the lungs. These airways
include an upper respiratory tract (nasal cavity, paranasal sinuses, nasopharynx,
and larynx) and a lower respiratory tract (trachea and lung). This classification will
be used to describe the respiratory disorders in this paper.

The development of effective health plans and the optimization of the use of
drugs require an accurate diagnosis that assures that the treatment is addressed
against the cause responsible for the pathological process. In this sense, diagnostic
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imaging is a useful tool based on noninvasive techniques that provide images for
the correct diagnosis of the different disorders. Although there are a wide variety of
diagnostic imaging techniques appropriate for the diagnosis of respiratory disor-
ders, this article focusses only on infrared thermography and computed tomogra-
phy. Others such as radiography or ultrasound are not described here because there
is an extensive series of published papers on these techniques.

Infrared thermography is an innovative noninvasive tool that allows the remote
measurement of the surface temperature of an animal. A thermal imaging camera
captures and records the measurement and creates a color thermal image, where
each color corresponds to a specified temperature [2]. A computer program, associ-
ated with the camera, allows measuring the temperature of each point in the image
and thus compares the different areas. There are different patterns of colors that can
be chosen; in our case we will use the pattern that associates cold temperatures with
blue, turning to green, yellow, orange, red, and white as the temperature of the area
rises. Colors are not directly associated with the degrees of temperature; simply, the
coldest area of the image is related to the blue color and the hottest area to the white
color, whatever those temperatures are.

These properties make it especially useful for diagnosing upper respiratory tract
diseases, where the internal temperature of the affected structures in the nasal cavi-
ties and sinuses comes to modify the surface temperature of the face. The generated
image allows comparison of the left and right side of the animal, detecting which
side is affected and if it produces changes in the ventilation of the nostrils. In win-
ter, the cold air that the sheep breathes cools down the nostrils, and the diagnosis
of the different disorders that hinder the passage of air is straightforward; however,
with external high temperatures, closer to body temperature, it is more difficult to
detect these changes. Nevertheless, the immediacy and the current low prices of the
thermal cameras make the use of thermography suitable as one of the first tests to
be carried out to diagnose upper respiratory tract diseases in sheep.

Computed tomography, also known as CT scanner, is also based on the variable
absorption of X-rays by different tissues. However, CT provides a different form
of imaging known as cross-sectional imaging. Therefore, this system provides
images that are similar to anatomical sections of the structure of the animal studied.
Different computer programs associated with the scanner allow obtaining axial,
sagittal, and coronal sections. Also, it is possible to make color three-dimensional
reconstructions of the studied area and to be able to introduce or remove different
densities, which is equivalent to being able to observe different structures. In the
case of the respiratory system, these programs allow us to eliminate all the structures
and only leave the image of the surface of the airways, which is equivalent to having
the negative image of the respiratory tree. Currently, CT scanner is only used with
research purposes or for complex diagnosis in sheep; however, it is very valuable to
understand the different respiratory diseases and their pathogenesis and evolution.

This article shows comparative images obtained by CT scan and thermography
with those taken later at the necropsies of the animals. More than 80 respiratory
clinical cases affecting adult sheep received at the Ruminant Clinical Service
of the Veterinary Faculty of Zaragoza (SCRUM) have been studied using CT
scan and thermography as imaging diagnostic tools. Subsequently, a postmortem
examination was performed in all the cases. The final diagnosis was supported by
histopathological, microbiological, and biomolecular analyses of the respiratory
system of the studied animals.

To capture the images shown in this article, the used devices were the following:

* Thermographic camera: FLIR E63900, T198547. Images were performed at the
Ruminant Clinical Service of the Veterinary Faculty of Zaragoza, Spain.
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* Computed axial tomography: General Electric Healthcare. The CT scan model
is: CT Brivo 325, General Electric. Images were performed at the Centro Clinico
Veterinario of Zaragoza, Spain. The RadiAnt DICOM Viewer 4.6.9 program
was used to analyze the images.

2. Respiratory tract disorders
2.1 Upper respiratory tract disorders

The upper airways provide an intricate space for filtration, tempering, and
humidification of inspired air. There are a whole series of structures that can be
affected by different pathological disorders. Dorsal, ventral, and medium turbinates
and ethmoidal labyrinth are easily examined through thermography, this being
of great relevance because there are several diseases that settle in these structures
hindering or obstructing the passage of air.

Before starting with the description of the diseases that affect the upper respira-
tory tract, thermography and CT scan of these structures in a healthy animal will
be shown. Therefore, the comparison between healthy and affected animals can be
more easily understood.

In Figure 1, a zenith view of the head of a healthy sheep can be observed with
air passing through the nostrils, cold in winter (Figure 1a) and warm in summer
(Figure 1b). Figure 2 shows a cross section of the head at the level of the second
molar, where the internal structure of the ventral and dorsal turbinates can be seen
both at necropsy (Figure 2a) and with tomographic images with and without an
Airways filter (Figure 2b and c). In Figure 3a sagittal cut of the head avoiding the

Figure 1.

Zenith view of the head of a healthy ewe. (a) Picture of the ewe’s head and its thermographic image with
symmetrical cooling of the nostrils with cold external temperature (cold colors = blue and green). (b) Ewe’s
head picture and its thermography with symmetrical cooling of the nostrils with warm external temperature
(warm colors = yellow and light green,).
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Figure 2.

Nasal cavity of a healthy ewe. (a) Axial section of the head at the level of the second molar (dt dorsal
turbinate, vt ventral turbinate, ns nasal septum). (b) CT axial view at maxillary sinus level (dt dorsal
turbinate, vt ventral turbinate, ns nasal septum). (c) CT axial 3D view with airways filter. Surfaces view
delimiting the air ducts or nasal meatus (cnm—common nasal meatus, dnm—dorsal nasal meatus, mnm—
medium nasal meatus, vnm—uventral nasal meatus).

nasal septum with the structures of all turbinates can be seen (Figure 3a—c). The
spatial placement of the different airways within the bone structure of the skull is
appreciated.

Paranasal sinuses (maxillary, frontal, and lacrimal) and nasal septum have less
diagnostic importance due to their low frequency of injury. Figure 4 shows an
axial section of the head at the level of the ethmoidal turbinate where the lacrimal
paranasal sinuses can be seen (Figure 4a and b). Sporadically, alterations of the
pharynx and larynx are diagnosed.

Below we will explain the different disorders that affect the upper respiratory
tract in sheep and how imaging techniques can help in their diagnosis.

2.1.1 Chronic proliferative rhinitis

Chronic proliferative rhinitis (CPR) is an upper respiratory tract disease of sheep
associated with Salmonella enterica subsp. diarizonae serovar 61:k:1,5,(7) (SED) which
was described for the first time in the United States in 1992 [3] and, subsequently, in
Spain [4, 5], again in the United States [6] and Switzerland [7]. In addition, it has also
been diagnosed in the United Kingdom and Brazil (personal communications).

SED is a saprophytic microorganism in sheep; however, when this bacterium
becomes intracellular, it produces an intense inflammatory reaction in the ventral
turbinate, giving rise to the classical clinical signs of the disease [5]. This fatal prog-
nosis disease causes loss of weight, no fever, snoring, seromucous nasal secretion,
and nasal deformation. It can be unilateral or bilateral and regional lymph nodes are
usually enlarged. Over time, these signs get worse, and, sometimes, it is possible to
see inflammatory proliferative tissue at the nares [4, 5, 7]. Further, the inadequate
flow of air in affected animals provides a better situation for opportunistic bacteria
that lead to secondary pulmonary diseases that usually are responsible for the final
death of the animals [5].

At postmortem examination, the ventral turbinates are presented swollen with a
roughened surface (Figure 5a). The section of the turbinate shows a proliferative
tissue that is usually composed of multiple small white or yellow polypoid struc-
tures covered by mucus, although, sometimes, only a thickening of the mucosa
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Figure 3.

C’ig’ 3D sagittal views of a healthy ewe. (a) Sagittal cut of the head avoiding the nasal septum. The structures of
all turbinates (dt dovsal turbinate, mt medium turbinate, vt ventral turbinate, and el ethmoidal labyrinth) are
highlighted. (b) The same cut as 3a with airways filter to show the areas with air (blue). (c) Sagittal section
with filter for airways (blue) and bone (green). The spatial placement of the different airways within the bone
structure of the skull is appreciated.

can be observed [4]. Occasionally, the dorsal and medium turbinates may also be
affected [8].

Thermographic images of CPR cases detect high temperatures (white and red
colors) in the nostril area corresponding to the swollen ventral turbinate, and the
difficulty of ventilation of the nasal cavity can also be observed (Figure 5b).

Computed tomography enables to obtain a clear image of the damaged tissue
and the different stages of development of the disease (Figure 6). It also shows the
increase in size of swollen turbinates and the bone destruction in more advanced
cases. Axial slides show uni- or bilateral lesions, while sagittal slides detect affected
turbinates, generally the ventral and less frequently the dorsal (Figure 6a-d).
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Figure 4.

Ethmoidal turbinate of a healthy ewe. (a) CT axial view of the head at ethmoidal turbinate level. (b) CT
axial 3D view with airways filter. View of the aerial surfaces of the ethmoidal sinuses (es) and the paranasal
lacrimal sinus (pls).

Figure 5.

Chronic proliferative rhinitis. (a) Sagittal cut of the head avoiding nasal septum. Enlavged ventral turbinate
(vt) is appreciated. (b) Thermography of the right size of a CPR-affected sheep with a relevant increase in
temperature in the swollen area.

2.1.2 Engootic nasal adenocarcinoma

Enzootic nasal adenocarcinoma (ENA) is a contagious tumor of the ethmoid
turbinate mucosa caused by a betaretrovirus known as enzootic nasal tumor virus
1 (ENTV-1), which only affects sheep [9]. Goats can also be affected by an enzootic
nasal adenocarcinoma which is caused by an enzootic nasal tumor virus of goats
(ENTV-2) [9, 10]. It is a contagious chronic disease of the upper airways that has
been described in farms all over the world, except in New Zealand and Australia [9].
ENA prevalence in the affected flock is variable, ranging from 0.1 to 15%
[9]. Preferentially, the virus affects young adults, and several cases are usually
observed in the same flock. No genetic, breed, or sex predisposition has been
observed [9, 11-13].
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Figure 6.

Chronic proliferative rhinitis. (a) CT axial view of the head with bilateral CPR, predominantly on the right
side. Gray masses (*) ave the swollen turbinates. (b) CT sagittal view of the head in right nasal turbinate.
Ventral turbinate (vt) increased in size is appreciated. (¢) CT axial 3D view with airways filter. Black spaces
of the nasal cavity (+) are swollen, airless masses. (d) CT sagittal 3D view with airways filter. The large black
surface (+) represents the swollen mass of CPR.

The most recognizable clinical sign of ENA is the unilateral serous nasal dis-
charge that leads to a “washed nose” appearance, which is caused by the depilation
of the area due to the continuous discharge. In advanced cases, the disease shows
characteristic clinical signs such as snoring, coughing, and head shaking together
with exophthalmos and softening and deformation of the skull bones (mainly fron-
tal and maxillary) that can lead to the presentation of a skin fistula. Body condition
is gradually lost, and animals eventually die due to bacterial complication of the
tumor which ends with pneumonia or septicemia [9].

At necropsy, tumors are found in the nasal cavity arising from the ethmoidal
mucosa and effacing the normal architecture of the ethmoidal conchae. Tumors are
soft, gray, or reddish-white in color with a fine granular surface and covered with
mucus (Figure7a).

In ENA cases, the thermography shows reddish or even white colors in the
posterior segment of the nose, matching the hottest areas (white color) with the
ethmoidal bone, where the ENA is located (Figure 7b). The nasal cavity presents
also ared color because, due to the obstruction provoked by the tumor, air cooling
the area cannot pass through the nose. In the case of fistulizing and pouring liquid
through the hole, the wet area can present colder tones (green, yellow) due to the
evaporation of this liquid.
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Figure 7.

Engzootic nasal adenocarcinoma (ENA). (a) Postmortem findings of ENA with polyps (*) affecting the
ethmoidal turbinate. (b) Thermography. Warmer area in the right side that matches the location of the tumor.
(c) CT 3D view with soft tissue removal: skull with ENA and great bone ravefaction. The lithic process causing
some holes in the nasal and lacrimal bones is shown.

The CT scan of ENA cases shows the destruction of the ethmoidal bone, the
lithic curse of the nasal bone, and the soft tissues growing, sometimes with polyps
in the distal part of the lesion (Figure 8), even before the nasal bone is destroyed
and the face deformed (Figure 7c).

2.1.3 Oestrosis

Oestrosis is a worldwide cavitary myiasis caused by the larvae of the fly Oestrus
ovis (Linnaeus 1761, Diptera, Oestridae) that develops from the first- to the third-
stage larvae, which are obligate parasites of the nasal and sinus cavities of sheep and
goats [14, 15]. In areas with semiarid climatic conditions, as in the Mediterranean
countries, oestrosis is the most important upper respiratory tract disease from a
clinical and economic point of view [16].
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Figure 8.
Engzootic nasal adenocarcinoma. CT axial and sagittal view of an ENA in the vight side of the skull
(ved circles).

Oestrosis is a collective disease with a high prevalence in which clinical signs
have a seasonal variation, being more severe during hot and dry periods [15, 17].
The larvae produce chronic inflammatory rhinitis, and the affected animals pres-
ent mucus, purulent, or even hemorrhagic nasal discharge [16, 18, 19]. Inspiratory
dyspnea, frequent sneezing, head shaking, and emaciation are clinical signs that
often accompany the mucopurulent nasal discharge [14, 15].

For the diagnosis of this disease, thermal images are not used unless the parasi-
tation is very severe. CT images are only useful in the final stage of the larvae (L3).
Tomographic pictures show the secretions, the swollen tissues of the turbinates,
and even the segments of the larvae (Figure 9a—c), but its clinical use is not justi-
fied in this disease.

2.1.4 Intranasal abscess

As in other body areas, bacterial abscesses can be found inside the nasal cavity,
causing distress and respiratory disorders [20-22]. These abscesses can even lead to
facial deformation and fistulization (Figure 10a).

In thermographic images high temperatures (red and white colors) can be
observed on the affected area (Figure 10b). Although the thermal camera will only
provide useful images if the abscess is attached to the surface or if bone rarefaction
has occurred. Nevertheless, CT delivers valuable images of abscess location, size,
and content; likewise, the damage to the different surrounding tissues and the inva-
sion to the nearby areas can be observed (Figure 11).

2.1.5 Sinusitis

Generally, primary sinusitis is caused by an upper respiratory tract infection of
the paranasal sinuses, and secondary sinusitis is caused by a tooth root infection
[23]; however, frontal sinusitis can be caused by an upper respiratory tract infection
or by the breaking of a horn or an inappropriate dehorning [24, 25].

There is a close relationship of the maxillary posterior teeth to the maxillary
sinus, so a periapical dental infection or the breaking of a tooth can cause a second-
ary infection of this sinus [26]. Also, inflammation and swelling in the nasal mucosa
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Figure 9.

Oestrosis. (a) CT axial view of a sheep head affected by oestrosis. A larva cut crosswise between the ventral and
dorsal turbinate is shown. Another small larva in the dorsal turbinate and mucus in the common nasal meatus

is appreciated (ved circle). (b) CT sagittal view with the presence of a crosswise cut larva in the cranial area of
the ventral turbinate (ved circle). (c) CT 3D view with aivways filter. This technique shows the larvae-occupied
arveas and the mucus as black airless areas (white arrows).

Figure 10.

Intranasal abscess. (a) Postmortem findings of a circular abscess in nasal septum (ved arrow) with a fistula
draining into the common nasal meatus (blue arrow) are shown. (b) Thermography. A warmer area (whiter
crossed zone) is seen in the projection of the abscess than in the surrounding tissues.

from a viral or bacterial infection could obstruct the nasomaxillary opening, block-
ing sinus drainage and predisposing to a sinusitis [23].

In sheep, there are a huge range of possible etiologies that can cause sinusitis:
mycosis, such as those produced by Conidiobolus sp., as it has been described in
sheep in Brazil and Uruguay causing necrotic sinusitis [27]; or due to the action of
Oestrus ovis larvae [15, 28]; or by a wide variety of bacterial agents [23, 29].

The thermographic camera captures the focal heat that reaches the outside
(Figure 12), since the sinuses are close to the surface of the animal’s face. Using CT
scan, the modification of the different structures, dental problems, or horn disor-
ders can be studied (Figure 13).

2.1.6 Pharynx abscesses

The respiratory processes of the pharynx and larynx are scarcely diagnosed in
sheep. Cases of pharyngeal abscess [22] or sarcocystis infestation in the larynx,
causing laryngeal hemiplegia [30], have been reported but always as individual
cases of very low prevalence. Further, laryngeal chondritis has been widely
described in Texel and Southdown breeds in the UK and leads to breathing

10
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Figure 11.

Intranasal abscess. (a) CT sagittal 3D view of a head with an intranasal abscess located in the nasal septum.
An abscess full of air in the upper area and pus in the lower area is shown (ved circle). (b) CT axial view of
the same abscess (white arrow). (c) CT 3D view with aivways filter. This technique shows a flat-bottomed
bubble generated by emptying the part of the pus from the abscess through the fistula (white arrow).

Figure 12,
Maxillary sinusitis. (a) Bone ravefaction without fistulization (black arrow). (b) Thermography. Warmer
area (white) compared to a normal point in the center of the image (white cross).

Figure 13.

Maxillary sinusitis. (a) CT axial view with purulent material accumulation in palatine and maxillary sinus
(*) which causes ventral turbinate and face deformation. No tooth pathology was found. (b) CT 3D view. Bone
ravefaction without fistulization (white arrow).

problems, with swelling and discharges in the larynx [31], but it has never been
diagnosed in Spanish breeds.

Caseous lymphadenitis (CLA) is a common disease in sheep affecting lymph
nodes. If Corynebacterium pseudotuberculosis, the etiological agent, infects the

11
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retropharyngeal or submandibular lymph nodes, these can press the pharynx and
larynx producing deformation and respiratory distress [22].

Thermographic and tomographic images will not have a fixed pattern,
depending on the affected structures. CT images contribute to clarify how the
abscess is and in what structure the pressure causing respiratory distress is being
produced (Figure 14).

2.2 Lower respiratory tract disorders

The trachea is a non-collapsible and about 25 cm long tube formed by
incomplete 48-60 cartilaginous rings in the sheep and the goat (Figure 15). In
sheep, the cross-sectional outline of the trachea differs from one region to another.
In the larynx region, the outline is round, but with a low dorsal crest, whereas the
middle-third of the trachea is U-shaped, as in the goat.

The lungs are the respiratory organs responsible for performing several
functions; the gas exchange is the most important. They are also accountable for the
elimination of foreign bodies carried by air through the mucociliary clearance and
alveolar macrophages, and finally, the lungs also perform metabolic and endocrine
functions, activating the inactive prohormones or protecting the organism from
potentially toxic vasoactive substances [32]. Each lung occupies a pleural cavity
(pleural sacs), and between them lays the mediastinum, a complex area that divides

Figure 14.

Eight centimeter diameter larynx abscess caused by Corynebacterium pseudotuberculosis. (2) Postmortem
findings show a large abscess in pharyngeal area. (b) CT 3D view. Spatial location of the abscess in velation to
pharynx and larynx. (¢) CT axial view. Compression of larynx cartilage (ved circle). (d) CT sagittal view.
Pressure on the larynx and contact with the veil of the palate (red circle).

12



Use of Computed Tomography and Thermography for the Diagnosis of Respiratory Disorders...
DOI: http://dx.doi.org/10.5772/intechopen.92615

the thorax into two symmetrical halves [33]. In sheep, respiratory diseases are the
main described disorders, producing high morbidity and mortality [34].

In a healthy sheep, the lungs take the shape of a half cone, with an apex at the
upper part and an oblique base applied against the diaphragm (diaphragmatic face)
(Figure 16a). Their lobulation does not exactly coincide with the large appreciable
fissures in the pulmonary surface and follows the division of the trachea in the
lobular bronchi. Both lungs have a cranial lobe (apical) and a caudal lobe (diaphrag-
matic), respectively, ventilated by a cranial and caudal bronchus. In addition, the
right lung has a middle lobe and an accessory lobe, ventilated each with its cor-
responding bronchus. The right cranial bronchus in ruminants rises directly from
the trachea, and the accessory lobe is mainly attached to the middle lobe rather than
to the caudal lobe as in other mammals [35]. Dorsal and ventral CT 3D images with
Airways filter and dorsal and ventral view of a silicon mold of the lung are shown in
Figure 16b-e.

The main lower respiratory tract disorders will be detailed here below taking
into account the tomographic support in its diagnosis.

2.2.1 Tracheal crushing

In intensive and semi-intensive production systems, tracheal crushing
(Figure 17a) is a common disorder [35]. It seems clearly influenced by age, and
recent surveys associate these lesions with management patterns when feeding ani-
mals. It is supposed that the type of feeders used during the periods of confinement
can result in a key point to avoid this injury [35]. Some works relate this disorder
to a worsening of animal welfare [36]. In addition, it has also been observed that
these animals that presented tracheal crushing had a greater predisposition to suffer
lower respiratory tract diseases [37].

CT images allow assessing the lumen of the trachea and locating the injured
tracheal rings, visualizing the internal surface of this airway (Figure 17b-d).

2.2.2 Verminous pneumonia
Verminous pneumonia is caused by the mechanical and irritant action of

parasitic nematodes, belonging to the order of Strongylida. Sheep is host to several
lungworm nematode species of the families Dictyocaulidae (Trichostrongyloidea)

WL: -538 WW: 409

Figure 15.
CT 3D view with aivways filter. Trachea of a healthy animal with a depression caused by a tracheotomy (white
arrow) performed a few hours before the CT scan and a small trace of extravasated air (yellow arrow).

13



Sheep Farming - An Approach to Feed, Growth and Health

Figure 16.
(a) Healthy lung. (b and d) Dorsal and ventral CT 3D images with airways filter. (c and e) Dorsal and ventral
view of a silicon mold of the lung.

and Protostrongylidae (Metastrongyloidea) that induce verminous pneumonia,
also called dictyocaulosis and protostrongylidosis. Dictyocaulus filaria, a thin white
trichostrongylid-like nematode up to 10 cm long, is the largest sheep lungworm
and affects caudal and diaphragmatic lung lobes. The most common protostron-
gylid species found in sheep are Muellerius capillaris, Protostrongylus rufescens,
Protostrongylus brevispiculum, Cystocaulus ocreatus, and Neostrongylus linearis [38],
which produce nodular pneumonic areas in the dorsal part of the lung.

Although, in endemic areas, lambs may show cough and unthriftiness during
the first grazing season, in adults, clinical signs of pneumonia or other respiratory
symptoms have rarely been observed, being pathological findings identified only

14
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Figure 17.

Tracheal crushing. (a) Necropsy shows the trachea with different flattened rings. (b) CT 3D view with bones
and skin 3 filter. Tracheal lumen view with obvious deformations. (c¢) CT sagittal view. Severe deformation of
tracheal vings (yellow line area). (d) CT axial view. Crushed tracheal ring with deformation in ventral area
(white arrow).

at necropsy. Thus, two different types of subpleural nodules can be found: the
verminous nodules containing a single worm that may be calcified and the breeding
nodules, ranging from less than 1 mm to several centimeters in diameter, non-
calcified, and containing mature reproducing adults and larvae. These nodules can
be macroscopically observed as hard, slightly prominent, and greenish-gray due to
the infiltration of eosinophils [39] (Figure 18a).

In the case of dictyocaulosis, computed tomography images show an increased
thickness of the caudal and diaphragmatic areas of the lung, whereas in protostron-
gylidosis, nodular pneumonic areas located in the dorsal part of the lung can be
observed (Figure 18b-d).

2.2.3 Lung abscesses

The lungs are continuously exposed to air that contains dust, bacteria, fungi,
viruses, and various noxious agents [40, 41], favoring the development of different
diseases, including abscesses. These abscesses are often caused following previous
lung damage, secondary to other lung injuries, or may follow an embolic spread
from another focus of infection [42].

Abscess is a necrotizing lesion characterized by a pus-filled cavity that is
encapsulated by fibrous tissue [43] that can be located anywhere in the lung, such
as pleura and lung parenchyma (Figure 19a), or even in regional lymph nodes, as
mediastinal lymph nodes.

There are a great variety of bacteria that can cause lung abscesses, such as
Corynebacterium pseudotuberculosis, Trueperella pyogenes, Staphylococcus aureus,

15
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Figure 18.

Verminous pneumonia. (a) Pathological findings of a lung affected with verminous pneumonia, especially
appreciated on the right side (yellow arrows). (b) CT sagittal view of the right lung with higher density
whitish nodules in the dorsal area (yellow arrows). (c) CT 3D sagittal view of the right lung. The gaps in the
dorsal area corvespond to the consolidated aveas of the lung (yellow arrows). (d) CT 3D sagittal view with
airways filter. Black areas (yellow arrows) show the location of the nodules.

Fusobacterium necrophorum, Mycobacterium tuberculosis, Streptococcus pyogenes,
Escherichia coli, etc. [40, 44, 45].

Computed tomography provides a specific image of the abscesses, their location
(Figure 19b and c), and injured tissues involved in the disease (Figure 19d) as well
as non-air flow pulmonary parenchyma. Frequently, an enhanced area around the
abscess and mineralization within the abscess due to caseous necrosis, especially in
the case of C. pseudotuberculosis infection, can be observed.

2.2.4 Ovine respiratory complex in adults

As ovine respiratory complex (ORC) in lambs, in adults, ORC is a complex
disease involving a range of host-pathogen-environment interactions, where host
immunological and physiological mechanisms interact with multiple etiological
agents including bacteria, plus environmental factors or stressors [46]. There
are three clinical presentation forms of the disease: hyperacute or peracute,
characterized by sudden deaths due to septicemia; acute and subacute forms,
with the classical clinical signs of a pneumonic process, whose severity will vary
depending on the degree of lung consolidation; and chronic pneumonia with
mild or unapparent clinical signs and fibrous tissue increasing the severity of
consolidation [46].

Several infectious agents have been associated with ORC: Mannheimia
haemolytica, Pasteurella multocida, Bibersteinia trehalosi, and Mycoplasma sp.,
which usually are found mixed in the isolates with more than one bacteria species
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Figure 19.

Lung abscess. (a) Postmortem findings with lavge-size abscesses in both lungs. (b) CT axial view with whitish
abscesses on both sides of the mediastinum (*). (c) CT sagittal view of the vight lung with a large-size abscess in
caudal lobe contacting the diaphvagm (ved-dashed line). (d) CT 3D image where bronchial division is shown
until it disappears into the abscess.

implicated [47]. Moreover, most of these bacteria exist as commensal organisms
of the nasopharynx, tonsil, and lungs of healthy sheep and under certain
circumstances are able to produce disease [48].

Computed tomography images reveal a good view of the injured areas. Collapsed
lung areas are more opaque and whitish, while healthy tissue remains the typical
gray color of a lung full of air. It is interesting to highlight that air usually remains
inside the thickest bronchia even when they are surrounded by pneumonic tissue
(Figure 20a and b) and that the affected tissue usually occupies the cranioventral
parts of the lung (Figure 20c and d). With the computer programme associated
with the CT scanner, it is possible to measure the affected area of the lung, and
based on this measurement, the progression of the disease can be followed.

2.2.5 Gangrenous pneumonia (aspivation pneumonia)

Gangrenous pneumonia is a pulmonary infection commonly caused by
inhalation of foreign materials, which produce inflammation and necrosis of
the lung parenchyma. This is the reason why this pneumonia is also known as
foreign body pneumonia, aspiration pneumonia, or necrotizing pneumonia
[46, 49]. The aspirated material is usually inspired into the anteroventral
lobes of the lung where it produces a moderate to severe, peracute or subacute,
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Figure 20.

Ovine respivatory complex. (a) CT axial view. Consolidation (ved-dashed line) on the ventral area is
appreciated, but the air remains inside the thickest bronchia (black arrow). (b) CT 3D view with airways filter.
It is appreciated how the air disappears in the affected lobes, but it is kept inside the main bronchi (white arrow).
(c) CT sagittal view of the vight lung with iodine contrast. The peripheral area next to the heart (h) is affected
and no air is found (white). (d) CT 3D image with iodine contrast and bones and skin 3 filter. It is appreciated
that the air (blue) does not veach the cranioventral thoracic avea (*). (h): Heart in ved with its vessels.

necrotizing bronchopneumonia, depending on the composition of the inhaled
material, the microorganisms involved, and the host response [46].

Aspiration of foreign material into the lung can be due to a range of causes such
as rumen content during choking or when the animal is under general anesthesia,
the presence of a megaesophagus, after an inappropriately oral administration of
treatments, or even as a result of another respiratory disorder that hinders breath-
ing [20, 46, 49-52].

Foreign bodies carry environmental bacteria that, when they reach the
lungs, produce pulmonary necrosis foci with an accumulation of a foul-smelling
exudate that sometimes could also be present in the main bronchus and trachea
(Figure 21a), which generates a bad smell of exhaled air that is a clear clinical sign
of these diseases [46].

Computed tomography images show necrotic tissue (dark or black) with diffused
edges. In the injured area, necrotic content caves are present (Figure 21b and c),
which can reach a large size, disappearing the lung structure as the size of the necrotic
areas progresses (Figure 21d).

2.2.6 Pulmonary lentivirus infection

Pulmonary affection is the most severe and widespread disease form caused
by small ruminant lentiviruses (SRLV) in sheep. Although lentiviral infection can
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Figure 21.

Gangrenous pneumonia. (a) Pathological findings of a necrotizing bronchopneumonia and enlargement of the
mediastinal lymph node (*). (b) CT axial view. Caverns full of air and purulent or necrotic material, more
abundant on the right lung, and typical concentric layers of caseous lymphadenitis in the mediastinal lymph
node (*). (c) CT sagittal view of the right lung where the big caverns are shown. (d) CT 3D view with airways
filter. Air in the dorsal area and inside the multiple caverns is appreciated, with no air in the consolidated
ventval area.

produce different clinical presentations in sheep and goats, in this article, only
pulmonary lentivirus infection will be discussed.

This disease, formerly referred to as Maedi-Visna disease, is widespread in most of
the countries in the world [53, 54] and generally affects adult animals. The respiratory
form appears in an insidious and prolonged way, and animals show dyspnea, an
increased respiratory rate, weakness, and loss of weight. If the case is uncomplicated,
no cough, nasal discharge, or fever is observed. Pathological findings show an
increased-size lung, both in volume and weight, and a general grayish discoloration
with a myriad of gray dots in the pleural surface (Figure 22a). Mediastinal lymph
nodes are increased in size, surpassing the limit of the diaphragmatic lobes [55].

The widespread interstitial pneumonia caused by Maedi-Visna virus (VMV)
creates enormous in vivo diagnostic difficulties due to the absence of clear clinical
signs and the only presence of diffuse dyspnea that can be very confusing. For this
reason, imaging techniques will be very useful tools for diagnosing this disease.

Computed tomography scanner provides a detailed image of the lesion,
highlighting the increased opacity in all the parenchyma associated with the
interstitial pneumonia caused by VMV (Figure 22b and c). The Airways filter
allows us to see a lung with little amount of air in a generalized way (Figure 22d).

2.2.7 Other interstitial pneumonias

Pulmonary lentivirus infection is the disease generally associated with chronic,
progressive, and diffuse interstitial pneumonia, as it is confirmed by most of
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Figure 22.

Pulmonary lentivirus infection. (a) Increased-size lung with a geneval grayish discolovation and a myriad
of gray dots in pleural surface. (b) CT axial view. Homogeneous light gray pulmonary parenchyma. (c) CT
sagittal view of the right lung with the same homogeneous light gray parenchyma. (d) CT 3D view with
airways filter. Less air is seen throughout the lung, except in the cranial and caudal area.

the cases found in our daily clinical work; however, there are other interstitial
pneumonias affecting adult sheep, such as those caused by Mycoplasma sp.
Although sometimes it is not possible to distinguish these two types of interstitial
pneumonia macroscopically, the CT scan let us detect some cases that were not of a
diffuse type but had a zonal pattern.

The clinical case presented in this section is of a zonal pattern, and, once the
histopathology and microbiology was carried out, it was associated with the
presence of Mycoplasma ovipneumoniae. Externally, the lung presented an interstitial
pneumonia with a bicolor pattern, with some areas more reddened than others
(Figure 23a).

CT scan showed lighter areas in its axial and sagittal section, located mainly in
the ventral zone, and darker areas in the dorsal zone, with an intermediate area of
combination of both (Figure 23b and c¢). CT 3D view with Airways filter showed an
almost total lack of air in the dorsal area of the lung (Figure 23d).

2.2.8 Ovine pulmonary adenocarcinoma
Ovine pulmonary adenocarcinoma (OPA) is a contagious lung neoplasm of
sheep caused by Jaagsiekte sheep retrovirus (JRSV). This disease has been reported

in many of the sheep-rearing countries worldwide, being an important economic
problem in the affected regions [56-58].
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JSRV induces neoplastic transformation of alveolar and bronchiolar secretory
epithelial cells of the distal respiratory tract, developing a tumor that can grow to
occupy a significant portion of the lung [58-60].

OPA is considered as an “iceberg disease” because in OPA endemic-affected
herds, the majority of animals of the flock are infected (up to 80%), but only a
minority develops tumors during its productive life [58, 61, 62]. There are two
pathologic forms of OPA currently recognized: classical and atypical [59].

The affected animals initially show less activity and delay in walking of the
flock, followed by progressive respiratory distress, with an evidence of dyspnea and
moist respiratory sounds, such as crackles and snoring, caused by the accumulation
of fluid in the respiratory airways, which worsen with the increasing size of the
lesions. In the final stages of the disease, variable amounts of frothy seromucous
fluid are discharged from the nostrils when the sheep head is lowered [58, 59, 63].
At necropsy, neoplastic lesions are diffuse or nodular and gray or purple in color
and have an increased consistency [58] (Figure 24a).

Computed tomography scan delivers a clear image of the primary tumor and of
the satellite nodules that are generated in the metastasis phase (Figure 24b and c).
Serial scanners over time allow obtaining information on the evolution of the tumor
or the possible regression after its experimental treatment.

OVEJA 103

Figure 23.

Interstitial pneumonia associated with Mycoplasma sp. (a) Increased-size bicolor nonhomogeneous lung. (b)
CT axial view. Homogeneous light gray pulmonary parvenchyma in the ventral area and darker in the dovsal
area ave observed. (c) CT sagittal view with a similar pattern to that shown in (b). (d) CT 3D view with
airways filter. The completely lack of air in the dovsal avea is shown.
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The 3D view with Airways filter shows a total absence of air in the tumor mass
and, dorsally, foci of different sizes (metastasis) also without air. These lesions are
usually seen surrounded by a halo with more air than normal (Figure 24d).

2.2.9 Pulmonary atelectasis by compression

Lung atelectasis can occur due to compression of lung tissue, absorption of
alveolar air, or impaired pulmonary surfactant production or function [64].
Atelectasis by compression is what interests us from the point of view of imaging
diagnosis, because with this technology, we can diagnose the cause of compression
and the place where the pressures occur.

Compression atelectasis is secondary to increased pressure exerted on the
lung causing the alveoli to collapse [64], and some disorders that can cause
this compression atelectasis are tumors, such as mediastinal lymphosarcomas
as described in horses [65] or mediastinal thymoma as described in goats [66].
The case here presented in Figure 25 is a large thymoma diagnosed in an adult
ewe (Figure 25a). CT views show how the heart was displaced by the tumor to
the back right side and atelectatic areas with less air near the dorsal costal wall

(Figure 25b-d).

60m
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Figure 24.

Ovine pulmonary adenocarcinoma. (a) Grayish cranioventral aveas and satellite nodules of the tumor. (b) CT
axial view. Grayish pulmonary parenchyma with white spots (metastasis) in the dorsal area and homogeneous
clear white in the ventral area (main tumor) are shown. (c) CT sagittal view of the same lung with the same
pattern as (b). (d) CT 3D view with airways filter. Air is appreciated in the back-caudal avea, decreasing
towards cranial and disappearing into the cranioventral area where main tumor mass is located. Multiple air
rings can be seen surrounding the foci of metastasis.
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Figure 25.

Compression atelectasis. (a) Large-size thymoma (*) causing lung atelectasis, especially in the right side
(white arvow). (b) CT axial view. The heart has been displaced by the tumor to the back right side (h). Near
the costal wall, atelectatic arveas with less air can be seen (white arrows). (¢) CT 3D sagittal view, right side.
Thymoma (t and yellow line) and heart (h and ved line) are shown. (d) CT 3D view with bones and skin 2
filter. Air is appreciated in the back-caudal avea, behind the heart (yellow triangle).

Likewise, abscesses or pyogranulomas located in mediastinal lymph nodes
or thoracic cavity, such as those of caseous lymphadenitis (CLA) caused by
Corynebacterium pseudotuberculosis, can produce severe compression atelectasis
(Figure 26a and b). The visceral form of CLA commonly causes lesions in the
mediastinal lymph nodes and lung parenchyma, producing severe respiratory clini-
cal signs [67]. In a study carried out in our service on 123 culled sheep, 32% of the
animals had CLA lesions, of which 70% had the visceral form of the disease, with
80.9% having lesions in the thoracic cavity [46]. In Figure 26¢c and d, CT 3D views
show the location and size of the affected lymph nodes and a small area of atelectasis
without air. Lastly, compression atelectasis can be also caused by pleural abscesses,
diaphragmatic hernias, megaesophagus, or even prolonged decubitus [51, 68].

CT scan is a very suitable tool to find the cause, the situation, and the size of
compression; however, it is difficult to visualize the thin layer of atelectatic tissue
that can be produced next to the pressing mass or in the projection on the rib area.

3. Conclusions
The health of a flock is based on a proper diagnosis of the main disorders

that affect the farm. Imaging tools have improved the diagnostic process and are
essential today.
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Figure 26.

Compression atelectasis. (a) Caseous lymphadenitis affecting mediastinal lymph node causing lung atelectasis
in mediastinal and costal side (yellow arrows). (b) Lung atelectasis (a) in contact area with affected lymph
nodes. (c) CT 3D view where the location and size of the affected lymph nodes can be seen (ved circle). (d) CT
coronal view, where it highlighted (white arrow) a small arvea of atelectasis without air.

Thermography has become a useful and inexpensive tool for approaching the
diagnosis of upper respiratory tract diseases. However, the use of computed tomog-
raphy is more expensive and specific, reserving for the detection of important
herd problems that justify its expense. It is also necessary in the investigation and
monitoring of processes or treatments that have not been proven. This tool helps
in an interesting way to understand the pathogenesis and lesional location since we
can study the different structures and the interrelation between them in the original
position.

The diagnosis of respiratory disorders in ruminants has evolved significantly
thanks to the application of different imaging diagnostic techniques, detecting
some diseases that until recently were little known.
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